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Abstract

Plastic pots and nursery bags are a major source of environmental problems because they
are not biodegradable. This research aimed to develop eco-friendly biodegradable pots using
spent mushroom substrate (SMS) combined with earthworm castings (EC) and cow manure
(CM), using tapioca paste as a binder. The study investigated the effects of varying proportions
of SMS, earthworm castings, and cow manure on the physical and mechanical properties of the
pots, as well as plant growth. The experiment consisted of five formulations: 1) 100 g of SMS
(Biopot-A), 2) SMS : EC at 75:25 g (Biopot-B), 3) SMS : EC at 50:50 g (Biopot-C), 4) SMS :
CM at 75:25 g (Biopot-D) and 5) SMS : CM at 50:50 g (Biopot-E), with plastic pots used as
the control. The plant growth experiment was conducted using a completely randomized design
(CRD) with three replicates. Data were analyzed using analysis of variance (ANOVA),
followed by Duncan’s New Multiple Range Test (DMRT) at a 95% confidence level. Pearson’s
correlation coefficient was used to analyze the relationships among pot properties. The results
indicated that Biopot-E exhibited the highest density, porosity, and puncture resistance.
Conversely, Biopot-A showed the highest water absorption and swelling. Density was
positively correlated with porosity and puncture resistance (p<0.01), while porosity was
negatively correlated with water absorption and swelling (p<0.01). In the plant growth
experiment, Biopot-A showed the highest number of emerged seedlings (100%). Four weeks
after transplantation, Biopot-E had the highest mean values for plant height (21.40+0.87 cm),
leaf width (4.33+0.29 cm), number of leaves (6.67+0.58 leaves /plant), fresh weight (7.76+0.49
g/plant), and dry weight (0.77+0.07 g/plant) (mean + SD). Biopot-D and Biopot-E did not differ
significantly for several growth parameters but differed significantly from the control (p<0.05).

Keywords: Biodegradable pots; Spent mushroom substrate; Earthworm castings; Cow
manure; Hongtae Pak Choy
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NAN1TITENUIN Biopot-E SlAAnumMLIULY ALY LAEMSEUMULSIIzgeTian Turaisdl Biopot-A HA1ns
andutuarnswesiagefian anumuuuinudiuASuantUAIINTULAE M IFILULTIaE (p<0.01) dau
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(Figure 1) waanTuguihnszansnaasiunnuantiuie \unan 23 Tu Jusgivanimenie arntuilveuly
Foufigaumadl 60°C Wurian 3 Falus meldianznmseudeniudeuiilunageu

Table 1 Composition of biodegradable pots made from spent mushroom substrate, Earthworm castings,

cow manure and tapioca paste

Treatment Spent mushroom Earthworm Cow manure (g) Tapioca paste (g)
substrate (g) castings (g)
Biopot-A 100 0 100
Biopot-B 75 25 100
Biopot-C 50 50 100
Biopot-D 75 25 100
Biopot-E 50 50 100
L 9.5em.------

wall thickness 1 cm.

Figure 1 Dimensions of biodegradable pots used in the experiment
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Fwn15nuns (Department of Agriculture, 2014) wandbitiufsunumdidgyvesdeyadnilunisfivaugay
anysalvetanuan Jsdenadoaiunani1s3Teves Inchomrit et al. (2024) inuinnszarsdinmiidyaiuludiunay
fwwnltudediusinemnaniisndusenisiasayivlinvesiivle

Table 2 Chemical properties of raw materials

Raw materials pH TOM Total N Total P,Os  Total KO
(%) (%) (%) (%)
Spent mushroom substrate 7.20 £0.03  82.09 + 0.09 0.30 0.20 0.30
Worm castings 6.80 £ 0.04 6159 +0.21 0.80 0.50 0.19
Cow manure 9.14 £ 0.01 71.23 +1.33 1.93 1.28 1.70
Standard* N/A > 20 > 1.0 > 0.5 > 0.5

*Organic fertilizer standards (Department of agriculture, 2014)

AMENURYINTEANN

mﬂmimawﬁugﬂﬂismq WUIINER1 5 gns mmm?ﬁyugﬂLLazaamaaﬂmﬂLLﬂﬁuwﬂlé’ﬂmstﬂLLmﬂﬁﬂ
Tmmzmmmﬁ%ugﬂlﬁﬁ 5Uns9Aed Fie Biopot-D uae Biopot-E ‘T;QLﬂuﬂ%ﬂ’]\‘lmﬂﬁ@ﬂL%@LﬁﬂI‘fijLﬁ’]LLazyja%
SMI1@U 75:25 nSU uay 50:50 n5U ANaey Sesaaulu Biopot-A L‘fJuﬂs“mqmﬂf’fauL?jyaLﬁmeLé’uﬁawﬁm
Thp) muﬂivmamﬂﬂauwamm%uawmalaLﬂaumumuwaum 2 dn31du (Biopot-B uaw Biopot-C) 13U
mLLavmeLaﬂuawaammusU LLmmmsﬂﬂsvmamaumauw nsvansTanTmin 5 403 TanuazA1BUBNLANAIN
ﬂuamwmwiumua mwmsawaa‘wum uazAULULTDslATIEss lng Biopot-A uaaauuazﬁumﬂauwmu
desuiisuiunszandlugnsdu mmv‘w Biopot-B waw Biopot-C fAdutuariuimevind unudadiues
FngAufilinam 1ne Biopot-E fidituiian LLawwumwmumwamauamqmuimm (Figure 2)

Biopot-A Biopot-B Biopot-C Biopot-D Biopot-E

Figure 2 Appearance of biodegradable pots produced from different formulations

NansNAdeUANTRYIMEnLas AN AN INATeINTEATINNLARIS Table 3 Tngmudn Biopot-E 3
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wazuanNANeENtuEAgYNI9adR (p<0.05) mnqmﬁﬁé’mdauﬁauﬁaLﬁmqaﬂ’jfl 191 Biopot-A Waz Biopot-B

AAnUTeINsEI LU smIandndufeudefinuazmaliiuvesaldifounazyats Tne Biopot-
E flfAnnamgugsan (6530 + 3.50 %) vauzdl Biopot-A fAAamgusindian (31.27 + 7.1 %) Fsanaunnsing
fananlited1Agyneaia (p<0.05)
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nsgadutiazn1Twesia wui Biopot-A Sudunsznsandeudeirliuduiewiafe fnsgedui
uaznWesINNTign Winfu 185.57 + 15.94 % Wwag 14.71 + 2.45 % muddiu Hamsinesideyanisaimmui
AN13RRdUTYDa Biopot-A armuansnsiunszandlugnsdusgiedieddameadn (p<0.05)

NIFIUNILLINAIEVDINTZAN WU Biopot-E Fadunszansmndemdoiialiudnaryats Snsrdau
50:50 ¥y TAIMTFIUNIULIAZINNTIEA AU 65.69 + 2.49 N Nan1FiiaTIzidoyavnaiAnuInsfumy
1541912904 Biopot-E flmnuuandnaiunszaslugnsdueeaiidodfamnaada (p<0.05)

nanTIATgiAdulsE A avduiusuuuiiesdunansda Table 4 wudreumnuiufieuduiusids
vInegsiifdfyiumsmumunsaais (r = 0.820, p<0.01) kazAINNTU (r = 0.776, p<0.01) ValziANLWTUS]
mmé’uﬁuﬁﬁaauﬁumi@m%’uﬁ’l (r = -0.680, p<0.01) wazN1TNaI (r = -0.654, p<0.01)

MNnwamMsadeUaNTANIMEnLazyanauansliiiuinsiiudaduya Hdiefiuaumuuy Ay
FUMULI I LAY ANINTUYEINTEANS TaAnLduTLAIBsuInTEnIsm LU UM SIS LaE TNy
MnMIleneidulssAnianduius avvouinlessairemestaniidamumuutuand uoradidutefinay
FunuRelItaNzYeINTEANs Wil mafiuyahenrdsmarienisdnFeaiaasnssadeseynianelunszais
ilesnnesdUsznouvesatildnuuslueymedurieingiiannsoumsndiuasifutesinssnineynavesiou
Foueltuda dwalilassaimomnssasdaumuuuiasinisdainizsswieymanniu fsernfuiladonds
fivilFmnufuusaazfindy durrmmsunansdsuugositdivilienisamsounandaudilueglutag
Faoravaeduaiuianssunisgosanelagedunidlufiu iwuiAetuauideves Zhang et al. (2019) Anuiain
wngndiivhainyatifianssnuglnesiian veduarundusadnauageuannsalunisgesaais Sedaadu
NInATus IR MSLasNISsAulnvesily eglsinny nsfnwiivsaduandimanaomear i umiuuss
Wz Jadvlianunsaaguinuulausiwaranuamurensyaslunnanienslidou lnswmeluannzlenvse
TenIenslEuase mmsﬁmquuﬁLﬁmﬁuﬁuﬁuéﬁvmiamawmmsmﬁﬁuﬁwLLaxmﬁwméffs Fapnumguiiies
ogadelaildfmuaauannsalunmsgedui widnuuey wuin warnsdeusevesterinslulaaineddi
ﬁwﬁ’zyﬁiamimﬁamﬁLLazmsﬁ’mﬁU‘ﬁﬁ Tneernaunadnansatnfiuindeusuedaats vauzierisuelng
BadenmssruiseniAuarnedeuiivesiunnnt aenadestunininiiinfaniidvesihsuualugastediuns
szveIIAlsanAuanasalumaiuing (Raviv & Lieth, 2007) aduayunanisnnaesiinuinnszansiivhan
Aoudoiiafiowinies (Biopot-A) fidaunsusiiiige LLm'ﬁﬂ'wmsmmﬁﬁ’uﬁmavmiwaqﬁqmﬁam LAy
mm%mad Homkhiew et al. (2023) uag Piyang et al. (2018) mwmwmmimmuu’mLLu’ﬂumwmummsmm
faquidefannismizdia ImaﬂivmmummmmummﬂmammmmmaﬂumiﬂﬂLﬂumli'luiﬂinaiwwm
nszansldunntu u,mmlmamniaaqﬂlmwam15aamﬂimmmwﬁﬂumimuﬂqﬂim dosnnsfnuniflaldsadu
U3ansldiilaensa (inchomrit et al, 2024) Sntsauansalunisgaduineraddiufoatosiuanim
AutuUinasdalussozEudu fsenaidodensontoande LwimsaaﬂLLasmiLﬁfgLauimaaﬁﬁaé’a%uagﬁ’waw
e eaushinnenienimvesnszans arumdnaldvessinoims waranmwandeslunisugn

Table 3 Physical and mechanical properties of the biodegradable pots

Treatment Density Porosity Water absorption Swelling Puncture
(g/cm’) (%) (%) (%) resistance (N)
Biopot-A 0.46° + 0.02 31.27°+ 7.11 185.57% + 15.94 14.71%+ 2.45 33.24°+ 0.28
Biopot-B  0.44° + 0.03 39.28° + 1.55 153.56° + 5.73 1138+ 046  33.11°% 0.57

Biopot-C 0.51° + 0.03 61.39°+ 1.52 126.12°+ 11.95 494+ 1.11 45.86° + 3.08

BiopotD  0.51°+0.02  6288°+10.44 14373+ 19.04  6.40°+277  43.18°+ 548

Biopot-E 0.54° + 0.03 65.30° + 3.54 144.85™ + 8.81 11.65% + 5.32 65.69% + 2.49
** Means (n=3) within the same column followed by different letters are significantly different according
to DMRT at p<0.05.
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Table 4 Pearson’s Correlation (r) of physical and mechanical properties

Density Porosity Water absorption Swelling
Porosity 0.776**
Water absorption -0.496* -0.680**
Swelling -0.373 -0.654** 0.646**
Puncture resistance 0.820** 0.761%* -0.467% -0.173

** Correlation is significant at the 0.01 level, * Correlation is significant at the 0.05 level

n1IMAaRIUgNNY
NNMINTLARTINMIL 5 d05 NARBINIZIAANIWgL NuTEaEReniuiuT 3 ndwmeenwan

AUYAAIUANTITIVIUAUIDNAINTINTEDNTININNNENT ARDATEEZLIAINITNAGDINI9E 97wl Biopot A-D
WAASLULENNSRNTIUIUAUIDNDY 1SR DLTEDIAUDTTUN 7-8 NOUAIN VeugT Biopot-E dduiuauseniiudulugis

AuarAIUSEAUAINIINTEA1TINTNENTDUY (Figure 3)
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TidnuiusenluszAudeiu wagldunndeiun1eadia 43u Biopot-C kar Biopot-E THiuiusuendIningns
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Figure 3 Germination of Hongtae Pak Choy seedlings grown in biodegradable pots over days after sowing
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Table 5 Germination of Hongtae Pak Choy seedlings at 10 days after sowing in biodegradable pots

Treatments Number of Germinated seedlings (plants) Germination (%)
Control 2.33°+ 0.58 46.6
Biopot-A 5.00° + 0.00 100.0
Biopot-B 4.67"° + 0.58 93.4
Biopot-C 4.00" + 1.73 80.0
Biopot-D 4.67"°+ 0.58 93.4
Biopot-E 3.33° 1 0.58 66.6

** Means within the same column followed by different letters are significantly different according to
DMRT at p<0.05.

Nam'3’3’61mil,ﬁz:ylﬁuimﬁuadmwﬁqémLé]’Lﬁamq 4 dUnvi ndedreasuuaslan (Table 6) WuIINI19Ee
goudiiugnlu Biopot-E fradsnnugwiu arwnisly Swaulu dwiinan uaztdwidnuisgaiian wiity 21.40
+ 0.87 LWUAWAT 4.33 = 0.29 LWUAWAT 6.67 = 0.58 lusiodu 7.76 + 0.49 n3usefy war 0.77 + 0.07 nTusiady
auiddy Tnedanuunnnsegwiltuddgmadfdlofisufugamunu uag Biopot A-C (p<0.05) denndosiy
Snuwaznssyiulaiidanaléann Figure 4 %nwudwmwéw’aqLfﬁﬁﬂgﬂiumzmn%fsmwﬁaulmjﬁmm%zg@vim
fndgamuauegaiulide Insgnmuauiidnvazdurmdn s1uinlu uazsuinludnningnsdu Tnonads
goudfiugnlu Biopot-A uay Biopot-B fdnuwazdugstukazsualudfinduidewFoudsuivgnaniunm v
Biopot-C wanan1siasivlnfinudndu Tnedluniauazddundsusanniy da Biopot-D way Biopot-E It
dnwagnsiyiulaaian lnennedsseadilunnalug Adeady uasnsajuutuniudefieuiugasdu

Han1IneaeIUannIgatduantliiuinszawsiazgnsiinaronissenuaznsasaivlnvesiiy Tng
Biopot-A AsfiAnsgadutinuarnismesiageiign s uiudusengaiian (100%) vauflussesninasyiulomds
éregn Biopot-E Anadsanugiu anuniidlu s1uanly dwiinan wastmdnuisgefian ull Biopot-D uax
Biopot-E a¢lalunnsafunsadfluiuusnisasgivlavaessns naduinaneiaiedesiuedussnovves
Fan Tnoianzmsiyaiuudulsznou duldunisTnquazsinemsiionaliuunassinemsdmiuiiy wazenad
duatvayunisazavinadinnlussuznisaiaivle (Taiz et al, 2015) uenanil auﬁﬁmi@m%ﬁwmmzmq

a a ¢

919tE3nIANITLLE AN vauglesdusznevvesianduniduassmemsenaiiduaivayunsaiivla
oty Feiladertsansoravhausiuiy egadlsfiang miﬁﬂmﬁlﬂéﬁ’mmiﬂamﬂﬁaaﬁﬂaa']msmﬂﬂﬁzmaﬁa
USnaisine v siifiugeld s’mﬁgqhﬂé’ﬂizLﬁum’mé’mﬁuﬁ‘ﬁmmLwaiwd’mms@m%’uﬁwamizmaﬁ’umiaanmaq
win Fellaunsadusuldsgemsnnyatteruannsalunigaduiniuamnlasnsmoanaadyivia
wazmsenifinty

st fanuwdeimeninnenslufiesdunimuniunszatdinm deidumsdmineinsiifoguldls
\Anusglovigean Twduadnasvgiamuisuiaseudsduiudunden Jsaenndesiunsimuiiasugia
BCG (Bio-Circular-Green Economy) WazinuinmniaAsygianazdsnsusiend atuil 13 (w.a.2566-2570) fisjaitiu
nslénsnensegrenuanaznsndniduinsfud swandes (Office of the National Economic and Social

Development Council, 2023) 8nvsgsdensuiuanudeinisvesusinalugatagdunianuldlafuindouuas

AafaNANANTBINERSII (Ruggeri et al., 2024)



JSTAR. 2026; 7(3): 150-163

160

Table 6 Effect of various treatments on the growth of Hongtae Pak Choy (measured at 4 weeks after

transplantation)
Treatments Plant height Leaf width Leaf number Fresh weight Dry weight
(cm) (cm) (leaves/plant) (g/plant) (¢/plant)
Control 10.23° + 0.25 2.60°+ 0.53 4.33°+ 0.58 2.83°+ 0.29 0.29°+ 0.02
Biopot-A  1250° £ 050  3.17°°+0.29 4.67 + 0.58 3.23°+ 0.25 0.31°+ 0.04
Biopot-B 13.83° + 0.47 3.30°+ 0.26 5.33% + 0.58 4.57°+ 0.40 0.47°+ 0.03
Biopot-C 13.87° + 0.23 3.37°+ 0.32 5.57°+ 0.51 4.70°+ 0.36 0.46°+ 0.10
Biopot-D  19.37°+ 0.93 4.17" £ 0.29 6.63" + 0.55 7.63" £ 0.35 0.75° + 0.02
Biopot-E  21.40° + 0.87 4.33"+ 0.29 6.67°+ 0.58 7.76° + 0.49 0.77°+ 0.07

** Means within the same column followed by different letters are significantly different according to DMRT
at p<0.05.

Biopot-E

Biopot-D

Figure 4 Effect of various treatments on the growth of Hongtae Pak Choy at 4 weeks after transplanting
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