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Since the price of chemical fertilizers has increased
significantly due to conflicts among major fertilizer
producers and exporters (Russia and Ukraine), the cost of
crop production in Thailand has risen, resulting in lower
yields. Organic fertilizers offer an alternative approach for
supplying nutrients to the soil and enhancing crop
productivity. Accordingly, this research aims to develop a
process for transforming agricultural waste materials into
biologically fermented products that meet the fertilizer
standards specified by the Department of Agriculture.
These fermented products were applied to experimental

cassava plants, and crop yields were assessed. Cassava leaves

and water from a circulating pump were used as raw materials for fermentation. The experiment was conducted using an A x B factorial

design in a completely randomized design (CRD), with two replicates (n = 2). Key parameters (temperature, pH, and dissolved oxygen)

were monitored daily during the 30-day fermentation process, and the resulting products were analyzed for nitrogen (N), phosphorus (P),

and potassium (K) contents. The results showed that Process 4 produced a fermented product containing all essential macronutrients at

levels meeting the required criteria. Furthermore, when bio-fermented products were applied to Cassava plant experimental plots, Process

4 yielded the best results in terms of fresh tuber weight and starch content. In summary, the findings indicate that the process developed in

this study for producing bio-fermented products can enhance agricultural productivity and can serve as a guideline for sustainable agricultural

practices, offering economic, social, environmental, and ecological benefits.
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A = Tank structure

Figure 1

E = Bio fertilizer harvest

Fermentation process images of biofertilizer liquid productions at: (A) = bioreactor tanks structure,

(B) = factor B, curing cassava leaves (C) = factor A, fresh cassava leaves (D) = reaction in the reactor

tank (E) = biofertilizer liquid harvests
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Figure 2 Fermented material added to the fermentation tank at: (a) fresh cassava leaves 400 kg, (b) 400

kg of cured cassava leaves, (c) concentrated molasses 100 kg (with 200 L water) (d) minerals from

organic materials 4 kg, (e) actinomycetes 100 g (PD.1).
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Table 2 Experiment plot with randomized complete block design (RCBD), and different treatments.

Block 1 (replicate plot #1)

Block 2 (replicate plot #2)

Treatments

Block 3 (replicate plot #3)

F = apply bio-4 (T6)

D = apply bio-2 (T4)

B = apply fertilizer (T2)

A = no fertilizing (T1) E = apply bio-3 (T5) D = apply bio-2 (T4)
D = apply bio-2 (T4) B = apply fertilizer (T2) E = apply bio-3 (T5)
C = apply bio-1 (T3) F = apply bio-4 (T6) C = apply bio-1 (T3)

E = apply bio-3 (T5)
B = apply fertilizer (T2)

C = apply bio-1 (T3)
A = no fertilizing (T1)

A = no fertilizing (T1)
F = apply bio-4 (T6)
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A = Control C = Bio-1, 345 Lt/rai

B = Synthetic 100 kg/rai

No fertilizer

F = Bio-4, 174 Lt/rai

D = Bio-2, 345 Lt/rai

E = Bio-3, 225 Lt/rai

Figure 3 The amount of synthetic fertilizer and organic biofertilizer used for growing cassava in each plot

at: (A) no apply any fertilizers, (B) apply synthetic fertilizer at a rate of 100 kg per rai, (C) apply

organic biofertilizer formula Bio-1 in the amount of 345 liters per rai, (D) apply organic biofertilizer

formula Bio-2 in the amount of 345 liters per rai, (E) apply organic bio- fertilizer formula Bio-3 in

the amount of 225 liters per rai, (F) apply organic bio- fertilizer formula Bio-4 in the amount of

174 liters per rai.
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Figure 4 Normal plot of the standardized effect images (p-value) of A, B, and A*B factors affecting the

quantity of plant nutrients at (a) A, B, A*B = not response is N% and p > 0.05, (b) A*B = response
is P% and p < 0.05, and (c) A = response is K% and p < 0.05. (Alpha = 0.05)
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Table 3 Total plant nutrients obtained from the processes and standards of the Department of

Agriculture.

Characteristics Bio-1 (%) Bio-2 (%) Bio-3 (%) Bio-4 (%) DOA. (%)
Nitrogen (%) 0.25 0.25 0.25 0.20 0.50
Phosphorus (%) 0.02 0.04 0.25 0.83 0.50
Potassium (%) 0.45 0.60 0.80 1.20 0.50
Total N, P, K (%) 0.72 0.89 1.30 2.23 1.50

Note: Analysis results of biological fermentation samples from the Land Development Department

(64FW33 -64FWA42).
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Table 4 Soil analysis of planting plots before planting cassava.

Analysis \ Plots Plot1 Plot2 Plot3 Plot4 Plot5 Plot6é Average Level
pH 4.6 5.1 5.1 5 5.3 4.8 4.98 high
Organic matter (%) 1.1 1.5 1.2 1.1 1 0.8 1.12 low
Phosphorus (%) 31 24 13 12 11 22 18.83 high
Potassium (%) 24 28 23 33 a7 21 29.33 low

Note: Analysis of soil samples from experimental plots before planting cassava from the Land Development-

Department (CT64052-CT64057).
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Table 5 Quantity of plant nutrients in fertilizers used for growing cassava

Nitrogen Phosphorus Potassium Total N, P, K

Average N, P, K

Treatments

(N), kg (P), kg (K), kg kg kg
Control (0-0-0) 0 0 0 0 0
Fertilizer (15-15-15) 15.0 15.0 15.0 45 15.00" + 0.00
Bio-1 (0.20-0.02-0.45) 0.86 0.07 1.55 2.48 0.827°+0.74
Bio-2 (0.25-0.04-0.60) 0.86 0.13 2.07 3.06 1.020°+0.98
Bio-3 (0.25-0.25-0.80) 0.56 0.56 1.80 2.92 0.973°+ 0.71
Bio-4 (0.20-0.83-1.20) 0.35 1.50 2.08 3.93 1.310°+ 0.88

Note: The amount of nutrients in fertilizer is calculated from the weight of fertilizer (kg).
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Table 6 Quantity of root per plant.

Treatments\Blocks Block 1 Block 2 Block 3 Total Average
(root) (root) (root) (root) (root)
T1 Control (0-0-0) 3.3 3.4 3.1 98 3.26+ 1.38
T2 Fertilizer (15-15-15) 5.1 3.7 4.4 132 4.40° + 1.07
T3 Bio-1 (0.20-0.02-0.45) 8.4 8.5 8.0 249 8.30% + 2.02
T4 Bio-2 (0.25-0.04-0.60) 55 4.6 4.5 146 4.86° + 1.57
T5 Bio-3 (0.25-0.25-0.80) 7.3 6.5 6.4 202 6.73" + 1.33
T6 Bio-4 (0.20-0.83-1.20) 10.1 7.8 8.1 260 8.66° + 2.27
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Table 7 Average cassava root yield per plant in each experiment plot (kg).

Treatments\Blocks Block 1 Block 2 Block 3 Total Average
(kg) (kg) (kg) (kg) (kg)
T1 Control (0-0-0) 0.95 0.93 1.23 40 1.03° + 0.42
T2 Fertilizer (15-15-15) 2.81 1.88 1.53 62 2.07°+ 0.99
T3 Bio-1 (.25-.02-.45) 5.21 4.29 4.76 142 4.75° + 0.99
T4 Bio-2 (.25-.04-.60) 6.01 5.73 5.90 176 5.88" + 1.06
T5 Bio-3 (.25-.25-.80) 8.69 7.80 7.29 237 7.92° + 1.20
T6 Bio-4 (.20-.83-1.2) 9.16 7.80 7.78 247 8.24° + 1.48
Table 8 Quality of cassava starch (%).
Treatments\Block Block 1 Block 2 Block 3 Average
(%) (%) (%) (%)
T1 Control (0-0-0) 21.0 19.0 19.0 19.7° + 1.15
T2 Fertilizer (15-15-15) 22.0 20.0 21.0 21.0°+ 1.00
T3 Bio-1 (0.25-0.02-0.45) 24.2 24.3 24.2 24.2° + 0.05
T4 Bio-2 (0.25-0.04-0.60) 24.8 254 253 25.1° + 0.32
T5 Bio-3 (0.25-0.25-0.80) 27.8 279 27.6 27.7° £ 0.15
Té6 Bio-4 (0.20-0.83-1.20) 29.0 29.5 30.0 29.5% £ 0.52

Science34-N2.indd 54

54

23/4/2569 BE 14:43



U9 34 auuil 2 JurAs-iu¥Igy 2569

58153Imemansuazinalulad

Tnandnhaniigaindt dlusunuamesidud
wilslusudgndsiildnuanmsiaUesidudutl
WisudUgndsnnuuameans Iagladeonuin
nsUgnifudivzgnaaiuginuaseans 50 ulasld
iwingnsdl 4 wargnsi 3 Teffudutisgege
uarlndifesiu 29.5% way 27.7% uazuvadldil
vifngnsil 2 wag 1 Wiesidudutaliunans 25.1%
waz 24.2% druuvadlddelulasiaunazuiaslild
Uelsiesidusdutsingn 21% uaz 19.7% n1sldie

q

a

n9ns1d199 Auiunisugniiudideuas vivlv
wWoswududwnnsdaiulaefiAiegsening 19.7-
29.5% wazkandbiiuindufduiusseninenssuds
nsugnlidedsnafuuaznisldsinormslusnm
#naq AiflsiontsTiiesifudutiaudznds fauans
lu Table 9 and Table 10

mMsUgnifudUzndsitlingsas 6 nssaislu
uriazuas Tnglddouaznisdeimin 3 ade Gl
Uoiilesfuddendsongld 60 Fundsugn lismsie
wilfifismesvdnsaudu 45 Alanu/ls wasli
viindanwitdsn N, P, K saudulusng 2.48-3.93
Alanfu/ls Tnsudasilddminldnandaiaiy
dugndsan 7.6-13.1 fu/ls uaglanauninul 24.2-
29.5% wazuvasiildimiinannszuunavsingia
5PN IVANVDIHYTINAUGIGA (Bio-4) lokandn
sasfudUsndsanunniian Taeifutu 2719% o
Wieuruulasildendisng a5 Alansu/ls (T2) uas
dieuduuvasilaladelafiadu 695% Taudansld
thwinfismomsfielusng 3.93 Alansu/ls fiue
vlsinanAniinnnwossutlafisdy 49.74-90.47%
dewfisufuudasililédonazuvadliveoiniinnm
Aoy

MNHANAABILAYANSINDIMTVANYDIRYT
IFnnuainszivesiosfoRins dwiindaning
nasigevnsvdnvesiivsiuluiinaiiaunsa
ilulilunsimnzugnld Taeguuuunsmaaesd 4

Science34-N2.indd 55

55

(Bio-4) dAUSuIus MO MTHYTINTREAY 2.23
aonAdosiuINAsTILTInsIATIMSINYATTILRLET
siglulasiau Weanesa uaslnuna@eusiudu
Litfesnindosas 1.50 drusuuvunisnaaesd 3
(Bio-3) isnmpmnsitwiesay 1.30 JULUUMINAGEY
7l 2 (Bio-2) fismemnsfinievas 0.89 uazgUuUy
Msmaaeadl 1 (Bio-1) Fsmermsfinifivsovas
0.72 LLﬁ’j’]gULmesmaaqﬁ 1, 2, uag 3 Axilsn
ownslduifuinasinnsgiu dalulnsiaunas
weanle¥adusminuluiudesluthmiinginm
ArsfinismugunszUunennliity sauddld
dunsdffidnezawlunisedslulasiouduadly
nszuunsninTniuieniludedalu we.l dwu
sleanedafiviinnuiesnmslufinailinnay
wuld uwanflausndulunisdaaiunisasaivle
V99N, IYATUINUNATIUUAZAIUANKNANTENY
yinmslisululasauldbinniullauduiivaods
Fapuveulasugnifudendafidsngnoanssad
Winswoagudn wailennasnirthmsindan il
swpnslaifannsive 3 gus wlignifudUnds
TnonasluTunusnadnidutulilisemis
AlndiAseiy Bio-4 nudrdnavilinandnues
fudsndaiiviu waedanudululdhanansoi
Tunaufuloiailusnndiuvesdonifianas 1ile
anduvplumsvnisinens Snegravilsesnisi
dwsindnmlulifduteldueuiendlis fo
figduvidinudeaninuandoniuraudauasiiaiy
anunsalunisdosaansduviseTngiduussinludu
av gluAudnlngimaivauveswniivuazen
dnidedlinaumilunmsdesamelidusnoms
vosiiy USinandunisnimelufuwazdiviin
Finmazdreinliiinnsgesaalsuwsselufu nou
Ausiudndsanansoiluliusslondld ilesan
dauusznavaesussigtufudiulngazidusie
WoanesafivndenistesaatsuazanAznoun L

23/4/2569 BE 14:43



Thai Science and Technology Journal Vol. 34 No. 2 March-April 2026

Table 9 Rate of N, P, and K at which average root yields, quality was obtained from various fertilizer

applies.

N, P, K’s formulas,
N, P, K rate applied Fresh root Starch content
3 times applied

Treatments (ke, L/rai) (kg /rai) yield (kg/rai) (%)
Control 0-0-0 0 1,658 19.7
Fertilizer 15-15-15 (100 ke) a5 3,552 21.0
Bio-1 0.25-0.02-0.45 (345 L) 2.48 7,605 24.2
Bio-2 0.25-0.04-0.60 (345 L) 3.06 9,408 25.1
Bio-3 0.25-0.25-0.80 (225 L) 2.92 12,682 27.7
Bio-4 0.20-0.83-1.20 (174 L) 393 13,194 29.5

Note: Total nutrients 1% means there is 1 gram of N, P, and K in 100 grams or 100 milliliters of fermented

liquid (Department of Agriculture)

Table 10 Fertilizer application rate and increased root yield (%), and quality of cassava.

Biofertilizer vs Biofertilizer vs
Biofertilizer vs Biofertilizer vs
N, P, K rate Chemical Chemical
Control Control
applied fertilizer fertilizer
root yield starch increase
(kg /rai) root yield starch increase
increase (%) (%)
increase (%) (%)
Control = 0 - - - -
Fertilizer = 45 - - - -
Bio-1 = 2.48 358.68 114.10 24.84 15.23
Bio-2 = 3.06 467.43 164.86 27.41 19.52
Bio-3 = 2.92 664.89 257.03 40.60 31.90
Bio-4 = 3.93 695.77 271.45 49.74 40.47
56
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