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ABSTRACT

This study aimed to 1) investigated the economic and social conditions of rubber
farmers who used and did not use innovations to increase rubber yield with ethylene gas,
2) compare the cost-benefit of rubber plantation with and without innovations to increase
rubber yield with ethylene gas, and 3) assess the economic and social impacts of rubber
farmers who used and disd not use the innovation to increase rubber yield with ethylene
gas. The research collected data from 25 rubber farmers who were members of the Rubber
Farmers’ Cooperative Association, Ban Khai District, Rayong Province. The study employed
questionnaires to collect data, and the data were analyzed by using descriptive statistics,
and t-tests were conducted to compare the cost-benefit between rubber farmers who
applied and who did not apply ethylene gas.

The results on the economic and social conditions of rubber farmers indicated
that majority of rubber farmers were male (56 percent), aged between 61-70 years (44
percent), had primary education (56 percent), married (92 percent), and acquired 26-30
years of experience in rubber plantation (32 percent). All farmers planted RRIM 600
rubber (100 percent).They planted rubber trees at 3x6 meters (52 percent), tapped the
entire plantation (96 percent), tapped the trunk (S/3) system (92 percent), tapped every
other day (68 percent). They sold rubber to middlemen intermediaries (64 percent) and
used ethylene gas (52 percent). All farmers were members of the Rubber Farmers’

Cooperative Association, Rayong Province (100 percent).



The study results of the cost-return on rubber production for rubber farmers who
applied ethylene gas showed that the total cost was 11,713.48 baht per rai, consisting of
variable costs of 9,811.46 baht per rai (83.76 percent) and fixed costs of 1,902.02 baht
per rai (16.24 percent). As for rubber farmers who did not apply ethylene gas, the total
cost was 9,813.50 baht per rai, consisting of variable costs of 8,611.46 baht per rai (87.75
percent) and fixed costs of 1,202.02 baht per rai (12.25 percent). When comparing the
costs and returns of rubber farmers who did not use ethylene gas, the result revealed a
statistically significant difference at the .05 level. As for farmers’ opinions on the
economic impact, the results unveiled that most farmers expressed low opinions about
the economic effect of ethylene gas use at an average scoring of 1.90. Regarding social
impacts, farmers also rated ethylene gas use at low level at an average score of 2.03.

The study results have essential recommendations as follows: importantly,
information on the cost and return on investment from using innovations in rubber
plantations to farmers should be provided, as farmers concerned about production costs
and profits. Relevant agencies should convey information on the cost-return comparisons
and should promote the use of ethylene gas innovations in rubber plantations to
farmers. Furthermore, related organizations should continuously promote innovations to
provide farmers with information for making tangible decisions about using this innovation

in rubber plantations.

Keywords: Rubber, Rubber planting cost, Rubber planting return, Ethylene gas innovation
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drudefmaniifian 10C fnd1 0.50 aganfinnsanuiudsstemaniu vieagdaiieRldm
Amimnzan (B naadan, 2558)

NNALIULT T YA A Eawaenndes (00) Tuuuuasunaan
nsmwnlaAftiinNgenAfowiiu 0.89 kARIIILANNADAATOIUDITBAINILLAL
Snquszasdgadienanuiissnss asnsadluifudeyald

3.2) wanudedold (Reliability) TAEUILUUABUAINTIH LT TIVEEUAINT 89S
vouiomlunanedld (Try Out) funwmsnsfgnenammiithuinnssullduaslaildininng
WIE flaildnguiaogadluginetudie Fminszees udrhuvuasuaiunduaumay
Weshuvaauuuaeua

3.3) Ywuuaounuitilunaseddfunduamaarudoiude B nmamardid sans
woativesasouUIA (Cronbach’s Alpha Coefficient) Lilenageuaiudasiuresuuuasuny
s1esunasatudsiduuszaniueani ( o - Coefficient) fuunludrmmniidodeldves

#1U52ANSHDANNTIWIUNINAT 138 WINAU 0.7 HANITILASIZNANUTBLUY

3.4) dvvaeunuatuanysalluldiunguéiteganmmun

33 MTiATIEvoya
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MsiegiteyalunsAnyiFos fumu - HaneuLMy LAy MIUszlluNansEnuLinnTsy
nsftunardaiensnsdsutaenidurennsnansludinetuas Sminszees oy
Yaqusrasduasnisfine dail

1) Ainszriteyaanmiasugia dsnsveanunsnsymaussilduarlilduianssunisiia
NarARTNENTINSdeLRalensay Tngldaanidanssaun (Descriptive analysis) lur Araaud
Yovaz uarduidosuunnsgy

2) SizsFunu-NaneuunuaInNsUgneten i lduasldlduinnssunisiiunandn
henamnsdeuiaensau IeldnsTinsest Cost-Return Analysis FuyL-HARDUWILYDINTS
Ugnenamng mensmaaeurain t-test

Fuyuitavin (TC) = FunuiuuUsienun (TVO) + duyuasiiianun (TFO)
s16ldfam (TR) = Sruaumandavianun Q) x :1afinumsnslésy (P)
516l¢iawi (NR) = seléfiiamn (TR) - dumusfunysitomn (TVO)
lsavs (NP) = 16ldanun (TR) - Fumusisnun (TC)

3) AATIEWHANTENU NENUATEENA FarnraununInIvIaIueaInnsld-ldlduinnssy
MaRamanaateanTdsutaensiu Wadfdamssuldun el fovas wavdu
oauunnsgiu annasin1sUssdunansenu 5 sedu 989 Likert Scale Tagdinaaing
Ussiiudedl (@3990 Tumsas way alif Baeyuy, 2564)

syiunansEy MsuUanariade

5 mnefls wansznuaglusAuanniign
4 vanede  wansenuegluseaivan

3 yunede  wansenuegluszaulIuna
2 mnefls  wansgnuegluszaution

1 mnedls wanszvueglusziutiesiian

NANATHUY  AShUaNE

4.21-5.00 wansznuElusziuNniian
3.41-4.20 Hans¥nuaglusEAuLn
2.61-3.40 HansevuagluseAuUIuna
1.81-2.60 Hansevuagluszautiey

1.00-1.80 Hansznvagluseiutioiian
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=

4) Tipszidoyalananin nnsdun1waldedn lnedITuwIsuussiuAaIuan

' v

M3fnwIwIAn Naed wasuddeinetesiianulieyarensuaniienmnsvesnnsnsly

2 1
A o =

gLNaUIuAY Janinszead Tnaailsdslioyaniinningel Buniui ieanui yana wazian

wazilanmnnuainnisAnendiaya
5) NM3WIPULTEUAUNUNANDULNUNNSYINAILE NI TR UNYATN IV AN N T ke Ll

PIPNTSUNSHUKANANUNE1 NSRS AU 1aely A1ans t-test



UNN 4

NAN1578

msAneEes UYL — NARBULNY WA M3UsEATIuNaNENULIANTSUNTSLHANER
thenmnsdmeuiaensauveaneasnsiusnetiume Sminszeos s

4.1 TeyaanINATEENY FIANTBINYATNTVIIAIUY NI

4.2 ToyAAUNU — HARBUWIUNTHERNYIANIT

4.3 NM3U5zIuAUANTILTO N UATNIADNANTENUULATEENY IANLAZATNNIZTEY
inwRsnsyMELEans /iy uinnssunsiiunanantiienannsdeuiaensay

4.4 Yoy guassn uazdeiauanuglunisiumnssunmsfunandntiiensmnsie
whalensau

a o/

4.1 YoyadnINATEFNY HIALYIUNEATNIVIIHIULIINIG

UYAANINLATYFAD FIAUVDUNYATNTVIIAIUL NI VBUNBATATYIAIUL NN
21100 UANEIMTATELDS I1UIU 25 T18 AINNTTIUTINTDLAMBUUUABUIYN NANTIATIEN
Fu e 97 SEAUASANYY aatuzAn Uszaunisainsviensnsn Wugeneildugn seozsing
sULUUNSN3A szuunIa Suiuiunin Snvaznisvig Msliuiaensau uag sukuuaundn lag
fwandoadsil

1) fuwe WUt inensnsyaauensndunndumeng Anluiesay 56 uaz e
wis Andusesas 44 muaeu

2) #1UBNY NV INYATNTVIIEIUBNNITITY 61-70 T wnfign §1uIw 11 518
Amdudosas 44 5098901 018 51-60 U S1uu 7 918 Anwluiewas 28 91y 41-50 U uay 91y
71-80 U 91w 2 518 AnluFevas 8

3) AIUTLAUNISANET WU LNPATNTVIIEIUINNISIHNSAN W TUTEAUUTLOUAN®IUIN

'
I [

Mg 9w 14 918 Andusesaz 56 sesaaNn sedvdlsenfnwneulals vse Uav. 91uau 5 918
Anlusovay 20 LLazﬁaaﬁqm seaudsenAnuineunuLarsEAuUTyg193s 311U 3 518 Andu
Sovay 12

1) FuANLEAM WU INYAINTINEILIITTTEnUE M waNSaINTIgR S11a 23 T8
Anludesar 92 uay sosawn @auznmlan Lag dorurnInndng wse ne131e 91U 1 518

Anlusevay 4
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5) MuUszaunsallumsviaiuensmns wudl IneRINsIIEueemnsEUseaunisally
MIMEIUINTINNTgN 26-30 T S1uau 8 518 Andudesas 32 sedann Uszaunsaflunis
yhenueemnTeny 16-20 U $1uu 6 518 Andudesas 24 uay tesfign Uszaunsallunsi
#ug19M5191g 11-15 U uag 018 36-40U 9113 4 518 AnluSosaz 16

6) MMuugldeaiug WU NYRINITIIEIUERINTILTRLTE1S RRIM 600 91U7U 25 918 AR
Juosaz 100

7) uszegriiglunisugn wudi ineRsNIIIEINEIT I zegvinglunisugn 3*6 win

'
P

Mg 91w 13 518 Andudesas 52 e svezrindlunisugn 3*7 91w 11 51e Andudey
az 44 uaztiosiian svozsindunisugndug dnnu 1 1e Andudesas 4

8) §usULLUNNTNTA NUTT INWATNTTNIAILEINNTIFULUTNINIALULTSAILIN T dR
$1uru 24 519 Andufesar 96 waz JULUUMINTALUUATIEILTToETian S 1 518 Ay
Jovaz 4

9) AMUITTUUNITNIA WU LNBATNTYIIAIUE1NSINITAT ARUUAINAIUEY (S/3)
$1unu 23 519 Aadufesay 92 wag WnsnIauuuaTaa v (5/2) teeiian S1uam 2 519 Andy
Joway 8

10) fuFIUTUNTA WU INEATNTINAIUININTINTAeLUUaR T 1nfiga
U 17 518 Anvdudosas 68 sesawn nInenswuuaniuiuiu d1wiu 7 51 Aadu Sevay
28 uaztiosiign nsnensuuuiuiuiu S 1 90 Andudosas d

11) AMUSNEUENITVIY NUIT LNEATATVIIEIUYNNISIVIENARAN AN UNDAIAUNAIIUIN

'
= [

Ngnduu 16 918 Anludeway 64 seaaun velidunquinuasns/annsal §1uu 8 518 @n
Judevas 32 uaztiesiian du 991w 1 19 Anlufesas 4

12) frumsldufaensau nuin ineesnssmaug N inynInstuiaefiasunniign
91w 13 518 Andusesar 52 sesan inwnsnshilalduiaonsay $iwiu 12 518 Amdu
Joway 48

13) fuaLTN WU LNERINITVIAIUE NN HTUANTNVSYUYLANNTAYIAIUEIINIT)

Jarinszens 31U 25 578 Anludesas 100 Mm99 4.1



A51971 4.1 TogaruanInAsuEie dALveaNYASNIVIAILENIHIT (n=25)
LI U9 (379) Soway
U418 14 56
/N 11 a4
a1
31-40 U 3 12
41-50 ¥ 2 8
51-60 U 7 28
61-70 U 11 44
71-80 ¥ 2 8
3ZAUNISANEN

UszauAnu 14 56
TseuANUINaUAU 3 12
dseuAnwInaulae e 5 20
U2%.

USeyeues 3 12

dgauzan
Tan 1 q
AUsd 23 92
Y 3o ne139 1 q
Uszaun15aling19ans

1-5 1 1 4
6-10U 1 4
11-15 ¥ 4 16
16-20 U 6 24
26-30 U 8 32
31-35 1 1 4
36-40U 4 16
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a519Ti 4.1 (510) (n=25)
WUSE U (518) Sowaz
RRIM 600 25 100
PEAIFAT O N
3*6 13 52
3*7 11 44
Bu 1 4
sUluUNINIA
ﬁy’amu 24 96
A3vEI 1 q
IZUUNIA
A3SEEU (5/2) 2 8
anuduaaY (5/3) 23 92
FIUIUIUNTA
Tuuiu 1 q
AUy 17 68
anuiuiuiu 7 28
ANYAIZNITUEY
nelAfiunaunymnIngy/ 8 32
avnsal
elinenn 16 64
Bu 1 4
nsiduiaensay
THuAatensau 13 52
lalaltudaensau 12 48
dU13n
Juaundnvengy 25 100
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4.2 AUNY - NANBULNUNITHANIIINITIVIUNBATATVIIEIUEN1NIITY B1naduag
AMINTLYDY
AMNTIUVDIAUNUNTNAAYIINITIVOLNBATNTVNIAIUY NS nUIUAY HaN1s
Aaszsinudn inwnsnsvauemsluginetue Smiasvees AduAaensau Jruyu
sutavmnede 11,713.48 vwdels Uszneudesumuiunsismuaiade 9,811.46 vwels An
Hudovay 83.76 uiadusuvuiuuysiduiuan 3,571.13 vwsiols Andudosay 3049 fuyu
fundsilsiduiuaniads 6,240.33 veols Aadufesas 53.27 wag dunuasiiviauaiade
1,902.02 unsials Anvusesay 16.24 LLUaLﬂuﬁunumﬁﬁLﬁuﬁua@ 704.92 v waals Andu
Sowar 6.02 fuvuasifliiduduanade 1,197.10 vndels Andudesar 10.22 Tavanunsn
Suunmemsiunuiuseendu 5 semsfiddgiedidutuanuarliduiuan Sl
1.1) Ausslunisidoud uii Ugniad s 704.11 vindels Amdufesay 6.01
BudunuiliBuiuaniommeiads 517.65 vindeld Andufesar 4.42 uarhifuiuanads
186.46 uwisials Anilusevas 1.59
1.2) Awssulunisgnersmisnad e 1,893.40umsels Amduiesas 16.16
Budunuiliduiuaniommeiads 187.73 vindeld Andufesar 1.60 uarhiuiiuanais
1,705.67 umiols AaiuTesng 14.56
1.3) A5 UATAWIAIUBINITAd 8 1,078.15 Unsels Amduiesas 9.20
Busumuildutuaniomnade 242.35 vmdels Andufesas 2.07 Wusuyuithiduduan
Favuaade 835.80 udels Anduforay 7.14
1.4) Aussulumsifiuif sanagnisdanindanisifuii oa 3,837.70 uinsels
Anidufosar 32.76 Wusunuiidufuaniomeiaie 32692 vsiols Anlufesay 2.79 uay
iHuiuanisuaiade 3,510.78 vwdels Andufosay 29.97
1.5) Ardadunisudn laun A1dadenisnds ardunug Adedunid ardedinin

+

Aeindl Adewadl-8unsd Aasindmdnivite/fngiv/sesiuu Anhidudemas Auiaensau

ol

'
A

wazAlanedu 9 Wusunuiiduiuaniads 2,298.10 vnsels Andufesas 19.62 geilande
AuAalensau Wulkuan 1,200 vindels Anidufesay 10.24 sesawmnueainiidusuyud
\duduaniade 771.55 usiols Andufovas 6.59 testignderansiaiimdnivie/dngie/
gosluuutuanade 3.61 vwsels Anlufesar 0.03

2) Fuuasil Aavmeiade 1,902.02 vinsols Usenoudae

2.1) en8nau uduuiniduluanede 4.92 viveels Anduieeas 0.04
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2.2) Awdelontansldiau Andudunuiliiduiuaniads 995.00 vndels
Anludoray 8.49

2.3) Andouaesiiogunnl Anidusiunuiiutuaniomniade 700 vindels An
Hufevay 5.98 warlsifuluaniamuaiads 202.10 vweiels Andudesar 1.73

3) WanBULNU

Tul 2565 nandniade 378 Alantudels MAmandntierTetNYAIATATMY
#lnenade 47.50 Alansudels Andumeldiouniade 17,955.00 vindels uagiilsienun
1RAE 6,241.52 v sels wansliiiuinnuasnsglduianssuufaonsau fnandnganitsandnd

v =

ALY JAneasnsinlsannsiiaiuaiue e N inn s SIUNANENUIE19N15

9 9

¥ 6V

AELAALENTAY NN INTINIATIATIAUNY NANBURNUVBINITHARNN LT HUVB NN YATNTH LY
winnssumstitunanantiensnssleniaensay lugnnetiuee Jaminseeas Aanw1519
4.2

M13199 4.2 AUNY — HARBULNUNTHANY1INITIVOUNYATNTVNIAIULWNINTINLY

WA ENSANIULNAUIUANY TINIATLYD e : un/ls)
dunuidutuan  Fuyuitliduituen AU
180135 - ” y
UM Souay UM ShlGH UM Souay
1.€1’uv5uﬁutwi 3,571.13 30.49 6,240.33 53.27 9,811.46 83.76
1.1.1 AKIIIUNSATEY
& 4 517.65 4.42 186.46 1.59 704.11 6.01
wunuan
Arlousuitud 488.71 4.17 181.17 1.55 669.88 5.72
AldTanuiuusenu 17.06 0.15 4.40 0.04 2146  0.18
ANRANUANSUSIUITNY 11.88 0.10 0.89 0.01 12.77 0.11

1.1.2 Ausseulunisugn
187.73 1.60 1,705.67 1456 1,893.40 16.16
#19W131

ATInsvEE+yaau+lade+

187.73 1.60 1,705.67 14.56 1,893.40 16.16
Ugn
1.1.3 Arn1sguainensiy

242.35 2.07 835.80 7.14 1,078.15 9.20
g19N197

ANNNSINNT IVNY 234.05 2.00 766.67 6.55 1,000.72  8.54
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W18 - un/1s)

dunuindutuan  dunuinliduduan AUy
318113 . . >
UM YA um ERlIGH UM ERlIGH

AN - - - - - -
AINSIANTSYe 5.22 004  66.47 0.57 71.69 0.61
AINSIANSARSINY 3.08 0.03 2.66 0.02 5.74 0.05
1.1.4 Mmafiuien + nds

. 4 326.92 279 351078 29.97 3,837.70 3276
NN3LNUNYT
AINTNETY 234.1 200 205233 1752 228643  19.52
Afuthens 92.82 0.79  1,45845 1245 155127  13.24
AN - - - - - -
Amaeiinga/indy - - - - - -
1.5 Ardadenisudn 2,296.48 19.61  1.62 0.01  2298.10 19.62
AAULG 68.85 0.59 1.12 0.01 69.97  0.60
Aledunse 7.22 0.06 0.50 0.00 7.72 0.07
AdeTInn 15.30 0.13 - 15.30 0.13
Aledunse 7.22 0.06 0.50 0.00 7.72 0.07
Adeiall 77155  6.59 - - 77155 6.59
AeLail-Bun3e 11.88 0.10 - - 11.88 0.10
ANENILATINAR TN/
dgin/onSlan 3.61 0.03 - - 3.61 0.03
Athifudomnas 15418 1.32 . . 15018  1.32
ALNaLeAY 1,200 10.24 - - 1,200.00  10.24
Aldanedug 63.89 0.55 - - 63.89 0.55
2. fununsil 704.92  6.02 1,197.10 10.22  1,902.02 16.24
ARy 4.92 0.04 492 004
A9l
Andelonanslinau 995.00  8.49 995.00  8.49
AndengUnsal 700 598 20210 173 902.10  7.70
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AN5197 4.2 (519) e : un/19)
v a & a ¥ = 1 & a v
dunuinduRuan  dunuinliduRuan AUNUII
518015 . § .
U Saway UM $ouay UM $auay

3. Funusawanue
4,276.05 36.51 7,437.43 63.49 11,713.48 100.00

(wn/ls)
4. s79l@viaviunage

, 17,955.00
(ww/ls)
5. nananaae (nn/ls) 378
6. SIAHANAALRAY

47.50

(vw/nn.)
7. inlsgns (uw/ls) 6,241.52

8. wanAnfigunu (hn/ls)  246.60

9 9

9. IANANNY

30.99
(vw/nn.)

3. AUNUTIUNINUA

, 4,276.05 36.51 7,437.43 63.49 11,713.48 100.00
(ww/ls)

AUNULATHARDULINUY N1THARENNITIVBBNYATNTYIIAINENNITTIY 8 natIuae
Ffnsveas Allldufaevsau nanslesginuii insasnsidunumuiomeais 9,813.50
vwiels Usgneudefumuiuusianuaiade 8,611.46 visols Andufesas 87.75 wady
dunuiuuUsTiduiuan 2,371.13 vsels Anidudesas 24.16 duvuiuuysilidutuanads
6,240.33 U aals Anludesay 63.59 way é}’unumﬁﬁgwmmﬁ'a 1,202.02 umeols Ay
Yovay 12.25 funuasiiiduiuan 4.92 vwsisls Andudesas 0.05 dunuasiilsiidutuan
\ady 1,197.10 uwiels Antdudesay 10.22 TasamnsaduunsnenmsiunuiiuuUseendu 5
emsidaaiiutuanuagll@uduan feil

1.1) Ausslunmswdesiiuiiugniade 700.11 vindels (Gesag 7.17) Wusuyuilduiuan
anualade 517.65 unaols (fewar 5.27) uazldiiuiuaniads 186.46 vanaels

(5o8az 1.90)
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1.2) Ausanulunsugnensinsnade 1,893.40 vnsiols (Fevay 19.29) Wusunuidy
Suaniamuaiade 187.73 vinsiels Gevar 1.91) warlifuituaniade 1,705.67 vinsels (o
av17.38)

1.3) AM3quasnuaugnsnsede 1,078.15 vwsels (Gesag 10.99) Wusunuildy
Ruanienueiade 242,35 vindeld (Govay 2.47) \usunuiilifuSuananuniads 835.80
uvmisials (fouay 8.52)

1.4) Awusseulunmsifuif sanagnisdanindanisifuii oa 3,837.70 uinsels
($ovay 39.11) iusumuilutuaniomnads 326,92 vindels (Gevas 3.33) warhifufuan
favuaade 3,510.78 vwsisls (ovay 35.78)

1.5) Andadumandn loun Adadenisnds Andwiug adedunsd Adetnnn ardewnd

¥
o w o A

Auiail-8unid Aansialimdnivie/dngiie/sesluu Andulends Aruiaedidy uay

1 a

Aldaneau 4 Wusunuinilutuanaie 1,098.10 vsels (Sevaz 11.19) gaignferdeini

9

Buuanade 771.55 vindels (Fevar 6.59) sosasunfuaidudamds Wufunuiiiu
Suasiade 154.18 vwidels (Gesay 1.57) desfiandeanaiimdaiviie/dnsiv/sosluuiy
Fuaniade 3.61 vsiols (3evaz 0.04)
2) Fuuasit Aavmeiade 1,202.02 vinsels Usenousde
2.1) An@au Wudunuilduuaniade 4.92 vwsisls (Gesas 0.05)
2.2) edelenmanisliiiau AndusuyuiliduGuaneds 995.00 vinde
15 (Souaz 10.14)
2.3) ddewnesiiogunal Amdusumuitlifuduanimuniads 202,10 vindels
(Feway 2.06)
3) WanBULNU
0T 2565 wandmads 223 Alandusels MemandathemnsveunEAINITITIMElH
Tneiade 47.50 Alansusiols Anduseldvimuaiaie 10,592.50 vindels wazrilsiamuniade
779.00 uwisels wansliiviuinnunsnsiililduinnssuniaonsau fnandailsiAouminiy
wandniduny Seidlinunansdilsannshaumusenadesndninduyuiomnud
fadnmlassad iy naneuLuresIkEnY SeutennuaInsti liliuianssunisda

NANAMUNYNINITINIULAALDNTAY FUBUNBUIUAY FIMINTLEBY AILEAINNTIN 4.3
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whaeySauly 81N UNUANY TINIATLYD
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(e : vw/ls)

dunuidutuan  duyuitlidutuan AU
31919 - -
U FRLGH UIN FRLGH UN VYA
1.AUNUAULUS 2,371.13 24.16 6,240.33 6359 8,611.46 87.75
1.1.1 ALs9luN1SIAI 8
¥ 4 517.65 527  186.46 1.90 704.11  7.17
wunuan
Arlousuitud 488.71 498  181.17 1.85 669.88 6.83
AldTanuiuusenu 17.06 0.17  4.40 0.04 2146 0.22
ANRANUANSUSIUITNY 11.88 0.12 0.89 0.01 12.77 0.13
1.1.2 Ausseulunisugn
187.73 191 1,705.67 17.38 1,893.40 19.29
YNNI
AInsvEE+yanau+lade+
187.73 191 1,70567 17.38  1,893.40 19.29
Ugn
1.1.3 Arn1sguainensiy
242.35 247  835.80 8.52  1,078.15 10.99
YNNI
ANNITIANTT VN 234.05 2.38 766.67 7.81 1,000.72 102
ANNsIANISn - - - - - -
AINSIANTSYe 5.22 0.05  66.47 0.68 7169 073
AINSIANSARSINY 3.08 0.03 2.66 0.03 5.74 0.06
1.1.4 nMs\Rufien + nas
Y4 326.92 333 3,510.78 3578 3,837.70 39.11
ATILAULNY I
ANNIAYY 234.10 239 205233 2091 2,286.43 233
AAuTENg 92.82 095 145845 1486 155127 1581
ANNVTNENS - - - - - -
AvgantNsA/Andu - - - - - -
1.5 A1Ua8N15HEAR 1,096.48 11.17 1.62 0.02  1,098.10 11.19
AAULG 68.85 070  1.12 0.01 69.97  0.71
AluBunsd 7.22 0.07 0.5 0.01 7.72 0.08
AdefInm 15.30 0.16 - - 15.30 0.16
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W18 - un/1s)

dunuiiduluan  duyuitliduRuan AunuIw
$18N15 . - ~

um Somaz UM Souay UM 3eway
Ateiadl 77155 786 . . 77155  7.86
AeLail-Bun3e 11.88 0.12 - - 11.88  0.12
AESLAIANTR TN/
St/ 3.61 0.04 - . 361 0.04
Amiudemas 154.18 157 . . 15418 1.57
Aldanedug 63.89 0.65 - - 6389  0.65
Z.ﬁunuﬂaﬁ 4.92 0.05 1,197.10 12.20 1,202.02 12.25
AEiay 4.92 0.05 - . 492 0.5
Al - - - - -
Andelenanisliniau - 995.00  10.14 99500  10.14
AdengUnsal - 20210 206 20210  2.06
3. Funusaanne
w/ls) 2,376.04 2421 7,437.45 75.79 9,813.50 100.00
4. sldnavuniaae 10,299.57
(/1)
5. wandnade (nn/ls) 222.98
6. AHaKANLREY 46.19
(uw/nn.)
7. inlsgns (uw/ls) 486.08
8. wananfidunu (nn/ls)  212.46
9. AN (UW/nn)  44.01

HARDUWMUYBUNYATNIHNAR T T uAaentaukas luildufaefidu wuii inunsns

AnARE1aNS L aenSEY BAuyusinen 14,213.48 umsals Feau Aunuiuls 9,811.46

U™ uag funuaadl 1,902.02 U Teldsmegdl 17,955 udels dewalvdiinlsans 3,741.52

vneeals dnandndunuegi 299.23 Alansusals wavsimmandnAuyu 37.60 vmsaRlaniy
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Abstract The study found that only 50 percent of the trained rubber farmers have adopted the
use of ethylene stimulation. Several factors that contributed to non-adopters’ hesitance are
perceived uncertainties of technology attributes, cost of implementation, and farmers’ attitudes.
From these factors, the increasing cost was the recurring reason expressed by farmers during
the focus group discussion. Furthermore, a review of related studies revealed that there was an
inadequate R&D investment in the rubber industry. Therefore, government supported in
boosting the R&D of the country’s rubber industry would require an immediately action and
implementation that competed to rubber export countries for rapidly gaining in the competition.

Keywords: Rubber, Ethylene, Adoption
Introduction

Natural rubbers extracted from rubber trees Hevea brasiliensis has been
an essential export product among many countries, mainly in tropical areas. In
2021, the global export value of natural rubber was USD 16.86 billion, wherein
the top exporters are Thailand, Indonesia, Ivory Coast, Vietnam, and Malaysia
(Workman, 2022). These top five exporters account for 32.7, 23.8, 10.6, 7.1,
and 6.5 percent of the world’s total export value of natural rubber, respectively
(Workman, 2022). While Thailand holds the top spot, countries like Cambodia,
Laos, Myanmar, and Vietnam (CLMV) show increasing growth in their natural
rubber, which causes some loss to Thailand’s global market share
(Sowcharoensuk, 2021). The increasing supply from CLMYV is partly due to the
increasing investment by Chinese investors into developing rubber plantations
for their steady natural rubber supply. At the same time, China is also
producing more rubber products (Sowcharoensuk, 2021).

* Corresponding Author: Suwanmaneepong, S.; Email: ksuneeporn@gmail.com
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Natural rubber production in Thailand takes a large share of the total
agricultural export value next to the country’s rice exportation, with China,
Malaysia, the USA, Japan, and South Korea as the major export partners
(Sowcharoensuk, 2021). For natural rubber production, approximately 86
percent were exported, and the remaining 13 percent were distributed
domestically. The surplus of natural rubber has partly pulled down the average
price of natural rubber in the global market. For example, the average price in
2011 was THB 190.51 per kilogram, down to THB 50-52 per kilogram in 2018-
2019. In addition, Thailand shows a continuous increase in production despite
the decrease in prices, which may further induce a price decrease. As small-
scale plantations dominate rubber plantations, the price decrease greatly
affected rubber farmers, given that the average production cost was THB 56-61
per kilogram (Sowcharoensuk, 2021).

The tropical climate in Thailand, especially in the southern and eastern
regions, is suitable for rubber plantations. The country’s rubber production can
be divided into the upstream and downstream industries, as shown in

Figure 1. The upstream players comprised mainly small-scale rubber
plantations that processed concentrated latex or coagulated rubber
(Weerathamrongsak & Wongsurawat, 2013). For dry rubber, harvested field
latex is mixed with chemicals and undergoes heating to make rubber harder and
stronger (Sowcharoensuk, 2021). Whereas the cup lump is the lump of rubber
found in the tapping cups attached to the rubber tree. The harvested latex, as
well as the pre-processed latex, has undergone further processes (e.g.,
coagulation, granulation, drying, and smoking) into concentrated latex,
technically specified rubber (TSR/STR), block rubber, ribbed smoked sheets
(RSS) and compound rubbers. The RSS has been the mainstream in Thailand,
however, production of lower value-added Standard Thai Rubber (TSR) is
expanding partly due to increasing export in China that prefer cheaper materials
(Yamamoto, 2015). These rubber products are distributed to the downstream
players for export or domestic use, accounting for 86.7 percent and 13.3 percent
of the total rubber products, respectively (Sowcharoensuk, 2021).

The distribution of rubber products in the downstream part of the supply
chain can be aggregated into domestic and export use. Domestic demand has
been growing, wherein the downstream players comprise mainly the rubber
product industries that supply inputs for the auto, construction, electronics, and
manufacturing industries. For auto industries, rubber products are used for tires,
gaskets, and moldings, while constructions include roofing and sealants. In
Thailand, the largest user of rubber is vehicle tires such as the Bridgestone,
Michelin, and Goodyear (Weerathamrongsak & Wongsurawat, 2013). In
addition, Thailand has been the manufacturing base for automakers such as
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Toyota, Nissan, Suzuki, and Honda. At the same time, rubber exports are
distributed mainly to China (57.9%), Malaysia (14.9%), the USA (4.2%), Japan
(3.7%), and South Korea (2.1%) (Sowcharoensuk, 2021).

Upstream Rubber
Area: 20.6M rai
v L 2
Field latex Slp Ry
others
Dry rubber
Y A4
Latex »  Allsupply [«
|
v v v v v
Concentrated Technically specified rubber (TSR) Ribbed smoked Compound Others
latex Standard Thai Rubber (STR) sheets (RSS) rubber s
Block rubber
L J
|
Exports (86.7%) Domestic (13.3%)
* China « Japan * Tire * Tire and tube
* Malaysia * South Korea * Elastic * Rubber band
+ USA * Others * Glove * Others

Downstream

Figure 1. Rubber supply chain in Thailand. A simplified version of the supply
chain diagram adopted from Sowcharoensuk, 2021, p. 2 Thailand Industry
Outlook 2021-23: Natural Rubber Processing

The current situation prompts rubber farmers to increase productivity to
cope with the global market’s price drop. In response, the Rubber Authority of
Thailand (RAOT) subsidized farmers for replanting high-yielding rubber trees
through the Rubber Replanting Fund Act. The selection of high-yielding rubber
trees resulted in a gradual improvement in rubber productivity. However, it is
still below the suggested optimal yield of rubber trees (Tang et al., 2016). On
the other hand, Thailand is experiencing a continuous decrease in the size of
rubber plantations. This induces the adoption of an intensive frequency of
rubber tapping that results in overexploitation and low labor productivity
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(Chantuma et al., 2011). However, reducing the tapping frequency has been
difficult as it would result in farmers and tappers having no work. Therefore, in
combination with tapping frequency, RAOT promotes ethylene stimulation
among rubber farmers. As a result, the ethylene application to the tapping panel
increased latex yield and reduced the tapping frequency, increasing land or
labor productivity (Lacote et al., 2010; Sainoi and Sdoodee, 2012).

Despite the potential benefits of ethylene in increasing latex harvest,
several rubber farmers are not adopting ethylene stimulation. In Thailand,
rubber farmers’ hesitance was due to the perceived additional cost of adopting
the ethylene stimulation, especially given the considerable decrease in rubber
prices in the global market. Non-adoption of new technology and innovation
related to financial constraints is widely studied. However, in the case of the
rubber industry, there is a small availability of studies investigating the
perceived impact of ethylene stimulation on natural rubber production. Hence,
the objective was aimed to investigate rubber farmers’ impact and observed
changes in adopting ethylene stimulation on rubber production.

Materials and methods
Study area

The southern and eastern areas of Thailand comprise the largest chunk of
the country’s total natural rubber production. Rayong, a province in the eastern
part of Thailand, is known for growing medicinal plants and is a hub for rubber
plantations. The province has produced an average of 104,751 tons of natural
rubbers in previous years. However, in the year 2022 the Rayong provincial
office expected a 4.7 decrease in rubber yield due to several factors, such as the
decreasing price of latex, the impacts of climate change, and the problem of
wild elephant encroachment.

The problems brought by wild elephant encroachment are particular to
the study area. Several cases were reported of rubber tappers being attacked by
wild elephants causing a labor shortage of skilled rubber tappers. Rubber
farmers explored different strategies to minimize the tapping frequency while at
the same time increasing the productivity of rubber production. RAOT
promoted the use of ethylene stimulation to achieve lower tapping frequency
while maximizing productivity. The application of ethylene stimulation in the
study area in Rayong province is shown in Figure 2.
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Figure 2. Rubber farmer demonstrating the application of ethylene stimulation
in increasing rubber yield. The photos were taken by the authors during site
visits to different rubber farms in Rayong province

Data collection and analysis

Primary data were obtained through face-to-face interviews and surveys
among the adopter and non-adopter of ethylene stimulation. In addition, the
study relies on the in-depth focus group discussion to understand the observed
changes in rubber production brought by the application of ethylene stimulation
among rubber farmers. The adoption of ethylene stimulation in the study area
was relatively new and analyzing impact pathways was not yet possible in the
current condition of rubber farms. Alternatively, the focus group discussion
allowed the farmers to share their experiences and the observed changes before
and after adopting the ethylene stimulation in the early stages to increase rubber
yield.

In addition, descriptive analysis, Pearson’s chi-squared test, and Fisher’s
exact test were employed to compare the characteristics between adopters and
non-adopters of ethylene stimulation. The chi-squared test can be expressed as:

_ - (0 — E)?
2= Z—E 1)

Where O; refer to the ith observed value, E; represent the ith expected
values and the y? is the obtained chi-squared values. The following sections
show the analysis results and discuss the study’s implications.
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Results
Sociodemographic characteristics

Using Pearson’s chi-squared test and Fisher’s test, sociodemographic
characteristics (e.g., gender, age, educational attainment, and marital status)
between adopters and non-adopters of ethylene stimulation do not differ
significantly, as summarized in Table 1. It revealed that the two groups of para
rubber farmers, the adopter and non-adopter of ethylene stimulation as
comparable. Most sampled farmers are married and had been engaged in para
rubber production for over 40 years. The aging population of farmers reflected
the decreasing availability of younger labour in the agricultural sector and the
increasing interest of the younger generation in Thailand’s industry and
manufacturing sectors. In addition, a rubber farmer’s educational attainment
indicated a potential factor in their decision to adopt the Ethelyn stimulation for
rubber production. Most ethylene adopters showed higher education attainment

(e.g., high school /diploma to college) than non-adopters at the elementary level.

Table 1. Sampled Para rubber farmers’ sociodemographic characteristics

Variable Adopter * Non-adopter * P-value "
Gender 0.60
Male 8 (62%) 6 (50%)
Female 5 (38%) 6 (50%)
Age 0.50
31-40 yrs 2 (15%) 1 (8.3%)
41-50 yrs 0 (0%) 2 (17%)
41-60 yrs 4 (31%) 3 (25%)
61-70 yrs 5 (38%) 6 (50%)
71-80 yrs 2 (15%) 0 (0%)
Education 0.11
Elementary 5 (38%) 9 (75%)
Junior High School 1 (7.7%) 2 (17%)
High School/Diploma 4 (31%) 1 (8.3%)
Bachelor’s degree 3 (23%) 0 (0%)
Status 0.20
Single 0 (0%) 1 (8.3%)
Married 13 (100%) 10 (83%)
Divorced/ widowed 0 (0%) 1 (8.3%)

Notes: *n sample (% proportion); ” Pearson’s chi-squared test; Fisher’s exact test
Para rubber farming and market distribution

In Thailand, the RRIM 600 is the widely used rubber variety for adopters
and non-adopter of ethylene stimulation. Two primary tapping system is widely
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applied in the study area, the half-spiral (S/2) and the one-third spiral (S/3). The
result showed that almost 50 percent of the sampled rubber farms prefer the S/3
tapping cut over the S/2 cut, as demonstrated in Figure 3. The preference of
rubber farmers over the S/3 cut can be attributed to rubber farmers
compensating for the high tapping frequency on bark consumption that could
limit the lifespan of the rubber plantation. On the other hand, in terms of rubber
tapping frequency, ethylene adopters applied two days intervals (48 percent)
while non-adopters (20 percent) used three days. Only ethylene non-adopters
tried rubber tapping every other day among sampled para rubber farmers.

half-spiral (S/2) l

0% 10% 20% 30% 40% 50%
Percent of farmers

Tapping system

every three days F
every two days | —

every other day .

Rubber tapping frequency

0% 10% 20% 30% 40% 50%
Percent of famers

W Adopter M Non-adopter

Figure 3. Para rubber tapping system and tapping frequency in Rayong
province

Harvested para rubber is sold as rubber cup lumps to traders, middlemen,

or merchants. Since most rubber farmers are small-scale, they rely on
middlemen or merchants to sell the harvested rubber cup lump. A large
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percentage of the sampled farmers prefered middlemen and merchants for
convenience.

On the other hand, 20 percent of the ethylene adopters and non-adopters
supplied farmer groups and cooperatives. These farmers were members of
cooperatives and farmer groups that benefit from membership, such as a
secured market through the group’s collective marketing and other production
subsidies.

farmer groups/cooperatives

Market distribution

Other

0% 10% 20% 30% 40%

Percent of farmers

M Adopter M Non-adopter

Figure 4. Para rubber farmer’s market distribution
Farmer’s perceived changes in ethylene adoption

Using a focus group discussion and survey, the study sought to
understand the perceived impact of ethylene stimulation on rubber production.
It provided a deeper investigation of farmers’ experiences upon the adoption of
the stimulation technology on various aspects such as production, cost,
marketing, and farmer organization.

Result showed the observed effects of the ethylene stimulation among
adopters, as discussed during the focus group discussion (Figure 5). Firms and
rubber plantations tended to locate their operation closer to the production area.
It allowed more efficient management of transporting raw materials for
processing and reduce logistic cost. Hence, the focus group discussion results
showed that the distance between rubber farms to household greatly influenced
their decision to adopt. Farmers farther away from rubber farms tended to incur
high costs, making them cost-sensitive to the additional cost of adopting
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ethylene stimulation in their production. Acknowledging farmers’ different
views and perceptions on ethylene stimulation, RAOT conducted a series of
training and farm demonstrations. However, results revealed that approximately
only 50 percent of trained farmers adopted the use of ethylene stimulation,
despite the results of a 30 percent increased in production against a 10 percent
increased in cost brought by ethylene stimulation in rubber production.
Furthermore, the results indicated a need for further studies to investigate
deeper the attitude and perceptions of farmers’ decisions regarding their
resistance to adoption despite the stimulation technology’s positive effect.

30% increase in
rubber production

10% increase in cost

rubber products are
being sold as rubber
cup lumps

50% of trained
famers are non-
adopters

household to farm
distance play a role
in the adoption

Figure 5. Para rubber farmer’s perceived effects of ethylene stimulation
adoption as revealed by the focus group discussion

Discussion

Although the country remained the top rubber exporter in 2021, several
studies revealed that while total production of the country is increased,
however, at a decreasing rate (Chantuma e al., 2011; Sowcharoensuk, 2021).
For instance, Chantuma et al. (2011) showed that rubber yield in Thailand was
high in kilogram per area but low in kilogram per tapper per area. This can be
attributed to the country’s recent decreasing latex yield of rubber trees. In
addition, there is a recurrent shortage of skilled rubber-tapping labour. To
remedy the situation, the Rubber Authority of Thailand (RAOT) promoted
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ethylene stimulation in the tapping panel to increase latex yield and improve
output to labour productivity (Lacote ef al., 2010; Sainoi and Sdoodee, 2012).

Although Thailand’s rubber production is higher than major competing
countries, such as CLVM and Indonesia, competition is getting intense, and
rubber exporting countries are expanded their areas for rubber production.
Therefore, to maintain Thailand’s current top spot, the country needs to boost
its research on improving rubber varieties to further the production and upskill
farmers’ technical knowledge to be competitive against leading growing
production of competing countries like Malaysia and Germany
(Sowcharoensuk, 2021).

The rubber authority in Thailand has increased its efforts in training
rubber farmers in ethylene stimulation in tapping rubber panels throughout
rubber plantations across the country (Sowcharoensuk, 2021). However, despite
such efforts, study results showed that approximately only 50 percent of the
trained rubber farmers had adopted the use of ethylene stimulation. Several
factors that contributed to non-adopters hesitance are perceived uncertainties of
technology attributes, cost of implementation, and farmers’ attitudes. From
these factors, the increasing cost was the recurring reason expressed by farmers
during the focus group discussion.

In addition, the effect of an increased production cost was worsened
because of the continuous decrease in rubber prices. For instance, the RSS3,
considered an industry reference price, has significantly decreased from 190
baht per kilogram in 2011 to 50-52 baht per kilogram in 2018-2019
(Sowcharoensuk, 2021). As comparison to the average production cost of 56-61
baht per kilogram, the situation further pulled down the merger earnings of
rubber farmers. Therefore, improving rubber yield through ethylene stimulation
was the primary coping strategy promoted by RAOT to offset the decreased
rubber price experienced in recent years.

Moreover, replanting mature rubber trees over 25 years is necessary for
rubber production to increase latex harvest. The rubber tree cultivation period is
estimated to be 1-6 years, and the harvesting period is from the 7™ to the 25
year. Under the Rubber Replanting Fund Act of 1960, recently repealed under
the Rubber Authority of Thailand Act in 2015, farmers are subsidized for
replanting rubber trees 25 years or older. The subsidized amount is partly
funded by the export tax collection, which charges exported rubber products
THB 1-5 per kilogram (RAOT Act, 2015).

On the other hand, given that the export use of rubber in Thailand takes
more than 80 percent of the total production, the future of the rubber sector is
highly volatile to the global market. In addition, its export market of Thailand is
concentrated in a small number of countries such as China, Malaysia, the USA,
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Japan, and South Korea, which makes the country reliant on the demand from
these countries. In the total rubber exportation of Thailand, China remains the
country’s top market, which takes 57 percent share of the total export value.
Although China has invested in expanding rubber plantations in CLMV
countries in recent years, Thailand is faced with a threat to its current
dominance in rubber production by neighbouring ASEAN countries, especially
the CLMV (Sowcharoensuk, 2021).

The study found that it was still a low technology adoption among rubber
companies. This can be attributed to the typical “wait and see” behaviour,
where a farmer’s willingness to adopt require immediate and concrete results of
proposed technology before deciding to invest in adoption (Llones and
Suwanmaneepong, 2021). This is one of the farmer’s strategies to minimize
risk in their farm operation (Llones et al., 2022; Shikuku et al., 2017). Thus,
organizing interventions for knowledge transfer require the use of the
innovation to demonstrate the actual concrete results and impact of the
proposed innovation. Moreover, aside from developing the production side,
upskilling farmers’ marketing and financial knowledge will be valuable to
equip farmers in informed decision-making.

Lastly, similar to other related studies (Chantuma et al, 2011;
Sowcharoensuk, 2021; Weerathamrongsak & Wongsurawat, 2013) tackling the
rubber industry of Thailand, there is a consensus that the country has an
inadequate number of R&D (Weerathamrongsak & Wongsurawat, 2013).
Hence, government support in boosting the R&D of the country’s rubber
industry requires immediate action and implementation given that competing
rubber export countries are rapidly gaining in the competition.
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Abstract The findings revealed important distinctions between the two groups of farmers.
Rubber farmers who opted for ethylene gas incurred a total cost of 13,973.50 baht, comprising a
total fixed cost of 1,202.02 baht and a total variable cost of 12,771.48 baht. These farmers
achieved a total return of 17,955 baht per rai. On the other hand, rubber farmers who refrained
from using ethylene gas reported a significantly different financial performance. For this group,
the total cost amounted to 9,813.49 baht, consisting of a total fixed cost of 1,202.02 baht and a
total variable cost of 8,611.48 baht, while the total return per rai amounted to 10,299.57 baht.
Statistical analysis indicated that the total variable costs and returns for rubber cultivation
significantly differed between the two groups of farmers at a significant level of .05. However,
there was no statistically significant difference in the total fixed costs. Extension services and
training programmes should be provided to educate farmers on the proper and safe use of ethylene
gas to maximise its benefits and minimise potential risks. Furthermore, further research could
explore the long-term sustainability and environmental impact of using ethylene gas in rubber
cultivation to better understand its overall implications for the industry.

Keywords: Rubber, Innovation, Latex, Cost, Return
Introduction

Rubber is an economically important crop in Thailand, with
approximately one million farming families and businesses being involved in
rubber planting areas expanding across every region of the country (Rubber
Authority of Thailand, 2020). At the same time, the development of the country’s
rubber industry has continued to progress, and Thailand has become one of the
top rubber exporters in the world (Rubber Authority of Thailand, 2020).
However, from 2008 to 2020, the price of rubber showed a continuously
decreasing trend (Sowcharoensuk, 2021), significantly affecting the income of
rubber farmers (Rubber Authority of Thailand, 2021). The problem could be
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solved by reducing inappropriate planting areas, increasing productivity, and
strengthening farmers’ agricultural knowledge (Adultananusak and Sangsana,
2019.). Moreover, there is a need to promote industrial-scale rubber farming
among growers and find strategies to reduce costs while increasing productivity
(Rubber Authority of Thailand, 2020).

Rubber production in Thailand is regarded as one of the country’s most
significant economic crops compared to other crops (e.g., rice, copra, corn). For
example, Rayong Province is a suitable location for cultivating para rubber.
Furthermore, rubber trees are easy to grow and require minimal maintenance.
The geographical features of Rayong Province are conducive to rubber
cultivation. In recent years, rubber production has increased by 0.9% annually.
However, in 2024, the Rayong Provincial Finance Office projected a shrinkage
in rubber production of 4.7% due to a decrease in the areas open for tapping. In
addition, rubber farmers are facing challenges from falling latex prices,
nighttime attacks by wild elephants, and the decreasing production of rubber
trees throughout their lifespan (Rubber Authority of Thailand, Rayong Province,
2021).

In response, the Rubber Authority of Thailand Rayong is promoting the
use of ethylene gas to increase latex production (Rubber Authority of Thailand,
2022). Latex production using ethylene gas was initiated by Malaysian rubber in
1991 to address the labour shortage in Malaysia (Research Institute Rubber
Research Institute of Malaysia: RRIM). Similarly, rubber farmers in the southern
region of Thailand help to manage produce in the rubber plantation using
ethylene gas to stimulate the activity of the ATPase enzyme, which makes the
latex flow longer than usual, increasing latex production per tapping time as well
as farmers’ income (Sdoodee et al., 2015).

The current situation compels rubber growers to increase productivity to
combat price reduction on the global market. The Rubber Replanting Fund Act
was created in response to a request by the Rubber Authority of Thailand
(RAOT) to support farmers in the transplantation of high-yielding rubber plants.
The selection of high-yielding rubber trees has led to a gradual rise in rubber
output, with the RAOT encouraging ethylene stimulation among rubber growers
in conjunction with tapping frequency. Land or labour productivity has risen
because of the enhanced latex output and decreased tapping frequency brought
about by the application of ethylene to the tapping panel (Lacote et al., 2010;
Sainoi and Sdoodee, 2012). Given the current situation, the study aimed to assess
the viability of using ethylene gas as a yield-inducing innovation in Ban Kahi
District, Rayong Province.

Materials and methods
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Study area and data collection

Rayong Province is known for its conducive geography and climatic
conditions, marking it as a hub for para rubber cultivation. Outperforming other
commercial crops, para rubber stands out not only for its economic significance
but also because it is easy to cultivate and requires minimum maintenance.

The study involved the collection of data from 25 rubber farmers in Ban
Khai District, Rayong Province, divided into two groups: 13 farmers who use
ethylene gas and 12 who do not. The questionnaire used to collect information
from the target rubber farms consisted of two parts: the social and economic
conditions of rubber farmers, and cost-return information on rubber production.
The latter included variable costs, fixed costs, total cost per rai (baht per rai),
total cost per kilogram, yield per rai (kilogram per rai), and returns.

Ban Khai

Figure 1. Rayong province map. Accessed from the Wikipedia page, link:
https://th.wikipedia.org/wiki/rayong province

Data analysis

The study focused on assessing the financial viability of using ethylene
gas in rubber farming, using cost and return analysis. In the analysis, the total
cost (TC) refers to direct cash outlays and indirect (non-cash) costs incurred by
farmers during the entire cropping period. A key distinction in the analysis is
between fixed costs (FCs) and variable costs (VCs). FCs remain the same no
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matter how much rubber is produced, while VCs change depending on the
volume of rubber output. Furthermore, all the expenses are categorised into two
types: cash and non-cash. Cash costs represent direct out-of-pocket expenses for
farmers, while non-cash costs refer to indirect expenses or imputed costs that do
not involve a direct cash payment.

The total revenue (TR) captures the entire income farmers receive from
selling their produce during a specific cropping cycle. The study derives the
profit by subtracting the TC from the TR, representing the farmers’ actual
earnings. To measure the efficiency of the farming operation, the profit
percentage is calculated by dividing the profit by the TR.

Another valuable tool is break-even analysis, which revealed the point at
which the revenue from sales equals the TCs, indicating a no-profit-no-loss
situation. This tool is crucial since it helps farmers identify the minimum they
need to produce or the price that must be charged to cover their costs. All
monetary values in this analysis are expressed per unit area, specifically per rai,
for clarity and consistency. The associated formulas are:

TC=TVC+TFC (1)

TR = TR-TC )

Break-even yield = TC/Price 3)

Break-even price = TC+TQ 4)
Results

Sociodemographic characteristics of rubber farmers

The findings found that the sociodemographic characteristics of rubber
farmers in Ban Khai District, Rayong Province which grouped as the group
utilising ethylene gas, the gender distribution equated to 32% males and 20%
females. A significant portion of this group (20%) fell within the age range of
61-70 years. Notably, the primary education level among the majority was
elementary school (20%). The rubber cultivation at 20% of farmers had 2630
years of experience.

On the other hand, the group was not using ethylene gas which presented
an equal gender distribution of males and females at 24%. Like their
counterparts, the majority in this group (24%) that belonged to the 61-70 age
bracket. Elementary school education was also predominantly found with a
higher count of 36% of the sampled individuals. From an experience perspective,
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the most represented category (16%) consisted of farmers with 16-20 years of
tenure in rubber cultivation.

Table 1. Sampled Para rubber farmers’ sociodemographic characteristics

Ethylene gas (n=13) Non-Ethylene gas (12)
Frequency Percentage Frequency Percentage

Gender

Male 8 32 6 24

Female 5 20 6 24
Age

31-40 2 8 1 4

41-50 0 0 2

51-60 4 16 3 12

61-70 5 20 6 24

71-80 2 8 0 0
Education

Primary 5 20 9 36

Junior High School 1 4 2 8

Senior High School 4 16 1 4

Bachelor 3 12 0 0
Experience

1-5 1 4 0 0

6-10 1 4 0 0

11-15 1 4 3 12

16-20 2 8 4 16

26-30 5 20 3 12

31-35 1 4 0 0

36-40 2 8 2 8
Rubber variety

RRIM 600 13 52 12 48

Rubber farmers’ ethylene gas user cost and return

The findings revealed that farmers faced an average total expenditure of
11,713.48 baht per rai. This cost is segmented into VCs of 9,811.46 baht per rai,
occupying 83.76% of the total, and FCs of 1,902.02 baht per rai, contributing to
16.24%.

VCs, the labour cost for preparing the land averages equated to 704.11
baht per rai, capturing 6.01% of the TC, with cash expenses and non-cash costs
constituting 4.42% and 1.59%, respectively. Rubber cultivation presented an
average cost of 1,893.40 baht per rai, making up 16.16% of the variable expenses.
This figure involved a cash component of 187.73 baht per rai and considerably
higher non-cash of 1,705.67 baht per rai. Maintenance of the rubber plantation
incurred 1,078.15 baht per rai, equating to 9.20% of the variable cost. The

669

76



distribution of this cost consisted of 242.35 baht per rai in cash and 835.80 baht
per rai in non-cash expenses.

In terms of harvest and post-harvest processes, the costs increased to
3,837.70 baht per rai, a significant 32.76%. Cash costs for this process consisted
of 326.92 baht per rai, whereas non-cash costs were notably higher at 3,510.78
baht per rai. Lastly, production factors, including various costs such as seeds,
fertilisers, chemicals, and ethylene gas, equated to 2,298.10 baht per rai
(19.62%). The ethylene gas was a major cost component at 1,200 baht per rai.
Regarding the FCs, the land tax was relatively minimal at 4.92 baht per rai,
forming 0.04% of the total FCs. The opportunity cost relating to land use, a non-
cash expense, was 995 baht per rai, accounting for 8.49% of the FCs. Equipment
depreciation was another substantial cost, amounting to 902.10 baht per rai, split
into 700 baht for cash costs and 202.10 baht for non-cash costs. In terms of
returns, the farmers’ average rubber yield was 378 kilograms per rai, with a
potential selling price of 47.50 baht per kilogram. This would lead to a revenue
of 17,955 baht per rai and a net profit of 6,241.52 baht per rai. Significantly, both
the yield and selling price were found to surpass the break-even metrics,
indicating that the farmers’ returns on investment were higher than their

production expenses, underscoring the profitability of rubber farming, as detailed
in Table 2.

Rubber farmers non- ethylene gas use cost and return

When assessing the costs faced by rubber farmers who did not use
ethylene gas, the data pointed to an average total expense of 9,813.50 baht per
rai. This expenditure can be divided into two main categories: VCs, equating to
about 8,611.46 baht per rai, and FCs of 1,202.02 baht per rai. VCs accounted for
a substantial 87.75% of the total, split into cash costs of 2,371.13 baht per rai
(24.16%) and non-cash costs of 6,240.33 baht per rai (63.59%). Several factors
contributed to these costs, such as labour for land preparation, rubber cultivation,
maintenance, and harvest. Additionally, various production costs amounted to a
total of 1,098.10 baht per rai.

In terms of FCs, the land tax accounted for a minimum of 4.92 baht per
rai, whereas the cost of using the land and indirectly expense were notably higher
at 995 baht per rai. Equipment-related costs and indirect were pegged at 202.10
baht per rai. In terms of revenue, the scenario remained optimistic for rubber
farmers not using ethylene gas. They achieved an average yield of 223 kilograms
per rai, with a selling price of 47.50 baht per kilogram, translating to get income
of approximately 10,592.50 baht per rai. Consequently, these farmers secured a
profit margin of 779 baht per rai, with the yield and price metrics both surpassing
the break-even threshold.
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Table 2. Cost-return table for rubber producers who employ the invention to use ethylene gas to boost rubber

production
Cash costs Non-cash costs Total cost
Items
Amount % Amount % Baht %
Variable costs 3,571.13 30.49 6,240.33  53.27 9,811.46 83.76
Labor costs for land preparation 517.65 442 186.46 1.59 704.11 6.01
Area adjustment fee 488.71 4.17 181.17 1.55 669.88 5.72
Cost of adding soil improvement materials 17.06 0.15 4.40 0.04 21.46 0.18
Cost of spraying herbicides 11.88 0.10 0.89 0.01 12.77 0.11
Labor costs for rubber planting 187.73 1.60 1,705.67 14.56 1,893.40 16.16
Digging, planting, and fertilizing 187.73 1.60 1,705.67  14.56 1,893.40 16.16
Cost rubber plantation maintenance 24235 2.07 835.80 7.14 1,078.15 9.20
‘Weed management costs 234.05 2.00 766.67 6.55 1,000.72 8.54
Fertilizer management cost 5.22 0.04 66.47 0.57 71.69 0.61
Pests management cost 3.08 0.03 2.66 0.02 5.74 0.05
Harvest and post-harvest 326.92 2.79 3,510.78 29.97 3,837.70 32.76
Cost of tapping rubber 234.1 2.00 2,052.33  17.52 2,286.43 19.52
Latex storage cost 92.82 0.79 1,458.45 12.45 1,551.27 13.24
Cost of production factors 2,296.48 19.61 1.62 0.01 2,298.10 19.62
Seedling 68.85 0.59 1.12 0.01 69.97 0.60
Organic fertilizer cost 7.22 0.06 0.50 0.00 7.72 0.07
Cost of biological fertilizer 15.30 0.13 - - 15.30 0.13
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Chemical fertilizer cost 771.55 6.59 - - 771.55 6.59
Cost of chemical and organic fertilizers 11.88 0.10 - - 11.88 0.10
Cost of herbicides/pests/hormones 3.61 0.03 - - 3.61 0.03
Gasoline cost 154.18 1.32 - - 154.18 1.32
Ethylene gas value 1,200 10.24 - - 1,200.00 10.24
Other expenses 63.89 0.55 - - 63.89 0.55
Fixed costs 704.92 6.02 1,197.10 10.22 1,902.02 16.24
Land tax 4.92 0.04 - - 4.92 0.04
Opportunity cost of land use - - 995.00 8.49 995.00 849
Depreciation 700 5.98 202.10 1.73 902.10 7.70
Total cost (baht/rai) 4,276.05 36.51 7,437.43  63.49 11,713.48 100.00
Total sales (baht/rai) 17,955.00
Average yield (kg/rai) 378
Product price (baht/kg.) 47.50
Net profit (baht/rai) 6,241.52
Break-even yield (kg/rai) 246.60
Break-even price (baht/kg.) 30.99
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Table 3. Cost-return for rubber producers who employ the invention of non-ethylene gas to boost rubber production

Items Cash costs Non-cash costs Total cost
Amount % Amount % Amount %
Variable costs 2,371.13 24.16 6,240.33 63.59 8,611.46 87.75
Labor costs for land preparation 517.65 5.27 186.46 1.90 704.11 717
Area adjustment fee 488.71 4.98 181.17 1.85 669.88 6.83
Cost of adding soil improvement materials 17.06 0.17 4.40 0.04 21.46 022
Cost of spraying herbicides 11.88 0.12 0.89 0.01 12.77 0.13
Labor costs for rubber planting 187.73 1.91 1,705.67 17.38 1,893.40 19.29
Digging, planting, and fertilizing 187.73 1.91 1,705.67 17.38 1,893.40 19.29
Cost rubber plantation maintenance 24235 247 835.80 8.52 1,078.15 10.99
Weed management costs 234.05 2.38 766.67 7.81 1,000.72 10.2
Fertilizer management cost 522 0.05 66.47 0.68 71.69 0.73
Pests management cost 3.08 0.03 2.66 0.03 5.74 0.06
Harvest and post-harvest 326.92 3.33 3,510.78 35.78 3,837.70 39.11
Cost of tapping rubber 234.1 2.39 2,052.33 2091 2,286.43 233
Latex storage cost 92.82 0.95 1,458.45 14.86 1,551.27 15.81
Cost of production factors 1,096.48 11.17 1.62 0.02 1,098.10 11.19
Seedling 68.85 0.70 1.12 0.01 69.97 0.71
Organic fertilizer cost 722 0.07 0.5 0.01 7.72 0.08
Cost of biological fertilizer 153 0.16 - - 15.30 0.16
Chemical fertilizer cost 771.55 7.86 - - 771.55 7.86
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Cost of chemical and organic fertilizers 11.88 0.12 - - 11.88 0.12
Cost of herbicides/pests/hormones 3.61 0.04 - - 3.61 0.04
Gasoline cost 154.18 1.57 - - 154.18 1.57
Ethylene gas value 63.89 0.65 - - 63.89 0.65
Other expenses 4.92 0.05 1,197.10 12.20 1,202.02 12.25
Fixed costs 4.92 0.05 - - 4.92 0.05
Land tax - - - - - -
Opportunity cost of land use - - 995.00 10.14 995.00 10.14
Depreciation - - 202.10 2.06 202.10 2.06
Total cost (baht/rai) 2,376.05 2421 7,437.45 75.79 9,813.50  100.00
Total sales (baht/rai) 10,592.50
Average yield (kg/rai) 223
Product price (baht/kg.) 47.50
Net profit (baht/rai) 779.00
Break-even yield (kg/rai) 206.60
Break-even price (baht/kg.) 44.01
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A comparative study of cost and return indicators between rubber farmers
in Rayong Province, Thailand, who either employed or refrained from using
ethylene gas as an innovation to boost latex output are shown in Table 4. The
data indicated a TC of 14,213.48 baht per rai for farmers utilising ethylene gas.
This encompassed VCs of 13,011.46 baht and FCs of 1,202.02 baht. Their total
income was 17,955 baht per rai, resulting in a net profit of 3,741.52 baht per rai.
Regarding break-even metrics, they achieved production at 299.23 baht and set
their break-even price at 37.60 baht.

Conversely, those farmers were not leveraged the ethylene gas face TCs
of 9,813.50 baht per rai, broken down into VCs of 8,611.46 THB and FCs of
1,202.02 baht. They get a total income of 10,592.50 baht per rai, leaving them
with a net profit of 779 baht per rai after deductions. Their break-even production
was found to be 206.60 baht, a price point was break-even of 44.01 baht.

In comparing the financial indicators between these two categories of
farmers showed significantly differences which emerged in their cost and return
figures, as evidenced by the T-test values. Notably, while the most indicators
display a significant difference at the .05 level, the FCs for both groups remained
statistically non-significant. This insight could have broader implications for
understanding rubber farmers’ fundamental economic challenges in the region,
regardless of whether they use ethylene gas.

Table 4. Comparison of ethylene gas users’ cost and return indicators in
boosting latex output among Rayong province, Thailand rubber farmers

Ethylene gas Non-ethylene gas. T-test
Total cost 14,213.48 9,813.50 5.46
Variable costs 13,011.46 8,611.46 4914
Total income 17,955 10,592.50 3.87
Net profit 3,741.52 779 1.52
Break-even production 299.23 206.60 5.42
Break-even price 37.60 44,01 12.73

Discussion

In recent years, the agricultural sector has seen a surge in technological
and methodological advancements to optimise the production and profitability.
One such innovation, the use ethylene gas to boost latex output, has garnered
attention among rubber farmers in Ban Khai District, Rayong Province,
Thailand. The cost-benefit dynamics associated with this method are investigated
in this study by contrasting them with traditional practices that do not use
ethylene gas.
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The findings indicated that while farmers employing ethylene gas face
higher initial costs, averaging 11,713.48 baht per rai, they get benefit from a
considerable profit margin, with an average profit of 6,241.52 baht per rai.
Conversely, despite incurring a lower total average cost of 9,813.50 baht per rai,
those who abstained from using ethylene gas reap a markedly diminished average
profit of just 779 baht per rai. This disparity represented in a difference in profit
of approximately 5,435.52 baht per rai, highlighted the economic viability of
integrating ethylene gas into rubber production, despite the initial increased
expenditure. It could be argued that the higher costs associated with the use of
ethylene gas could deter farmers from its adoption. However, the consequent
elevation in profit margins offered a compelling argument in its favour (Anwar
et al., 2021; Keil et al., 2020; Suwanmaneepong et al., 2020). The significant
difference in profitability between the two groups suggested that the returns
garnered from this innovation significantly outweigh the initial investment.

This observation aligned with the broader narrative of the agricultural
industry, where involved in strategic investments, although sometimes risky,
yield long-term benefits (Llones and Suwanmaneepong, 2021; Sowcharoensuk,
2021). Adopting new agricultural practices and technologies often appeared to
be necessitates an initial financial outlay but promises returns that outweigh the
investment (Effiong and Effiong, 2015; RAOT, 2017). The key lies in identifying
which innovations aligned with the local context and offer the most significant
economic advantage (Llones et al., 2022; Sowcharoensuk, 2021). This present
study resonated with the findings of Worapongapt and colleagues (2023), who
tackled the lean production system as a means for curtailing production costs in
creating gel-type hunger control products. Their conclusions reinforced the
concept that implementing strategic innovations, even if they demanded an
upfront investment, can lead to substantial cost reduction in the long run
(Weerathamrongsak and Wongsurawat, 2013).

Drawing from these insights, it is evident that the future of agriculture,
not just in Rayong Province but globally, hinges on the willingness of farmers
and stakeholders to embrace change. Resistance to innovations, often stemming
are concerned about initial costs or lack of understanding that can potentially
hinder growth and profitability (Fosso and Nanfosso, 2016; Kakinuma, 2022).
Farmers must be informed of these advancements and supported to integrate
them into their operations.

In conclusion, as the agricultural sector has continued to evolve in the
face of global challenges, the emphasis on adopting proven technologies and
methodologies would become paramount. The case of ethylene gas usage among
rubber farmers in Ban Khai District is shown to be a testament to the potential of
such innovations in reshaping the economic landscape of farming. For
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policymakers and agricultural authorities are ensured such findings to reach the
grassroots, enabling farmers to make informed decisions that bolster their
profitability and sustainability. Furthermore, the continued research and
collaboration with institutions can pave the way for the future discovery,
dissemination of more cost-effective, and innovative farming practices.
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