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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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New Cells + Resistant Organic + CH,
+CO,+ NH_+ H S + Heat (1)
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B (Circulating water pump

A (Cassava leaves)

times)

A1 (400 (kg) Fresh

A2 (400 (kg) Curing

b1 (2 h/day)
b2 (4 h/day)

albl
alb2

a2bl
a2b2

A = Tank structure

B = Curing cassava leaves

C = Fresh cassava leaves

E = Bio fertilizer harvest

D = Circulate reactions

Figure 1 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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(a) Fresh leaves = 400 kg (b) Curing leaves = 400 kg

(c) Molasses = 100 L

(d) Organic material = 4 kg (e) Actinomyces = 100 g
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AR TAL

R s AT
T 0.7 o

E-maktosh Seidd.gath
=, b 00w

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)
A = no fertilizing (T1)
D = apply bio-2 (T4)
C = apply bio-1 (T3)
E = apply bio-3 (T5)

B = apply fertilizer (T2)

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

B = apply fertilizer (T2)
= apply bio-2 (T4)

apply bio-3 (T5)
C

apply bio-1 (T3)
A = no fertilizing (T1)
F = apply bio-4 (T6)
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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 Plot6 Average Level
pH 4.6 5.1 5.1 5 53 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), ke (K), kg kg kg
Control (0-0-0) 0 0 0 0 0
Fertilizer (15-15-15) 15.0 15.0 15.0 a5 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.

T eatments\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 a4 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) 6.01 573 5.90 176 5.88° + 1.06
T5 Bio-3 (.25-.25-.80) 8.69 7.80 7.29 237 7.927 £ 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 (%).

Treatrments\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 25.4 253 25.1° +0.32
T5 Bio-3 (0.25-0.25-0.80) 27.8 279 27.6 27.7° £ 0.15
T6 Bio-4 (0.20-0.83-1.20) 29.0 29.5 30.0 29.57 £ 0.52
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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,

3 times applied

N, P, K rate applied

Fresh root

Starch content

Treatments (ke, Lrai) (kg /rai) yield (kg/rai) (%)
Control 0-0-0 0 1,658 19.7
Fertilizer 15-15-15 (100 kg) 45 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 12,682 271.7
Bio-4 0.20-0.83-1.20 (174 L) 3.93 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
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