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Abstract

This research aimed to determine the optimal formula for producing a herbal mocktail
enriched with Indian borage at four different concentration levels: 0% (control), 8%, 10%, and
12% (based on control weight). The physical and chemical qualities of the herbal mocktail
samples were analyzed based on the varying concentrations of Indian borage. The experimental
results showed that the physical characteristics of the herbal mocktails were significantly different
(p < 0.05). The mocktail containing 12% Indian borage exhibited the highest lightness (L*) value
of 31.32. The control sample (0% Indian borage) had the highest redness (a*) value at 23.62, while
the sample with 12% Indian borage showed the highest yellowness (b*) value of 45.36. Chemical
analysis revealed no significant differences among the samples (p>0.05). The pH values ranged
from 3.62 to 3.70, and the total soluble solids ranged from 20.69 to 20.83 °Brix. The sensory
evaluation showed that all herbal mocktail samples were significantly different (p < 0.05). The
sample containing 8% Indian borage received the highest overall acceptance score, ranging from
“like” to “like very much.” The average sensory scores were as follows: color = 7.97, aroma =

7.16, taste = 7.44, and overall acceptability = 7.90.

Keywords: Indian borage, mocktail, herbal mocktail
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Table 1 Thendanlaunyayulnsnaugnuas Winiiunis proportion of ingredients in each formula

Amount of Indian borage (%)

Ingredients

0 (Control) 8 10 12
Water (milliliters) 2,750 2,750 2,750 2,750
Fresh ginger (grams) 250 250 250 250

Dried oolong tea (grams) 30 30 30 30
Fresh lemongrass (grams) 200 200 200 200
Indian borage (grams) 0 258 323 387
Total 3,230 3,488 3,553 3,617
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Table 3 The average sensory evaluation scores of the Indian borage-infused herbal mocktail
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Abstract

The study explored the influence of agricultural extension services and improved rubber
varieties on farmers’ income levels in Thailand. It addressed key challenges in rubber farm
productivity, which were often linked to inadequate support systems and the variable
performance of different rubber cultivars. The significance of this research lies in its potential to
inform more effective agricultural support strategies and guide the selection of appropriate rubber
varieties to enhance both yield and profitability. A quantitative research design was employed,
involving surveys questionnaires distributed to 200 rubber farmers across the Northern,
Northeastern, Eastern and Southern regions of Thailand. To examine the relationships between
farmers’ income and the independent variables ———-extension service and improved rubber
varieties statistical analysis including, ANOVA and regression were employed. The findings reveal
that across the robust agricultural support such as input resources and financial assistance
positively correlates this with higher income levels additionally. The adoption of high-performing
cultivars like RRIM 600 and RRIT251 contributed to increased income, particularly in
environmentally favorable arears. The results underscore the importance of targeted extension
services and strategic varietal selection in improving the livelihoods of rubber growers. This study
offers valuable insights for policymakers, extension workers and farmers aiming to promote the

sustainability and economic viability of rubber cultivation in Thailand.

Keywords: Agricultural extension services, improved rubber varieties, sustainable agriculture,

Thailand
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Table 1: Demographic profile of rubber farmers (n = 200)
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UTuey1ns (40%) Uszaudnwn (10%) wazgani
USeyay1e3 (6%) Hmeunuuasuaiudulvguiain
nAnziuendsunie (46.5%) aunleniala

(36.5%) AAwie (10%) wazasiuoan (7%)

Variable Categories and Percentage (%)
Gender Female (54%) and Male (46%)
Age Group Below 25 (13.5%), 36-45 (39.5%), 46-55 (43.5%) and above 55 (3.5%)

Education Level

Region

Primary school (10%), High school (44%), Bachelor’s degree (40%) and graduates’ degree (6%)

Northern (10%), Northeastern (46.5%), Eastern (7%) and Southern (36.5%)

Source: Researchers' survey results

TuduUsgaun1saln15vaIueIInIg
(Table 2) fnounuuasuamdiiiuszaunisal 5-10 ¥
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11-20 T (13.5%) uazfAfluszaunisaliiosndn 5 U
(6.5%) \afiansanyszinnvesiugsranidivgn
wugildsumnudenunniigade RRIM 600 (53.5%)
AANG Y RRIT 251 (10%) Wus & u 9 19y
Chachoengsao 50, RRIl 203 uaz PB 235 Ugnlu
Weddudidni1 Tneusitugniiesiigaie BPM 24

way RRIT 3904 (3.5%) wan133383ey31Uad8m19

¢

Use91n3mans wu o1y Uszaunisal wagiug
g19N1517 LA 9N T ANUNAIN VAT LAZD19E INARD
5181 U89 N¥ATNT N15T T LT ULA ULA B
AuduTussE It ademand fusigldainnis
W1EUgNe19aNIsT AaenIun1TUTEYNA LY WU
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s1utle Tsalvneysesn azvretasuasisnutlaly

MINAININTUGNY NN T10819898Y

Table 2: Rubber farming experience and rubber clone types used

Variable

Categories and Percentage (%)

Less than 5 years (6.5%), 5-10 years (47%), 11-20 years (13.5%) and more than 20

Farming Experience
years (33%)

RRIM 600 (53.5%), RRIT 251, Chachoengsao 50, RRIl 203 and PB 235 (10%) and BPM

Rubber Clone Planted

24, RRIT3904 (3.5%)

Source: Researchers' survey results
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Table 3: Impact of agricultural extension services
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seldvennunsns Fanninarldsudninaainseiu
Msatuayuilisu KaMslaTzinsnnesyde
R 1 0.352 Fauandliiudannuduiusidauanuin
nanssenInemulsdasy (Jadeatuauw) uasduds
Au (seldaanensng) A1 R Square ¥os 0.124
Ueiisrana 12.4% vespnuwdsusaulusels
yaanwnsnIansaesuelidedanysatuayud
swegluuuuiiaes uiAaseutie udfded
fapnuduiusiiditedfynieeda defdiuldannaa
N1IMAaaU ANOVA (F = 5.491, p = 0.000) Fedludy

o

HodAYlY TV ILUUTIADINITONNDE

on farmers' incomes

Independent Variable (Support Factors) Standardized Coefficient (B) t-value p-value
SP1: Effective training -0.049 -0.655 0.514
SP2: Access to resources 0.135 1.811 0.072
SP3: Financial assistance 0.216 1.840 0.068
SP4: Access to modern agricultural technology -0.056 -0.735 0.464
SP5: Satisfaction with the support received 0.209 2.028 0.046

Source: Researchers' survey results
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Table 4: Effect of improved rubber varieties on yield and income

Independent Variable (Improved Rubber Varieties) Coefficient P-Value  Significance Level
RB1: Use of RRIM 600 0.307 0.004 Significant
RB2: Use of RRIT 251 -0.340 0.001 Significant
RB3: Rubber variety that reduces risk 0.188 0.051 Nearly significant
RB4: Variety selection affecting income -0.049 0.521 Not significant
RB5: Recommendation of rubber variety to others 0.402 0.000 Significant

Source: Researchers' survey results
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Table 5: Differences in impacts by region
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Independent Variable (Environmental and

Beta Coefficient (B) P-Value Interpretation

Personal Factors)

EV1: Rainfall and soil conditions in the region -0.216
EV2: Education level 0.340
EV3: Farming experience 0.209
EV4d: Favorable environmental conditions 0.437

EV5: Personal factors (education and
0.231
experience)

Significantly negative impact on

0.002
income
Significantly positive impact on
0.000
income
Significantly positive impact on
0.001
income
Significantly positive impact on
0.000
income
Significantly positive impact on
0.002

income

Source: Researchers' survey results
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Table 6: Relationship between the use of agricultural technology and sustainable practices and farmers'

incomes

Independent Variable (Technology and Sustainability) Coefficient (B)  Sig. Value Statistical Significance
Use of modern farming technology (TN1) -0.376 0.001 Significant
Integration of sustainable practices (TN2) 0.936 0.001 Significant
Compliance with GAP standards (TN3) -0.135 0.074 Not significant
Government policy support for technology adoption (TN4) 0.079 0.291 Not significant

Use of advanced technology and sustainable practices (TN5) -0.067 0.322 Not significant

Source: Researchers' survey results
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Abstract

The study aimed to examine the role of farmers in forest management through
sustainable coffee cultivation within agroforestry systems. This study primarily employed a
documentary research methodology, collected and analyzed both primary and secondary
sources, including legislation, academic articles, institutional reports, and theses. The selection
of documents was carried out based on Scott’s criteria, comprising 14 Thai-language sources and
11 foreign-language sources, to evaluate the credibility and authenticity of the data. The findings
revealed that coffee cultivation within agroforestry systems played a crucial role in conserving
natural resources and enhancing farmers’ sustainable livelihoods. In particular, Arabica coffee
grown in the highland areas of Northern Thailand was internationally recognized for its quality.
Farmers contributed economically through value addition and certification processes, socially
through the formation of cooperative groups and collective management, and environmentally
through the adoption of conservation agricultural techniques and soil-water restoration practices.
A case study of Ban Mae Hang in Chiang Rai Province illustrated the success of forest restoration
through sustainable coffee cultivation. This research highlighted that agroforestry-based coffee
systems represented a viable and balanced approach to forest conservation and community

development.

Keywords: agroforestry, role of farmers, sustainable coffee cultivation
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Soto., 2021) 4) What is shade-grown coffee?
(Craves, 2023) 5) Deforestation and forest
degradation: The causes, effects, and solutions
(Natural Resources Defense Council, 2025) 6) The
use of documentary research methods in social
research (Mogalakwe, 2006) 7) What is specialty
coffee? (Specialty Coffee Association, 2024) 8) How
shade coffee lends conservation a hand (Ogden,
2024) 9) Conceptualisation and theories of social
capital (Funded Projects Resource Team, n.d.) 10)
Sustainable development (International Institute
for Sustainable Development, n.d.) 11) Community-
based natural resource management (World

Neighbors, n.d.)
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Studies on Suitable Concentrations of Buserelin Acetate for Breeding and

Embryonic Development of Rasbora borapetensis
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Abstract

This study on the breeding of the blackline rasbora Rasbora boragpetensis Smith, 1934 was
conducted at the Ubon Ratchathani Inland Fisheries Research and Development Center from
October 2021 to September 2022. The objective was to investigate the suitable concentrations
of the synthetic hormone Buserelin acetate (Bus) for breeding performance and the embryonic
development of early-stage larvae. Female broodfish, with an average weight of 2.53+0.15 ¢ and
an average length of 6.39+0.45 cm, were induced with Bus at four concentrations (0, 10, 20, and
30 pg/kg) combined with Domperidone (Dom) at 10 mg/ke following a completely randomized
design (CRD) consisting of four treatments with three replications each. Male broodfish, averaging
1.44+1.78 ¢ in weight and 5.20+0.45 cm in length, were injected with Bus at 10 ug/kg together
with Dom at 10 mg/kg across all treatments. The results showed that Bus administration
significantly affected ovulation, total egg production, fertilization rate, and hatching rate when
compared with the distilled-water control (p<0.05). However, differences in Bus concentrations
administered to females did not significantly influence larval survival (p>0.05). Embryonic
development from fertilization to hatching required an average of 16 hours and 55 minutes at a
water temperature of 27.0-30.0 °C. The findings indicate that a Bus concentration of 10 pg/kg
combined with Dom at 10 mg/ke is the most suitable level for effective induction of blackline

rasbora broodstock under the conditions of this study.

Keywords: Rasbora borapetensis, breeding, Buserelin acetate, embryonic development
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gamvaaedil 1 lidansedunsifuguan
AIUAL)

yansviaaedfl 2 sesluudauasizyt Bus Ay
Wintu 10 lulpsniusienlansy

yAnNAaesHl 3 sesluudansizit Bus Ay
wWutu 20 lulasniusienlansy

yAn1NAaesHl 4 sesluudansizyi Bus Ay
wWutu 30 lulpsniusienlansy

NNYANINARDIRANSEAUNDRUTUAI Y
gosluudansiey Bus anududu 10 Tulasniuse
Alanfu Sawfusnaiugvs Dom arundudu 10

o

fadnsusanlansy

1.2 anwiluazszeziaanandunig
AudiTouasiaunlszasinidnguasivsnd

wouuwdtalin 1 auuwdsatn drualudes

gunolilos Jminguasvsdl 34000 sEvinaieu

w1y 2565 09 fuengy 2566
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2. 35n15AnEN
2.1 MSA3BANDUUINUTUANITIMNUAS
wowiwugUarildlunismaass udani
ssaldnnundnimusadn duateadn snnedsu
53 Sminguasvsnil uazsouldeudTuss viudu
WaNgalsIA mualianassnuesalautoy o1Lnedsuy
55 Jminguaswsndl Turasfoudamau 2564 91U
500 #2 flaruennUsyann 4-7 wuiwuns dandn
Uszanas 0.5-3.0 n$u thandessufuluvedundaunn
2.0 x 3.0 x 1.5 A3 526U 50 wufns 1ennie
ARDALIAN 'ﬂﬂiﬁﬁummiﬁwL%ﬁ]gﬂmﬁmﬁmaaafwum

@Ay (lanse 9006T) lUsduludesnidn 42

a0

Wositud Tiludnsn 2 wWosidud vasimindidal u
a¥ 2 A59 1381 09.00 U. kagtIan 15.30 u. wWaguang

NN 9 15 3

2.2) N15An¥1IA1UANYUAIBINNIAY

1

n1sfnwiauanly lnedndonuiiug

U 10 A1 W1TIUATNRATINAINENT WSDUNTIET

v '

ViosvasuiiuguaagdSelvuduiuiulinmue

v a

#2875 015994 YN (Gravimetric method) 1aad

v o '
o

Jrundnlananue Faiminladlegrwaziduiiuiule
$29819 WALATUIUNITIUIULYNINUA (WIWNUS

AUNTINIA UazANY, 2551)

Fuluanue = @wnlulusiegis X dhninlenanun)/Adnnidndlegng

2.3) NMWIENUTUAITINIIUAS
2.3.1 MSATENYANITNARDINAZRUNTAIWIZNUS
naapsmzRusUalunszdaleasuuiivuin
20X20X30 LSUALNAT 91U 12 n52T8 (FaT0UNIT
naad) dewviunsedinelutefuudawn 2 X 3 was
svsuthan 40 wudwns Tavhmselenmansedeas 1
%1 lneg lunsedsloaauniiariinssnunevunldunIuL
AUGNANN 15 wURlLAS a9 18 wuhluns sesegniely

dNTunile

2.3.2 MIATEIUaINARDY
Aaidenuatugidanuanysalina dnvas
viosguitauaziy Yeamaiidunaion diuvewuduan
dleldtenauinaionung Sthudedvnyulvasenin
Fausltug Uandiuau 12 2 dumdndivdnieds
2.53+0.15 n$u wazfiAa1u81lad 8 6.39+0.45
wufiuns uasowusivmineds 1.40+1.78 n¥u &
ANENNRAY 5.20£0.45 LouRlunT S119U 24 f i

@

MNsneiug

FANINTNEATINVAY VT

2.3.3 m3guwawsiiugiauysaiine

Aaweuasius i auysalina LonaINyAnIs
naaes gaar 1 @ ludnsunadesewmey Wiy 1: 2
nvudaansazatssedluudunsigs Buserelin
acetate Taffugiasugyd Domperidone Windanije
U3lAUATUNSIMIUUALUNITNAR0Y wazUaosadly
nsgdaneiugloensdy usdesuanaslunanaivng
fisegmelunsedimnass Sndunils wleliuawan
Wugelelagisideunuusssued Mdssezalunis
naaeduran 8 Falus

4

2.3.4 nM3ANYIUTEANTAINATINIEWUG

deasusraznamaans 8 4alus gl
Ua18Imauas 1INUABTYANITNAGBITININ 100 Wod
winlulyauiavunn 10X10 LuAWAT g9 17 wuRwng
Tormasuimee 1 nasananiiednmsnsins
Ufjaus (fertilization rate) 8m51015¥in (hatching rate)

LaEERIINTIOAMY (survival rate) (@B  uAs,
2538)
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gnsn1sufaus dudnulvfSeuiieudu

wWoaswudnuduuliisuaudimateds Tnefisnuiu

a1

lydduanglyd nswauinidssvegunansan

(gastrula)

8n31n15Ufaus (Wesidud) = (Frwaulilaieyiessey last gastrula)/(Fuaulavianun) x 100

gnsn1siin (Wesidwd) = @unugnuaniiiindui/ Grunulenlasunisufaus) x 100

gnsnssenme (Wesidud) = (Suugnuamdwsluwasgu)/(@uaugnuandiflndus) x 100

gnsnisiln WleildAnwdnsinisujausun
Anwdnsnisiindeludleluilniduddusuaugnuan
Wisuwisuduesidud dudnuluvaiilasunis

Ujaus

2.4 MIFNYIANAZUAZNAILINITGNUMTIMNIUAY
N1SANYINAUINITVOIANAL LAENIS
ANAUNTNIZNUTUAITIMNIALENIINYANITNARDA
Tngthlyvardamannsiild unisujaus ufnw
Wamnisluszezang 9 angldndesganssaimasvens
40 i1 ARANUITAUINTVRIANALYNUATINNILAINY
Funeusiig 9 aunsetsiineenidudndeudusinam
warszezian (@Viesnil o uas, 2538), (8A¥A iy

Jv97n3, 2546), wag (Lagler, 1975)

2.5 nMsAneIRMENURYDIUY
AnsAnwandRvesulunisnaass ¥iinnsg

4 @

Anneinuantivosiluvonsundafiuriunseds
wziuguazluluauiifinlynniu Tuian 08.00 w.
Taei3gnnseail

- qquﬁﬁéw (temperature; 84ALYALY Ua)
fewrsosile Thermometer

- Usumeendiauiiazangluh (Dissolved
oxygen; 1adn3u/ans) dewadesiia DO meter %o
Lutron §u Do - 5512 SD

- anudunse - a9 (pH) Tnewedesdiasiz

1hdte Horiba scientific Ju PC 1100

- AUATEANN (Hardness; dadnsu/ans vo9
CaCO,) Iae35 titration @1u35 Standard Method
(umd pnsavam WAEINTITIU AUAS, 2528)

- anadunng (Alkalinity; Sadnsu/ans ves
CaCO,) 1aydd titration MU35 Standard Method
(lup3 posa¥ad uaza1gIees auds, 2528)

- YSurauweulut g9y (total ammonia;
fiadnsu/ans) Ineldyateaiives Aquacar 2000.4

PARA Ammonium Test

3. M3Aszidaya

Wdayasunismieiug oA dasinisanly
Faulisowivanads snsnsufaus snsnisiin
WATENIINITIONARNEY UIIATILEAIULANANNIIEDR
ABNTIATIZRAMNLUTUTIU (Analysis of Variance;
ANOVA) uagt3suiiisunnuuandnsvosanadelagly
3§ Duncan’s New Multiple Range Test (DMRT) i
sefuaudeiudesay 95 drudeyaiidnisnszans
wuuliun@ shnmsuvasdeyaneuiinszsiiiieliteyadl
A19nsEatghuuUN@ (normal distribution) ®1u
ToMUAYINITIATIENAILUTUTIU InsuUasdeya
Wanuad dedanmdudesazdio7s ancular

transformation (a%5y Funanvn, 2534)

NAN15998

Y

1. N1SALINBUNNUS
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Woudwug vai dlunismaasadulaid

swsldanunasivueadin druateadin s1nedsuy

55 3mINQUasIvsIT karIINTBUWBUATUST UTIN

TIULNANEITTA FUATANASI9AULBIAANTIDY B1LND

OfJ WSSl

42

#3usy Jwminguasysil Antwinsanagaibes
naaeefigudIdeuasimuiusenaiiinguasivsii
wudlansuiiavanysalwalugiaseuiuing wag

Sumgiuglalusieuuwey

Figure 1 Mature female Blackline rasbora (Rasbora borapetensis)

2. AUANVa9LY
ASANYIAINUANVBILYUAITINIA9INF DL
cala I3 ° v A% Y] a

WugAdanuauysaline 91w 10 67 Hmtdniade

2

53+0.15 N1/ LardAINe1aa y 6.39+0.45

wuns vmdnldseusiade 0.32+0.09 n¥u uaz
Snulusoudinde 1,285.30+312.52 W wavsuiu
Talsiovmiinly 1 ndaadswiniu 4,061.30:308.66 o3
(Table 1)

Table 1 Female weight, Female length, Egg weight per female, Total number of eggs per female and  Number

of eggs per gram of egg mass in the Blackline rasbora (Rasbora borapetensis) (Mean+SD)

Index Average
Female weight (g) 253 +0.15
Fermale length (cm) 6.39 £ 0.45
Egg weight per female (g) 0.32 £ 0.09

Total number of eggs per female (eggs)

Number of eggs per gram of egg mass (eggs)

1,285.30 + 312.52

4,061.34 + 308.66

3. NSNNEIUS

ANY1ANLTUTUYDIT0T LUUTIATIE
Buserelin acetate (Bus) #on st giugUa1@Imauas
3.1 wamiﬂﬁ"qﬁmﬁfﬂLLaﬁmmmﬂ']’;suamaiﬁuﬁ:‘lul,wiaz

YANITVADINBUNIIAANTLUANLUKUNITNARBININ

151 wm'wLL;J"W”uﬁ:ﬁu"mﬁﬂLaﬁlam"lﬁ’u 2.54+0.21, 2.
56+0.27, 2.64+0.29 Wag 2.66+0.17 NSU AIUE1AY
LAz AIINBIILRE 1YY 6.5540.16, 6.61+0.33,

6.67+0.13 kay 6.63+0.08 LYUALUAT AUAIAU LAY

NIAINTNENTTVAY TN 24 aduN 2 nsngAu-suAL 2568



wiinuaranuenvesiugluudazyanisnaaes 1l

WANFAUNEDH (p>0.05) (Table 2)

3.2 Snginaanly Sruauliiamadewiataie Snsn
M3UHaus 9nsIMsiin Lagdnsnissenny
Anwdnsinisanly vesnsigiugUan
Faunsrenis@ngesluunseduniseanty neld Bus
TuszAUAMUTNTUAIN 9 S2uAU Dom 10 Jadnsusie
Alansu wavyariuny (dngasluu) nudiweuwdiug
Uamnyanaasad unaniug uazanslunielu 6-8
Falumdansdngosluy dmsuwsifugarildsunis
dnsesluniidnsnisnnly 100% snLiugaaueudilsl
wumsanla (p<0.05) (Table 2) Tudausuaulusiaue
sousiiuguanads nuhdwauldimuadoustusua
wasdanuuandnsiuesefituddyneada (p<0.05)

Taedayindu 0+0.00, 729.40+114.12, 947.00+78.90

43

uay 1,035.00+130.00 Wes mud iy Jeusiiusilasu
n1sangosluuduasieyt Bus lusgauaududy 30
lulasn3usedlansy Tisnnuldedesousiiuggsiian
(Table 2) dwmiudnsin1sufausuazensinisiln wui
dnsnisufausveslyvardaniaunsdeaniaie
79.80+5.17, 63.20+7.19 uag 48.80+9.09 wWosidud
AUEITU dIUSPIINSH T AIaE 8 92.50+3.89,
90.29+3.66 way 69.53+11.36 WWosigud mudwiv lng
wifuguaildsunsdngosluudaunsizsi Bus lusedy
Anuudu 10 lulasnsusienlansy Idnsnisujaus
LardnsNsiindiiga (p<0.05) (Table 2) wagdnsns
F9ARNEYBINUAT NUIBNTINITTOANEYDIGNUAIT?
mauasfialiuanesfumsada (p>0.05) tnedinads
98'58NI19 77.59+11.13 - 85.90+4.39 183 id ud
(Table 2)

Table 2 Average of Blackline rasbora (Rasbora borapetensis) breeding using hormone Buserelin acetate (Bus)

injection different concentrations rates. (Mean=SD)

Experimental series (ug/kg)

Index

T1 T2 T3 T4 P-value
Females weight (g/bodly) 2.56+0.27 2.64+0.29 2.66+0.17 2.54+0.21  0.8090
Females’ length (cm) 6.61+0.33 6.67+0.13 6.63+0.08 6.55+0.16  0.9180
Ovulation rate (%) 0+0.00° 100.00+0.00° 100+0.00° 100+0.00°  0.0010**
Total eggs per female (eggs) 0+0.00°  729.40+114.12° 947.00+78.90° 1,035+130.00° 0.0030**
Fertilization rate (%) - 79.80+5.17° 63.20+7.19°  48.80+9.09°  0.0010**
Incubation rate (%) - 92.54+3.89° 90.29+3.66°  69.53+11.36°  0.0010**
Survival rate (%) - 82.41+4.15 85.90+4.39  77.59+11.13  0.2370

** Mean+S.D. with the different superscripts are significantly different (p<0.01).

2. auandRrassenitnsimneiuduaziinlyuands
ANtk
ANALUAYDIUTENININTINERUEUAIZIMNS

wAa Wudndgumngil 26.0-28.0 °C USu1ueandiaud

avaneul 5.5-6.0 meg/L Ansdunsadunig 7.5-8.0
Audung 75-90 me/L as CaCO; ANNTEAI 78-
85 mg/L as CaCO; tazUsunauauluiilesan 0.00 mg-

N/L Tudruvesnanininseninanisinlyvaidanig
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oK Wudwﬁqmuqﬁ 26.0-28.0 °C Usu1aeondiaud]
azaeul 5.0-7.5 meg/L anudunsafunng 7.0-8.0

Audunng 70-85 me/L as CaCO; AINNTEAI 75-

80 mg/L as CaCO; HazUsuiameonlutiesiu 0.00-
0.20 mg N/L

Table 2 Features of the water used for breeding and of Blackline rasbora (Rasbora borapetensis)

Water properties Breeding Hatching
Temperature (°C) 26.0-28.0 26.0-28.0
Dissolved oxygen content in water (mg/L) 5.5-6.0 5.0-75
pH 7.5-8.0 7.0-8.0
Alkalinity (milligrams per liter of CaCOs) 75-90 70-85
Hardness (milligrams per liter of CaCO,) 78-85 75-80
Total Ammonia (mg N/L) 0.00 0.00-0.20

3, WRIUINSVBIANNLUANTINIILAS

Snwazvaalvuardmawas Wulduseinnau

[ =

ARNUIRNG 4

q

fadwns lunlasunsufausuddduinia wWasnuia

anwugnau AiduruAudnat 1.010.81

waglussla dwlunlianysaluaglalasunsugausd
anvaueiiuias dvyu lenedwamnsanng dell seey
Cleavage 141181 2 97las 45 U9 szey Blastula 14

1381 3 TaLU 30 W Srey Gastrula 19wan 5 Falue

20 Wit S8y Head bud and tail bud e 6 3lus
15 w7t sz Somite 1ian 7 49lus sve2 Head bud
and tail bud 11781 6 T2lu3 15 Wit szey Heart
formation Taan 9 Falus 40 wifl wavSuilneaniu
faldiaan 16 Falus 55 wift Agauunfith 26.0-28.0
ssrmnwaldoa gnuanusniln inwenaieds 1.90+0.14

Jaduns (Table 3 and Figure 2)

Table 3 Periods of Blackline rasbora (Rasbora borapetensis) embryo development.

The period after the
Phase Figure
egg Fertilized

Development Stage

1 Cell 20 minutes A One cell stage: After being mixed, it was found that the
animal pole was a bulging cell that formed a blastodisc,
with a size of 1.01+0.81 mm.
Cleavage 25 minutes B. The first cleavage stage involves the division of blastodisc
cells into 2 equal blastomere cells.
55 minutes C. The second cleavage stage is divided into 4 blastomere

cells, the same size, half smaller than the original cell.
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Phase

The period after the
egg Fertilized

Figure

Development Stage

1 hour 20 minutes

The third cleavage stage is divided into 8 blastomere cells,

half smaller.

1 hour 45 minutes

The fourth cleavage stage has a blastomere cell division

of 16 cells, halved in size.

2 hours

Fifth cleavage stage: The division of blastomere cells

increases to 32 cells.

2 hours 25 minutes

The sixth cleavage stage is divided into 64 blastomeres,

and the cell layer begins to thicken.

2 hours 45 minutes

The Morula stage, in which the blastomere divides into
many small cells stacked thickly and tightly together, is

the final stage of the cleavage stage.

Blastula

3 hours 30 minutes

Blastula stage: The blastodisc begins to move down to
cover the nucleus, with thickened aggregate cells, raised

until convex, and an internal space (Blastocoel) is formed.

Gastrula

4 hours 10 minutes

Early gastrula stage: The edges of the blastodiscs have a
thicker arrangement around them, creating a ring- like
appearance. It is called the Germ ring and it is found that
the part that grows into the tail of the cup has dense

clusters of cells.

5 hours 20 minutes

Late gastrula stage, the group of cells moves down to
cover the Yolk almost completely. The cell group will
move down to cover the yolk, which is the blastopores

phase.

Head bud
and tail bud

6 hours 15 minutes

Close blastopore stage: The tissue grows more and forms
an embryo shaped like a tail ring and the head of the
embryo is raised. It is born as a head button and a tail

button.

Somite

7 hours

Somite stage: The ectoderm, mesoderm, endoderm are
born into embryos, and the tip develops into head and
tail buttons. The lateral body fold continues to develop

into muscles.
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The period after the

Phase Figure Development Stage
egg Fertilized
Optic bud 7 hours 25 minutes N. Optic bud stage: The area where the head is formed, the
optic vesicle next and will grow into the eye of the fish.
Heart 9 hours 40 minutes O. Heart formation stage: A button-shaped heart is formed,
formation and the heart and muscles begin to work. The larvae
begin to move, sometimes the tail area has a thin stretch
of flesh.
Hatch-out 16 hours 55 minutes P. Hatch-out stage: The fry hatch by using their tail to drill

open the egg shell. When newly hatched, the head of the
fry is still attached to the yolk sac, the mouth is not yet
open, the body is transparent, and the fin folds are
connected to form a sheet. The average length of newly

hatched fry is 1.90+0.14 mm.

(A) . (8.) (C)

(D.) (E.)

8-Cell (1.20 h) 16-Cell (1.45 h) 32- Cell stage (2 h)
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64-Cell stage (2.25 h)

8]
Yy
4.#‘*" ]
L |

1mm

)

/

Early gastrula stage (4.10 h)

ar

(H.) (1)

(M)

Somite stage (7 h)

Blastula stage (3.30 h)

(K.) (L)

1 mm

Late gastrula stage (5.20 h) Close blastopore stage (6.15h)
(N.) (0.

Heart formation stage (9.40 h)

Hatch-out stage (16.55 h)

Figure 2 (A-P) Embryonic development stages of Blackline rasbora (Rasbora borapetensis)
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Bus fiansimngiuguaiavaunsfiannseduniug
18 Bus Tud®s1 0, 10, 20 wax 30 lulasnsusedlansy
uazdadetiindu (gnaauau) sauiu Dom §ns1 10
fiadnfusienlanyy wdanndauseana 6- 8 42l
WU Ua119ly 100 Wesidus nnganIsvnaes
gnLIuYANIINAARIAIUANLIUAT LMY aanndeaiv
dlgrned wsnyis (2564) Anwinsmgiuduazeyuia
Yadimas nuInsaanseiuiiggesluudunsive
Bus fisgduaundudu 10 lulasniudedlantu sy
Dom 10 fiadn{u iesadufeausiiuguarannsnnsls
100 Wesidus uazdonnassnu s1lwnssa lnsqsdn
wagAME (2559) N1sNIzlasayuIavaldanienen
WuIyANIIMAaesi Tn1sdansed udieses luy
Fuasgid Bus Aseduanududu 15 lulasniude
Alan$u $2uiu Dom 10 fafndu esndafeausiiug
Yararursaanela 100 wWosidus luaiuves
UsgAnBnIne9n1smeRugUAIBIMALAINUIIYANTS
mmaaqﬁamﬂisﬁuﬁw Bus 10, 20 waz 30 hulasnsuse
Alansu 52U Dom 10 fadnsy Hdurulvnsuwsivan
729.40+114.12, 947.00+£78.90 wag 1,035+130.00
o9 9mI 115U aus 79.80+5.17, 63.20+7.19 uag
48.80+9.09 1Wasidus uazdnsanisin 92.54+3.89,
90.29+3.66 waz 69.53+11.36 LUasLGUs AIUEIHU
AIUABAAR DI U UONA gYuadu (2537) 51897U
ﬂﬁﬁﬂwwamawﬁuﬁuﬁqamﬂ 5] U049 Buserelin #on13
Maldvestaimeifiour Afn1sdasesluudunsigi
Bus Saufusnasugns Dom lfulaimeifisuvalu
anudutuiiuandafudu 100 wih lddawasdosne
nsUfauBuardnsinisiinly Gesnsldseflanlusedud
gaiunumnzanlineliAaussansamiindy Tu
drutardmnauaadoiundy wuitlduaddnumey

naudvuaLdusugudnans 1.01x0.81 fadluns LUild
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YMANTEINYRANUNTETIL0ABULNIN LTVINNITNARDS
FelvuseLnnilfansudenndenlavinbiluwmieifnniu
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09 (Adhesive eggs) (Fsemad AUy, 2536) d1ms

q
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lyuandimauwnedi lasunisufausuaraziduinia
Wienuauaslusla daulunldauysaluaylilasuns
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Ujausfidnvaziivuas dv1iu lngledilasunis
Ufausaziiniswmuiluszey Cleavage 1913a1 2-3
#7lus 1917 530¢ Blastula 191987 3 F2lue svos
Gastrulas #1981 5-6 $2lus wagszey Somite 14iaan
7-10 F3lus qunsziiadineanidusia 1iaan 16 Falus
55 unit Gsaeandesiu nwin AuTuf wazamy (2565)
Anwinsingiuguan@muingny nuinliuandmuan

o

817 Wulduseinnanfning (Adhesive eggs) 13U374
naudvuratdusugudnatssyuin 1.05+0.05
fiaduns Feliildsunsufausazidvnla daulud
Lildsunisufaus (l9ide) asfidnvuzdungu loi
lﬁé’umiﬂﬁau%%Léuﬂ’wmﬁ’wmwﬁﬂgiizaa Cleavage,
Morula uag Blastula Tutaan 1, 2 waz 3 ¥2lua
ANEU uazldingseey Gastrula Tutaan 5-6 $lus
538y Somite 14181 7-11 alus wazilnoonidudalu
nan 14 2lus uawflssauves Retnoaji et al. (2023)
Fnwin1swanRae eureardnd o uidlog
5ulaili@y (Rasbora lateristriata) wuimdnaniila
lasunisufausuda asmunseee Cleavage Tdian
0.75-1.75 ¥2lua szog Blastula 1§18 1.75-4.75
F2la9 530y Gastrula 1iaan 4.75-7.75 dalus svey
Somite 141aa1 7.75-24.00 43lus wagilnoonifusily
nan 24 Falas Wuardmaunsdinisiauivesdnng
vdansufausaufsiiniduialdion 16 9alu 55 wil
fgmngind 26-28 ssrwaifea Tnefisieaunisfine
Tunquuaniiddnwauglndifosiugu quid lnsgsdv
wazg1lnwssas Lnsasdei (2551) s1eaun1sfineinis
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WuwT gausmid (2551) N13ANYINITINIENUgUa?
AY nuaInIsTesAnnzUadnneiuainly
I§$unisufausauilnesnidudldina 23 42lua 25
YRl ﬁlqquﬁﬁﬂ 25.0-27.5 D4ANTATUE DIFYNIA
wmsqs (2559) nsimnzuguardanudenlasld
danaumafisnaiy wui1 Yardamidenldnaiinidu
#1220 Falus 9 unit Agmunndith 25-28 esanealdoa
uazddenndoatu lTAdNA Kednuayasi wagsuian
F¥1a5193 (2538) N1sAnwInsnziuiUaLAuT
wudaududldinaitndus 18-19 Faluslgamngd
1 27-28 osrniwaidea Tudiuvesnmamilusswing
nsnARoINyd guvnditadlen 26-28 ssmwaidoa
Usinaeendiauavangluthiian 5.0-7.5 fadnsusiedns
avudunsmdusiedan 7.0-9.0 avudusng de 75-
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Abstract

This study aimed to evaluate the effects of dietary supplementation with crude mango
peel extract (Mangifera indica L.) in a commercial pelleted diet containing 32% crude protein on
growth performance, feed utilization efficiency, and survival rate of silver barb (Barbonymus
gonionotus). The experiment was arranged in a completely randomized design (CRD) consisting of
four dietary treatments with mango peel crude extract supplementation at levels of 0, 4, 8, and
12%, each with three replicates. Fish with an initial mean weight of 4.50 + 0.02 ¢ and an initial
mean length of 7.40 + 0.13 cm were stocked at a density of 10 fish per glass aquarium (70 L) and
reared for 4 weeks. The results showed that weight gain, mean length, specific growth rate, and
feed conversion ratio did not differ significantly among treatments (P > 0.05). However, fish fed
the diet supplemented with 12% crude mango peel extract exhibited the highest tendency for
survival rate compared with the control group. These findings indicate that crude mango peel
extract can be incorporated into commercial pelleted diets at levels up to 12% without adverse

effects on the growth performance of silver barb and may potentially enhance fish survival.

Keywords: Silver barb, Mango peel crude extract, Growth, Survival rate
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Table 1 Growth performance of silver barb fish fed with experimental diets for 4 weeks. (Mean = SD)

Mango peel extract levels in experimental diets (%)

Growth performance

0 a4 8 12 P-value
Initial standard length (cm) 7.26+0.13 7.20+0.09 7.20+0.11 7.26+0.15 0.8152
Final standard length (cm) 8.12+0.11 8.34+0.24 8.40+0.14 8.37+0.30 0.4020
Average daily length (cm) 0.85+0.10 1.10+£0.32 1.21+0.10 1.10+£0.41 0.4644
Initial weight (g) 4.53+0.04 4.54+0.04 4.53+0.03 4.52+0.02 0.8977
Final weight (g) 6.72+0.62 6.94+0.38 7.06+£0.32 7.10+0.53 0.7667
weight gain (g) 2.18+0.66 2.40+0.35 2.53+0.30 2.58+0.52 0.7574
Average daily gain (g/fish/day) 0.07+0.02 0.08+0.01 0.09+0.01 0.09+0.02 0.7721
Specific growth rate (%/day) 1.39+0.37 1.51+0.17 1.58+0.15 1.61+0.26 0.7486
Feed conversion ratio (FCR) 4.58+2.89 3.66+1.26 2.92+0.41 2.77+0.30 0.5252
Survival rate (%) 80.00+26.45 90+0.00 86.66+15.27 96.66+5.77 0.6342
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Abstract

Vanilla production in Indonesia has consistently fluctuated, with a downward trend in
recent years. This study aims to identify key issues in the vanilla production system and
assess farmers' needs for agricultural extension services to improve cultivation sustainability.
The study was conducted in Jembrana Regency, Bali, from July to September 2024, involving
93 farmers selected from a population of 1,322 using the Taro Yamane method. Data were
collected through structured interviews and analyzed using descriptive statistics.

The results showed that 77.42% of farmers had never received extension visits, a
concern because frequent contact with extension workers would strengthen cultivation
practices and help farmers address issues such as low mean planting preparation scores, with
the majority below 2.50 on a predetermined scale. The majority of farmers reported a lack
of training in modern cultivation techniques. Most farmers relied on traditional practices for
land preparation, maintenance, and post-harvest handling, resulting in low productivity and
product quality. The most pressing needs identified were technical training, pest and disease
control, and marketing support for value-added products, with the majority of needs scores
above 2.49 and even exceeding 3.49, indicating a high level of needs. These findings
underscore the importance of strengthening agricultural extension programs, with a focus on
practical, market-oriented training, to enhance farmer capacity and improve the sustainability
and competitiveness of vanilla production systems in Bali, Indonesia. These findings
underscore the impact of socio-demographic factors on agricultural awareness and

recommend curriculum enhancements incorporating hands-on agricultural experiences.

Keywords:  vanilla farming, modern cultivation farming, agrotourism, economic
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Introduction

Indonesia, especially Bali, is one of the
world’s top vanilla producers. Indonesian vanilla,
particularly from Bali, is recognized for its high
quality and unique scent (Baharuddin et al,
2023). Vanilla is a valuable spice that requires
specific cultivation techniques and careful post-
harvest processing. Despite its global popularity
in food, beverage, and cosmetic industries,
natural vanilla accounts for less than 1% of the
global  market,

creating  persistent

supply
shortages and high prices. Most of Indonesia’s
vanilla is sold domestically and internationally as
a raw commadity, leaving smallholder farmers to
face significant production and marketing
challenges (Wahyudi et al., 2021).

Vanilla cultivation contributes not only
to farmers’ income but also to local
employment, biodiversity conservation, and the
maintenance of agricultural traditions. Its high
global price and increasing demand in the food,
perfume, and pharmaceutical sectors make it a
strategic export commodity. In Bali, the
integration of vanilla farming with agrotourism has
the potential to strengthen rural economies while
maintaining environmental sustainability
(Armenta-Montero et al., 2022; Watteyn et al,,
2020).

However, despite these advantages, the
productivity and quality of Indonesian vanilla
remain below potential. Declining vanilla quality,
stem rot disease, theft, and price fluctuations are
among the main challenges faced by farmers

(Wulandari, 2021). To maintain sustainability,

NIANINTNYATINVAY TN

these risks must be mitigated through stronger

stakeholder collaboration and institutional
support. The central and regional governments,
together with private actors, have initiated efforts
such as training, capital assistance, and marketing
facilitation to develop competitive vanilla
products (Setiawan et al., 2023).

Research and professional extension
services play a pivotal role in addressing such
challenges. They serve as platforms for
knowledge exchange and innovation, helping to
enhance capacities at both personal and
institutional levels (Longley et al., 2007; Kamara
et al,, 2021). Agricultural extension officers act as
key intermediaries linking farmers with new
technologies and practices. To be effective, they
must possess adequate, updated, and contextual
knowledge before educating and training farmers
(Wulandari, 2015). However, many extension
workers still lack specific information related to
the technical and socio-economic problems of
vanilla farming, which limits their ability to
support farmers effectively.

Although Bali holds great potential to
meet ¢lobal demand for natural vanilla,
especially as global industry preferences shift
from synthetic to natural sources, there is limited
empirical research on the specific extension
needs of vanilla farmers in this region. Previous
studies have highlighted vanilla’s economic value
and market prospects (Dewi & Marhaeni, 2018),
yet little is known about how extension services
real

can be tailored to address farmers’

constraints in cultivation, disease management,
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and post-harvest practices. This gap has resulted
in fragmented support systems and underutilized
extension

potential. Understanding farmers’

needs is therefore crucial to improving
productivity and product quality, while fostering
sustainable  and

environmentally  friendly

practices. Identifying these needs will also
strengthen the accountability and effectiveness
of private and public extension systems (Martin,
2023). Moreover, inform

such findings can

government strategies to enhance farmer
empowerment and support the development of
agrotourism-based vanilla industries in Bali.
Therefore, this study aims to identify and
analyze the specific extension needs of vanilla
farmers in Bali. By doing so, it seeks to provide
evidence-based insights for improving extension
programs, increasing farmer capacity, and
promoting sustainable vanilla production that
benefits both the local economy and the broader

agricultural sector.

Research Methodology

Population and Samples

This research was conducted in
Jembrana District, Bali, Indonesia, from July to
2024. The basis for

September choosing

Jembrana as the research location was that
Jembrana is the area with the largest population
of vanilla farmers in Bali. There are 1,322 farmers
in the Jembrana District. The method used was
simple random sampling, with the sample size
determined using the Taro Yamane formula, with

a tolerance level of 10% (Yamane, 1973). The

number of respondents selected was 93 farmers.

NIANINTNYATINVAY TN
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Data Collection Methodology

The data collection technique used
structured interviews with a questionnaire as the
research instrument, with the Likert scale. Several
questions were presented that contain the
required knowledge about the things used in
vanilla production, the format or method of
promotion that should be carried out, the needs
have in

that farmers receiving agricultural

extension services from institutions, and

suggestions that farmers can be given for
developing vanilla production. Other questions
include an assessment of good planting practices
in vanilla production systems.

This research was analyzed using a
quantitative approach. Descriptive statistics were
used to describe the characteristics of
respondents and the variables of this research.
Frequency distribution and summary statistics
used mean, percentage, and standard deviation
values. Respondent characteristics include
gender, age, education, and agricultural problems
that are often experienced by farmers, as well as
measuring the information needed for agricultural
extension.

Data Analysis

Data processing involved handling all
information collected from respondents. This
included conducting a thorough examination of
the data and organizing it into Microsoft Excel.
SPSS  software measures validity with a
significance value (Sig) of less than 0.05. In terms
of reliability, the livelihood variable has a
Cronbach's alpha of 0.8, the production system
variable has a Cronbach's alpha of 0.7, and the
agriculture extension needs variable has a
Cronbach's alpha of 0.9. The results of this data
processing examined and

were  carefully
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explained to provide insight into the research
findings.

The mean score (M) represents the
assessment of variables related to extension
needs such as knowledge, promotion, and
extension services, as well as production systems,
including preparation,

planting, maintenance,

harvesting, and post-harvest. Each variable is

62

scored on a scale of 1-5, with scores closer to 1
indicating a lower level of extension need and
something that is never done for the production
system, and scores closer to 5 indicating a higher
level of need and something that is always done
for the production system. The scoring system is

summarized in Table 1

Table 1 Assessment scale on agricultural extension service needs and vanilla production system for good

practice assessment

Agriculture Extension Needs

Vanilla Production System

Average Score Information Average Score Interpretation
4.50-5.00 Highest 4.50-5.00 Very often
3.50-4.49 High 3.50-4.49 Often
2.50-3.49 Moderate 2.50-3.49 Moderate
1.50-2.49 Low 1.50-2.49 Seldom
1.00-1.49 Lowest 1.00-1.49 Never

Results and Discussion

1 Socio-Economic Characteristics of Respondents
The majority of respondents were men
(97.85%), as shown in Table 2, indicating that men
are more involved in vanilla production than
women in the area. Most farmers belong to older
age groups, suggesting that generational renewal
in vanilla cultivation remains limited. Older
farmers often have greater farming experience
but tend to adopt new practices more slowly,
highlighting the need for targeted extension
strategies

that consider age-related learning

NIANINTNYATINVAY TN

preferences. At the same time, the subsistence
level of many farmers limits profit potential. Apart
from vanilla farming, respondents also earn
income from other sectors such as other crops,
craftsmanship, livestock, business, and
government services. This diversification helps
sustain livelihoods but may reduce the time and
investment  farmers  dedicate to vanilla
production. Similar findings were reported by
Minyiwab et al. (2024) and UNDP (2017), who
noted that smallholders often rely on multiple
income sources rather than a single agricultural

activity.

24 atfufl 2 n3ngAN-FuNAN 2568



Table 2 Distribution of respondents according to socio-economic characteristics (N=93)
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Socio-economic characteristics Frequency Percentage (%) Mean (M)
Sex
Male 91 97.85
Female 2 2.15
Age (years)
17-25 0 0
26-45 17 18.28 53
46-65 76 81.72
Level of education
Not attending school 0 0
Primary school 22 23.66
Junior high school 19 20.43
Senior high school 49 52.69
University/College 3 3.23
Vanilla farming is a major occupation
No 62 66.67
Yes 31 33.33
Other occupations apart from Vanilla farming
Civil service 16 17.20
Artisan 15 16.13
Craftsman 15 16.13
Entrepreneur/Business 33 35.48
Livestock 17 18.28
Other farming 75 80.65
The scale of farming (ha)
Large scale (>1) 11 11.83
Moderate scale (0.51-1) 17 18.28
Small Scale (<0.51) 65 69.89
About 66.67% of respondents were part- capacity investment improved

time farmers, while 69.89% were small-scale
producers cultivating less than 0.5 ha of land. This
aligns with national data showing a continued
decline in Indonesia’s vanilla production area
(FAO, 2023) and reduced farmland in Bali. The

limited landholding size constrains production

technologies, emphasizing the importance of
extension programs that promote efficient, low-
cost management practices suited for small-scale
systems.

In this study, vanilla farms were categorized as

small (0.50 ha), medium (0.51-1.00 ha), and
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large (>1.00 ha). Assuming a 2-meter spacing, 1 ha
can accommodate about 2,500 vanilla plants.
Profits from vanilla production at 1 ha can be
quite promising; however, plots below 0.5 ha
rarely yield significant profit because not all
plants survive. This outcome relates to optimal
light and air access needed for plant
development at 1-3 m spacing between trees

(Hanke et al., 2018).

2 Production System
2.1 Preparation

Table 3 shows that vanilla cultivation in
Bali combines traditional and modern practices,
with farmers favoring techniques that are familiar
and easy to implement. The use of fertile,
disease-free land and generative seeds remains
uncommon, even though these practices are
crucial for plant health. Farmers tend to avoid
generative seeds because of biological and
economic  constraints, preferring  vegetative
cuttings that are more reliable and commercially
efficient. This approach, also practiced in
Madagascar and other producing regions, helps
accelerate the harvesting period, an important
advantage for smallholders (Bory et al.,, 2008;
Medina et al,, 2009). However, inadequate soil
preparation and poor sanitation often expose
cuttings to fungal pathogens such as Fusarium
oxysporum f. sp. vanillae (vanilla stem rot). This
condition suppresses productivity and shortens
the economic lifespan of vanilla plantations,
reflecting similar challenges found in regions with

weak disease management systems.
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2.2 Planting

Table 3 shows that vanilla farmers
generally apply techniques related to planting
timing and the preparation of support crops.
Planting support crops several months before the
rainy season and planting vanilla at the beginning
of the rainy season are common practices to
ensure optimal growth and water availability for
the roots. However, soil management practices
such as mulching remain rarely adopted, even
though mulching is proven to maintain soil
moisture, prevent erosion, and improve fertility.
The low adoption of mulching among vanilla
farmers stems from a conflict between agronomic
needs and socio-economic risks, a pattern also
observed in Madagascar. Farmers often practice
calculated underinvestment, as high vanilla prices
increase theft risk, visible investments such as
thick mulch layers are avoided to keep plots
inconspicuous (Hanke et al., 2018). This neglect
exacerbates key technical problems because
organic mulch recommended before and after
the rainy season is crucial for stimulating
actinomycetes, natural antagonists of the soil-
borne pathogen Fusarium oxysporum f. sp.
vanillae (vanilla stem rot) (Munshi & Kramer,
2020). Consequently, weak soil management
sustains the high prevalence of this disease,
directly contributing to Indonesia’s persistent

vanilla yield gap.

2.3 Maintenance

Table 3 shows that vanilla farmers
generally perform moderate plant maintenance,
including wrapping stems, weeding, pruning,
managing drainage, pollinating, and protecting
against pests. These practices are essential for

healthy growth and good yields. However, organic
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and chemical fertilization and mulching are rarely with basic maintenance, increased fertilizer and
used, indicating that soil fertility and moisture mulch use can improve vanilla crop quality and
management are not yet a priority. Overall, even productivity.

Table 3 Assessment of farmers for vanilla cultivation

The process for vanilla cultivation Mean+SD Interpretation

Preparation

1. Prepare land that is fertile and free from plant disease 2.33+0.88 Seldom
2. Preparing quality generative vanilla seeds 1.74+1.12 Seldom
3. Preparing quality vegetative vanilla seeds 3.88+1.08 Often
4. Using concentrations of root growth regulatory
1.66+0.97 Seldom
materials

5. Using climbing plants to grow vanilla vines 4.32+1.02 Often
6. Using non-plant climbing media to grow vanilla vines 1.85+1.10 Seldom
7. Use a greenhouse 1.78+1.02 Seldom
Planting
1. Plant climbing trees six months before the rainy season 4.21+1.22 Often
2. Planting vanilla early in the rainy season 4.16+1.22 Often
3. Plant vanilla plants with sufficient mulch 1.98+1.28 Seldom
Maintenance
1. Twisting tendrils with a length of at least 1.5-2 m 3.17+£0.77 Moderate
2. Apply mulch or soil to the bottom of the vanilla stem after

2.81+0.69 Moderate

turning it

3. Carry out the scheduled wedding 297+1.45 Moderate
4. Fertilize using organic fertilizer 2.26+1.48 Seldom
5. Fertilize using chemical fertilizer 1.60+0.91 Seldom
6. Regularly provide mulch 1.77+£1.02 Seldom
7. Carry out regular pruning 2.95+1.54 Moderate
8. Make drainage 2.69+1.37 Moderate
9. Successfully pollinate well and correctly 3.06+0.92 Moderate
10. Able to protect vanilla plants from pest and

3.06+0.88 Moderate

disease attacks
Harvest and post-harvest
1. Harvest within 8-9 months after pollination 2.95+0.89 Moderate
2. Know the characteristics of vanilla fruit that 4.15+1.14 Often
is ready to harvest

3. Able to process green vanilla fruit into black 1.95+0.97 Seldom
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The process for vanilla cultivation Mean+SD Interpretation
vanilla

4. Selling green vanilla 4.53+0.87 Very often

5. Selling black vanilla 2.56+1.06 Moderate

6. Selling vanilla to collectors 4.35+0.98 Often

7. Selling vanilla direct to customers 2.30+0.88 Seldom

8. Exporting vanilla 1.08+0.28 Never

2.4 Harvest and Post-Harvest

Balinese vanilla farmers generally harvest
several months after pollination and can identify
mature pods, yet most still sell their produce as
green vanilla. Processing into black vanilla
remains rare due to limited technical skills and
the labor-intensive nature of curing, which
requires long drying periods and precise chemical
handling. Economic pressures, particularly the
immediate need for cash, drive farmers to sell
unprocessed vanilla at lower prices rather than
wait for delayed returns. The high market value
of vanilla also heightens theft risks, discouraging
farmers from allowing pods to fully ripen or
investing in curing facilities. In addition, the
absence of communal processing centers and
labor constraints, especially among female-
headed households, further reinforces
dependence on collectors, who provide capital,
security, and access to markets. These conditions
collectively explain why green vanilla sales
dominate, while direct marketing and export
opportunities (Dhillon
Moncur, 2023; Ravier et al., 2024; Afriana &

Khoiruman, 2025).

remain limited and

3 The Farmer Needs of Extension

3.1 Extension Contacts with Vanilla Farmers

Table 4 shows that 77.42% of respondents
had no extension contact in the past year,
reflecting a severe communication gap in
Indonesia’s agricultural extension system. The
limited and irregular contact often occurring only
once every 19 months or more restricts farmers’
access to essential information on vanilla
cultivation and marketing, even though the crop
requires precise seasonal technical interventions.
This low contact frequency stems from structural
barriers, particularly a high farmer-to-extension
ratio that limits field mobility and time allocation.
As a result, critical knowledge gaps persist in time-
sensitive practices such as vanilla flower
pollination, which is receptive for only a short
period, and proper pruning techniques are
essential for flowering (Rokhani et al,, 2021,
Nyamweru et al., 2024). Sporadic contact also
disrupts the persuasion and confirmation stages
in the Diffusion of Innovation theory, hindering
sustained adoption of

complex practices.

Therefore,  strengthening  change  agents’

competencies and prioritizing direct field visits
and demonstration plots are crucial for effective
and transfer,

experience-based  knowledge

especially where digital outreach remains

constrained by infrastructure and data costs

(Dearing, 2009).
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Table 4 Distribution of respondents according to socio-economic characteristics

Variables Frequency Percentage (%) Mean (M)
Extension contact (n=93)
No 72 77.42
Yes 21 22.58
Reception of useful information (n=21)
No 0 0
Yes 21 100
Frequency of reception (n=21)
Once every 1-6 months 4 19.05
Once every 7-12 months 6 28.57
Once every 13-18 months 3 14.29 >
Once every 19 months or above 8 38.10
Specific areas farmers received extension services (n=21)
Management practices 21 100
Planting and post-planting techniques 21 100
Sourcing appropriate marketing channel 21 100

3.2 Knowledge Needs for Farmers

Despite limited consulting services, some
farmers seek advice through informal networks,
though the information obtained is often
inaccurate and can lead to ineffective innovations
(Koutsouris and Zarokosta, 2022). Therefore,
agricultural extension services are essential to
provide farmers with accurate and sustainable
knowledge. Recognizing farmers’ local knowledge
alongside researchers’ expertise supports more
interactive agricultural models (Cruz et al., 2022).
As shown in Table 5, farmers generally need
adequate knowledge for sustainable vanilla
farming, with only the indicator of water provision
scoring low (2.44). This supports the need for
continuous extension services to ensure reliable

information and adaptability to future challenges
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3.3 Promotion Needs for Farmers
Dynamic price changes and promotions
can have long-term

impacts, as repeated

discounts lower the reference price and
discourage consumers from purchasing at the
regular price (Kim et al., 2018). Promotion is an
important strategy for attracting customers and
facilitating the sale of agricultural products
(Mishra et al., 2024). Promotion can be conducted
in person, in groups, or through mass media;
farmers tend to prefer personal promotions,
while group promotions allow for the exchange
of ideas and collaborative learning (Hailemichael
and Haug, 2020). Mass media, particularly
government and social media, are effective in
building brands and increasing revenue, although
radio usage is declining (Hoken and Su, 2018;

Laradi et al.,, 2023). Without effective marketing,
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farmers' bargaining power weakens, necessitating
the improvement of marketing systems, including
e-marketing, to increase income (Setiadi et al,
2020; Al Zarliani et al., 2023). Overall, various
forms of promotion are essential for farmers to
increase agricultural productivity.

crucial ~ for

Effective promotion s

connecting  farmers  with  markets  and
strengthening their bargaining power. While direct
and group-based promotion remain crucial for
sharing cultivation knowledge, social media has
become an tool  for

increasingly powerful

marketing vanilla products. Through digital
platforms, farmers can expand market access,
build brand identity, and attract premium buyers.
Therefore, combining traditional extension
approaches with digital promotion can increase
the visibility and competitiveness of the Balinese
vanilla sector.

Information from extension services is
frequently hampered by farmers' low level of
literacy and their lack of time for the quantity and
complexity of the courses given (Nazarzadehzare
& Dorrani, 2012). However, with comprehensive
management of the time and knowledge needed
by farmers, providing agricultural training will be
easier (Elliott-Engel, 2024). Promotional services
from agricultural extension workers held in groups
or individually will certainly have several
obstacles. One additional promotion that is
currently effective, according to Laradi et al.
(2023), is a social media promotion. Other
research reveals that social media is very effective

in influencing sales and services (Kalra et al,

68

2023). Apart from being the main thing that
farmers need, other promotional media fulfill
moderate needs that farmers still want to need
in terms of

because they are inseparable

complementing each other.

Conclusion

Vanilla production in Bali has been
declining due to challenges in the production
system, limited farmer knowledge, inadequate
post-harvest marketing, and irregular extension
contact. Farmers demonstrate moderate to high
needs for in technical

support knowledge,

marketing facilitation, and regular extension
services, yet current extension practices remain
sporadic and insufficient for addressing time-
sensitive and labor-intensive tasks critical to
productivity. To improve outcomes, extension
programs should prioritize  structured and
continuous training on practical activities such as
planting methods, pollination, pruning, and post-
harvest handling. In addition, facilitating access to
marketing channels and promotional media can
help farmers achieve competitive pricing and
reduce dependence on intermediaries. Local
governments and extension offices are encouraged
to strengthen field visits, demonstration plots,
and targeted capacity-building initiatives, which
collectively can enhance both vanilla productivity
and farmer welfare, ultimately contributing
positively to Bali’s agricultural sector and regional

economy.
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Table 5 Identified extension needs of vanilla farmers

Extension needs in vanilla farming Mean+SD Information
Knowledge

1. Soil preparation 3.47+0.68 Moderate
2. Selection of varieties to be planted 3.77+0.57 High

3. How to plant 3.44+0.80 Moderate
4. The process of multiplying plants 3.43+0.61 Moderate
5. Planting cuttings seeds 4.11+0.58 High

6. Pruning climbing plants 4.30+0.46 High

7. Pruning vanilla plants 4.29+0.46 High

8. The good and correct way to twist the tendrils 4.01+£0.50 High

9. The good and correct way to pollinate 3.90+0.63 High
10. Determining fruit that is ready to be harvested 3.40+0.72 Moderate
11. Prevention and eradication of disease 3.80+0.95 High
12. Prevention and eradication of pests 3.60+0.92 High
13. Weed prevention and eradication 3.82+0.78 High
14. Use of chemical fertilizers 2.57+0.88 Moderate
15. Giving water 2.44+0.83 Low
16. How to store harvested vanilla pods 2.74+0.94 Moderate
17. How to wither and ferment harvested vanilla fruit 2.73+1.07 Moderate
18. How to choose packaging and package black beans vanilla 2.65+1.13 Moderate
19. Distribution channel 3.40+1.34 Moderate
20. Marketing news source 3.37+1.39 Moderate
21. Credit sources 3+1.17 Moderate
Promotion needs for farmers

Individual promotion

1. Visit and provide advice in the area 3.32+1.15 Moderate
2. Using services and broadcast centers 3.43+0.71 Moderate
3. Transmitted through agricultural figures in the community 3.35+0.56 Moderate
Group promotion

4. Training 3.88+1.14 High

5. Field visit to see the work 3.81+1.12 High

6. Organize all farmer groups in the area 3.60+1.03 High

7. Providing advice to farming units in the region 3.42+1.09 Moderate
Promotion through mass media

8. On television 3.32+0.78 Moderate
9. On Radio 2.77£0.94 Moderate
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Extension needs in vanilla farming Mean+SD Information
10. On the government website 3.46+0.72 Moderate
11. On social media 3.68+0.92 High

12. Academic articles 3.19+1.07 Moderate

Recommendations

This research recommends targeted
extension programs addressing key needs of
vanilla farmers, including cultivation techniques,
pest control, and post-harvest management.

For Extension Workers: Conduct regular field
visits, farmer field schools, and demonstration
plots for practical training.

For Government and Institutions:
Develop training modules, allocate budgets for
extension, and improve market access.

For Farmer Groups: Encourage collective
processing and shared marketing to increase
efficiency and bargaining power.

For Researchers: Focus on simple curing
technologies and effective disease management
strategies.

Additionally, continuous training
supported by mobile applications can update
farmers’ knowledge, while regular monitoring and
evaluation  ensure  program  effectiveness.
Implementation may be influenced by local
conditions, limited resources, and the study’s
constraints, size, research

including sample

duration, and secondary data availability.
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Beyond Awareness: Using Generative Artificial Intelligence (Al) to
Bridge the Career Interest Gap in Agricultural Education—A

Conceptual Framework Based on a Systematic Scoping Review
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Abstract

This study aimed to: (1) explore how generative artificial intelligence (Al) can be
leveraged to create engaging educational content that modernizes the image of agriculture,
and (2) identify narrative-based strategies to reframe student perceptions of the field from a
traditional practice to a high-tech “Agri-Tech” sector. A systematic scoping review was
conducted, synthesizing foundational literature to establish a robust proof-of-concept. The
analysis highlights a critical perception gap, reflecting trends in the Thai context, such as a
documented 90% lack of career interest among students at Benchama Maharat School
despite moderate awareness. Generative Al was characterized as a pedagogical tool capable
of producing personalized learning pathways and immersive simulations. Thematic analysis
underscored Narrative Transportation Theory as a key persuasive framework for shifting
beliefs by reducing counterargument and fostering emotional engagement. Synthesizing
these insights, the study proposes a conceptual framework that positions generative Al as a
“machine of narrative transportation,” capable of immersing students in authentic Agri-Tech
case studies. These findings support a transformative model for agricultural education and
recommend the implementation of pilot programs, curriculum reform, and strategic policy

support.
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Introduction

A critical challenge shaping the trajectory
of global food security is the widening gap between
agricultural awareness and career interest among
youth populations. Recent data indicate a troubling
students exhibit moderate

paradox: although

familiarity with agricultural principles, a vast
majority report no intention of pursuing a career in
the sector. This pattern is localized in studies like
that at Benchama Maharat School, Thailand
(Agravante and Yap, 2025), where over 90 percent
of students report no intention of entering the field.
It must be clarified that while this institution
provides critical data on student disinterest, the
application of Generative Al is a proposed
intervention designed to address this specific gap,
rather than an existing

practice  currently

implemented at the school. The prevailing
challenge is not a coenitive deficit or a lack of
exposure, but a persistent perception crisis wherein

the field is viewed as professionally unappealing.

This perception is reinforced by dominant

societal narratives that depict agriculture as
outdated, physically demanding, and economically
limited, especially when contrasted with more
prestigious disciplines such as technology, business,
engineering, and medicine (Esters, 2007; Henning et
al,, 2022). Henning et al. (2022), in a South African
case study, confirmed that even well-informed
students tend to maintain low aspirations for
agricultural careers, largely due to the influence of
negative stereotypes and restricted exposure to
These further

innovation. narratives  are

FANINTNEATINVAY VT

76

exacerbated by structural constraints such as

restricted access to land, limited financial
resources, and heightened risk aversion among
young people, factors documented consistently in
both global and regional scholarship (Bezu and
Holden, 2014; Heifer International, 2021; Njeru et
al,, 2015). Specific to the Thai context, programs
attempting to create "New Farmers" often face
significant hurdles related to these structural
barriers and the need for modernized support
systems (Kaewkhata, 2025; Tikum and Ahmad,
2024). The cumulative effect of these conditions is
a declining interest in agricultural professions, even
among informed students, resulting in a societal
vulnerability as talent shifts away from a sector
critical to sustainable development (Agravante and

Yap, 2025).

The emergence of generative artificial
intelligence (Al) offers a novel opportunity to
revitalize agricultural education and shift prevailing
perceptions of the field (Baidoo-Anu and Owusu
Ansah, 2023). Unlike traditional methods,
generative Al has the capacity to produce original
text, visual media, and interactive simulations that
reposition agriculture as a technologically advanced
domain. By facilitating engaging, contextually
relevant, and individualized learning experiences,
Al-based systems can align agricultural education
with SDG 4 (Quality Education) and SDG 9 (Industry,
Innovation, and Infrastructure), directly addressing
the perception barriers that hinder progress toward
SDG 2 (Zero Hunger) (United Nations General

Assembly, 2015).
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Guided by this framing, the study
investigates the intersection of generative Al and
narrative strategy as a means to reorient youth
perceptions of agriculture. To address these
challenges, the research is guided by two core
questions:

1) In what ways can generative Al be
utilized to design educational content
that is engaging,

reflective of the

modernized, and

scientific and technological
dimensions of agriculture?

2) What narrative and communication
strategies, grounded in educational

and  marketing literature, can

effectively reposition agriculture as a
cutting-edge and innovation-driven

"Agri-Tech"  sector among youth

audiences?
Research Methodology

This study employed a systematic scoping
review design, a form of qualitative secondary data
analysis, to synthesize existing knowledge and
establish a foundational proof-of-concept. Unlike a

traditional  systematic  review, which often

aggregates quantitative outcomes, a scoping review
is designed to map key concepts within a research
area and clarify working definitions, making it the

appropriate methodology for examining the

nascent and rapidly evolving intersection of

Generative Al and  agricultural  perception

(Techasermwattanakul and Suwannatthachote,

2025).

FANINTNEATINVAY VT

7

Data Collection and Selection

The data collection process employed an
Al-assisted discovery strategy to identify potential
sources within academic databases, specifically
Google Scholar and ERIC. This approach utilized Al
algorithms to scan for semantic relevance across
broad keyword sets. Following this initial retrieval,
every Al-suggested reference underwent manual
verification and full-text review by the researcher.
This human-in-the-loop validation process ensured
that all included sources met the study's inclusion
criteria for accuracy, academic rigor, and thematic
relevance, thereby mitigating the risk of Al
hallucination or irrelevance. Targeted searches of
institutional websites (FAO, World Bank, ETDA) were

also conducted manually to supplement the

academic literature.

It is acknowledged that this review utilized
a targeted search strategy focused on Goosgle
Scholar and ERIC, rather than a comprehensive
search of subscription-based indexes like Scopus or
Web of Science. This decision aligns with the
foundational and scoping nature of the study,
which aims to establish a theoretical proof-of-
concept rather than an exhaustive bibliometric

analysis.

Search terms included combinations of

keywords such as "generative Al" "educational

agricultural

"Agri-Tech,"

technology," "student engagement,

education,”  "youth  perception,"
"narrative marketing," and "Gen Z." Inclusion criteria
prioritized peer-reviewed journal articles, high-

impact conference proceedings, and official reports
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published within the last decade. A total of thirty

high-quality sources were selected for final analysis.

Data Analysis

The data were synthesized wusing a
thematic analysis approach. Key concepts were
extracted and coded thematically to identify
recurring patterns such as  personalization,
simulation, and narrative persuasion. To ensure the
rigor and traceability of findings, data extraction was
documented in a thematic coding matrix, linking
identifying codes directly to source literature and
following established protocols for Al-assisted
thematic analysis (Naeem et al., 2025).

To further

ensure analytical rigor, a

methodological ~ triangulation  strategy  was
employed, as visualized in Figure 1. This structure
ensures that findings are validated through three

converging perspectives:

® Source Triangulation: The
integration of distinct data types,
cross-referencing  findings  from
peer-reviewed academic articles
from

with institutional

bodies like the FAO and World

reports

Bank to ensure trends are robust

across different literature types.

® Theoretical Triangulation: The
synthesis of disparate disciplinary
frameworks, specifically combining

Educational ~ Technology (Al

FANINTNEATINVAY VT
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capabilities)  with  Psychology
(Narrative Transportation Theory)
to validate the ‘'persuasive"
mechanism of the proposed

framework.

® (ontextual Triangulation: The
anchoring of broad global insights
(SDGs, food security) within the
specific, localized data realities of
context

School),

the Thai educational

(Benchama  Maharat
ensuring the global solution fits

the local problem.

Operational Definitions
To ensure clarity and consistency, the

following operational definitions are established:

® (Generative Al: Artificial intelligence
systems capable of generating
new including

content, text,

images, and simulations, in

response to user prompts.
® Narrative Transportation: A state
of immersion where a reader or
viewer becomes absorbed in a
story, leading to reduced counter-
increased

arguing and

susceptibility to belief change.

® Agri-Tech: The application of
technology and digital innovation
to improve efficiency and output

in agriculture.
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Theoretical Triangulation

EdTech Capabilities +

Narrative Transportation

Validated

Proof-of-Concept

/

Source Triangulation

Academic Papers vs

Institutional Reports

AN

Contextual Triangulation

Global Challenges vs
Local Reality

Figure 1. Visual Representation of Methodological Triangulation demonstrating the convergence of Sources,

Theories, and Contexts.

Conceptual Framework

To guide the investigation and synthesize
the findings, this study established a conceptual
framework (Figure 2) that visualizes the theoretical
mechanism by which Generative Al can influence
student perception. This model positions
Generative Al not merely as a content tool, but as

a "Narrative Engine."

® |nput: Contextual data (policy

anchors, local agricultural challenges).
® Process: The Al generates adaptive,

personalized  simulations  that

utilize Narrative Transportation.

® OQutput: A reframed perception of

agriculture among students.

Results

Thematic analysis generated substantial
insights across the intersecting domains of educational
technology and strategic communication. The
following findings provide the theoretical and
empirical grounding for the components of the

framework presented in Figure 2.
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Contextual & Policy

Foundations

® | ocal agricultural
challenges

® Thailand’s National Al
Strategy

® FAO & World Bank CSA
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Generative Al as Narrative

Engine

® Adaptive learning

® Simulation-based
instruction

® Digital twin

environments

Narrative & Pedagogical

Outcomes
® Personalized learning
pathways

® Gen Z engagement

strategies

® Narrative transportation

initiatives ® Al-generated case ® Reframed perceptions of
® DEPA/ETDA governance studies agriculture
protocols

Figure 2. Conceptual framework positioning generative Al as a narrative engine linking contextual anchors to

pedagogical and narrative outcomes.

Leveraging  Generative Al for Engaging
Agricultural Education Content

The literature supports the integration of
generative Al into agricultural pedagogy to

transform conventional approaches.

® Personalized and Adaptive Leaming:
Generative Al enhances personalization
by adjusting content, format, and
pacing to meet learners' individual
needs (Hwang et al.,, 2020; Xie et
al., 2019). It allows educators to
create multiple versions of a
lesson tailored to different learning
preferences (Pesovski et al., 2024).
Adaptive platforms modify leamning
difficulty in real-time, helping remediate
complex topics (Akavova et al,,

2023).

® Dynamic Content Creation and

Simulation:  Generative Al is

capable of producing immersive
simulations and "digital twins" that
replicate real-world environments
(Chen et al., 2024). Students can
engage in complex scenarios—
such as managing precision
farming operations—within  risk-
free virtual settings (Hnatiienko et

al., 2024; Stenard et al., 2024).

Strategies for Reframing the Perception of
Agriculture
The second dimension examines how

storytelling can shift negative perceptions.

® Narrative Transportation as a
Persuasive Mechanism: Narrative
Transportation Theory posits that
immersion in compelling stories
leads to belief and attitude

changes by reducing counter-

NIANINNNEATTIUAY VN 24 alun 2 nsngrau-Sunau 2568



81

arguments and fostering emotional
engagement (Chen et al, 2024;
Green and Brock, 2000; Thomas
and Grigsby, 2024).

® Tailoring Narratives for Generation
Z: Effective engagement requires
aligning with Gen Z's digital habits.
This includes visual delivery via
platforms  like  TikTok and

Instagram (Imran and Ferdous,

Table 1. Summary of Thematic Analysis Results

2025; Theocharis et al., 2025) and,
crucially, authenticity. For example,
the commercial success of a Gen
Z-focused rebranding campaign
for Chickita underscores the
potential of digital, relatable
content to achieve high organic
reach, suggesting similar strategies
could be adapted for educational
marketing (Rice Content & Media,
2025).

Thematic Cluster Core Themes

Representative Sources

1. Pedagogical - Personalized and adaptive learning
Affordances of - Simulation-based instruction
Generative Al - Digital twin technologies

- Al-generated curriculum design

- Scenario-based problem solving

2. Narrative Strategies - Narrative Transportation Theory

for Reframing - Emotional engagement and authenticity

Perceptions - Role model representation

- Gen Z media habits (TikTok, Instagram)

- Innovation and sustainability framing

Xie et al. (2019); Hwang et
al. (2020); Pesovski et al.
(2024); Akavova et al.
(2023); Baidoo-Anu and
Owusu Ansah (2023);
Kasneci et al. (2023); Chen
et al. (2024); Hnatiienko et
al. (2024); Stenard et al.
(2024)

Green and Brock (2000);
van Laer et al. (2014);
Thomas and Grigsby
(2024); Coker et al. (2021);
Imran and Ferdous (2025);
Rice Content & Media
(2025); Theocharis et al.
(2025)

Note: Table 1 includes sources contributing to mechanisms.
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Table 2. Contextual and Policy Anchors
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Source

Role in Framework

Agravante and Yap (2025)

FAO (2021, 2022)

World Bank (2022, 2024)

DEPA (2023); Electronic Transactions Development
Agency (2024)

Piyatumrong (2024)

Tikum and Ahmad (2024); Kaewkhata (2025)

Local perception data (Thailand)
Climate-smart agriculture case studies and Thai
initiatives

Youth engagement and CSA implementation

Thai digital infrastructure and Al governance

Thailand’s National Al Strategy

Youth career pathways and structural constraints

Note: Table 2 lists sources providing the localized and policy context for the framework's application.

Discussion

The findings suggest a promising synergy
between generative Al and narrative design. By
enabling students to simulate roles such as high-
tech farm managers, Al creates experiential
touchpoints that reinforce a modern image of the

sector (Coker et al., 2021).

Pedagogical and Narrative Synergy

Authenticity remains a critical factor.
Instructional content must be rooted in real-world
case studies, such as the FAQ’s climate-smart
agriculture (CSA) initiatives. In Thailand, programs
like SCALA illustrate localized strategies (FAQ, 2022).
Through generative Al, educators can prompt
systems to convert these technical reports into
immersive, first-person narratives, allowing students

to "experience" the success of innovation firsthand.

FANINTNEATINVAY VT

Ethical Implications: Attribution and Transparency

A critical dimension of this framework is the
ethics of persuasion. While Narrative Transportation
is effective, the use of Al to generate these stories
raises concerns regarding Algorithmic Transparency
and Al Attribution (Al-Kfairy et al., 2024; UNESCO,
2023). Transparency is vital, particularly in
communication contexts where the source of
information influences its credibility
(Messingschlager and Appel, 2022). If a student
believes they are reading a human testimonial
when it is synthetic, the persuasive outcome may
be deemed deceptive. Therefore, to preserve
ethical integrity and maintain trust, the framework
must mandate explicit Al attribution for all
generated narratives. Furthermore, educators must
be vigilant against algorithmic bias, as seemingly
neutral algorithms can inadvertently reinforce
societal inequalities and biases against low-status

professions (O'Neil, 2016), ensuring that Al models
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do not reproduce outdated stereotypes about rural
life but instead reflect diverse, modern agricultural

realities (Kasneci et al., 2023).

Limitations

This  study  acknowledges  several
limitations. First, as a scoping review, the search
strategy was targeted (Google Scholar, ERIC) rather
than exhaustive, which may exclude some sources
available in paid indices. Second, this is a
conceptual framework based on secondary data;
the "Machine of Narrative Transportation” has not
yet been empirically tested in a classroom setting

to measure the durability of belief shifts.

Future Research Directions and Policy Implications

Importantly, narrative and technology
alone cannot dismantle structural barriers. Issues
related to land ownership, financial accessibility,
and aging rural demographics continue to constrain
youth participation in

agriculture. Long-term

transformation requires integrated educational

strategies and policy reforms targeting these
persistent inequities (Agravante and Yap, 2025;
Kaewkhata, 2025; Njeru et al., 2015; Obisesan, 2019;
Tikum and Ahmad, 2024). Future research should
specifically investigate how Al-driven narratives can
be coupled with structural support programs to

provide a holistic pathway for youth entry into the

sector.

Conclusion

This study directly addressed the critical

issue of declining youth interest in agricultural

83

careers. By positioning GenAl as a "machine of
narrative transportation,” the study concludes that
its true efficacy lies in its adaptive system capability.
This capability allows for continuous profiling and
evaluation of student affective states, enabling the
machine to dynamically adjust the narrative
variables similarity, plot

(e.g., protagonist

complexity) in real-time, thereby maximizing
emotional engagement and belief shift toward Agri-

Tech careers.

However, technology alone is insufficient.
The framework relies on the integration of localized
content and robust ethical guardrails. Ultimately,
this research offers a foundational model for
cultivating the next generation of agricultural

innovators, moving beyond mere awareness toward

deep, narrative-driven vocational engagement.

Recommendations

To translate this conceptual framework into
practice, the following actionable recommendations are
proposed:

1. Educator Training on Accessible Al Tools
and Prompt Engineering: Rather than
general Al literacy, professional

development must focus on "Prompt
Engineering for Narrative Transportation"
using accessible, low-cost, or open-source
Generative Al models. This ensures that
institutions

resource-constrained can

implement  the  framework  without
prohibitive software costs. Educators need

specific training on how to instruct these
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accessible models to generate stories that
contain  high  emotional  resonance,
relatable protagonists, and accurate Agri-
Tech details.

2. Establishment of an Ethical Al Content
Repository: To mitigate the risks of
hallucination and bias, institutions should
collaborate to create a "National Agri-Tech
Narrative Repository." This database would
contain ethically vetted, Al-generated
scenarios that are fact-checked against FAO
and World Bank data. Crucially, this
repository must adhere to the principle of
Al Attribution, ensuring all content s
clearly labeled as Al-assisted to maintain
student trust.

3. Mandate for Longitudinal Pilot Studies:
Policy makers should fund a longitudinal
pilot study specifically designed to
measure the post-intervention retention of
career interest. Unlike one-off awareness
campaigns, this study should utilize
established  psychological scales for
narrative transportation (Slater and Rouner,
2002) and track student career choices
over 1-2 years to validate the long-term

impact of the framework.
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