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Abstract

This study applied the Technique for Order Preference by Similarity to an Ideal Solution (TOPSIS), a Multi-
Criteria Decision-Making (MCDM) method, to determine the most suitable enzyme for producing protein
hydrolysates from Cobia fish (Rachycentron canadum). Ten commercial enzymes—ProteAX, M “Amano” SD, A
“Amano”2SD, P “Amano” 6SD, Thermoase GL30, SD-NY10, SD-AY10, Papain W-40, Bromelain F, HF “Amano”
150SD—were evaluated at a concentration of 0.2% w w " under controlled conditions 50°C for 4 hr. The assessment
was based on vyield, protein concentration, and key sensory attributes, including fishy odor and bitterness, which
are critical for consumer acceptance. Given that the hydrolysates were intended for direct consumption in fish
broth, sensory characteristics were prioritized. The results identified SD-NY10 as the optimal enzyme, yielding 58 +
2.0%, with a protein concentration of 3.42 + 0.27 mg ml", and lower intensity scores for fishy odor 3.2 + 0.24 and
bitterness 3.1 + 0.12, demonstrating the closest CL value 0.970110 alignment with the ideal solution.

Keywords: Fish protein hydrolysate (FPH), Enzyme hydrolysis, Sensory evaluation, TOPSIS

on the extent of hydrolysis using enzymes, acids, or
bases (Siddik et al., 2021). FPH has gained significant
attention due to its nutritional value and bioactive

1 Introduction
Cobia (Rachycentron canadum), known as Pla Chon

Talay in Thailand, is a commercially important marine  perties (Chalamaiah et al.,, 2012). The characteristics

fish species widely farmed in aquaculture across
tropical and subtropical regions worldwide, its rapid
growth rate makes it highly economically valuable and
high nutrition value (Holt et al., 2007). Recently, Lauteri
et al. (2023) reported that ultrasonic processing (60-90
min) improved the tenderization efficiency and firmness
of Cobia (Rachycentron canadum), enhancing its
suitability for high-end culinary applications such as
sashimi or restaurant menus. However, sashimi is a
delicate dish that must be prepared using extremely
fresh seafood. Therefore, a diverse range of innovative
processing strategies should be developed to enhance
product value and address the varied demands of the
market.

Fish protein hydrolysate (FPH) is produced by
breaking down fish proteins into smaller peptides and
amino acids with varying molecular weights, depending
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and quality of FPH are strongly influenced by factors
such as the type of proteases or chemicals used, as well
as the temperature, pH, and duration of the hydrolysis
process (Nazeer and Kulandai, 2012). Although protein
hydrolysates, derived from enzymatic hydrolysis of
sources like animal by-products and fish, have
numerous applications, they often face the challenge
of bitterness (Sujith and Hymavathi, 2011; Fu et al,
2019; Dauksas et al., 2004).

Enzymatic hydrolysis of proteins can improve their
functional properties but often results in bitterness,
limiting their use in food applications (Daher et al,
2020). This bitterness is primarily associated with
hydrophobic amino acid residues in peptides (Idowu
and Benjakul, 2019). Fishy flavor often makes products

derived from fish less acceptable (Ganeko et al., 2008)



Thai Society of Agricultural Engineering Journal Vol. 31 No. 1 (2025), 1-8

Amino acids, especially essential ones, influence the
fishy odor in fish protein hydrolysates. (Kouakou et al.,
2014) Amino acids such as glutamic acid and aspartic
acid, prevalent in myosin, contribute to umami flavors,
which can mask fishy odors (Hu et al., 2022)
Multi-criteria decision-making (MCDM) is a method
that evaluates the alternatives for selection or ranking
and choosing the best alternative applicable across
various fields like energy and business, it addresses
complex decision-making problems across various
fields. MCDM has methods that include ELECTRE,
PROMETHEE, AHP, SAW, and TOPSIS (Taherdoost and
2023). This
Technique for Order of Preference by Similarity to Ideal
Solution (TOPSIS) method, which should have the
shortest interval from the positive ideal solution and

Madanchian, study focuses on the

the farthest distance from the negative ideal solution
(Hedayati et al, 2021)

Therefore, this study evaluated ten commercial
enzymes from Amano Enzyme Inc. (Aichi, Japan) to
identify the most suitable option for producing Cobia
fish protein hydrolysate. These enzymes were selected
due to their commercial availability and widespread use
in the food and biotechnology industries, ensuring
feasibility for large-scale production. The assessment
was based on key quality parameters, including yield,
protein concentration, and sensory attributes such as
fishy odor and bitterness. When selecting the optimal
food product, various critical factors must be carefully
balanced, as some attributes may involve trade-offs.

2 Materials and methods

2.1 Raw material

The fish used in this study was Cobia (Rachycentron
canadum), sourced from cage farming in Phuket,
Thailand, with an age range of 12-15 months and an
average whole fish weight of 6+2 kg. The fillets, weighing
90-100 ¢ per vacuum-sealed bag, were transported in a
temperature-controlled vehicle maintained at -18 + 2 °C
to the FACTory Classroom, School of Engineering, King
Mongkut's Institute of Technology Ladkrabang, Bangkok,
Thailand.  The
approximately 15 hr. Upon arrival, the samples were

transportation  duration  was

stored at -18 + 2 °C until further processing to produce

protein hydrolysate. The proximate composition of
Cobia was analyzed according to AOAC (1993), revealing
crude protein content of 19.51%, total fat 10.48%, ash
1.02%, and moisture 68.99%

2.2 Enzymatic hydrolysis

Fish protein hydrolysates (FPH) were produced
following a modified method described by Roslan et al.
(2014). Ten commercial enzymes, sourced from Amano

Enzyme Inc., Aichi, Japan, were utilized in the
production process, as detailed in Table 1.
Table 1 Type of enzymes.
No. Enzymes Preparation derived  Activity
1 ProteAX Aspergillus oryzae 1,400
Ugl
2 M “Amano” Aspergillus oryzae 40,000
SD U el
3 A Aspergillus oryzae 100,000
“Amano”2SD Uegl
4 P “Amano” Aspergillus melleus 600,000
65D Ugl
5 Thermoase Geobacillus 300,000
GL30 stearothermophilus U mL-1
6 SD-NY10 Bacillus 70,000
amyloliquefaciens Uegl
7 SD-AY10 Bacillus 80,000
licheniformis Uegl
8 Papain W-40 Papaya 400
U mg-1
9 Bromelain F Pineapple 800
U mg-1
10 HF “Amano”  Aspergillus oryzae 150,000
150SD U el

stored in sealed packaging at a temperature of 4 °C
before use. Cobia fish were minced with 1:1 w v water
and hydrolyzed at an enzyme concentration of 0.2%
w w. Then, it was incubated using an incubator shaker
(Thermo Scientific, MaxQ 4000, U.S.) at 176 rpm at 50 °C
for 4 hr. The enzyme was inactivated using a water bath
(WNE Series, Germany) at 90 °C for 25 min, with a
magnetic stirrer (2mag magmatic motion MiXcontrol 40,
Germany). Centrifuged (UGAIYA, H2050R, Japan) at
10,000 rpm with 5 °C for 10 min to separate the
supernatant and subsequently filtered using Whatman
filter paper No. 4 (25um). has been shown in Figure 1.
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Fish meat blend

10 types of enzymes
Dosage 0.2 %w/w

Incubating

with water Ratio 1:1 (4 hr, 50 °C)

Figure 1 Sample preparation.

2.3 Yield

The vyield of protein hydrolysate products was
performed according to the method described by
Prihanto et al. (2019). Defined as the percentage ratio of
the amount of hydrolysate products produced to the
number of raw materials used before hydrolysis. The
yield is calculated wusing the following formula
Yield (%) = A/Bx100

Where A is protein hydrolysate (after centrifugation),
and B is the weight of the sample after mixing (before
incubation).

2.4 Protein concentration

Determine the protein concentration of supernatant
by using Pierce™ BCA Protein Assay Kit (No. 23227),
Thermo Fisher Scientific. Calibrator preparation was
performed by dilution of 2 mg ml’ bovine serum
albumin standard (BSA). The calibrator preparation and
the assay processing were performed according to the
manual (Thermo Fisher Scientific, 2024)

2.5 Sensory evaluation

Ten trained panelists, comprising staff from the
FACTory Classroom Laboratory at KMITL, participated in
the sensory analysis. Samples were randomly presented
to each

panelist in blind-coded clear glass containers, with
each sample consisting of 10 ml. The evaluation was
conducted in two sessions.

In the first session, the panelist was asked to rate
the samples on scale with sensory attributes including
color, mouthfeel, and overall liking of the fish protein
hydrolysates (FPH) were assessed using a 9-point
Hedonic Scale, where 1 indicated "dislike extremely," 5
indicated "neither like nor dislike," and 9 indicated "like
extremely."

In the second session, panelists performed a
descriptive analysis to evaluate two specific attributes:

Inactivating
(90 °C)

Centrifuging
(10,000 rpm, 5 °C)

Fish protein hydrolysate

fishy odor and bitterness intensity. These were rated on
a scale of 0 (nho intensity) to 9 (hightest intensity).
Panelists were selected based on their sensitivity to
fish

consumption, and ability to distinguish differences

fishy odors and flavors, familiarity —with

between FPH solutions.

2.6 TOPSIS evaluation method

Firstly, decision-making is arranged in rows and
columns. A few variables of sensory (fishy odor and
bitterness) are focused on, as the intention is to
produce food products, and other qualities of FPH
including yield, sensory evaluation (color, mouth feel,
overall), and protein concentration are investigated.

The 5 steps of the method are conducted follow by
Hedayati et al. (2021); Hedayati et al. (2022)

Step 1 Develop a decision matrix to prioritize and
rank the options.

G C} Cn
A1 ri rij rn
Aj ri1 rij Iin
Am | I'mz I'mj I'mn

Where Aj illustrates the alternatives j=1,2..m, Cj is
the criterion j=1,2..n and rij is the value of each
alternative (Aj) and the criterion (Gj)

T
n.=——
ij [Z rﬁ

Step 2 Calculate the normalized decision-making

(1

matrix N. The normalized value nj is calculated as (1)
V= Wix n; 2

Step 3 Calculate the weighted normalized decision-
making matrix where Vij represents the weighted
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normalized value. Weights are always set subjectively
by experts.

A= {{maxV;| JEB. {minV;| JECH (3)
A= {{minV;| JEB.{maxV,| JEC}

Step 4 Determine the negative and positive ideal
solution. B is the factor that aims to maximize the
objective of the experiment, associated with benefit
criteria, and C is the factor that aims to minimize the
objective of the experiment, associated with cost.

df =/ 20, (Vv @

Where di" and di" represent the distance of
alternative Ai from the positive and negative ideal
solutions, respectively.

d

- (5)

died

G

Where C, presents relative closeness, Rj € [0, 1].

Step 5 Calculate the relative closeness to the ideal
solution and compare R; values to rank the alternatives.
This implies that the value can range from 0 to 1,
inclusive. After relative closeness was calculated for
each alternative. The higher value of this index means
that the alternative is in a better situation.

2.7 Statisticcal analysis

The analysis of variance (ANOVA) was conducted
using a significant probability level of 95% (p< 0.05) and
Duncan's new multiple-range test. The software IBM
SPSS Statistics 29 (IBM SPSS, USA) was used to analyze
the data.

3 Result and discussion

3.1 Yield and protein concentration of FPH

The present study presents the yield and protein
concentration of FPH in Table 2. The highest yield and
protein concentration were obtained from Thermoase
GL30 has high activity, its yield 59+2.5% is lower than
Papain W-40 65+1.0% and Bromelain F 62+1.1%, likely
due to substrate affinity with enzyme used. According
to Noman et al. (2020) The protein hydrolysate yield
obtained using papain and Alcalase 2.4 L was reported
as 16.77% and 13.30%, respectively. This variation may
be influenced by factors such as enzyme specificity,
enzyme-substrate affinity, and experimental conditions.
Differences in how each enzyme interacts with the
substrate can affect the efficiency of hydrolysis, leading
to variations in yield. Thus, different enzymes have
varying specificities and cleavage patterns, which can
impact the amount of peptides and amino acids
released during hydrolysis (Abd El-Rady et al.,, 2023).
FPH produced using Alcalase has shown protein
to  92.14%,
depending on the specific conditions and raw materials

concentrations ranging from 89.24%
(Dinakarkumar et al., 2022). According to Elavarasan et
al (2014) using different proteolytic enzymes, with
bromelain-derived hydrolysates showing the most
desirable properties of the fish protein hydrolysates
were highly dependent on the type of enzyme used,
with the hydrolysate prepared using bromelain having
the highest functional properties. The type of enzyme
used significantly impacts the protein concentration of
fish protein hydrolysates.

The conditions under which hydrolysis occur, such
as temperature, pH, and time also play a critical role in
determining the protein concentration in FPHs
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Table 2 Quality properties of different types of enzymes.

Protein conc.

Enzyme Yield (%) Color! Mouthfeel! Overall! Fishy odor? Bitterness?
(mg ml?) *

ProteAX 60+2.0< 3.07+0.31f 6.3+0.20° 5.7+0.15° 4.1+0.30¢ 6.8+0.15° 6.9+0.10°
M “Amano” SD 57+1.0 2.88+0.20° 6.1+0.15¢ 5.6+0.24° 4.7+0.24° 3.7+0.20° 5.3+0.25%
A “Amano”2SD 59+1.5% 3.08+0.18f 6.0+0.22< 5.2+0.158 3.7+0.20 5.3+0.26° 6.4+0.15°
P “Amano” 65D 63+3.0° 3.38+0.25¢ 5.2+0.23 5.7+0.32¢ 3.2+0.218 6.1+0.15¢ 6.1+0.35
Thermoase GL30 592 5% 3.60+0.15° 6.2+0.35° 5.7+0.21° 3.0+0.18" 6.5+0.35° 7.3+0.20°
SD-NY10 58+2.0° 3.42+0.27¢ 6.1+0.10° 6.3+0.25° 6.0+0.25° 3.2+0.24" 3.1+0.12"
SD-AY10 57+2.0 3.09+0.341 4.4+0.288 5.8+0.23¢ 3.8+0.25¢ 5.3+0.26° 6.7+0.28¢
Papain W-40 65+1.0° 3.71+0.30° 5.7+0.36° 6.1+£0.22° 3.8+0.10° 6.7+0.14° 7.8+0.32?
Bromelain F 62+1.15 3.39+0.25 6.0+0.26¢ 6.2+0.20° 3.9+0.15¢ 6.8+0.12° 7.8+0.24°
HF “Amano” 150SD  56+1.28 3.28+0.20° 6.1+0.21° 5.4+0.15 4.4+0.27° 5.1+0.22f 6.9+0.21°

*Protein concentration (mg/ml), Testing by 9-point Hedonic Scale, “Testing by descriptive analysis

Data are expressed as mean values + standard deviation; Values followed by different letters in the same column

are significantly different (P < 0.05)

3.2 Sensory evaluation

The results are presented in Table 2. The sensory
attributes are mainly related to the consumer's
acceptance. Developing hydrolysates with improved
sensory characteristics, such as those enriched with
can further enhance their
marketability (Wong et al,, 2015). Thus, FPH offers

promising benefits, but challenges such as bitterness

specific amino acids,

and rancidity must be addressed to maximize their
potential in food products. The results indicated that
the SD-NY10 enzyme achieved the highest scores for
mouthfeel and overall acceptability, with mean values
of 6.3+0.25 and 6.0+0.25, respectively, which were
significantly different at (P<0.05). On the other hand,
the lowest scores were recorded for fishy odor and
bitterness intensity, with mean values of 3.2+0.24 and
3.1+0.12, respectively, which were significantly different
at (P<0.05). Additionally, enzyme activity alone does
not solely determine sensory properties. For instance,
although Thermoase GL30 exhibits high activity, it
resulted in pronounced bitterness 7.3+0.2 and a strong
6.5+0.35, leading to overall

3.0+0.18. In SD-NY10
demonstrated a more balanced hydrolysis pattern,

fishy odor lower

acceptability contrast,
yielding a higher overall acceptability score 6.0+0.25.
Therefore, the SD-NY10 enzyme was the preferred
option among customers. According to Steinsholm et
al. (2020) different enzymes, such as alcalase and
bromelain, affect the sensory profile of FPH. For

instance, the study on cod and salmon showed that

enzyme choice and hydrolysis time significantly
influenced bitterness and other sensory attributes. Gan
et al. (2022) investigated the significant impact of
enzymatic hydrolysis on the flavor profiles of protein
hydrolysates derived from tilapia skin, spine, and head.
The study highlighted that those different commercial
enzymes, such as Neutrase®, papain, bromelain, and
Alcalase®, exhibit varying specificities, influencing the
composition of peptides and free amino acids, which
ultimately shape key flavor attributes, including umami,
bitterness, sourness, and sweetness. Additionally, the
degree of hydrolysis (DH) was found to have a
proportional relationship with bitterness, emphasizing
the importance of processing conditions and raw
material composition in determining the sensory
properties of protein hydrolysates. Meanwhile, Aspevik
et al. (2021) found hydrolysates produced from herring
were found to be the most intense flavor, while those
made from salmon were considered more palatable.
This indicates that the choice of fish species significantly

influences sensory characteristics.

3.3 TOPSIS method

Choosing the ideal type of enzyme is challenging
because the best properties vary depending on the
different criteria being studied. Therefore, the TOPSIS
approach was used to handle decision-making with
multiple criteria, as it helps identify the best option. The
factors including %yield, protein concentration, and
sensory properties (color, mouthfeel, overall, fishy odor,
and bitterness) were investigated. Firstly, normalized
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matrices are created using actual values. Next, the
matrices are weighted and normalized, with the weights
(W) typically set subjectively by experts and the
objective of production (Eq. (2). The positive (A+) and
negative (A-) ideal solution values of each criterion
were determined using a weighted normalized decision
matrix (Eq. (3) are shown in Table 3

Table 3 Positive (A") and negative ideal solution (A) for

the criteria.
Criteria W A A
Yield (%) 0.2 0.021812 0.018792
Protein conc. 0.2 0.022553 0.017508
Color 0.05 0.005422 0.005422
Mouthfeel 0.05 0.005459 0.005459
Overall 0.1 0.005422 0.003787
Fishy odor 0.2 0.024527 0.011542
Bitterness 0.2 0.024261 0.009642

Using Eqg. 4, the various distances are measured,
indicating the position of the different alternatives for
each factor from the ideal and negative ideal solutions.
Whereas in the context of fishy odor and bitterness,
these are attributes where lower scores are preferable.
These distances are used in the calculation of relative
closeness (Eq. 4). These distances were used for the
calculation of relative closeness (CL values), the best
alternative 0.970110 had the nearest distance to the
positive ideal and the farthest distance to the negative
ideal 0.036717 show in Table 4. According to the final
rankings, enzyme SD-NY10 was the best due to the
highest CL value obtained. This result is attributed to
sensory properties due to the lowest general score for
fishy odors 3.2+0.24 and bitterness 3.1+0.12. The results
show that the TOPSIS method can be effectively used
in the food industry to simplify comparisons and
decision-making.

Table 4 Ranking types of commercial enzymes by

TOPSIS.

Enzyme dif di G Rank
ProteAX 0.000348 0.000051 0.127874 7
M “Amano” 0.000083 0.000194 0.701305 2
D
A 0.000183 0.000052 0.222084 3
“Amano” 25D
P “Amano” 0.000204  0.000050 0.197494 5
65D
Thermoase 0.000320 0.000024 0.069874 9
GL30
SD-NY10 0.000013 0.000407 0.970110 1
SD-AY10 0.000208 0.000046 0.182624
Papain W-40  0.000374 0.000036 0.087384
BromelainF 0000388 0.000015 0.036717 10
HF “Amano”  (0.000203 0.000055 0.211891 a4
150D

4 Conclusion

In conclusion, the TOPSIS analysis, based on criteria
including 9%yield, protein concentration, and sensory
attributes (color, mouthfeel, overall acceptance, fishy
odor, and bitterness), SD-NY10 was identified as the top-
ranked enzyme with the highest consumer acceptance,
demonstrating the closest CL value 0.970110 alignment
with the ideal solution.

By implementing TOPSIS, the food industry can
make more reliable, objective, and strategic enzyme
selections, leading to improved efficiency, cost savings,
and consumer satisfaction.

These findings suggest that FPH production can be
further optimized by refining process parameters.
Future studies should focus on optimizing enzyme
concentration and incubation time to enhance

production efficiency and product quality.
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unAnge
waluladmsuanfiglimunzauiuanugeuauysaivesiudunsuszgndldinaluladmuanudenisvediod
umnshefiuluusae U 1w gnnmsveenwdaiug snsinsveeate wasmsldasidndngiiy mu’i%’aﬁﬁi’mqﬂizmﬁlﬁa
Aouaziaun “ia3emeandonuudiluifdmivlsiudvinds nglililaseerulnsaiaes (Arduino mega 2560) ATUAL
muiEIseuvssLeABiNTELANSI 24 V 3un 500 W Ailddumameentdsuuu 3 §1 Tnsdsinudanauuy PWM (Pulse
Width Modulation) wagldiduldainas (Encoder) fnauiinisindouiivassaunsninesaindodng (Ground wheel) 910
NaN1TVAdeUSHINITEEnts 46-0-0, 18-46-0 Uay 0-0-60 WUIIBMIIMINBEATIALLILELARY 91.55%, 90.26% Uat
94.07% AU wazanmsvageuiaismesantslunUasiuduznds wuin dmnuausalunisvinuads 4.79 rai hr'
fenuinsadoud 1.17 m s* UssAvBammdsiiuil 75.43% uasiSnsAundesdomas 0.69  rait

mdfy: iasemgeanie, ssuuneensnluldd, siudsnds, nslddenuAiinszinu

Abstract

Plant production technology, according to the specific fertility of the site, is applying the technology as plant
requirements and according to each location such as seed sowing rate, fertilizer sowing rate and pesticide control
rate. The purpose of this study was to investigate and develop "an Automatic Variable Rate Fertilizer Applicator for
Cassava." The micro-controller (Arduino mega 2560) controlled the speed of the DC motors (24 V, 500 W) which
are driven to sow tree fertilizers for 3 tanks. This machine controlled through the PWM (Pulse Width Modulation)
signal and used an encoder to measure the ground wheel speed. The results showed that the accuracy of the
46-0-0, 18-46 and 0-0-60 fertilizer rate tests were 91.55%, 90.26% and 94.07% respectively. In addition, testing of
an automated variable rate fertilizer applicator in the cassava field revealed that the average field was 4.79 rai hr'
at average travelling speed of tractor 1.17 m s, average field efficiency was 75.43% and average fuel consumption
was 0.69 L rai’"

Keywords: Fertilizer applicator, Automatic variable rate, Cassava, Fertilizer usage based on soil analysis
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Figure 1 Concept of an automatic variable rate for
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fertilizer applicator.
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Arduino Mega 2560
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Figure 2 An automatic variable rate fertilizer applicator.
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Speed

V(ms?)

Q; y Fertilizerrate N (kgrai”)
Qt' p Fertilizer rate P (kg.ai')
Q,’ x Fertilizer rate K (kg.rai ')
R distance between Row of planting (m)

o

Controller system
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Figure 3 Flow chart of the controller system for fertilizer
rate.
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Figure 10 Fertilizer variable rate testing on field.

Table 1 The result of fertilizer rate testing on field.

Fertilizer rate (kg rai?) Accuracy (%)

Fertilizer
configured  theresult accuracy  average

5 5.6 89.29
10 11.3 88.50

46-0-0 91.55
20 21.8 91.74
30 29 96.67
5 5.8 86.21
10 11.7 85.47

18-46-0 20 216 92.59 90.26
30 31 96.77
5 5.4 92.59
10 10.6 94.34

0-0-60 94.07
20 21.5 93.02
30 28.9 96.33

NHANITNAGRUENIINTNEBATY WU Ug 46-0-0,
18-46-0 uaz 0-0-60 HANuutuduad By 91.55%,
90.26% War 94.07% A1UAIRNU 1AgAIULLUEIV0I8AT
nsveantens 3 gas frrarmeandeustluta 0.6-1.7
kg rai”* BufudilndiAesiunmnedeuszuuauaLdmMiy
\nsomeeniedesuuuutiudiiiianuemndeu luannd
nagsuuarlullaseuviniu +1.3 kg rai’ waz +2.1 kg rai’
MINAWY (Y10UaLIE, 2562) uanaNidanudn nans
naasuiisnsinsveandegsnitaiiiinunl’ watilesan
aunsiidmuaudnsinisvgealsliinannisaasuly
WioauUAns LwﬂumiwmaauﬁylﬁﬁwmimLﬂ‘%'amaam{ja
TuwlasiudeudsdailiAnuseduasiiouluvazims
yadou wardmalneasilvinnumuLuresdofintuiai
Tifnadnsnisueeaiinaasuganiidasildmnualy

v
o

UULDN

35 WANITNAGOUAIINAINITONITIINIY

nanaaouLa3 esldsuuuuudnsnsveonsnlusia
Tuntasiudlznds duandly Fieure 11 Jsluwlamaaou
dl#munsnsnismyenlsauaiiiaseiau 46-0-0,
18-46-0 wag 0-0-60 Tudns1 10, 6 wag 12 ke rai”’ muaIsu
wagnan1InadeuRaLantly Table 2
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rate fertilizer

An automatic variable

Figure 1 1
application testing on casava field.

Table 2 The result of automatic variable rate fertilizer

application testing on casava field.

Description

Field test condition

- Area (W x L) 24x 125 m

- Soil moisture content (dry basis) 5.73%

- Surface texture of soil clay loam

Result

- Fertilizer rate 46-0-0 (10 kg rai”) 10.9 kg rai’
Accuracy (%) (91%)

- Fertilizer rate 18-86-0 (6 kg rai™) 6.7 kg rai’"
Accuracy (%) (88.4%)

- Fertilizer rate 0-0-60 (12 kg rai™) 13.6 kg rai’'
Accuracy (%) (88.7%)

- Speed of tractor 1.17ms"

- Working width (planting: 2 row) 24m

- Theory field capacity 6.35 rai hr'

- Field capacity 4.79 rai hr'

- Field efficiency 75.43%

- Fuel consumption 0.69 Lrai’
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AT IngUszasdmiaIneiiununslgnu adunu warssagianAuuUeLAIawWnduruasnedetiuuy
angedmsuianisvhaaznedmdanisinuiiedliliaueniage 50-100 mm FwediangUassatunsliawisuiuiagii
Tingninansuaznadeadufuldegaiane InenslinannisAnAldousAuuuEunst Nan15398 WU YAANYUTDS
nsldaudianiniu 127 rai year” Sszagiaannisaunuvindu 10.84 month dadlaileuivtissesiiainiinisldauiies
2 month year augnggniavituidar 2 ase 3dldsvesiian 5 years 25 days 3wgyilinunsnsauisafegaauyuile
= o a ] 4 o da
WieufiuRuamuaAAIeadnsiiisnn 120,000 baht

O

@Aty MTATIEEINIRATYgANans, walulaginIewndu, Wawazneds

Abstract

This research aims to analyze the operating cost, break-even point, and payback period of a tractor-drawn
straw and stubble chopper used for post-harvest management of rice straw and stubble to achieve an average
length of 50-100 mm. This helps reduce obstacles during soil preparation and allows for uniform incorporation of
straw and stubble into the soil. The analysis uses the straight-line depreciation method. The results showed that
the break-even point of the machine was 127 rai year ', with a payback period of 10.84 months. However, given
that the machine is used only 2 months year" during the biannual rice cultivation seasons, the actual time required
to reach the break-even point is 5 years and 25 days, based on an initial investment cost of 120,000 baht.

Keywords: Economic analysis, Shredder technology, Straw
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Figure 1 Schematic diagram of shredder for physical
reduction of straw and stubble.
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Figure 2 Measurement of the amount of straw and
stubble cutting at different rotational speeds of the

suction screw unit.

Figure 3 Suction screw set for transporting straw and
stubble to be cut and chopped.
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(1) Rotational speed 68 r min™ (2) Rotational speed 84 r min™

(3) Rotational speed 102 r min™
Figure 4 Lengths of straw and stubble cut by rotating
the suction screw unit at different speeds.

Table 1 Production capacity and fuel consumption at
different conditions.

Replicate Average
1 2 3 4 5
68 Capacity 150 144 138 150 144 145.2

Revolution

rom (kg hr)
Oil (ml 12 13 14 13 13 13
min’")
84 Capacity 270 258 264 270 264 265.2
rom (kg hr)
Oil (ml 14 14 15 16 15 14.8
min’")
102 Capacity 450 450 456 444 450 450.0
rom (kg hr)
Oil (ml 17 16 15 17 16 16.2
min™)

Table 2 Analysis of variances of production capacity

and fuel consumption.

Revolution Capacity (kg hr) Oil (ml min™)
68 rpm 14520 + 5.02 @ 13.00 £ 0.71 %
84 rpm 265.20 + 5.02 ° 14.80 + 0.83 °
102 rpm 450.00 + 4.24 ¢ 16.20 + 0.83 ©
F-test *x xx
%cv 45.27 10.52

Note: a,b,c = significant (p < 0.05) by independent
sample t-test, ns = not significant

3 WauazdTal

N5IATIBLATYgAansveunAlulaginadndy
vhauagnadauuaings livdnnisves Hunt (1976) Wie
AnAndousiandunuuidunss (Straight-Line Method)
TagAuIuIAunuNsldIL IaduuLAESEEEIaTAY

A o ° v o v W <
yudelimahlUldiensdanisruazaedmanisiiu
WiE INAUNMTAUIUAUNUY 793
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Angimaasegenansid oA uudununisldau
wuiaduyuvean sldnuiauinAy 127 Rai year” 1o
Wisuifisuiunislanauranagnedmdansiiuif e
spsaunsnnes Fusloinumsnsiitiasesfndunisuay
medanuuaingelllduasiissuziainisfunuiniy
10.84 month Fudlewisuiutieszeziianfidnislde
Wiss 2 month year muduggniaruda 2 ads B
zhodldIresiiai 5 years 25 days 399z lAnEnINg
awnsnfsgadunuilelisuiuiuamuaiaiesdns i
31A1 120,000 Baht

a a

5 AnRnssuuIEnIA

v o

B aLiunnsideveveunuan i uidouaswmun
nIne1desiganshing AatuauusuUszananlddy
Nuidy uazvevounnuIeTuIie d50n Usesrungy
WnwaInsyiundunid dualidey duneduna Jwin
a ¢ a o & Ao v B v =~ o 1 o
9nsAng NILINuNdmsuinudeyad sdduyela
Nuideddnsagarlulies
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AquaCrop
Modeling RD43 Rice Responses to Planting Methods and Soil Fertility Using Aqua Crop Model
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unAnga
msdanisiikarsmeimsedndvszaninmiaduiileddguesnisiundlildnad visil Wesandadedsnann

o

a a

dawalngnsiionisiadyiulnuesdng Usinanandn naeasulszansamlumslivinens nudnuniiunsmeassdgn
Iludaitofnumaroduna wandn uagnslithuesdniug nua3 mntladeiinsgnuuunmiuthausazuuuting uay
JaduseruanugananysalvasiunuUsuanistadend 3 sedu Usenaumie USuiamiudiwugiin (75.94 kg N ha™)
A3 i wesruuzl wagluldde wazUszidiuanssausiuudnass AquaCrop Tun13591809n15MUALRIUEIT1IA
AILATEAINNTUTUANMLgANaNYSalvedfiy USuieumsifiwesveawuuinaes AquaCrop lagldnanisnaaes Heiuu
Fnsugnuarsedumslats nuamsine nuh feisnsugnuasseduarueauanysalveshufinaegaiituddasetn
178 nandn wazmislitivesdnn uwudiaes AquaCrop $1aediBmsUgnuarmameuausesimdesiUALgANANY ]
vo99u lngaussnuzveLuuiaeeglunaeifinsdininugauauysaivesiugs wikuudiaesszanuaudenevemanin
Mndnanandusinsdinisvnsinemssuuss sansanwvaelinisldnuuudasduanmundouvesineuastme
ftuslneundefiomntu

AdAw: 91, wawdn, Msldun, AnugaNaNysalvesiy, n1saasiy

Abstract

Effective water and nutrient management are crucial for successful rice cultivation, substantially impacting
plant growth, yield and resource efficiency. The present study examined the effects of planting methods (direct
seeding and transplanting) and fertilizer levels (recommended rate at 75.94 kg N ha™, half of the recommended
rate and no fertilizer) on RD43 rice and evaluated the AquaCrop model's ability to simulate rice responses to soil
fertility stress. The model was calibrated using data from pot-based experiments with varying planting methods
and fertilizer applications. Results showed that planting methods and soil fertility significantly affected rice biomass,
yield and water use. The AquaCrop model effectively simulated planting methods and performed well under high
fertility, but underestimated the impact of nutrient deficiency. This study improves the reliability of the AquaCrop
model for use with Thai rice cultivars.

Keywords: Rice, Yield, Evapotranspiration, Soil Fertility, Crop modeling
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ANINANUN TS Watanabe (2019) 31wunidu 4 Snuweie fe

v '
& A

(1) ﬁuﬁdmﬁum‘uaﬂizmu (irrigated lowland) (2) Wunau
\wATUEY (rain-fed lowland) (3) ufitiviauds (lood
prone) uaz (4) fufinou (upland) Auflundivesinedau
T duiufiqunuasinudmandedndudslunsanm
gionelasanizagneBaiuaniny lumsiungndm
uenIINMITANsT vzauLd Safesdinnsdanissg
omnslidanuduiusfuanugauauysalvosiui ol
nanAniiaviasinauazauam

Tutlaqou aulvefimsldlaguaguninanniu nisiden
FuUsgmuoimslagianizussanaisivlemse fadu
A938u (Thadamatakul et al, 2021) F1aug nva3 1Ju
mudonveangufuilaaiideanisauiminuagsae
wwmu aiusiidugnuanssrinadnadengwssnngs
fudiuganssnys 1 Sdnuamdu Ao engmaiuifedy
(95 3u) Tulmevieuas wazdunulrunatsaslsalulvd
wazind onszlandunia (Nagprachaya et al, 2017)
fusumuiaianglaai gntesisa (rapidly available
slucose) #in AduitmTa (glycemic index) luszdudau
na19ABUTI9HT (Vasusans et al, 2017) Sawsi 13 UG
na3 Wumadendiunaulavesnynang uwidmaneiugids
Aoutabml f91e9un1sAinwdndalaglRnzAunITInis
‘fﬂLLazﬁmmmi sudansUssiiivanssougdmiunisg
avinsugnity

n1381809n15Ug N A I8RUUTIaRIRBNRnes Ty
wiaadleddydmsufnuinsgienuduiusidudouves
flufuiiadouindourianu 1 wagniaInNIf HAN1IINADY
anumsalifudoyadfyiitisananuidsslunisdnauls
NMIEANIINISNEAT TaganunsonageuandiEiiionns
Usunsdnnisimnzugnanutadesing q flenadsuutadly
(Phimchaisai and Kositsakulchai, 2023)
Tudseindlve dnsfnwwazUszenduuudiaanisugnity
111N 30 U (Kositsakulchai et al., 2007) 51847113
THukuuaeaivdmsut1InaIeuUTNaee 919 DSSAT
(Pannangpetch et al.,, 1991; Mankeb, 1993; Marled and
Kositsakulchai, 2021), ORYZA (Wikarmpapraharn and
Kositsakulchai, 2010), SWAP (Kositsakulchai et al., 2007),
SWAT (Phimchaisai and Kositsakulchai, 2023), SWAT+
(Kakarndee and Kositsakulchai, 2020, 2023)

wuus1ans AquaCrop Ludnuuudtaewisfiaunga
Fraesnisiiulaiviaznand i nevauesse enisldi
(Steduto et al., 2009) WUUT AR ENAL RaTIHELNT A
DIANITOIMITHAS NI TN YA TUVIENUTZINYIR 1T 0 FAO
(Raes et al., 2009) Wil Steduto et al. (2012) léuugtile
Wlumsdssliunananiinouauesoimaunidiniseaia

Tuaunan

fdualng Doorenbos and Kassam (1979) wuud1aoaildl

dwdnsoruglidldnude dosnisteyaiugldunu
a1unsadiaesnalied19undede (Hsiao et al, 2009)
fausfi1 wuusass AquaCrop M suanuieuiiatuuasd
F89uMsANYIR oUTuBuNSTwmeswagnnaeunis
POUALEIBIHANANRBLALS 91T (Amir et al,, 2014;
Amiri, 2016; Akumaga et al, 2017) iilesarnfunuuiass
firoudndlntisdsenunsdnvinieldanmuindesly
Yszmalnegluuinidnuazdlinuseaunisuiuiioy
W13 4085 W YVeINus T13tne (Plengwuttikrai and
Kositsakulchai, 2020)

i TedJunisusaduanssourveswuudiaes
AquaCrop Tun591a8N1INoUALBIYRIT1INUT NV43 o
ANNgANANYTvesaY tnsUTuiisuluuItaesiudeya
nsUgninmaaedludsieiugnuuuninuhmuasiuy
Uneh Tuanmanugavauysaivesiuianstuanuium
nslddendl

2 gunsniuazitnis

2.1 msugnirmmaed
ao1ufl: n1sUand1meanetl Aliun1snulaaneasy

U

AIAIYIFINTIUYAUTENIU UNNINSISBLNYATANERNS INE
LANILNILEY 9.uAsUgH (latitude 14°02'12.40 N,
longitude 99°57'41.90" E) (Figure 1)

uHuN1sNaaasariadefidnm: 1NN TNARBILUY
guauysal (Completely Randomized Design: CRD) 1a
JavEniuudiuuurianeiiea 2x3 (2x3 Factorial in CRD) &4
fitlasuiidnueid:

1. 999835n13Ugn (planting methods): &1 2 35 laun
A5 1uIRY (wet direct sowing: WS) wag n1sdnan
(transplanting: TP)

2. YaduseauAugANanysaivesauy (soil fertility
levels): fmualasnisladewnd 3 szdu fil

- N1 (@nguuzin): Tddeauduuginvensuivins
1Nwn3 (Department of Agriculture, 2004) wusld 2 adq
Wil asadt 1 (20 Tunaugn-20 days after planting,
DAP20): Tdlaiasigns 15-15-15 8031 35 kg rai " (e uil
1.72 ¢ pot™ w39 218.75 kg ha™) Assdl 2 (40 Yundsgn-
DAP40): T einiigns 46-0-0 8m31 15 kg rai" (Wiguii
0.7 ¢ pot™ w3a 93.75 ke ha') Usunadlulmsiauavaai
412lasulusgau N1 Ao 75.94 kg N ha™ (Awaadann (0.15
x 218.75) + (0.46 x 93.75)

- N2 (p3adnsuuzi): Tadeludnuamieniu N1 (us
1d 2 Afsnudaananfeatu) uildssdunauvesdsud
axasaiies 50% vosdnsuuzh Uinalulasiautuaii
g1lesuluseau N2 fie 38.13 kg N ha'
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- N3 (ldldde): Tifinvsladewnsinaannisvaaes
TIUIULILATUUILNAADL: WA AN ALUUR WAL

(combination of factor levels) fisuau 3 61 (replications)
AeviayanIsmaas nsnpaesiisiunssum 2 YANT
NAaeInsouiu lngurasyan1vnaeiUsznounle 18
dgnaaas (f9Ugn) (AN 2 35Ugn x 3 szaude x
361 =18 fasiayn) Faru Fedivilvaanssuioau 36 &
Ugn masannvnaes (18 dadeyn x 2 YNsMAae)

Legend 1:1,000
® weatner staton
(27| — o

s
Coordinate System: GCS.
1984

0015 003 Horizontal: WGS1

0.06 Kilometers

Figure 1 Location of experimental field at Kasetsart
University, Kamphaeng Saen Campus, Nakhon Pathom.

<

msfansgndnalumhevaass: mapassiliiniug
nu43 #‘fqﬂqﬂiuﬁqwmaﬁﬂmﬁmﬁ'w (vuAndng 28 cm,
©17 28 cm Wazg 35 cm) Tnusazdsussyauitldlunis
NAadliilA11899INAUGY 20 cm AABATEEELIAINT
naaes dnsmunuuazinwseduidslitanugensd
Uszanas 5 cm ooy eliuladndudnlaivszau
amznAth

nsfuiunsdgniseanden fail A3nsmdiiuem
(ws) Fulagvimsminumdniusin nva3 Taasaduds
naaedluiuil 13 Squieu wa. 2562 da 38nsiingl (TP)
Sulasviinsinzadaiugdn nva3 ilewieudundly
wdaseyuialufudl 13 dquisu na. 2562 wdaandy
iodundnfiongasu 20 Ju Fedredunduninaduds
NARADS

mafuimandnvesinaadiimaUgn Isudums
wioniluiud 4 nanau wa. 2562

nsiusausandaya: lunsvaasalddnisiiusius
Toyalufueeg o

1. Yoyan1agndoningt nsrainogieseiiesiie
\n30anT299 1M AATLITR (automatic weather station) &

24

ﬁﬂﬁ’;ﬂaij W UTIUWUAIMARBINABAY9N1TUgN (1A
WOWAIAL-AAIAY W.A.2562) (Rauandlu Figure 2) sz’fa:g,aﬁ
Suiinuszneudae Usinadilusieiu gamgiigeaa-sign
Used1iu anuisiauad e Usunusiduatening uwas
AuTUdTSade

2. foyaantivesiu lfannsiiudegefuiilivan
Frludmeaeniioiiddinneiautinisnienneaziad
U WU UANITUFHINGT AMLLNYAT NTWNILAY
UNINEIABLNYATAIERT UTznaume

-dadquounianu (particle fraction): Usenaunie
918 : neuts : Aunded Tudadiu 84% : 14.9% : 0.3%

- AUNUILUUTINTO9RU (bulk density): 1.94 g cm”

- audfvostinludiu (soil water properties) laun A1
n1svuvesd uluaning usa (saturated hydraulic
conductivity: Ksat), Vs ludulnedsunns
(volumetric water content: WC) 7' 4,08 11# 24 281111
(saturation: SAT), 7aud uvausenu (feld capacity:
FO), LLazﬁagmﬁmmeﬁ (permanent wilting point: PWP)

3. Joyaviinahuazmsliheesdnn dnmstufindeya
ynTuaan 7.00 u. Usznousae Usinanheausenudls
(irrigation water applied) Fatufinusmanhfiruaduus
azdmaasaiiemunuuarinussduinddlifiarugead
Uszurm 5 cmind o adu warn13ldueeednn
(rice consumptive use of water) Useiluwdusietuain
izé‘w’uﬁwﬁamaﬂuLLﬁazﬁqdauﬁasﬁms@uﬁmé’uzﬂ'ssﬁuﬁ
fvun TnefetUsinanhitanad fe Usinansldhves
%17 (rice evapotranspiration) Tuun a3y 117 04311
m’awmaaqlﬁfﬂ"wLﬁumﬂuﬁ’wqﬂﬁﬂﬂﬁmiqaﬁaﬁwmﬂﬂﬁ
Fuasau

4. foyaiannnisvestilannnisdaunauazrfudinssey
W3 drdyang 4 veada Tasuainiuisuugn
(day after planting: DAP) lawn sz8z0n (emergence),
seygnildaganean (panicle initiation), sz8zpanaen
(anthesis) LLaziwxquﬁmﬂa?Sﬁwm (physiological
maturity)

5. doyadunauaznandn dndunisifiodgnuinis
a3svinen 39ldifuseswesdiumilonutmun aanty
duenesrusznovesndu diulu ddu wagsae ving
Fafwiinanvewusaresiusznou udnilveulugeumunu
gamgfifl 75°C 1duinan 48 hr (Suwanwong, 2004) Lile
Siasizimthuinutweanan (dry-grain vield) waz
Yamdnust1wesfaunadiuniedu (dry above-ground
biomass)



5EsENALIAINTTINEASLKIUSEINALNY "12.‘]17] 31 aﬁuﬁ 1 (2568), 22-33

Temperature (°C) & Rainfall {mm)
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Figure 2 Daily meteorological data at the experimental field (May 24, 2019-October 15, 2019).

2.2 mae3esuuuiIass AquaCrop

nsAnuilalduuusians AquaCrop version 7.0 kite
§188IN15AULALATNITAOUAUDIVDIT1IN UG NV43 B
YJadesne 9 nisinigudeyadididimsuiuuinaes
Usznausae & dauvdn il

Foyaan1ngide1nie (Section Climate) Usznauniy
Uiy (rainfall-nid PLU) uaz qmugﬁﬁwqmmsqqqm
(minimum and maximum temperature—lWa. Tnx) Tsﬁﬁaaﬂa
e funnietemsnemasAluiRfinans a uwamnans
USinaunsl4tignsds (reference evapotranspiration-wi.
ETo) AuIun 2835 FAO Penman-Monteith (Allen et al.,
1998) ndayaii n3293Ra1nLA3 09M5I901N AS AT
Auudurasmsueulneanledtuusssnaliliddeya
mmgwuﬁmw%ammmﬁaaq AguaCrop (GlobalAverage.
CO2)

doyaiis (Section Crop) WlnldmsfinesiFusudmiu
117u1d2u (lowland %39 paddy rice) ¥99 AquaCrop
(PaddyRiceGDD.CRO) Fadumsiinesivdmsusianinis
nsEulanasinuNMsNgsIemiiegumgiiazeay (Growing
Degree Day: GDD %38 Heat Unit) n15Usun1sniitnasiies
Ifsumimesudauld sunisusuand esduii ol
donndeItuANYEYaIt UG NU43 uaganmn1sUgnan
M3NAand AN AMUNUILLLYBIRULTT (Plant density =
382 plants m2 A1%uUA21n 30 AUADEIVUIN 784 cm2)
yuraituiluunaauAududu (initial canopy cover: CCo,
WS=1 cm?/plant, TP=2.5 cm?/plant)

foyafiu (Section Soil) fuualiilefudufusiuy
n318 Inedredentvd SandLoam.SOL Fuirluwuustass
1 2 layers #9i Fuduvunul 0.20 m (PWP=20.0%,
FC=37.0%, SAT=48.3%, Ksat=1466.4 mm day") uagfu

Fuanamun 0.01 m @uvAvesirlui uduasdiulng
wileufuRutuuy uifmunalien Ksat=0 mm day” e
Fraeedan1av Ui Ui W fin1sFud nasdiu (deep
percolation)

To3an139AN15LN1EUq N (Section Management)
Usznausme

- msdansiilundas (Field Management) AMUUAIIY
g9fuu (Bund height) 137 0.15 m (15 cm) Gaaemnndasiu
mwgeeeudsduindemiossiuiofu

-n159An15vaUsEnIU (Imigation Management) 14/
FBnnslithuuuasiiuzina 50 mm ynafuieszduiiluds
anasumaenudnidanieffuiios 10 mm Tngld
mmsﬁﬁmaamsﬁaamsmwﬂgﬂ

- 153 AN1sAIINE ANANY T vea U (Fertility
Managerent) fvuaiii aliuuusiassaunsasiasinig
novAUBIIBITIIRDIEUANLgALANYTRIYRIAUTIUANANS
fu (N1, N2, N3) sududesinisusuiisusesuanuasen
INAIRANENYIAIVBIAY (Soll fertility stress levels) Tu
AquaCrop Waenadasiuusinalulasiauililuudasnia
wuddglunmaaeaie

2.3 mMsUSUIEUMITIUmD UANI1TTIAINTTHANT T2

N32UIUNISUT UL HUNISITLADS UDILUUTIA D
ﬁWLﬁuﬂﬂﬁLﬂu%umauwﬁﬂﬂ il

1. nsuszunuedamadudneniw (potential
biomass: BMx) 31nn331aasn1siasaysiivlavesinaiug nu
43 luanzauysaluuui delddanuasenaindade
windoulaq (non-stressed conditions) Lt oUszLANT
wagegeiiivansandald BM) dmiuTEmswituthe
(WS) wan1sd1aeliian BMx=15,131 kg ha d1m5u38n19
tnen (TP) wan1s91aesliA BMx=16,139 kg ha™
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2. MImuadadiuaduivsuaznsUsuiisuns
MBUAUBINDAIIUANANY TAIYDIAY L?mmﬁﬁwsﬁayja
dminganauianieauiildannnismaasvesusiaznin
Lus (N1, N2, N3) uauaadadudiuiaduims
(relative biomass) TneLUT UL o UAUAT BMx U931L61 8%
Tnsugn Folamasl

-8 WS N1=499%, N2=30%, N3=12% (euiu BMx
99 WS)

- 35 TP: N1=38%, N2=25%, N3=11% (1figufiu BMx
994 TP)

9Nty shnsUsusfnnsiineslusuusiass AquaCrop
AruANNINOUALBIYDITYABANNIATEAINA LA
auqsm‘ﬁuaqcﬁu (soil fertility stress response) Taela dn
dadndunaduimsvesvidaiud N3 (nduitliflas) deien
tovflan 1uandsdedmivannzanuiaion (iFeldug
a19v09nIMNISHOUEWY) (Figure 3)

3. NN3§198E NI AITIMUAKATNIATIVEBUADY
LU UEIVDILUUTIADY AT UNITREITINUTULT 81U
wisfneiMiAsadostuanugauauysalvesiuouses
uda Jeliunsdnasanisiasyiivlalaznanantnid1msu
yIniuinaL (nanfe i 2 3BnsUgn x 3 seRuAa
g ANANY T VB IAU) YINad NS LA a1nuuusians
(19U Handnd 1A enuite, Taunawmi efustanun) 1
L"LJ%‘EJ‘ULﬁEJ‘ULLa3’3Lﬂi’lzﬁﬁusﬁlmﬁaﬁﬁi’m’?ﬂiﬁﬂ%‘w’mﬂ’]i
naass lney wiunisuszduadnuwduglunisiiung
nanandudrfgludrduusn

4. anwagreInszvaunsusuisuldunisaudunis
WUUUSULA R I8R WD A IMa18AS s (manual and
iterative process) AUNIMHANTINABILIANUADAARD I
Yoyannmseassluseduiivimela losanludagiu
wuusaes AquaCrop §eliifinalnudeindesiodmsunis
Usugumdnesuuusnlul®@ (automated calibration

tools)

26

Calibration soil fertility stress =

no water stress

Stressed field

sol fertitly stress.

Reference field
not stressed

|
observations
relative biomass

100 %_..4,,.®B~onuﬂwoduc(m ........... very poor v 112 Q%

cCx

S5 [E]s

@ Maximum Canopy Cover |strongly reduced

absent ... Canopy decline in season......... medium ...
calibration
Start
X Cancel

Figure 3 Calibration of AquaCrop parameters in response
to soil fertility stress.

3 Wawkaziansal

3.1 msUgnneaestia nva3
nsnnaesidunsAnvuuuassiiadeiiiednwnaves
Femsvgn (Maiudiag (WS uag msding [TP) uas
sgAuAugaNaNYTaluesAu (N1, N2, N3) seuiunaduna
@1uLuil 06 U (above-ground biomass) WAKA ALNARA
F19 U onusts (dry grain yield) wazusu1ansie i
(evapotranspiration [ET]) ¥e3913Wug nv43 (Table 1)
HANITILATIETANLUTUTIULUUAD NG (Two-way
ANOVA) (Kutner et al., 2005) Tagldlusunsa R (R Core
Team, 2024) waaslALiug Vfﬁﬁmiﬂqmmxqum
auysalvesiudnanadiuiaegnddediAny (K1, 30) =
10.98, p < 0.01; F(2, 30) = 216.68, p < 0.01 MudFU) 2
1J’JaLagEJ‘(JENﬂ’]SUQﬂLLUUMjWUﬁﬂmJQQﬂ’i’m’Iiﬁﬂﬁ'lafj’mfl
WeogAg (WS (50.16 g pot™) > TP (45.15 g pot ™), p <
0.01) duanugauanysalvesAulnatinaewiltud Ay
(N1 (60.29 g pot)>N2 (36.00 g pot)>N3 (14.81 g pot™),
p < 0.01) Ufduiusiififeddnysnianstadoiveiinug
vosnmgeananysalredasnatuuandstulumuisnng
Uan (F(2, 30) = 3.52, p < 0.05)
dwiunandn wui meaesdedeinarenandnd1iegng
HiledAry (F(1, 30) = 6.44, p < 0.05 uay F(2, 30) = 97.27,
p < 0.01 muddv) FUgnuuumiunslinandnadegs
ni1n1sUnaneg el dedAsy (WS (19.11 g pot™) > TP
(16.41 g pot™, p < 0.05) @ruAIUYANANYTIVDIAUTNA
nonandnogailued1Aty (N1 (24.61 g pot™) > N2 (16.38
g pot’) > N3 (6.53 g pot’, p < 0.01) ldwunansznuain
Ufjdusius (F(2, 30) = 2.08, p > 0.05)
dmsunisldunvesdia (ET) sHeanstadoiinaet1ed
Waddysa ET wulfeatu (F(1, 30) = 10.247, p < 0.01;
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F(2, 30) = 171.093, p < 0.01 MWa16U) ET 999350199974
dnsgeninnistndesediednda (WS (513.48 mm) >
TP (489.16 mm), p < 0.01) SEAUAURANANYTAIVBIAL]
naog19litdAysio ET (N1 (618.6 mm) > N2 (529.7 mm)
> N3 (444.5 mm), p < 0.01) InefiufduiusAfvsddy
§ WU ET (F(2, 30) = 4.705, p < 0.05) FeUadimavese
gavaNysaiRe ET tuuandafluanuiBmsugn

32 masudisumsidinesivamsuiniug nvd3
wsfimesivildluuuusiass AquaCrop dwsuns
9180979190 ug nv43 LATUN13IUTINRATUS UL BUAIAS
wansswazidenly Table 2 lnewisdwosnardanse
wiseoniduasangumdn liun (A) msdimesitisadastu

nsasyifulanaziauinisinealuvesiiy way (B)
wiiinesinruaunsoUaLsIYeITivioALLATEA
\esmnanugauanysaivediu

nsruIunsUTuisunisfiwes s uduainnsldan
1MsgIU (default values) ifioglunuudiass aansuds
Usuudrmanilnsendedoyaiildannisdanisimzugn
939 MIFLNASNYMZUAZNITIAT YA ULAY0INY uazdaya
nmsiiumegslumnaass dusunisfimes 5n1s
Ugn" (Crop establishment method) Tulwddiy (*.CRO) 14
fvualidenndosiuisn1svaass Ae @enilu sown crop
(crop is sown=1) dnsudEminuiny uay transplanted
crop d@wsuistinen (crop is sown=0)

Table 1 Effects of planting methods and soil fertility levels on RD43 rice biomass, yield, and evapotranspiration.

Fertility Level Planting Method

Biomass (g pot™)

Yield (g pot™) Evapotranspiration (mm)

N1 WS 58.28 + 1.75 27.29 + 1.32 628.24 + 6.41
TP 48.08 + 1.72 21.69 + 1.35 605.29 + 13.89
N2 WS 36.00 + 3.16 17.46 + 2.21 557.88 + 13.18
TP 3158 +1.73 1533 £ 1.11 504.33 £ 7.00
N3 WS 14.81 £ 1.04 6.53 £ 0.60 442.84 + 6.12
TP 14.39 £ 0.75 6.16 + 0.36 446.34 + 5.04

Note: Fertility levels are defined by the nitrogen application rate: N1(75.94 kg ha™), N2(38.13 kg ha™), N3(0 kg ha™).
Planting Method included wet direct sowing (WS) and transplanting (TP).
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Table 2 AquaCrop parameters for RD43 rice under the wet sowing (WS) and the transplanting (TP).

Crop Parameter Default WS TP Units
(A) Growth and development
Crop is sown -
Base temperature 8 8 °C
Upper temperature 30 30 30 °C
Canopy growth coefficient (CGC) 0.12257 0.14571 0.07675 day
Canopy decline coefficient (CDC) 0.09330 0.09556 0.09556 day™
Maximum rooting depth 0.5 0.5 0.5 m
Maximum canopy cover (CCx) 0.95 0.95 0.95
Normalized water productivity (WP*) 19 19 19 gm?
Reference harvest index (Hlo) 43 43 43 %
Days from sowing to emergence 3 3 3 day
Days from sowing to flowering 65 59 59 day
Days from sowing to start senescence 73 67 67 day
Days from sowing to physiological maturity 104 98 98 day
Length of the flowering stage 19 18 18 day
Canopy size of seeding 6 1 2.5 cm?
Plants density 1,000,000 3,820,000 3,820,000 Plants ha™
(B) Response to sail fertility stress

Considered soil fertility stress for 50 88 88 %
calibration of stress response
Shape factor (SF) for canopy expansion 25 5.09 6.45 -
SF for maximum canopy cover 25 1.57 1.18 -
SF for crop water productivity 25 2.74 3.23 -
SF for decline of canopy cover 25 6.84 6.84 -

Tuauresn191d1m o3 N1 AUIALAE AN 15BN Y
(Table 2A) W5 fitnesiildrnnasgiu Wesarniduani
wualduuananeiudosseninediunazateug laun
qquﬁﬁlﬂ UAINAAUeIn1stAULla (base and upper
temperature) A1MUANTIN (rooting depth) daausulu
g9an (CCx) WARAMeIt1 (WP uasdaiiiuiieidneds
(Hlo)

wnfwesiusurinmdeyannnismaasafudnvus
Suduvesiiv 1iun suluaizsen (canopy size of seeding)
AUNUIMUUNAY (plant density) was TETRAIUINITVO
fivi §19899ndeyan1sdanauazduiinannismaasg
dwiutsiug nua3 dun uidnsen (emergence), $uil
\Sueenaen (start of flowering), Juiiluisusaslse (start of
senescence), f‘u"ﬁ‘aq nuAMNI9a53Tne1 (physiological
maturity) Wazszez11a1%2900na9n (length of flowering
stage) dun1sndwesdndiunisaquanvedduniesuly
(canopy cover n1sUsuRndntesitsduuszdns nns
188 (CGC) uavduuszavdnisanas (CDC)
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TudiuvesnfinesnsneuauevesdsienuLATEn
NANUANANYIIYBIAU (Table 2B) MsUTuiisudeda
Nndndruvesndndiliannnismaasseislunsiarsyfuanny
gauanysaliuisufunandndiudnoninisiasdlansallid
Asasenntadeuinden InsusuAnnasinnuauysal
YRIAUAIMTUNTUT UL BUNITNOUANB IR BAIULAT B
(considered soil fertility stress for calibration of stress
response) dtauanasziunugananysaivesAuTifivgy
Liluansnisanaswesdnnadndeluideldsudeiu Tnsusy
INANT5IU 50% LU 88% et olanaadoety
anmzmsnaassiisEsiu N1 Ensiuuzd) fenadlallduans
flaannagi Aug auanysaigegaauivlinevausssionts
Lﬁmﬁmmﬂa

druunAwmeTsUIINveINMINBUALDY (Shape Factor: SF)
dmiuanuAienanANNEANaNY TRy lnsusuan
AunsguliagvioudnuuenInouauevelINLg nud3
sostiuALgAANYsaivRsRuaAIIERU (N1, N2, N3) 71
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THlun1snnassass s1easiBenvesamislimasnusuiieu
LadLEndl Table 2B

33 N1591909N159OUALDIYNTIFeA NG ALY TA]

WUU1a89 AquaCrop au13a91889%IUIR WAz NaKNEn
Frlunausiiwelafaisugniuumitung (WS) uazuuy
{Ineh (TP) (Table 3) Inglannzegnadansdl N1 Fanugas
auysalvesiud TaunannsitaedndiAesiunaainnig
Ugnnaaes ﬁqmﬁﬁ?%ﬂqﬂ WS wag TP (WS, +5.2%; TP,
+2.9%) wawamﬁmhmﬁﬂgﬂmam (WS, -3.0%; TP -1.9%)
drumslhwestn €7) wuusaedinadnsininanis
Ugnnaaaun (WS, -43.0%; TP, -31.3%)

LﬁammqmuaugsﬁﬁmaaﬁuamaqLLU‘uaﬁaaq AquaCrop
410150971909N19M0VANDIV0IT1ILA WA LUUTIADY
UsziliunansegvusioTananasnandnmnitanuuate Tu
nsdl N2 Femrmgauanysaivesfiutunatsdarsudis
WUUT1A09UTEUIUAITINID +36.7% 09 +46.8% AU
WAHAR +21.2% §9 +30.0% Tuvngiingd N3 Fananugau
auysalvasfiusun wuUaesUszaI AT IaLAY
Handnguiuly

dmfunsldiivestn anuuandeseninmain
wuudassiunansugnnaassiesasilonugauauysal

yosfuananas (N2, -21.7% &3 -29.6%; N3 -11.5% &4
112.2%) Anuuanssiitosasiionafiunasn ET fanasly
nsnaastuaze1aldliinsizuuusiassUssuan ET 1o
wslugnTu ET

3.4 175391900k8

HansNAARILERS AL LD HansEUag 19T Ayve
ﬁy’ﬁﬁmiﬂgﬂ (WS, TP) wazasgnuauysaivasiu (N1, N2,
N3) feunadumileny nandn way nsldivestn n
43 n19as1zinnsaialaglyd ANOVA wuvaeamnsduduna
i TnenunansznundnuasUfduiusidduddydmsus
WUFH9 9

dmsuTauna mavineuuansdiadsiiginiinisin
g 1udvedde §aUiddnsniulaeasienalide
IHUSeulunsazautnanelditeulviinaaey seduau
gauanysalvesiuiiuaniafudsdinansynuegrannsedn
wia Ioemslademudnsiuuzi (ND dewalviidamags
ninegfifeddyilaisuiumslalelusniiianas (N2)
waglillads (N3) Ufduiusseniaiinisugnuayseduaiy
gaNANY IR maTe s gAYy TaineTInAuAN TS
fulutuegfumatianisugniild
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Table 3 Comparison between experimental data and AquaCrop model simulation: (A) Biomass, (B) Yield, (C) Rice

Evapotranspiration.

Fertility Level Planting Method Experiment AquaCrop  Difference (%)
(A) Biomass (tonne/ha)

N1 WS 7,434 7,856 5.7
TP 6,132 6,311 29

N2 WS 4,591 6,278 36.7
TP 4,027 5911 46.8

N3 WS 1,889 6,729 256.3
TP 1,835 5,911 222.1

(B) Yield (tonne/ha)

N1 WS 3,481 3,378 -3.0
TP 2,766 2,714 -1.9

N2 WS 2,228 2,699 21.2
TP 1,956 2,542 30.0

N3 WS 833 2,893 247.2
TP 786 2,542 223.4

(Q) ET (mm)

N1 WS 628.2 358.0 -43.0
TP 605.3 416.0 -31.3

N2 WS 5579 393.0 -29.6
TP 504.3 395.0 -21.7

N3 WS 442.8 389.0 -12.2
TP 446.3 395.0 -11.5

Tuhusafeaiu nandnlasudndnasgefitodAyan

NIMIvgnuazaugaNanysaiveiu nMsviudnul

a N

nandniad oganiinistniegaddoddynisada 3
Fidudateldiviovresismaniuinslundvestanie
aeldideulvnisnaassd og1dlsfiniu SvEnavessedy
AugaNANysaivesRudenandntuinmdaLaunn e
N1 thluguandniigsnin N2 uag N3 egrsiidfoddny nslyl
fUfduiusAfidoddyszninaidnsgnuazanueau
AUy Inive A LA DNANAMUIT I AYe I ALY TAITaS
Audenandniuiivuiliululufiamadofudmiuisaes
BnsUgn

1

Astinveednl (ET) lasunanssnuag1eitoddgain

o

faansdafoituiu mawiudnudmaliauade ET ganin
n13tine Favsddsnnuuandidluguuumsldinseming
40938 AugaNaNYIaivesAuildnSnantlitudAyse
ET Inewu ET Aigeninneld N1 i eiflsuiu N2 waz N3
Ufduiusszninadsmslgnuazanugauauysaldmsu ET
Aifuinismovausses ET dessdiunisléietduiuegity
W/nsugnane
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Wetansanmiawud N1 (15180 emuduuzii)
wanAndila Instanizandsnituiiey danulndids
nandnTiasisenudmiuingiug nvas lunsdnwdun
(Kongpolprom et al., 2015, Nagprachaya et al., 2017) EN
Prefududnsnmlunslinandnvesiiiugi nneldnig
dansfingan dedanausznisuiedo nstndluanm
famnaosorafidedinsnumenin 1wy seazdgnitimunl’
Meia §1919dmanenuansalunIsuANNeLAT A
yeronseinvesdiui il ieiisuiunisugnluanimuvag
w93 dmuen ET Adanaldlumennaes nudidias
ny1518udImsuTurdTlunianatnd nidee
(Chumpagern et al., 2008) anuuansstienafunainann
nsmeaatluszuunvesdagnitlafinsgadetainnis
Fudn Fausnsineinanimulasuiily

WUUIIaDY AquaCrop aniUszansnmlan lun1sdnass
Fanauaznandnneldanizanugauanysaigs (N1) 39
Ueddefnenmeeswuusiasddunissiasinisiesgivin
vosiwlaaoutrawiududetadourndonlsinelsiiia
AT BAguUsIefiY agalsAna ieszduaImgan
auysalvesiuanas (N2 waz N3) uuudiaesiiuuiltuias
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Usgiilunanszvuainarunaisaidesnnunnsine sl
nd1A1uduase na1fe wuuTaesinagliadiauay
wandniisiaedldifuganieiingataldats Tnslamzoeng
feluanniefinnasgemnsgunss (N3) Gedlifiudadain
Y9ILUUT1a83lUNTINRDIAN1ILAIINATEATING A DN
Tusgduiiguuss Anueaiaadoulunissiaesuiinanisly
i1 (ED Tnsamizlundaiug N1 fuuudaesliasing
anuduaisreutrann iudssiduiuniansan uiin
m’mﬂmmLﬂ?{auﬁfma]ﬁa'n,mmrmawﬂﬁ]é’a Wy AL
wduglunisinan ET 939ludamnass n30A10UANG1
ssramsassanwludetumslidiluanimuuasads us
faludeeudndulunrmssounasdiulsiins
vensdaes ET Isiilanuusiuhdetu

YNNI TMoTvaeuUUTIADs AquaCrop filsUSuiiioy
dnsudnaiug nuas lunisfnund (Table 2) doiludoya
fugruiifiauardmiunisiuuuhasduissgndldlums
$raesaniuntzaidug Mifeadeatudriusiluouan ms
USuArmsfimesiiaruaunisiasqravlauasimunnas
FANITNBUAUDIDANUALIINANIUANAUY TIVDIAY
Tagdrsdenndeyanisnnasiais dondieiiiuanundede
vauuTassdmsunisidauluviunvesdseinelng
ogalsfinny msnseminindmesiAsidesiuiiade
AuATendu (917 n139Inth A viegmuvnian
1) lunsnnigsaddenmnsgrureuuusaondundn
Fafu mndasnistuvuaesluldluaniunisalitiives
wlgyfuaueseamaiet1edoiau onasiudesiinng
USuisumnnimeslungudanarifiuduiolvlduans
$raesituiugiBatu

1Mg5MLAT LUUT1a0e AquaCrop uandliifiudnenin
Adlunsiduedesiiotasvhunenisnovaussueadiiug
943 deismsUgnuarszAuaugaNay salve AU
uwanieiu Tnslangedebsluanngilifamiaienan
519915 5UNs 0813sAn AnuuluveuuTIaady
nsdiassantiziifinnnunionainsigemnslusefuliu
naeflage sauflanisdiaesTinunislii daduuseidui
misldsunsfnwuazyFuusaiadslunidelusuan

4 &yl

Wan1sAnIAT el 4 I udn vadadeisnnsugn
(nswiruiauuagnstngn) wazdaduszauadugay
auysalvesiu (@ smrvaulasusunaediwaniaiu) &
dvsnaegniitedAynsadAnen1sazantiuadunile
fiu msadwanamudndiuke warusinansldihueding
nY43

Tudu9In15UTELI U WUUT1899 AquaCrop WU
wuUSapsEnsaneen i aenULA NS ENIIEnIs

Ugnitaaeaiuuld uazuansaussouzAlunmsassuin
Fawnauaznandnnieldanneiauiaugauauysalgs
(N1) agalsfinu iWleRusinwgauauysailussiusifai
10 (N2 uag N3) wuustaesiuuliufiseUssifiuadamna
waznandnganinauduaie

nsuuiisuyansiwesdmiutiniug nuds 7
fudunslumsanuni Seasuadrennuidedulunisi
wuud1889 AquaCrop lUuseyndldiuiugdiivesingld
pgauiugBety dmdumsiseluewan wielumsifiadn
AuaInsaRazAudeiievesuuaadunini e
Ustlemdedenirennsseludy msldmnuddgyiunis
fudumsvsuifiuifisiduuas msniudeuanugndedves
wuuiaesngldaninuandennisineUgniivannvateuay
auasedadu 1wy nmsneassluanimudasunass sauds
miﬁﬂ‘mmimauauamaﬁmﬂﬂaiuﬂmﬁﬂ%ﬁﬁuuaxﬁﬁa
windewduq Miiertes

5 fAnAnssuusene

uided i sunuganyuanamgiamnssuaans
ALNILAY UMINYIGENYATAIERT LAY VOVBUAMNTY
onfonineiilvinnueynsizidoya
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Abstract

The present research aimed to study and developed a weeding and fertilizing implement for application in
cassava inter-rows. Performance evaluation was conducted by attaching the implement to a tractor operating at
an engine speed of 2,000 rpm, using gears Low-1, Low-2, Low-3, and High-1, corresponding to traveling speeds of
2.84, 3.34, 3.80, and 4.38 km-hr’1, respectively. The field testing was carried out on an area of 162 m2. The actual
field capacities were found to be 0.60, 0.94, 1.17, and 2.40 rai-hr’, respectively, with field efficiencies of 82.18,
82.41, 74.83 and 83.02%. The results indicated that field efficiency remained relatively constant as speed increased,
with the highest efficiency observed at High-1 gear. Slip ratios were similar across all gears and remained below
the standard threshold of 10-149%, suggesting that the implement's weight could potentially be reduced to improve
fuel efficiency. The average weeding efficiencies were 88.63, 86.52, 85.52 and 86.41%, while the average crop
damage rates were 4.44, 5.88, 9.00 and 13.04%, respectively. Fuel consumption rates were 2.36, 3.40, 3.64, and
4.50 Lrai’, respectively. These findings reveal that the implement achieved the highest weeding efficiency when
operated in Low-1 gear. However, as travel speed increased, crop damage and fuel consumption also increased.

Keywords: Weeding machine, Tractor-mounted, Weed control efficiency
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Figure 1 Schematics for development and testing of a

cassava weeding machine.
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Figure 2 Study of cassava cultivation.
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Figure 3 Tractor-mounted cassava weeding machine.
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Figure 4 Components of cassava weeding machine.
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Table 1 Cassava growth stages results.
Growth stage (Week)
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Figure 5 Soil textural triangle and textural classes.
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Figure 7 Measurement of wheel slip.
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Table 2 Results on soil properties testing.

Soil Property Location / Depth Result Unit
Head of plot 11.28+2.07 %
Moisture Middle of plot 9.87+2.12 %
Content
End of plot 8.28+1.15 %
5 cm depth 15.67+3.12 kPa
Shear Strength 10 cm depth 61.89+3.26 kPa
15 cm depth 95.33+4.18 kPa
5 cm depth 133.33+0.65 N.m~
2
Cone
) 10 cm depth 400.00+1.05 N.m"
Penetration )
Resistance
15 cm depth 820.00+1.28 N.m"
2
Sand 35.27 %
Soil Particle
Distribution Sitt 38.83 %
(Texture) Clay 2588 %
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Table 3 Results on tractor performance testing

Travelling Specific
Force Power
Gear No. speed force
Y (kW) B
(km.hr™) (kN.m™)
Low -1 2.84 4.00 3.14 17.09
Low - 2 3.34 6.16 5.75 26.35
Low -3 3.80 6.66 7.02 28.49
High - 1 4.38 7.16 8.72 30.62
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Table 4 Results on efficiency assessment.

Gear  Area TFC ) EFC ~ EFF wheel
No.  (m?) (raj)hr (rai')h' (04)  slip (%)
Low -
1 162 0.76 0.60 8218 6.54
Low -
2 162 1.13 094 8241 9.86
Low -
3 162 1.56 117 74.83 8.79
High
-1 162 2.89 240  83.02 8.23
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Figure 8 Efficiency of weed control in cassava fields.
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Abstract

The present study aimed to analyze the effect of particle size of cassava stems, processed through screening
sieves of 3, 4, 5, and 6 mm, on their physical properties after chopping and pelleting. The performance evaluation
of the cassava stems hammer mill demonstrated a throughput capacity of 43.85 kg h™ and a shredding efficiency
of 64.79% when using a 6-mm sieve. Both parameters showed an increasing trend with larger sieve apertures. The
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highest bulk density of 139.28 kg m™ was recorded with a 3-mm sieve, which decreased as the size of the sieve
increased. Additionally, the angle of repose increased with the sieve size, peaking at 50.70° when using a 6-mm
sieve. The particle size and modulus of fineness were maximized at 2.45 mm and 4.65 mm, respectively, for the
6-mm sieve. In the biomass pellet production phase, the pelletizing machine achieved a maximum compression
capacity of 61.49 kg h™ with a 5-mm sieve. The highest pellet formation efficiency was 98.05% when using a 4-mm
sieve. The angle of repose of the pellets was highest at 29.21° when using a 6-mm sieve. Pellet dimensions were
consistent across all sizes. The maximum pellet weight was 0.96 ¢ when using a 4-mm sieve, while the actual fuel
density was 1323.76 kg m” when using a 6-mm sieve. All pellet densities conformed to industry standards, while
the durability values of pellets produced with 3-mm and 4-mm sieves were 98.39% and 98.25%, respectively,

meeting the required quality standards.

Keywords: Cassava Stems, Biomass Pellet, Particle Size, Physical Properties
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Figure 3 Reduction of moisture content by sun drying.
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Figure 4 Static coefficient of friction determination.
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repose (fixed base) measurement.
AOR = tan™* (2) (5)
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Figure 6 Analysis of cassava stems after size reduction.
D = 0.0041(2) ™ )
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Figure 7 Pelleting machine.
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Figure 8 Static coefficient determination of pellets.
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Figure 9 Measurement of dimension of pellets of

cassava stems.
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Figure 10 Durabity index unit testing.
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Figure 11 Relationship between mesh size of screens

and working capacity.
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Figure 12 Relationship between mesh size of screens
and percent weight of reducing size.
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Figure 13 Relationship between mesh size screens and
static coefficient of friction.
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Figure 14 Relationship between mesh size of screens
and bulk density.
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Figure 15 Relationship between mesh size of screens
and angle of repose.

- HATWINLRREYRIBUNTA WarAlugRaAMLALIBYA
NHAN1IANYIATLUgdaANNAzIBYA WuTHluu iy
WINTUAINIAZUNTIARYINA 3 4 5 uag 6 mm LlewnTan

= N

foyniaunaiatudlugdamiuasiBonfaziiintuau
LATIINNANSANYINLIALRA BYeteyAA NUTTuuali
Widusmugnzunsadaunn 3 4 5 way 6 mm ilesainan
fvumeyniafinduriniedsveteyniafasiutua

WHULREAU Table 1

Table 1 Geometric mean diameters and fineness
modulus of cassava stems.
Mesh size of F.M.

screens (mm)

Geometric
mean diameter

(mm)
3 3.67 1.32
q 413 1.83
5 4.23 1.96
6 4.56 2.45
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Figure 16 Relationship between mesh size of screens
and capacity of the pellets machine.
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Figure 17 Relationship between mesh size of screens
and percentage of pellet formation.
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Figure 18 Relationship between mesh size of screens
and static coefficient of friction.

- HayunoAdALTRINES
o ¥ o o o @ <& . a
Han1IMIyuNasaduudUznasdauda (Figure 19) &
Wl AT WANToEAUTATUNTIAATIA 3 4 5 WAz 6
mm walduanaafunan weswindanuuinidadeindadl
WA lnalAesiy uaggnsunssdnwuin 6 mm nsugy
Wudamdaldresd 3 liainuaiunsalunisdanig
WINNNVUIA 5 4 WAL 3 mm ANNAGU

29.21

(angle of repose)

3 4 5 6
mesh sive screens

Figure 19 Relationship between mesh size of screens
and angle of repose of pellets.
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Table 2 Pellet dimention and weight results.

Mesh Size Diameter Length Weight of
Screens (mm) (mm) Pellet (g)
(mm)
3 6.05 25.37 0.94
4 6.04 25.59 0.96
5 6.02 25.21 0.82
6 5.99 25.37 0.84

INNANMIANYIVUIAFURIUAUENAUATAITNENIVD
Womdwadafidenduwindu wudrvumdmdond i



5EsENALIAINTTINEASLKIUSEINALNY "12.‘]17] 31 aﬁuﬁ 1 (2568), 43-52

auysal LfJu”LiJmmmmgmLﬁwL"ﬁual,wﬁmﬂmmm (@inau
WINIFIUNEAS T ORAMNTIN, 2560)
T TR IR R T R Gt

MNHAMSANEIAIMILLLS I TeInE Sl wud
INLUNTIAAYUIA 3 4 5 Uag 6 mm fuwnlduilndidesiu
WU 1274.05 1274.57 1273.75 wag 1323.76 kg m”
AU waenufisazunsednaunn 6 mm dullduiity
1323.76 kg m” (Figure 20) ez‘fﬂmﬁqﬁﬂﬁqﬂﬂﬁywmé’m
wangseunineenuududavihlifidmuiuuigeusfdma
fumuausaveuadaa

1330 132376

1280 1274.05 127457 1273.7;

true density (kg/m3)

1240

3 a

mesh size screens(mm)

Figure 20 Relationship between true density and mesh
size of screens.
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Table 3 Pellet bulk density results.

Mesh Size  Cylindrical Weight Bulk
Screens Container (kg) Density
(cm’) (kg m°)
3 1000 0.69 689.87

4 1000 0.66 652.21
5 1000 0.66 664.79
6 1000 0.65 651.27
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Figure 20 Relationship between durability and mesh
size of screens.
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