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Abstract: Developing young entrepreneurs in agriculture has been a key policy priority in Thailand for
more than a decade to strengthen the new-generation workforce in the agricultural sector.
This qualitative study examined the perceptions and conditions of young entrepreneurship in agriculture
(YEAs) in Northeast Thailand. The research was conducted in two phases. Phase 1 explored occupational
perceptions through in-depth interviews with 30 non-YEAs, 40 current YEAs, and 20 former YEAs.
Phase 2 examined the living and entrepreneurial conditions of 60 YEAs participating in the Young Smart
Farmer program. Data were analyzed using content and thematic analysis, with comparisons across
YEA status groups and Generations X, Y, Z. The findings indicate that agricultural entrepreneurship
is perceived as a household-based business practice characterized by three core dimensions: (1) money
and assets, (2) family warmth and occupational networks, and (3) well-being and convenience.
Key conditions underlying these dimensions include income and asset holding, family and network
support with confidence, and health and infrastructure. Across generations, priorities followed a similar
order, with economic conditions ranked the highest, followed by relational and well-being conditions.
The results suggest that relevant agencies should strengthen YEAs through income- and market-led

production, enhanced market access, and agribusiness management skills tailored to new-generation cohorts.

Keywords: Agricultural business, entrepreneurship, new generations, perspectives, occupation

Introduction

Agricultural — entrepreneurs  (AEs) apply
technical expertise and entrepreneurial orientation
to engage in farm-level production, processing,
service, and marketing, integrating innovation and
market awareness (Pindado and Sanchez, 2017).
Unlike traditional farmers, AEs focus on value
creation through innovation and market
integration while managing day-to-day farm
operations (Frese, 2000). They enhance capacity
to manage risks and adapt to volatile markets
(Liang et al., 2017), contributing to rural development

(Mensah, 2019).

Globally, the FAO emphasizes transforming
traditional farmers into AEs through Climate-
Smart Agriculture (CSA) to enhance productivity,
food security, and climate resilience (FAO, 2018).
Thailand has actively promoted agricultural
entrepreneurship, with young entrepreneurs in
agriculture (YEAs) as a central policy priority for
over a decade to strengthen the new-generation
agricultural workforce (Department of Agricultural
Extension (DOAE), 2018).

A flagship policy is the Young Smart
Farmer (YSF) program, launched in 2014, targeting
individuals aged 17-45 (overlapping generations

X, Y, and 2) for training in technology andadaptive
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thinking (DOAE, 2019). Complementary initiatives
by the Ministry of Industry, OSMEP, and Thai
Chamber of Commerce (e.g., YEC) further support
YEAs with technology, management training, and
market-oriented skills (OSMEP, 2019, 2020).
Despite sustained policy support, official
reporting on the successful conversion of YSF
participants into stable and sustained YEAs
remains limited, particularly in terms of outcome-
based
occupational stability. National data show about
20,000 YSF participants (2015-2023), with 6,000
in Northeast Thailand (Thairath Online, 2022).

However, statistics primarily document participation,

indicators that capture long-term

not long-term continuity. Field observations indicate
many discontinue agricultural entrepreneurship
for more stable occupations. This pattern of
discontinuation highlights a critical policy and
research concern, as it raises questions about
the alignment between YEAs' occupational
expectations and the conditions necessary
for sustaining agricultural entrepreneurship as
a viable career.

Although studies in Thailand have
examined youth engagement in agriculture and
identified determinants of YSF success, existing
evidence remains limited in several important
respects. First, there is a lack of systematic
analysis comparing YEAs' occupational perspectives
and living conditions across Generations X, Y,
and Z. Second, limited attention has been paid
to differences across YEAs' status groups, such
as current, former, and never-engaged VYEAs,
as a basis for understanding occupational
stability and discontinuation. Third, few studies
integrate perceptions and living conditions

within a single analytical framework that directly

informs development pathways for agricultural
entrepreneurship (Sukkumnoed, 2018; Poungchompu
and Phuttachat, 2025).

Northeastern Thailand provides a particularly
appropriate empirical context for addressing
these gaps. The region has diverse agricultural
systems and wide socio-economic variation
(National Statistical Office, 2017). All 20 provinces
have actively implemented YSF, producing 6,000
participants, offering a policy-relevant population
for examining continuity (Suphakij, 2023). To
address the identified research gaps, this study
examines how YEAs and potential YEAs
conceptualize agricultural entrepreneurship and
which living and entrepreneurial conditions they
perceive as essential for sustaining engagement
in the sector. The analysis compares perspectives
across YEAs status groups (never-been, current,
and former YEAs) and specifies practical indicators
(income, assets, networks, confidence, infrastructure,
health). Details on how these indicators differ
across generations are elaborated in the results
and discussion sections.

Accordingly, this study investigates YEAS'
occupational perspectives toward agricultural
entrepreneurship and examines their living and
entrepreneurial conditions, with explicit attention
to generational differences. The findings contribute
to academic discussions on youth entrepreneurship
in agriculture and provide policy-relevant insights
for agencies responsible for agricultural development,
land management, enterprise promotion, and youth
capacity-building. Specific development pathways
and stakeholder-oriented recommendations are
presented in the concluding section based on

the empirical findings.
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Materials and Methods

Stage of study

This study employed a qualitative
research design to examine perspectives and
conditions associated with sustaining agricultural
entrepreneurship. It addressed two objectives:
(1) occupational perspectives on agricultural
entrepreneurship; (2) living and entrepreneurial
conditions for sustainability. The study was
conducted in 20 provinces in Northeastern
Thailand, a region that represents the largest
agricultural base in the country, accounting for
approximately 47% of all agricultural landholders
nationwide (Office  of Agricultural Economics,
2023). This region has also been a focal area
for agricultural entrepreneurship promotion for
more than a decade, particularly through YSF.
Approximately 6,000 YSF participants were
registered in the Northeast, making it one of
the most policy-intensive and empirically
relevant areas for examining pathways into and
out of young agricultural entrepreneurship.

Purposive sampling was employed
as the primary sampling strategy to recruit
information-rich cases, particularly current YEAs
records. Snowball

verifiable  through  official

sampling was used as a complementary
technique to identify former and non-YEAs.
The combined use of purposive and snowball
sampling was intended to ensure analytical
coverage across different entrepreneurial status
groups rather than statistical representativeness.
Fieldwork was organized across five provincial
clusters to reflect geographic and agricultural
diversity: (1) Nong Khai, Loei, Udon Thani, Nong
Bua Lamphu, Bueng Kan; (2) Nakhon Phanom,
Mukdahan, Sakon Nakhon; (3) Surin, Nakhon

Ratchasima, Buri Ram, Chaiyaphum; (4) Roi Et,
Khon Kaen, Maha Sarakham, Kalasin; (5) Ubon
Ratchathani, Si Sa Ket, Amnat Charoen, Yasothon.
This clustering approach facilitated systematic
field organization while allowing comparison
across different agro-economic contexts. Data
collection was implemented in two sequential
stages, with findings from stage 1 informing
the design and focus of Stage 2.

Stage 1:

agricultural entrepreneurship (AE) among the

Studying perspectives on

younger generation.

Stage 1 explored how agricultural
entrepreneurship is conceptualized, valued, and
prioritized. The study began with a brainstorming
session as a preliminary data-collection technique
to elicit shared meanings and evaluations.
Predefined topics guided the session. This step
was undertaken to refine the analytical scope of
the study and to ensure that subsequent interview
questions reflected field-relevant perspectives
rather than researcher-imposed assumptions.
Participants included 30 representatives from
the Young Smart Farmer (YSF) working group
who had more than two years of experience
in agricultural entrepreneurship, plus three
officials’ agricultural extension officers from
the Office of Agricultural Extension Region 4,
who participated to provide contextual and
programmatic insights. These officials were
included to support contextual interpretation
and validation of emerging themes, not as primary
analytic subjects. Data were collected October
29-30, 2020.

Outputs from the brainstorming session
were used to identify key informant categories,
refine interview guides, and specify subtopics for

in-depth field interviews. Subsequent in-depth
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interviews were with informants aged 17-58
(Generation X: 1965-1979; Generation Y: 1980-
1996; Generation Z: 1997-2005). Informants were
categorized: 30 non-YEAs, 40 current VYEAs,
20 former YEAs (total 90). Interviews were
conducted using purposive sampling combined
with snowball sampling. For current and former
YEAs, eligibility criteria included registration as AEs
with DOAE and 21 year of experience. For non-
YEAs, eligibility required being in the target
age range and having sufficient exposure to
agriculture. This criterion was applied to ensure
that perspectives reflected experiential evaluation
rather than abstract opinion. Recruitment used
organizational lists and networks, with referral
chains deliberately capped to reduce over-
reliance on any single network and to minimize
network bias. Data collection was January 5-28,
2021. The final sample size was determined
based on the principle of data saturation (Guest
et al., 2006; Hennink et al., 2017).
Stage 2: Studying the conditions of
agricultural entrepreneurship among YEAs
Stage 2 examined the living and
entrepreneurial conditions associated with
sustaining agricultural entrepreneurship among
current YEAs, building on stage 1 findings.
This sequential design ensured that the analysis
of conditions was grounded in field-derived
perceptions rather than predefined structural
assumptions. Interview subtopics were derived
from Stage 1 themes. Data used purposive
sampling to identify information-rich cases
of current YEAs with sustained engagement.
Purposive sampling was selected to ensure that
participants possessed direct, ongoing experience
with entrepreneurial practice. Participants were

categorized by activity: farm-level, processing,

and service-provider YEAs. A total of 60 current
YEAs were interviewed between February 18
and April 10, 2022.

Rubric-based evaluation of perceptions
and conditions

To compare across generational cohorts
(Generation X, Y, and 2), the study employed
a rubric-based evaluation approach to quantify
perceptions and conditions. This approach was
selected to bridge qualitative depth with analytic
comparability. An analytic rubric with a four-level
ordinal scale (0-3) was used: 0 = slightly important,
1 = moderately important, 2 = very important,
3 = most important. The four-point scale was
intentionally selected to avoid a neutral midpoint
and to encourage respondents’ evaluative
differentiation (Preston and Colman, 2000; Lozano
et al., 2008).

The rubric comprised three criteria:

1. Economic conditions (income
adequacy/stability, asset holding).

2. Family warmth and occupational
networks (household support, adviser/peer networks,
confidence).

3. Well - being and convenience
(infrastructure, health).

Clear level descriptors and concrete
evidence examples were specified for each
level for consistent scoring.

Validity and reliability procedures

A brainstorming validation session was
conducted after initial scoring, involving 30
representatives from the YSF working geroup
and one relevant official, to review rubric
interpretation and confirm face and content
validity (Sandelowski, Voils, and Knafl, 2009).
Source triangulation was achieved by integrating

data from brainstorming sessions, in-depth
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interviews, and validation discussions, while
investigator triangulation was applied through
independent review and comparison of rubric
interpretations during the validation session.

Inter-rater reliability (IRR) was assessed
through independent scoring and consensus
checking; however, formal statistical indices
(e.g., Cohen's Kappa or ICC) were not calculated.
This remains a methodological limitation, and IRR
was ensured through repeated calibration. After
validation, the study reported level distributions
(0-3) for each item and summarized central
tendency using the modal level (Mode). Final
validation data were collected on October 7, 2023.
Data analyses

Data were analyzed across Stages 1 and
2 using the 6C qualitative analysis technique
(Borisutdhi, 2015), with an embedded rubric-
based quantizing step for systematic comparison.
This analytic strategy was designed to ensure that
qualitative interpretations of "perceptions" and
"conditions" could be traced transparently from
raw data to comparative results. (C1) Concurrent
analysis during collection of refined interview
probes. This step ensured that the data captured
sufficiently rich  evaluative content relevant
to occupational perspectives and sustaining
conditions. (C2) Open coding for occupational
perceptions and living/entrepreneurial conditions
used theoretical sensitization from Maslow's
Hierarchy of Needs and Bourdieu's practice
theory. Maslow's framework informed the ordering
of needs-related perceptions (e.g, income
security, well-being), while Bourdieu's concepts of
capital and practice supported the interpretation
of economic resources, social networks, and
habitual engagement in entrepreneurship. Codes

were consolidated into rubric-relevant indicators for

the three criteria. This step directly operationalized
theoretical constructs into measurable qualitative
indicators. (C3) Comparative analysis across Generations
X, Y, and Z and status groups. Rubric scores are
summarized by reporting percentage distributions
across the 0-3 levels, with the central tendency
as the modal level (Mode). This procedure
enabled comparison of evaluative priorities and
perceived conditions without assuming interval-
level measurement. (C4) Pattern confirmation via
cross-case comparison examined consistency,
convergence, and divergence across generations/
status. This stage provided the empirical foundation
for linking findings to generational dynamics and
entrepreneurial trajectories. (C5) Empirical findings
were synthesized into analytic outputs and visualized
via tables/figures. (C6) Insights synthesized intopolicy-
relevant implications, proposing an integrated
support platform across economic, network, and
well-being dimensions. These implications were
explicitly derived from empirical pattemns observed
in the data.

Results

1. Perceptions of Agricultural Entrepreneurs (AE)

Findings are reported by entrepreneurial
status groups and generations.

1.1. Definitions of AE by agricultural

entrepreneurs’ status

Field interviews revealed that perceptions
of “agricultural entrepreneurs (AE)” varied
systematically by entrepreneurial status (non-
YEAs, current YEAs, and former YEAs), while
remaining broadly consistent across Generations X,
Y, and Z.

Non-YEAs (across generations) perceived

agricultural entrepreneurs as small-scale agribusiness
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operators who differ from traditional farmers
through value-added activities in processing and
marketing, supported by household agricultural
backgrounds, capital, and specific skills.

Current  YEAs

defined AEs as household members who have

across  generations
developed from traditional farming backgrounds
into entrepreneurial roles. They highlighted
the use of existing household resources, such
as land, capital, family labor, and specialized
expertise, as the foundation of agricultural-
related businesses involving production, processing,
services, and marketing. Income generation
through modernized practices was consistently
emphasized.

Former YEAs (across generations) viewed
agricultural entrepreneurship as a transitional stage
in a farming career, emphasizing that without
value addition or market control, it remains
indistinguishable from traditional farming, and
highlighting the importance of financial planning and

gradual entry through secondary engagement

Across all groups, AE was commonly
described as a household-based activity involving
one or more members engaged in agricultural
production, processing, services, and marketing in
new or adapted forms that generate income for
household distribution.

1.2 Valuation of Agricultural Entrepreneurship
(AE)

Participants’ valuation of AE converged
on three core aspects: money and assets,
family and social connections, and well-being
and convenience. Across all generations
and status groups, participants ranked having
money and assets as the most importance
(Mode = 3), followed by having family and social
connections (Mode = 2), with well-being and
convenience the lowest (Mode = 1). As shown in
Figure 1, participants’ valuation of agricultural
entrepreneurship followed a consistent hierarchy,
with  money and assets ranked the highest,
followed by family and social connections, and

well-being and convenience.

having money and assets

3

well-being and

having a united family and

convenience

==f==generations X

generations Y

social connection

generations 7

Figure 1: YEAs’ valuation of AE across three dimensions (overall, all generations)
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2. Conditions of YEAs in Agricultural Entrepreneurship

2.1 Economic conditions: Having money
and assets

Economic conditions were described
by current YEAs as foundational for sustaining
agricultural entrepreneurship. Participants emphasized
two indicators:

1) Income adequacy and stability,
referring to the ability of agricultural income to cover
operational costs and household needs

2 ) Asset holding, referring to land,
capital, and resources required across start-up,
operational, and waiting-for-returns phases.

Insufficient or unstable income was
commonly associated with increased reliance
on supplementary employment and higher
likelihood of exit from agricultural entrepreneurship.
Figure 2 summarizes participants’ valuation of the

economic condition, highlighting the centrality of

income adequacy and stability, together with
asset holding.

2.2 Relational conditions: Having a
united family and social support

Participants described family acceptance
and social support as conditions that strengthened
confidence and persistence. Two indicators were
identified:

1) Supportive partner, referring to
shared tasks, advice, and emotional support;

2) Confidence to continue, referring
to perceive encouragement from family and
community.

Lack of such support was associated
with  higher stress, isolation, and reduced
motivation. As illustrated in Figure 3, relational
conditions—particularly partner support and
confidence to continue—were valued as key

supports for occupational persistence.

sufficient Income for self-
care and supporting family
3

1

asset-holding 0

% sufficient income for self-
care

high income for supporting
family

==@==gcnerations X generations Y

generations Z

Figure 2: YEAs’ valuation under the condition of “having money and assets”
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2.3 Well-being and convenience

Well-being and convenience were
described as enabling conditions that affect work
continuity.

Participants identified:

1) Physical and mental well-being,
supporting work capacity and consistency

2) Infrastructure and tools, reducing

workload and facilitating daily operations.

Limited infrastructure and  poor
health were associated with reduced efficiency
and higher likelihood of discontinuation.

Figure 4 presents participants’ valuation of well-

being and convenience, emphasizing health

and infrastructure as enabling conditions for
continuity.
Common patterns and key generational
differences

Across Generations X, Y, and Z, three
common patterns were observed: 1) Economic
viability as necessary for stability; 2) Family/social
support as a coping resource; 3) Well-being as a
continuity condition. Key differences in economic
and relational priorities; well-being showed strong
convergence. Table 1 compares the valuation
patterns of AE conditions across Generations X, Y,
and Z, highlighting both shared priorities and key

differences.

business partner
3

2
self confidence //1‘\

<

generations Y

family confidence

==@=generations X

helpemate partner

social confidence

generations 7

Figure 3: YEAs’ valuation under the condition of “having a united family and social connections”

healthy mind
3
2
spedcific skills 1 healthy
0
facilitating equipment good Utilities

=== generations X

generations Y

generations Z

Figure 4: YEAs’ valuation under the condition of “well-being and convenience”
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Table 1 Comparison of valuation of AE conditions by Generations X, Y, and Z

AE condition Generation X

Generation Y

Generation Z

Having money Emphasis on sufficient

and assets income for self-care
and family; low focus

on asset accumulation

Emphasis on high income
and asset accumulation

for family security

Balanced emphasis on
sufficient income and initial

asset holding

Having a united Strong emphasis on

family and social  self-confidence and

Strong emphasis on

family endorsement and

Emphasis on self-confidence

and partner support (hybrid

connections partner support business partners pattern)
Well-being and High priority on mental  High priority on mental High priority on mental well-
convenience well-being and specific  well-being and specific being and specific skills
skills skills
Discussion studies that conceptualize AE as an individual

This section discusses the empirical
findings by interpreting them through relevant
theoretical frameworks and existing literature, with
explicit reference to the identified research gaps.
Occupational perspectives toward agricultural
entrepreneurship

The

perceptions

that

entrepreneurship

findings  demonstrate
of agricultural
are structured primarily by entrepreneurial

status rather than generation alone. From
the perspective of Bourdieu's practice theory,
AE is a household-based practice mobilizing
economic, social, and embodied capital. Current
YEAs' emphasis on resource use and value
addition indicates successful capital conversion;
former YEAs' view of AE as transitional suggests
disruption. This finding responds directly to
the research gap regarding the lack of systematic
YEAS' by

entrepreneurial  status. It shows occupational

analysis  comparing perspectives

meanings evolve with engagement, extending

10

choice by demonstrating its embeddedness in
household dynamics.
Economic conditions and Maslow’s hierarchy
of needs

The consistently high valuation of
money and assets across generations underscores
economic security as the foundation of agricultural
entrepreneurship, corresponding to physiological
and safety needs in Maslow’s hierarchy. Generational
differences observed in the results reflect life-stage

positioning rather than fundamentally different

value orientations. Generation X emphasized
household stability, Generation Y income
growth/asset accumulation for family, and

Generation Z minimum viable income for self-

care/entry. These  pattems  support  Maslow's
proposition that occupational decisions are shaped
by prioritized needs under specific life circumstances.
This discussion clarifies why economic instability is a
key driver of YEA discontinuation, extending literature
by showing how unmet basic needs constrain

sustainability (FAO, 2024; Funmilayo et al., 2022).
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Family warmth, social capital, and occupational
persistence

Family ~warmth and occupational
networks emerged as secondary but structurally
significant conditions supporting entrepreneurial
continuity. Interpreted via Social Capital Theory
(Putnam, 2000), they provide bonding/bridging
capital, reducing uncertainty.

The generational configurations of social
support identified in this study refine existing
understandings of social capital. Generation X
and Z emphasized helpmate/partner support
(bonding ties); Generation Y emphasized family
endorsement/business partners. This differentiation
suggests that social capital operates through life-
stage-specific relational arrangements rather
than uniform mechanisms. This finding directly
addresses the research gap concerning insufficient
attention to relational conditions in explaining
YEAs stability and discontinuation. It demonstrates
social capital's role in sustaining long-term
engagement under uncertainty. (Putnam, 2000;
Bourdieu, 1986).

Well-being, embodied capital, and continuity

The strong cross-generational convergence
in valuing mental well-being challenges the
assumption that well-being represents a higher-
order or optional condition. Instead, the findings
indicate that psychological readiness and physical
capacity are treated as prerequisites for sustained
entrepreneurial practice.

Drawing on Bourdieu’s concept of
embodied capital, mental resilience and
specialized skills function as durable dispositions
that enable YEAs to cope with uncertainty and
maintain  continuity. The particularly high
valuation of specialized skills among Generation

Z reflects a compensatory strategy for limited

11

economic capital, highlighting the importance of
human capacity in early-stage entrepreneurship.
This discussion extends existing research by
that
indirectly to sustainability through its effects on

demonstrating well-being  contributes
productivity, decision-making, and persistence,
supporting findings by Milot-Lapointe et al., (2021)
and Sackey and Nock (2022).
Integrating perceptions, conditions, and
discontinuation: addressing research gaps

First, it provides a systematic comparison
of occupational perspectives and conditions
across Generations X, Y, and Z, demonstrating
that generational differences are structured by
life-stage needs rather than divergent values.
Second, it explicitly incorporates entrepreneurial
status (non-YEAs, current YEAs, former YEAs) to
explain persistence and discontinuation. Third,
it integrates perceptions and living conditions
within a single analytic framework, showing that
discontinuation arises when economic, social, and
well-being conditions fail to align. Discontinuation
should therefore be understood not as individual
failure but as structural misalignment between
required and available forms of capital. This
interpretation extends existing Thai studies on
youth and agri-entrepreneurship (Sukkumnoed,
2018; Poungchompu and Phuttachat, 2025) by
providing an empirically grounded explanation for
exit trajectories.
Implications for development pathways

The of

findings suggests that sustainable agricultural

integrated  interpretation
entrepreneurship requires coordinated support

across economic, social, and well-being
dimensions. Fragmented interventions focusing
solely on skills training or financial access

are unlikely to ensure continuity if relational
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and psychological conditions remain weak.
This discussion provides the conceptual foundation
for the policy recommendations presented in
the following section, which are structured by
generational needs and stakeholder responsibilities.

(FAO, 2018; Milot-Lapointe et al., 2021).

Conclusion and Recommendations

Conclusion

This study examined young entrepreneurs
in agriculture (YEAs) by integrating occupational
perspectives, living and entrepreneurial conditions,
and discontinuation risks across generations X, Y,
and Z in Northeastern Thailand. The findings
demonstrate that agricultural entrepreneurship is
the best understood as a household-based
practice shaped by the interaction of economic
resources, social relations, and well-being
capacities.

Across generations, economic viability
—particularly income adequacy and asset
holding—emerged as the foundational condition
for sustaining agricultural entrepreneurship,
consistent with Maslow’s hierarchy of needs.
However, the study further shows that economic
resources alone are insufficient. Family warmth,
occupational networks, and mental well-being
play critical supporting roles in enabling
persistence, buffering uncertainty, and sustaining
motivation.

Generational differences were found
to reflect life-stage positioning rather than
fundamentally different value orientations.
Generation X prioritized income stability and
health continuity, Generation Y emphasized
income growth and asset accumulation to meet

household responsibilities, and Generation Z

12

focused on entry-level income sufficiency and
skill development. Discontinuation occurs when
these prioritized needs are unmet and when
available forms of capital cannot be effectively
mobilized or converted, supporting Bourdieu’s
practice theory. By explicitly incorporating
entrepreneurial status (non-YEAs, current YEAs,
former YEAs), this study advances the literature
by explaining why some individuals persist in
agricultural entrepreneurship while others exit,
even under similar structural conditions.
Discontinuation should therefore be interpreted
as a structural outcome rather than an individual
failure.

Recommendations

Based on the study’s findings, the
following recommendations are proposed to
strengthen continuity and reduce discontinuation
risks among YEAs. Recommendations are structured
by generation and specify responsible stakeholders
to enhance feasibility and accountability.

For Generation X: Policy support should
prioritize income stabilization for household
security through market-led production and
reliable marketing channels, alongside health-
friendly work design and labor-saving technologies to
sustain work continuity. Responsible stakeholders
include DOAE and provincial extension offices,
with support from TCC/YEC networks and BAAC.

For Generation Y: Interventions should
focus on enabling income growth and asset
accumulation  through enterprise  expansion
tools (e.g., costing, investment planning, and
partnerships) and improving access to land
and operating capital via feasible long-term
arrangements. Key stakeholders include DOAE,
TCC/YEC networks, land management agencies,

and financial institutions.
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For Generation Z: Support should

emphasize  entry-stage  incubation  through
mentoring, skill certification, and small-scale
test-market projects, complemented by staged
start-up financing and rapid advisory or welfare
support to mitigate early-stage discontinuation.
Responsible stakeholders include DOAE, provincial
offices, universities/TVET institutions, TCC/YEC
networks, BAAC, and relevant local agencies
Suggestions for Future Research

1. Investigate strategies and institutional
mechanisms that promote continuous learning
and skill development among farmers transitioning
into YEAs.

2. Explore longitudinal pathways and
decision-making processes influencing farmers’
transitions into, persistence in, and exit from
agricultural entrepreneurship.

3. Design and evaluate integrated
support programs that simultaneously address
economic, social, and well-being dimensions to

enhance the sustainability of YEAs.
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Callus Induction and Plantlet Regeneration from

Anther of Andrographis paniculata (Burm.f.) Wall.ex Nees. In Vitro
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Abstract: /In vitro anther culture of Andrographis paniculata (Burm.f.) Wall.ex Nees. from Chiang Mai
for callus induction was studied. The flowers were harvested 9 to 7 days before blooming and were used
for anther culture. The anther explants were cultured on Nitsch & Nitsch medium (1967), as modified
by Lichter (1982) (NLN), supplemented with 0, 0.1, 0.5, and 1.0 mg/L 6-Benzylaminopurine (BAP)
in combination with 0, 0.1, and 0.5 mg/L Naphthalene acetic acid (NAA) for 8 weeks. The results showed
that the most effective treatment for callus induction was cultured on NLN medium supplemented with
0.5 mg/L NAA in combination with 1.0 mg/L BAP. In order to increase the callus and induce embryo,
callus was cultured at the low temperature of 4°C for 1 and 3 days, it was further transplanted under
high temperature of 28, 30 and 32°C for 1, 2, 3 and 4 days on NLN medium supplemented with 0.5 mg/L
NAA in combination with 1.0 mg/L BAP. The results showed that the highest weight callus and induced
somatic embryo were cultured at a low temperature of 4°C for 1 day and then transplanted at a high

temperature of 28°C for 1 day could increase the quantity of callus and induce to form an embryo.

Keywords: King bitter, anther culture, callus, temperature
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ﬁnﬁ’mmaaﬁﬁ Tag NAA ﬁi“é’fu 0.5 fladnsunodns
Ivm WLQa 694 aft 2.491 § 1NN 107519 NAA
finruanay 0 uas 0.1 fadnsunedns nan1sNAaDS
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Table 1. Effect of BAP and NAA on percentage of callus formation of Andrographis paniculata
cultured on NLN medium for 8 weeks.

Main effects: Factor A: BAP

BAP (mg/L) Callus formation (%)
0.0 NC
0.1 0.248 ¢
0.5 2143 b
1.0 5.395 a
F-test x
Factor B: NAA
NAA (mg/L) Callus formation (%)
0.0 1.548 b
0.1 1.801 b
0.5 2.491 a
F-test *

Interaction effect (BAP x NAA)

BAP (mg/L) NAA (mg/L) Callus formation (%)
0.0 0.0 NC
0.0 0.1 NC
0.0 0.5 NC
0.1 0.0 0.104 e
0.1 0.1 0.245 e
0.1 0.5 0.395 de
0.5 0.0 1.575 cd
0.5 0.1 2.355 ¢
0.5 0.5 2.498 c
1.0 0.0 4513 b
1.0 0.1 4.603 b
1.0 0.5 7.070 a

F-test (AxB) *

CV (%) 25.16
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Table 2. Effect of BAP and NAA on callus weight of Andrographis paniculata cultured on NLN medium

for 8 weeks.

Main effects; Factor A: BAP

BAP (mg/L) Callus weight (mg)
0.0 NC
0.1 0.121 c
0.5 0.352 b
1.0 0.644 a
F-test *
Factor B: NAA
NAA (mg/L) Callus weight (mg)
0.0 0.214 b
0.1 0.275 b
0.5 0.347 a
F-test *

Interaction effect (BAP x NAA)

BAP (mg/L)  NAA(mg/L) Callus weight (mg)

0.0 0.0 NC
0.0 0.1 NC
0.0 0.5 NC
0.1 0.0 0.087 ¢
0.1 0.1 0.123 f
0.1 0.5 0.154 e
0.5 0.0 0.213d
0.5 0.1 0.416 c
0.5 0.5 0.426 c
1.0 0.0 0.558 b
1.0 0.1 0.562 b
1.0 0.5 0.810 a

F-test (AxB) *

CV (%) 1.50

Mean values within the same column followed by different superscript letters (a, b, ¢, etc.) are
significantly (*) different according to the F-test at the 95% confidence level (P < 0.05). Values with the
same letter are not significantly different. NC = no callus formation
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Figure 1. Pollen stage from anther of Andrographis paniculata (Burm.f.) Wall.ex Nees A) young

flower bud from left to right, 9 to 1 day old before flower bloom B) tetrad stage and

C) pollen
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0.1 mg/L BAP + 0.1 mg/L NAA

G

45X

0.1 mg/L BAP + 0 mg/L NAA

0.1 mg/L BAP + 0.5mg/L NAA

45X

0.5 mg/L BAP+ 0.1 mg/L NAA

1.0 mg/L BAP + 0.5 mg/L NAA

0 mg/L BAP + 0 mg/L NAA

Figure 2. Characteristics of callus derived from anther culture of Andrographis paniculata (Burm.f.)

Wall.ex Nees. on NLN medium supplemented with BAP and NAA after A) 2 weeks, B) 5 weeks

(green callus), C) 20 days (friable callus and yellowish callus), D) 30 days (friable callus),

E) 35days (friable callus), F) 35 days (compact callus), G) 35 days (friable callus) and H) death

* CP (compact callus), FB (friable callus), Ye (yellowish callus), Gr (green callus), PP (purple callus)
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Table 3 Effect of incubation time, temperature, and curing period on percentage of callus formation
of Andrographis paniculata cultured on NLN medium supplemented with 1 mg/L BAP and 0.5
mg/L NAA for 8 weeks.

Main effects Factor A: Incubation time

Time (day) Callus formation (%)
1 2.38 a
3 1.87b
F-test *

Factor B: Temperature

Temperature
Callus formation (%)
(°Q)
28 5.07 a
30 098 b
32 0.3d c
F-test *

Factor C: Curing period

Curing (day) Callus formation (%)
1 351a
2 288 Db
3 141 c
4 0.72 d
F-test *

Interaction effect (Time x Temperature x Curing)

Time (day) Temp (°C) Curing (day) Callus formation Callus Callus type
(%) color
1 28 1 7.72 a Gr, Vi, Ye Cp
2 7.10 ab Gr CpP
3 521c¢ Gr Ccp
a4 290d Gr CcpP
1 30 1 251 de Gr CcpP
2 0.99 gh Gr CpP
3 0.31 hijj Ye FB

24



nsdniliifauaadauasdugau
nduisgvasiinnzanelasluanindasaite

Table 3 Effect of incubation time, temperature, and curing period on percentage of callus formation
of Andrographis paniculata cultured on NLN medium supplemented with 1 mg/L BAP and 0.5
mg/L NAA for 8 weeks. (continued)

Interaction effect (Time x Temperature x Curing)

Time (day) Temp (°C)  Curing (day) Callus formation Callus Callus type
(%) color

4 0.26 ij Ye FB

1 32 1 0.69 ¢hij Ye FB
2 0.94 ghi Ye FB
3 0.05] Ye, Wh FB
a4 NC - _

3 28 1 7.56 a Gr, Wh FB, CP
2 6.81b Gr, Wh FB, CP
3 2.09 e Gr, Wh FB, CP
4 1.20 fg Gr, Wh FB, CP

3 30 1 1.83 ef Ye FB
2 113 ¢ Ye FB
3 0.81 ¢hi Br FB
a4 NC - _

3 32 1 0.75 ghi Br FB

3 32 2 0.33 hij Br FB
3 NC - -
4 NC - -

F-test (AxBxC) *
CV (%) 18.92

Mean values within the same column followed by different superscript letters (a, b, ¢, etc.) are significantly
(*) different according to the F-test at the 95% confidence level (P < 0.05). Values with the same letter
are not significantly different.

NC = no callus formation = friable callus, CP = compact callus.Gr = green, Ye = yellow, Br = brown, Vi = violet,
Wh = white.
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Figure 3. Embryo formation of callus derived from anther culture of Andrographis paniculataon
on NLN (Nitsch and Nitsch medium (1967)),medium supplemented with BAP 1 mg/l and
0.5 mg/L NAA culturing at 4°C for 1 day, was further transplanted to high temperature of
28°C for 1 day A) 2 weeks, B) 4 weeks and C) embryo (White arrow)

* CP (compact callus), FB (friable callus), Ye (yellowish callus), Gr (green callus), PP (purple callus)
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Influence of Light Durations and Sucrose Concentrations

on Growth and Development of Globba spp. Under In Vitro
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Abstract: Globba is an important commercial flower of Thailand. It is popular cut flowers to worship
during Buddhist Lent or other festivals. Globba flowers come in various colors, including purple, white,
and pink. However, flowers can be cultivated as potted plants or used to decorate buildings and
sites. The objective of this research was to determine the optimal light duration in combination with
sucrose concentrations for the growth of Globba under in vitro conditions. The experiments utilized
a 2x5 factorial in a completely randomized design, with factor A representing the influence of light
durations from fluorescent light intensity of 3,000 Lux (8 and 16 hr/day) and factor B representing
the concentrations of sucrose (0, 30, 40, 50, and 60 ¢/L). This research was conducted under 25+2 °C
in vitro for 5 weeks. The results showed that no significant difference was found between light durations
of 8 and 16 hr/day, while sucrose concentration were significantly different (P<0.01), The influence
of light duration of 8 and 16 hr/day, when supplemented with 30 g/L sucrose, showed significantly
different (P<0.01) compared to other treatments. However, interaction between light durations of 16
hr/day supplemented with 30 ¢/L sucrose was more suitable for shoot growth, the number of leaves,

plant height and root number than other treatments.

Keyword: Light, sucrose concentration, Globba, in vitro
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Figure 1. Globba plant part on MS media after 20 days under in vitro conditions
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Figure 2. Correlations between sucrose concentrations and number of shoot after light durations

of 8 and 16 hr/day under in vitro conditions after 5 week.
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Table 1. The influences of light duration and sucrose concentrations on the number of shoots,

the number of leaves, and the plant height of Globba under in vitro conditions after 5 weeks

Light duration Sucrose Number of shoot Number of leaves Plant height
(hr./day) (g/L) (Shoot) (Leaves) (cm)
8 0 4.14 + 1.10d 5.25 +1.01a 10.14 + 1.79a
30 14.42 + 2.443 5.42 + 1.33a 10.07 + 1.80a
40 8.28 + 2.99¢ 3.57 + 0.51c 578 + 1.42b
50 11.57 + 4.64b 471+ 1.31b 5.92 +0.84b
60 3.85+297d 3.28 + 0.46cd 4.25 + 0.36b
16 0 371+ 1.01d 6.31 + 1.06a 9.64 + 2.06a
30 13.85 + 2.97a 6.42 + 0.93a 10.50 + 1.57a
40 11.00 + 3.38bc 3.14 + 0.65cd 5.24 + 0.93b
50 6.28 + 2.24c 3.14 + 0.36cd 5.28 + 0.94b
60 3.85+ 1.14d 3.00 + 0.55d 4.58 + 0.62b
Light duration (A) ns ns ns
Sucrose concentration . x x
(B)
AxB *% > *x
CV.% 34.07 20.11 19.87

Data are presented as mean+SD, ns = non-significant, ** Mean there was highly a significant difference. Means within each

column followed by different lowercase letters and highly significantly different according to the HSD test (P<0.01)
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Figure 3. Correlations between sucrose concentrations and the number of leaves after light

durations of 8 and 16 hr/day under in vitro conditions after 5 week.
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Figure 4. Correlations between sucrose concentrations and plant height after light durations of

8 and 16 hr/day under in vitro conditions after 5 week.
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Table 2. The influences of light duration and sucrose concentrations on the number of roots,
root width, and root length of Globba under in vitro conditions after 5 weeks

Light duration Sucrose Number of roots Root length Root width
(hr./day) (g/L) (root) (cm) (mm)
8 0 11.14 + 2.08e 1.64 + 0.58 0.10 £ 0.04
30 41.14 + 8.443 6.11 £ 0.93 0.20 + 0.05
40 25.28 + 5.19b 3.78 + 1.47 0.22 + 0.05
50 19.42b + 5.16cd 2.30 £ 0.87 0.32 £ 0.16
60 12.14 + 3.89d 1.82 £ 1.36 0.18 + 0.04
16 0 11.57 + 2.94d 1.27 + 0.28 0.07 £ 0.03
30 33.57 + 2.94a 6.61 = 1.32 0.27 + 0.24
40 24.28 + 2.99b 325+ 1.16 0.22 £ 0.05
50 21.14 + 7.78bc 2.10 £ 0.89 0.20 + 0.00
60 15.71 + 1.95¢ 2.20 £ 0.56 0.21 + 0.04
Light duration (A) ns ns ns
Sucrose concentration (B) ** ** **
AxB ** ns ns
CV.% 21.58 34.28 21.15

Data are presented as mean+SD, ns = non-significant, ** Mean there was highly a significant difference. Means
within each column followed by different lowercase letters and highly significantly different according to the
HSD test (P<0.01)
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Figure 5. Correlations between sucrose concentrations and number of roots after light durations

of 8 and 16 hr/day under in vitro conditions after 5 week.
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Figure 6. Correlations between sucrose concentrations and root length after light durations of

8 and 16 hr/day under in vitro conditions after 5 week.
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Figure 7. Correlations between sucrose concentrations and root width after light durations of

8 and 16 hr/day under in vitro conditions after 5 week.
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Figure 8. The growth and development of Globba under various light durations and sucrose

concentrations in vitro for 5 weeks
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Abstract: Muscid flies are major pests of cattle and may cause significant economic losses on dairy farms.
In Thailand, there have been few reported studies on using sticky traps for these pests. This study aimed
to assess the efficiency of different shapes and heights of blue and white sticky traps for capturing adult
muscid flies. Trap shape and height were investigated through two field studies conducted on dairy farms
from May to September 2024. The effectiveness of blue and white sticky traps was compared across
four shapes (circle, triangle, rectangle, and square shapes) and three heights (20, 50, and 80 cm above
ground). Based on the results, it is shown that the numbers of captured adult flies were not significantly
different among the different shapes of sticky traps. The highest numbers of muscid flies were caught
on both blue and white sticky traps with their bottom edges set at 20 cm above ground level, and
both colors tended to capture more non-biting than biting muscid flies. These findings indicate that
optimizing trap height can increase capture efficiency and improve monitoring of these target species on

dairy farms.
Keywords: Hematophagous flies, sticky trap, Thailand

Introduction et al., 2024). These flies can cause direct effects

on hosts due to their annoyance factor, painful

The stable fly, Stomoxys calcitrans and bites, and blood loss, resulting in reduced weight
the cattle fly, Musca crassirostris are an important gain and milk production; in addition, they are
group of dipteran insects belonging to the family transmitters of many pathogens (Crosskey, 1993).
Muscidae. The latter species was considered to They are a major nuisance in livestock farming
be one of the most abundant of the muscid and cause economic losses to the agricultural
flies, especially on bovine farms (Desquesnes industry by direct damage to livestock and as
et al., 2018). Both adult males and females of a result of causing diseases requiring veterinary
these two species are hematophagous flies intervention (Lehane, 2005).
and are commonly found in cattle farms of Sticky trap made from Alsynite
many countries, including Thailand (Boonsaen fiberglass have been commonly used for

et al.,, 2024; Desquesnes et al., 2018; Nangoy monitoring and managing stable fly populations
et al., 2022; Ngoen-Klan et al., 2024, Ola-Fadunsin (Rochon et al.,, 2021; Taylor et al., 2020). In
et al., 2020; Onju et al., 2020). In addition, other addition to Alsynite fiberglass, some corrugated

muscid flies have been reported in livestock plastic materials or Coroplast ® (known under
areas in Thailand, including M. ventrosa, M. pattoni, various trade names in North America) are
M. sorbens, and M. domestica (Ngoen-Klan convenient, inexpensive, and simple materials to
et al., 2024), as well as Haematobia exigua, use for making stable fly traps (Rochon et al,,
a blood - feeding species found in cattle and 2021). The effectiveness of a sticky trap to capture

buffalo (Ngoen-Klan et al., 2024; Phetcharat stable flies may be influenced by various factors
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such as trap color, design, placement, and
height. For example, trap color can influence
Stomoxys calcitrans captures, with some studies
reporting higher captures on blue plasticized
corrugated boards (Cilek, 2003), while others found
white to be more effective (Beresford and Sutcliffe,
2006). Previous findings indicated that stable fly
captures can be increased by modifying traps to
include black backgrounds (Murchie et al., 2018).
Traps placed closer to host animals are more
likely to encounter and capture the flies attracted
to those animals (Gilles et al., 2007; Hogsette and
Ose, 2017). In addition, the height of surrounding
grasses or vegetation can influence the optimal
trap placement. Trap height is an important
factor influencing stable fly captures, with lower
traps generally more effective (Beresford and
Sutcliffe, 2008; Sharif et al., 2020), although higher
placements have also been reported in some
studies for collecting stable flies (Bunthong et al.,
2019; Cilek, 2003; Khumalo and Galloway, 1996;
Taylor and Berkebile, 2006).

In Thailand, cloth traps and adhesive
traps have been used for the survey and study
of stable and cattle flies (Boonsaen et al,,
2024; Ngoen-Klan et al., 2024; Onju et al., 2020).
The cloth traps were made from blue and black
fabrics and white mosquito netting, particularly
the Vavoua and Nzi traps that are commonly
used for studying hematophagous flies such as
Stomoxys and tabanids (Boonsaen et al., 2024,
Ngoen-Klan et al., 2024; Onju et al., 2020;
Phetcharat et al., 2024; Tunnakundacha et al,,
2017). Phasuk et al. (2025) compared different
sticky trap colors for capturing S. calcitrans,
whereas Bunthong et al. (2019) investigated
the effects of both color and shape. However,

the efficacy of sticky traps made from corrugated
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plastic for capturing blood-feeding flies in
Thailand remains limited. Therefore, this study
was conducted to provide baseline data for
monitoring muscid flies and to guide future
improvements in trap design and fly management

on dairy farms.
Materials and Methods

Study site

The study was conducted on two dairy
farms (referred to as farms A and B) located in
Wang Muang district, Saraburi province, central
Thailand from May to September 2024. Farm
A (14° 52'06.11" N, 101°10'58.40" E) had 40 dairy
cows and 2 young cattle, while farm B (14°
52'08.23" N, 101°10'42.80" E) had 50 dairy cows,
4 bulls, and 16 young cattle. In the present study,
blue sticky traps were placed at farm A, with
white sticky traps at farm B. The two colors used
in this study were selected based on the findings
of a previous color study (Phasuk et al., 2025).
Traps and study designs

Different shapes of blue and white
sticky traps were made from commercial
corrugated plastic sheets and cut into four distinct
shapes. All shapes had an area on one side
of approximately 624-625 cm?: circle (28.2 cm
diameter), equilateral triangle (38 cm per side),
rectangle (21 c¢cm high and 29.7 cm wide), and
square (25 cm per side) (Figure 1). Both sides of
the traps were painted with Beetle-Glue®
colorless insect glue (Green plana Co., Ltd,
Thailand) and secured on wooden stakes at 20
cm above the ground. Four different shapes of
the same color were set up outside the cattle
pens about 1 m from the fence and 1 m from

each other at two locations, with a distance of 5 m
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Figure 1. Sticky traps used to test different shapes and heights. Top panels show shapes; bottom panels

show heights

between the locations. The sticky traps were left
in the field for 4 days. On both farms, the four
trapping periods were 27-31 May, 17-21 June, 1-
5 July, and 15-19 July, except for the last trapping
period on farm A (1-5 August). At each collection
period, the traps were removed and replaced
with new ones and the trap positions were
rotated to avoid position effects.

In a second study, sticky traps were
made of corrugated plastic sheets (29.7 cm long
and 21 cm wide) coated with glue on both sides.
The trap bottoms were located at 20, 50, and 80
cm above the ground (Figure 1). The sticky traps
were fixed on wooden stakes and placed 1 m
from the outside of the fence. Traps were placed
2 m apart at two locations with a distance of 5 m
between the locations. Traps were deployed at

each farm for 3 days at a time, then collected and
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replaced with new ones for each trapping period
and the trap positions were rotated at each
collection. On both farms, the three trapping
periods were 5-8 August, 23-26 August, and 10—
13 September.

In both studies, treatments were rotated
between trap positions according to a Latin-
After
all sticky traps (Figure 2) were transported to

square design. each trapping period,
the laboratory for later sorting and fly identification.
Flies trapped on the sticky surfaces were removed
from the traps using a small paintbrush and
pointed forceps and placed on white paper until
identification. Unfortunately, identification could
be made only to the genus level due to the
condition of the flies after being removed from
the sticky traps. Adult flies were identified to

genus using the taxonomic key of Tumrasvin and
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Figure 2. Examples of muscid flies attached to sticky traps during the sampling periods

Shinonaga (1978), based on key morphological
characters, including proboscis type, wing venation,
and setal distribution. Stomoxyini flies (e.g.,
Stomoxys, Haematobia, Haematobosca) were
separated from Musca by their elongated
piercing—sucking proboscis, characteristic of biting
muscid flies, whereas Musca possesses a sponging
proboscis typical of non-biting muscid flies.
Genus-level identification within Stomoxyini was
supported by diagnostic characters, including
the number and arrangement of sternopleural
and notopleural bristles, the presence and form
of arista hairs, and maxillary palp length.
Data analysis

Data were normalized using a log (x +
1) transformation and processed using one-way
analysis of variance (ANOVA) for comparison
among treatments (trap shape and height) for

each farm. When a significant difference was
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found, the least significant difference (LSD) post
hoc test was applied. Chi-square (x°) analysis
was used to determine significant differences in
the numbers of Stomoxys spp. and Musca spp.
captured on different shapes and heights of sticky
traps at each farm. All differences were considered
significant at P < 0.05. The data were analyzed
using the R software (R Core Team, 2023).

Results

Trap shape

No significant difference was observed in
the numbers of Stomoxys spp. captured among
different sticky trap shapes for either blue (farm
A: F =0.375,df = 3,28 P =0.771) or white traps
(farm B: F = 1.584, df = 3, 28, P = 0.215). Similarly,
the numbers of Musca spp. captured did not

differ significantly among trap shapes for blue
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(farm A: F = 0.226, df = 3, 28, P = 0.877) or white
traps (farm B: F = 0.394, df = 3, 28, P = 0.758)
(Figure 3).

Based on the chi-square test, there
were significant different between the numbers of
Stomoxys spp. and Musca spp. according to the
shape of the sticky traps (farm A: blue sticky trap,
X% = 10.486, df = 3, P < 0.05; farm B: white sticky
trap, x2 = 17.169, df = 3, P < 0.05). Al shapes of
both the blue and white sticky traps captured
more Musca spp. than Stomoxys spp. (Table 1).
Trap height

The spp.
captured were significantly affected by trap height
for both blue sticky traps (farm A: F = 13.87, df =
2, 15, P < 0.05) and white sticky traps (farm B: F =
222, df = 2, 15, P < 0.05). The highest captures

were recorded at 20 cm above the ground, with

numbers of  Stomoxys

no significant difference between 50 and 80 cm

Blue sticky trap (A) W Circle

[l Square
B Triangle

Mean numbers

Stomoxys spp. Musca spp.

[E] Rectangle

Mean numbers

(Figure 4). For Musca spp., trap height significantly
affected captures in blue traps (farm A: F = 12.09,
df = 2, 15, P < 0.05), with the highest numbers at
20 cm. No significant differences was observed
between 50 and 80 cm. In contrast, no significant
differences was found in white traps (farm B: F =
1.5, df = 2, 15, P = 0.238), although more flies

were caught at 20 cm (Figure 4).

Chi-square analysis indicated no
significant  difference in the proportions of
Stomoxys spp. and Musca spp. captured

at different heights of blue traps (farm A: x2 =
4.582, df = 2, P = 0.101). Conversely, significant
differences were observed in white traps (farm B:
X2 = 13.845, df = 2, P < 0.05), with traps at 20 cm
above the ground capturing more Stomoxys spp.,
whereas those at 50 or 80 cm were more

attractive to Musca spp. (Table 2).

White sticky trap (B) [J Circle
B Rectangle
@ Square

B Triangle

Stomoxys spp.

Musca spp.

Figure 3. Mean numbers of adult Stomoxys and Musca collected on different shapes of sticky

traps. Bars represent the standard error of the mean. (A): farm A and (B): farm B. No

significant differences observed among treatments. Untransformed data shown
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Blue sticky trap (A) White sticky trap (B)
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Figure 4. Mean numbers of adult Stomoxys and Musca collected by using sticky traps at different
heights above the ground. Bars represent the standard error of the mean. (A): farm A and
(B): farm B. Means with the same letter are not significantly different based on one-way
ANOVA followed by LSD test, P < 0.05. Untransformed data shown

Table 1. Numbers of adult Stomoxys and Musca captured on different shapes of sticky traps

Trap shape
Trap color Genus X2 P-value
Circular Rectangular Square Triangular

Stomoxys spp. 96 (14.6%) 89 (12.0%) 63(11.8%) 56 (8.8%) 10.486 P < 0.05

Blue

Musca spp. 560 (85.4%) 651 (88.0%) 473(88.2%) 579 (91.2%)

Total 656 740 536 635

Stomoxys spp. 74 (11.5%) 59 (7.5%) 48 (7.1%) 40 (5.6%) 17.169 P <0.05
White

Musca spp. 570 (88.5%) 729 (92.5%) 626 (92.9%) 668 (94.4%)

Total 644 788 674 708
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Table 2. Numbers of adult Stomoxys and Musca captured on different heights of sticky traps

Trap height (cm)

Trap color Genus X2 P-value
20 50 80

Stomoxys spp. 53 (43.8%) 24 (61.5%) 14 (58.3%) 4.582 P =0.101
Blue

Musca spp. 68 (56.2%) 15 (38.5%) 10 (41.7%)

Total 121 39 24

Stomoxys spp. 80 (51.3%) 31 (33.0%) 21 (28.8%) 13.845 P < 0.05
White

Musca spp. 76 (48.7%) 63 (67.0%) 52 (71.2%)

Total 156 94 73

Discussion Sutcliffe, 2006). These variations may be due

The present study showed that the
shape (circular, triangular, rectangular, and square)
of both blue and white sticky traps did not
significantly affect the numbers of Stomoxys spp.
and Musca spp. captured. Although Bunthong
et al. (2019) tested traps of both yellow and blue
colors, the triangular yellow trap was the most
effective at attracting stable flies. As the present
study did not include yellow traps, only the effect
of trap shape is directly comparable. Color
contrast can also influence fly attraction. For
example, Murchie et al. (2018) found that white
sticky traps on a black background were more
attractive to S. calcitrans than white or yellow
backgrounds. Other studies reported that yellow
traps are generally less attractive to stable flies
compared to white, blue, gray, or red traps
(Beresford and Sutcliffe 2006; Getahun et al.,
2024; Phasuk et al., 2025), while some findings
suggested that red, yellow, and green traps can

be more effective than blue traps (Beresford and
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to differences in trap design, methodology,
environmental conditions, and fly populations.
Based on the present results, both colored
traps captured more Musca spp. than Stomoxys
spp., likely reflecting species-specific behavioral
responses.

Trap height, however, was a critical
factor influencing trapping efficiency. Low sticky
traps, with the bottom edge positioned 20 cm
above the ground, captured significantly higher
numbers of both Stomoxys spp. and Musca spp.
compared to higher traps (50 or 80 cm), except
that white trap height did not significantly affect
Musca spp. captures. These results are consistent
with Sharif et al. (2020), who reported that
most stable flies tend to land on the lower half
of sticky screen traps, and with Beresford and
Sutcliffe (2008), who recommended positioning
traps with the bottom edge about 20 cm above
surrounding grass. Stable flies typically fly short
distances around 90 cm above the ground and

move between hosts and resting sites to feed and
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mate, with males and unmated females generally
perching near their hosts while mated females
move closer to the substrate to lay eggs (Showler
and Osbrink, 2015). Such behaviors are consistent
with the species’ preference for lower perching
sites (Black and Krafsur, 1985), which likely
contributes to the higher capture rates observed

with low-positioned traps in this study.

Conclusion

Trap height had a significant effect on
the captures of Stomoxys spp. and Musca spp.,
while trap shape showed no significant impact.
These results suggest that selecting an appropriate
trap height is essential for effectively capturing
host-seeking flies on dairy farms. Placing traps
approximately 20 cm above the ground improved
capture efficiency and provided practical

guidance for fly management and future studies.
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Abstract: Rice blast (Pyricularia oryzae) is a major disease affecting rice yield and quality in Thailand.
The use of Trichoderma spp. is a potential biological disease management option that also promotes
sustainable rice production. This research aimed to evaluate the efficacy of highly effective mutant
and newly selected strains of Trichoderma spp. for sustainable rice blast disease management. Previously
characterized gamma and UV-irradiated mutants and newly selected strains were tested in vitro for
their ability to inhibit P. oryzae isolates. The mutant strains TEPCNT002 Gamma_003, TCNT 003
Gamma_005, and TEPCNT002 Gamma 001 continued to exhibit good inhibitory activity, particularly
the TEPCNT002 _Gamma_003 mutant. Besides, three newly selected isolates, 66 TRCRPA2-1, 66 TRCMMC1-
1, and 66 TRCMMC2-4, also showed good inhibitory activity. The strain TEPCNT002_Gamma_003, identified
by nucleotide sequence analysis of the internal transcribe spacer (ITS) translation elongation factor 1-

alpha (tef 1a) wag RNA polymerase Il subunit B (rpb2) as Trichoderma asperelloides, exhibited excellent
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disease control when tested in greenhouse conditions and was the most effective in controlling blast disease
when tested in field conditions. This research indicates that inducing mutations in Trichoderma fungi is
an effective approach to enhance disease control potential. T. asperelloides TEPCNT002 Gamma_003 can

be a sustainable alternative to chemical agents for the control of rice blast disease.

Keywords: Trichoderma, rice blast disease, biological control, mutations in Trichoderma fungi

undaga: lsalviivn (Pyricularia oryzae) Lﬁu‘lsﬂﬁﬂﬁwﬁéqmaéamamamLLa:@mmWﬂTniuUizmﬂlwa mslwides
nslawmasin (Trichoderma spp.) Sadumadenvesnisianislsalaeiaianifnennuarduasunisuanan
o8ty Meideliingusrasaifiovssdunas Busulssavnmuoadelaslamesinaeiugnatsuasdadon
Tnuiiduseansamadlumsiamslaalmienessdsdu lnevdelaslamesnaeiugnareilaann sinmi
mo¥dununuaradyd warmeiugdndenmsnmaaeuanuanmsalumstiudslelnanvenden P onzae
luﬁmﬂﬁﬂ’amﬁ INNISNAAOUNUI awﬁ’uﬁ:ﬂaw TEPCNT002 Gamma_003, TCNT_003 Gamma_005 wa¥
TEPCNT002 Gamma_001uazlelgiandmidentng 66TRCRPA2-1, 66 TRCMMCL-1 waz 66 TRCMMC2-4 £3A4
wansUszansawlunissudadelan Immawwsmaﬁuﬁ:ﬂma TEPCNT002 Gamma_ 003 %qgﬂﬁi’muﬂ‘uﬁmvm
Msinsenaduilanalelnasunus internal transcribe spacer (ITS) translation elongation factor 1-alpha
(tef 1a) wag RNA polymerase Il subunit B (rpb2) 1y Trichoderma asperelloides LLammim%JﬂuIiﬂ"L%a
deveaeuluaninlsaudeu wazilussansnmlunismunslsalulaffiaadonaaeuluanmudasuinaaes
navaapuidiniiua nstnindenlasiames inAnnisnaeiugiduiuamieiidvssansamlunsdiy
Ainen1mnisaaunulsa lag T. asperelloides TEPCNT002 Gamma 003 maﬁuﬁ:ﬂmaﬁamﬁumqLﬁanﬁ‘é"aﬁu
Tumslamaunuasiaiiitonuaulsalvanimely

Adnfny: lnslawmesun Tsaluuun nsauaulaedis nsnaneiuguesdesilaslamesin

AN wavilufinsmedannasu Tnaianyesneds MIAIUAL
TsAfiwmeTaiE (biocontrol)

TsAlua 917 (rice blast disease) LAN91N mslaidesnufvnylaslaines un

B 051 Pyricularia oryzae \Tulsafinelviinaanu- (Trichoderma spp.) tasuanuaulafinguosnan
LaEnmEwmmw%ﬂﬁ]aEmiut,mmamawamnmiaﬂ Tunsinensiidedu e esilaslamesun
safdlutszmalye Uantasuriyarat and Katengam,  finalnnisenuasuiduseunasvainuans wu nsiu
2009) LLin’JI’]ﬂ’]iﬂ’mﬂmiiﬂlﬁﬁ%’lﬁuﬁﬁ]ﬂﬁugﬂﬂﬂ Usn mMsassensufiaug sawdsruanunseluns-
fwnmslyansaivestunidndosidundn uans-  duasunisadyivinvesis LLﬁ%ﬂS%Wj‘Lﬁ%UU
Toasiaiiog19n ol aalaas 1adymdr a1y nﬁﬂymﬁ’wuaaﬁ% (induced systemic resistance; ISR)
ANLAUUTE TR MsanAsluATIna e way (Shoresh et al., 2010) U3 Ton BUNUT LA LanS
mudReguAm (Khlaimala, 2015) ﬁyaame;ﬁ 38 Aneaimveslasiamesinlunisanauguusives

Anudndulunmsiausuamsnivaulsafivaende Tsalmniluszuzang 9 (Singh et al., 2012) Lot

58



nsnagauwaziUisuisulsEansnmeaatioslaslamasunaenugnane

v do A ¥ v
wazanenwugandantuadlunisarugulsaludivasdin

#nonmvend esufunelngadu Tednasi
mﬂﬁﬂmisﬁﬂﬁwmiﬂmaﬂ’uﬁ:uuuﬁgﬂﬁu (classical
mutagenesis) Ae¥adlonslug wu Ssdunuan wly
iousuugadnuagmaillulmiuazifiuussansam
nsrrumsdelsn (Abbasi et al., 2016) T3msiwae
Inannsofmuaeiugifauauifinuiualle
Tnedsanduisnsindnidsswedidnaud o
FInanuUasnugnssy (GMOs) (Tran et al., 2025)
31798993 Boonchuay et al. (2024) WU Lﬁuam
T. asperelloides %NWUﬂﬁﬁUﬂuﬂwﬂmﬂ‘wuﬁq nane
lolsianuanUszdns nmnissuds P, onyzae lu
esUfoRnslags wadwstuandlmiiussnsdmauds
mafiudnenmuenderujinuaunsdnilmaa

msnateiug wazidunnddgylunsihliuszenale

Wowaunduiifuefiivszansanesluluowan
nssuunadnvead o31lnslanesun
pgmatanegainenduliinauuaugig
Taglanginatansmainuluanatsdu (multilocus
sequence typing; MLST) ua $NITMIEIN UL UER LUy
1/1 3rum (whole genome sequencing; WGS) ) lag
MLST Lﬂummw%mmLuamawwmam%mm
(multiple loci) wa il v o511 mmu%gamlmaww
2005)
”Lummé“uﬁ’u WGS Lﬁjumimé’wﬁ’uwamaﬁium

v vy

‘1/N‘1/lllﬂ ‘1/1’11‘141@‘(1@1]?1‘1/] azLd UﬂLLa”ﬂiaﬂﬂaNVlﬂﬂ

USuiaan@nwinidu (Druzhinina et al.,

mmmiquawwuﬁqlmamaLLmum wazwasluns-
AnsnBuiifeivesiunalnmaniuaslsala oendls
Anu WGS Sanadaos1ialuniuainuduy auwes
ms’?Lﬂﬁzﬁ%@;ﬂamw%amiaumﬂ (bioinformatics)
GwaTmmv?fapgl,%'smﬁzyLLawi"wmﬂﬂumsUizmama
Q\‘imlﬁ MLST 110 (Ross and Santiago-Tirado, 2024)

Fafu n1sdnuail SeiiTaguszasaiiie
Fodonuavdssiiuuszansameeslelaanidos
"LmiﬂmaimmawuﬁﬂmLaaﬂlwml,aumawuﬁﬂmaiu
miawﬂaimawuaa P. oryzae MniuAinneg nsou
‘1/|ﬂﬁ]’]LLuﬂslIu(ﬂ‘UENﬁ’]EJﬂNuﬁMMUSVﬁWﬁﬂWWﬁJﬁWW’JEJ
WwALA WGS ﬂauﬂﬁzLuumamsmuqukﬂlﬁmn
Tuanmlsusaulaziiaiumaday L‘ﬁ@ﬁ’ﬂﬂﬁjﬂ”ﬁ—

59

Wandamuseansnings dmsulylussuuns
HAnY1RE 9B ULarUAaniunaly

gUnsaluazdsnig

1. nadaulszAnsnmideninslamefuraieiug
nansuazarewusAmdenluddanisdudadas
P. oryzae mmﬁﬂiﬂ‘lwﬁmnﬁuﬁdw 9 Tuies
UfjuRnns

ns@nwuAuABNTsU s ulseANS-
ammaduufonsvendesilaslamesin 6 anewug
nane AAaEona1n9u3Teuea Boonchuay et al.
(2029) war 5 arewugAnidenlyuainuideves
Gomes de Farias et al. (2023) s3uvismun 11 a1e
g Ineviin1smnasun1ssudatuiesn P, oryzae
awvnlsalva loleanain 3 uvasiiudunues
giaalunmsnunisssuislussmalne loun S
WWeas18 (NB CRI), ans504UT (NB SPB), uazeSasiny
(NB SSK) nanaaeulszdniannisdudad o
fanana dndunislag 35 dual culture (Bastakoti
et al., 2017) UUDINT potato dextrose agar (PDA)
TNUNUNITNAGDILUY completely randomized
design (CRD) 37u73u 3 % (Tshilenge-Lukanda
et al., 2024) n¥aanusailesdunnisduds
mil,ﬁayuawﬁyai’l (percent inhibition of radial
growth; PIRG) Wi aUsziduusednianneud oz
dnidonleleaniiuansan PIRG gaam 59 6 leleian
(@eugnans 3 Sufuusn uaranefugdaidonlva
3 Susunsn) e luneasunisauaslsalualy
anmlsaFeunsly
2. MafnwIdneaEIIUgNsTuYaTaTlasla
WasHNEENUSNaNBIETETIIENE

Anw1A YA sukUaInIavug N sy
Joslaslawmesutluaneiugnats TEPCNT002
Gamma_003 uazaneugsadis TEPCNT002 Tngidu
Mnmsatadidueanideusans iiasauue1ms
PDA ﬂy’amjﬁ DNeasy UltraClean Microbial Kit
(Qiagen) Uszimeiasudl ausinaisueniendes



Journal of Agricultural Research and Communications 42(1): 57 - 68 (2569)

Qubit Fluorometer ?J'v?a Invitrogen (Thermo Fisher
Scientific) ilu Qubit 4 Fluorometer Useieanss-
DKITNN LLawmLuumimmmmluumum (WGS) Ing
SL‘ULﬂiEN Ilumina Miseq EJ'MEJ Ilumina iu NovaSeq
X Plus Usginmanigaisnd magammwawimqﬂ
ﬁmﬁmezﬁwm%amiaumﬂlmsﬁmmaa@mmwvﬁ”w
TUSWN31 Fastp (v0.23.1) (Chen et al., 2018) nau
¥imsuszneusluslmaiuuy de novo assembly mae
1U5WN5u SPAdes va4.2.0 (Bankevich et al., 2012)
dwfunistuunsiaaisuivalusiunug intermnal
transcribe spacer (ITS) translation elongation factor
1aLpha (tef-1a) ez RNA polymerase Il subunit B
(1pb2) Aunan contigs Tiusznaulu Taglalsunsy
BLAST+ (v. 2.17.0) (Camacho et al., 2009) 1U3auLiigu
ffuresaensds T asperelloides Tolwian GJS 04-111T
uay GJS 04-187 neuawthluilieudisufugiureya
NCBI GenBank LLaz’?Lﬂiwﬁl,l,muqﬁ’ji’mmmimu
Rn5ves de Farias et al. (2024) poly
3. nagauUszansnmidesiinsiamesunludnn
T59150u

Uqﬂmynﬁuimmaﬂmﬁ 105 3196NY
N1INABBILLUU randomized complete block design
(RCBD) (Khalili et al., 2012) 3 12 350737 9 ay
4 91 9 az 1 n5zans 9 8% 3 AU N3TUITIUNTVAGes
Usznounae 6 leleianvend asilastamesunii
Fadenanuanisnageulunesfuians (anevug
nane 3 lelwian uazaneiugdaidentva 3 loluan)
Wisuisuiud asaiy (wild type) (2 Tolatan),
Tt laslanes 1191nNTUA LASUNISINYAT
(TDOAE002), anstainiuAy (Tricyclazole 75% WP),
LAZYAAIUAL (1}’1ﬂa""uﬁdszhL%aﬁﬂaum%yauaﬂamqﬂ
o) Tnglolnanderlnslamesanilygnndsmdn
aUpsurIuaRsfinuLTY 1x10° aUpsmefiadans
Wuuus?u%nﬁauﬂqm%a P. oryzae 1 1u Lﬁa%nmq
30 Tu qu‘?ﬁya P. oryzae (nauloloiandiunuain
3 pilnnA) PYAUDTUYILABY AL HTUUTEUIY
5x10° aUpsnedadans Useiiuaauguusaves
15AR1u standard evaluation system (SES) ¥ @ ¢

60

IRRI (International Rice Research Institute, 2013)
warAuINAYlANTULTelsAn IS5
Townsend and Heuberger (1943)
4. nedeudszansamidesilasiamesunluudas
NAADY

ﬂQHEZT’l’JﬂJUﬁ:‘U’I’mﬁmeﬁ 105 A283E M
Pnnlunlateeeuuin ax7 1WA (28 A1919103)
INNURNUNITNAADILUY RCBD (Bhusal et al., 2018)
$1UIU 6 N353 9 av 4 91 nssUIETlYUsTneunY
aneWug Huansseavsamgegalulsaiou laun
aneyugnats TEPCNT002 Gamma 003, a18Wusg
Fadonlny 66TRCRPA2-1, 1 panasius a uiy
TEPCNT002, § 3 4t 910 N5UA A5 UATLNYAT
(TDOAE002), anstaiinauay (Tricyclazole 75% WP),
wazgmAIuAL (tulan) Weslnslamesangniniou
Wuales wrruassainunauay 1x10° alasne
fladans numeUsuas 0.7 Ansmonseneulasdes
(FuraIngasINTIL 40 Ansmols) S1uau 4 ade
AN S2E¥NAY, STUZUANND, AINBT UAYTLEYENTH
5-10 Woslaun UseliiuAdusuLsawadlsnniy SES
V94
2013) wagAuuAvlaNLIuLsIvelsAn1uItnig
994 Townsend and Heuberger (1943) ot il
ANLTULTITLA (DI %) = [¥ (N x VI/N x V) x 100
Tne n = Srwaululuunasseduazuuy v = s¥au

IRRI (International Rice Research Institute,

ATLUUAIINTULTIVBLLTA (Numerical Grade) N =
PUlUNMUANUTZEY Uag V = S8AUAINTULSS
voalsAgedn (Highest Category) Usglidunasiia
91nsivupesnnowAuies 1 dam Auduuas
o= a o & < N & A=
JUANNAREANANT Y 14 1Wasioun AN UNLAY
\Nigd 2x5 1wAs (10 71519409)

NANISNAaBILazIA5al

1. naseulszAnsamdarilaslamosunaewus
nansuazaewusAadenluddanisdudadas
P. oryzae auuplaaludiaaniudivng q lufkes
Uuanng



nsnagauwaziUisuisulsEansnmeaatioslaslamasunaenugnane

v do A ¥ v
uazganeugAndanivdlunsatuulsaldvesdin

manadeulszansnmidesinslamesn
msﬂ’uénawiumamaé’usﬂzaL%‘yaﬂ P. oryzae 910
3lalatan (NB CRI, NB SPB, ua# NB SSK) ) Tu
MEN‘UQ‘UG]ﬂﬁ WU Use amamwmsaumummmu
wsmulelmanvends P. oryzae fhumagey
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SPB U1 aneugnany TEPCNT002 Gamma 001
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nan1snaaeud Busuin n1stnineTadunuan
(mutagenesis) 1uuuIn1afiiuszansawlunisiiy
#neniwnisiduufdnuaes Trichoderma spp. #e
Wos P, oryzae Imaaamﬂaymﬁmwmumaa Tran
et al. (2025)'1/|iwm'lawwuﬁﬂmsmﬂmmﬂma
unuEnasnsiusnnsusaie P onyzae lu
neaUfuinislageds 92,57 Wosieun 393 lmiiun
aﬂﬂﬂ’uéﬂmﬂﬁsﬁﬂﬁﬂ(ﬁ?’w%ﬁLLﬂSJﬁﬂﬁ’]ﬂJ’]iﬂLﬁiJﬁ’mi’l
nsdudade P. oryzae logs
Tuauvesmeiusdndenly Weslas-
Tawnosumnleloanivsyaninmlunissudades
P. oryzae W 3 lolaiam Tagluflnnuunnanmnsedn
TnsiUosiwunnsduddloleian NB CR oglugag
46.08-52.92 lolwian NB SPB agluvas 62.38-68.65
uay NB SSK agluma 56.13-65.00 Wesiwun (Table
2, Figure 2) annsneaesi ladadenleleian
66TRCRPAZ-1 §ailiesiguanistiud wniifu 68.65
wWesiun lWlvlunismeassmell Insiesiounnis
Fud e geanadnsinisdudsgeaad meeuluuns
e wu n3dudila 60 Weswunvaslelaian
Ts7B1 (Tshllenge Lukanda et al., 2024) #3® 43.99
Woswunaes T. harzianum (Pandit et al., 2024)
Uizﬁm%mwﬁqaﬁawLﬂumammﬂﬂalﬂmﬁwémmi
Uity znsoroulensoonilngaaveslolaianii
vhalaina (Prismantoro et al., 2024)

Gamma 003

Figure 1. Effect of mutant Trichoderma sp. TEPCNT002_Gamma_003 against P. oryzae isolates. (A)
NB CRI, (B) NB SPB, (C) NB SSK and (D) Control: TEPCNT002_Gamma_003
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Figure 2. Effect of Trichoderma sp. 66 TRCRPA2-1 against P. oryzae isolates. (A) NB CRI, (B) NB SPB,
(C) NB SSK and (D) Control: 66 TRCRPA2-1

Table 1. Percentage inhibition of radial growth of antagonistic Trichoderma isolates against

P. oryzae isolate NB CRI, NB SPB, and NB SSK

Trichoderma spp.

Radial growth inhibition (%) against P. oryzae

NB CRI NB SPB NB SSK

TEPCNTO00Z2 _Gamma_001 53.44 + 0.85a' 66.61 + 1.82a 64.30 + 2.32ab
TEPCNTO002_Gamma_002 4732 + 0.71b 66.34 + 1.88a 55.20 + 0.93d
TEPCNTO002_Gamma_003 46.90 + 3.88b 67.09 = 1.71a 65.50 + 2.06a
TCNTO03_Gamma_005 45.73 + 3.27b 66.68 + 0.93a 60.68 + 2.18bc
TCNTO03_UV15min 048 46.39 + 0.76b 64.25 + 1.04b 60.43 + 3.68bc
TCNTO03_UV 15min_070 46.41 + 4.23b 66.16 + 2.46a 57.92 + 1.72cd
Wild type TEPCNTO02 44.74 + 4.46b 63.67 + 0.79bc 55.22 + 1.39d
Wild type TCNT003 47.47 + 1.83b 62.24 + 0.97d 5791 + 2.24cd
CV (%) 5.34 1.32 3.81

IMeans within the same column followed the same letter are not significantly different by the DMRT test at p < 0.05

Table 2. Antagonistic potential of Trichoderma spp. against three isolates of P. oryzae

Trichoderma spp.

Radial growth inhibition (%) against P. oryzae

NB CRI NB SPB NB SSK
66TRCRPA2-1 52.92 + 2.63a’' 68.65 + 2.17a 65.00 + 1.63a
66 TRCMMC1-1 52.42 + 1.8%a 64.82 + 1.12bc 62.50 + 2.84a
66TRCMMC2-4 51.31 + 2.79a 66.84 + 2.65ab 59.73 £ 1.73a
66 TRCMMC4-2 46.08 + 3.35b 67.60 + 1.15ab 56.13 + 2.12b
66 TRCMMC5-3 49.83 + 1.89ab  62.38 + 2.09¢ 64.15 + 3.48ab
CV (%) 4.18 2.79 4.09

! Means within the same column followed the same letter are not significantly different by the DMRT test at p < 0.05
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311q u"l,mimmaimsu aummammﬁuamwm
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Mﬁﬂﬁm%%ﬂﬂWUﬁqﬂiiuIﬂaLﬂHGﬂULLazﬂJﬂQﬂizuwﬂ
‘mﬂlm'ﬁsuyamamm‘wmwﬁLmﬁwaﬁﬁa'ﬁuﬁﬂiw
(Ismaiel et al., 2024) LL@J’J’]iQﬁLLﬂ‘M@J’]%ﬂUﬂMLﬂ@
A15LUA wuﬂaﬂu‘lmanamaamama smawmlﬂa
N15ANBYRILTAANT BN1SLA LUSEANS AINNITA U
L% EJ"L@ (Rostami et al., 2024) wi N15LUE suLUas
e TundAndy mu’l,myaqiugmwwaq point
mutation (ﬂ”l‘iﬂmﬂﬁu'of HUUIN 39 single nucleotide

T asperelloides GIS 04-111"
99~

L T. asperelioides GIS 04-187
100/1|l 7: asperetloides TEPCNT002
7371 T. asperelloides TEPCNT002_Gamma_003
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T. subeffusum CBS 120929"

T. lieckfeldtiae CBS 123050"

[7 T viridarium CBS 132568""
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Figure 3. The combined maximum likelihood and Bayesian phylogenetic tree generated from ITS, tef-1¢,

and rpb2 sequence data for Trichoderma sp. The tree is rooted with T. koningii (CBS 119500)

and T. caerulescens (CBS 130011"). The strains from this study are in bold blue, and T and ET

after the strain codes represent type materials. Bayesian posterior probabilities = 0.95 and

Maximum Likelihood bootstrap values = 70% are shown at the nodes
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polymorphism; SNP) wazlua1u1saninnisalla

(Tan et al., 2019) miﬂawﬂ’uﬁ:ﬁﬁmﬁufuﬁﬂéma
nenudnuae i lulnd wu nsudnaisAend
vioAnuansalunsdeinnnInnUAsusia
wusnssufilalunissuunsiia (Mukherjee et al,
2013) faifu nsAnwluewandesidunadlynig-
Ainsznilunionun (WGS) il assysunusiiiiin
m‘anmaﬂ’uﬁ:ﬁﬁﬂﬁﬁ;a TEPCNT002 Gamma_003
fiRgnssunsmuAEmsTIn IRty Seileuddy
aalwﬁlmlamiﬁwmmLmywiﬂﬂalﬂmwaa%%uﬁwaw
Lﬁyawé’aﬂizﬁ‘m%ﬂ1wﬁ1¢?%’1mwﬁ&uuwmmaﬁuﬁ:5
3. yagaulszdndamideninslamefunluanim
T5950u

nmsnaaeuluaninlsaiou nuan
Adviarmuussedsalunnnssisifludoslas-
Tawnosa daegluyag 10.55-12.50 4 slufiaa
uanaeaRAfunssAsiluansaitlaslenatlsa
(Tricyclazole 75% WP, sl 11.39) unfin1uunnmis
pnilfuddymadAtuynniun (U@LG??@LL%M
vindusando) (Fvd 21.67) (Table 3) wanas-
nadeuiBudunn Worlaslamesuniissansamn
Tunmsmuaulsafisumiuaanidesiuiingos
Tuaninlsaseu (Ferreira and Musumeci, 2021)
UsgAnsamiisumisud eadusaunainnis-

wutssiunauntninlsn wagnalnnsnenudon
fvanuatsreadoslaslanesu 1wy n1sudn
oulwslgosnisigan LLavmiLLsu'qsﬂ’uLﬁ'aLL&J'amﬁ
R R (Mukhopadhyay and Kumar, 2020) §3die
Lﬁwuavl,mLﬂsawmaamm’lmaﬂwmmimmmamam
desusuanandfidnalnien fufu mnuadwsd
Tuunnamsaddlunguiaisuazansiadidostu
Miades Salathuanismeaeulunesfiinng
11UsENaUNTAAITIT LAt of PLA Bnaneius 714
UszAvsnmifianaedioluian loun aneftugdaidon
T 66TRCRPA2-1 LLasm'&Jﬂ’uﬁ:ﬂmsJ TEPCNTO002_
Gamma_003 et lunaaeuluudasumaasmely
4. mavaaauvszansamidasinslamesuily
FTAULUAMAGDY
nmsvssidiuausuusodsalvaly
wlasumaaes WU nsaiinudenlaslamesin
aneiugnany TEPCNTO02 Gamma 003 fiuszavisam
Tunsmunulsalualailunnszeynisaiyivia
(s88¥na1 10.63, LANND 20.61, A9NDI 36.29 Uas
99n529 50.09 Wesigun) Tneflausuusaveslsaly
wanAensadAfunsnasinuamsiailaslenalea
(Tricyclazole 75% WP) & 4lviannuguussvaslsas
ﬁqu (s8nan 8.69, LANND 19.65, waned 30.27
LALaDNTIN 47.10 LUDTLHUR) LALANA10E 14 -

Table 3. Blast disease severity index from the efficacy test of Trichoderma for controlling blast

disease in the tillering stage in greenhouse conditions at Chainat Rice Research Center.

Treatment Severity index
66TRCRPA1-2 12.50 b’
66 TRCRMMC1-1 10.83 b
66 TRCRMMC2-4 11.39 b
TEPCNT002_Gamma_001 11.39 b
TEPCNT002_Gamma_003 11.11b
TCNT 003 Gamma_005 11.39 b

Treatment Severity index
TCNTO003 (wild type) 10.55 b
TEPCNT002 (wild type) 11.66 b
TDOAE 002 10.83 b
Tricyclazole 75% WP 11.39 b
Sterile water (inoculation) 21.67 ¢
Sterile water (no inoculation) 0.00 a

CV (%)

16.11

! Means within the same column followed the same letter are not significantly different by the DMRT test at p < 0.05
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Gamma_003 :,Jﬁﬂaﬂwwiuﬂﬁmmmiiﬂimmivr
Tonananluszauilnadesiunisloansiaiileslenan-
Toa @ s@onnaeefun1sAnE1vee Seekham et al.
(2028) 1518979 T, harzianum KUFA0405 @150
amﬂawmquLLiwaniﬂLLazLﬁ'mawﬁms{]’walﬁaéwﬁ-

tfoddnudleisuiunguaiuau osdlafiniu uain
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wamsludoslaslewosunaneiugnaty TEPCNTO02
Gamma_003 wanslmiiudsanulauseuluaiures
audBumanisinens esenmsiinalnnsduds
Wosannnlsafivainuats (Multiple modes of
action) samsuanteulssesN I vaaLAZNT LYY
Ly 97 9815819113 G Iumnn1991nn1sly ansiad
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PRI (Single-site mode of action) nalni
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Table 4. Evaluation of blast disease severity index, and rice yield in a Trichoderma efficacy trial

at the Chiang Rai Rice Research Center, during the 2024 wet season.

Severity index (%)

Treatment Yield (kg/rai)
Seedling Tillering Booting Panicle

TEPCNT002 Gamma_003  10.63 ab' 20.61 a 36.29 a 50.09 ab 303.25 ab
TEPCNT002 9.30 ab 22.26 ab 50.82 b 60.81 abc 273.50 abc
66TRCRPA2-1 12.29 bc 2571 b 51.99 b 61.90 bc 264.00 bc
TDOAE 002 10.43 abc 2252ab 5456 Db 67.79 bc 240.25 bc
Tricyclazole 75% WP 8.69 a 19.65 a 30.27 a 47.10 a 387.00 a
Sterile water 1391 c 27.05b 61.06 b 79.35d 166.25 ¢
CV (%) 19.17 13.49 17.27 14.29 26.44

! Means within the same column followed the same letter are not significantly different by the DMRT test at p < 0.05
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