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Abstract

This research aimed to study 1) the effects of LED lighting duration on
the growth and physiological characteristics of RRIM 600 rubber seedlings and
2) the relationship between growth and physiology. The experiment involved four
treatments and three replications: 12 hours of natural light (no supplementary
lighting) and supplementary LED lighting at night for 4, 8, and 12 hours, respectively.
Data were collected on growth, including height, stem diameter, leaf number,
leaf area, fresh and dry weight, as well as physiological traits such as chlorophyll
content, photosynthesis, transpiration, and stomatal conductance. Data were
analyzed using analysis of variance, LSD, and linear regression analysis.

The results revealed that supplementary lighting duration significantly
affected the growth of rubber seedlings (p<0.05). The 12-hour supplementary
lishting treatment had the highest growth values, with average stem diameter
of 8.66 mm, height of 100.43 cm, and leaf area of 67.78 cm2. Chlorophyll
content, photosynthesis, and transpiration were also significantly lower. And
transpiration was not different between treatments. However, stomatal
conductance was significantly related to growth. The results showed that
supplementary LED lighting at night could accelerate the growth of rubber

seedlings, especially the 4-hour treatment, which was suitable in terms of
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energy saving and growth promotion. Therefore, it is a potential approach for
producing high-quality rubber seedlings to reduce the cultivation time and

support commercial cultivation.

Keywords: Rubber seedlings, Rubber propagation LED, light bulbs, Clone
RRIM 600
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guasny uazilugnisiaunszuunismdnensnaegnedaiy fuduiainising
NaYesTzA sl nvaealul LED fiflionisiiulnuavaisinevesfundnens
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1. s2:08Un15398 TUukUNIIVAaBIlUyU Completely Randomized Design
4 yEnwud S1uau 3 61 Taglddundrens Wug RRIM 600 dieiudsuifisunisidule
funaene Inelduaonln LED Grow Light 200W Usgtan@yu LED SMD 2835 A1y
g1IPAUAUNATY 447-660 nm PPFD/1 %l 457 tmol/m’/s' (ufns Yaumiiuns way
loadud yadl, 2560) 8n31dU Fund : a1y 101 Inevdammudi 1 (T1) mslasunas
Unf warldliuasadumaenlnl vinwudi 2 (12) msliuaamasalil LED wduluneou
naneAu & Falus viEawwdi 3 (T3) msliuasaenlyl LED wiulunaunansiu 8 $alus
VEnuGT 4 (Ta) nsliuaswaenlnl LED wdulumounansdiu 12 dalua

2. mssfiums deuBudunismeass nedeuauduLasamasali LED
Favliifunanasy neldinies Quantum Light Meter Sarn PPFD Saiusd snusunas
waslutnesnueedunas Tnevinisialugaaaan 20.00-22.00 u. manuduuasl
Tounin 300 wmol/m’/s’ ndsaniidundrenaaiaiuln uasdeinldnig 25-30 Su
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55503 12 Falus wavwanasuanvaenl LED 8 $2las (18.00-02.00 1) 52317a1
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HaN13ITBUAzaRUTIENA
1. wavasszezIaniuasanvaanlv LED denisidulnvasiundiens
Wug RRIM 600
1.1 maAulnvasdundiene Wug RRIM 600 lasnslviuasmasalul LED
wslumeunansiu 12 $lus (74) Wnamsiivlediian Teefidusiugudnansvesdidy
|afE 8.66 TAAWIAT WazAINGY WA 100.43 Lwufiluns YaurAinislasuuasund uas
Lilviuaaasulumeunansdiu (T1) fdusiugudnatsvesdidu deufian e 7.12
fadns LagAugs Wdy 72.25 lwufuns tnedanuunndianeeada (p < 0.05)
5EMI19 MEAUAT 1 AUNSAUAT 2, 3 uagnEawudn 4 (319l 1,2) Tudiuves
fuilundegean Ao nsliuamasnal LED wSslunounansiy 12 92l (T9) wihiy
67.78 FNTMUBUALINT 1NTALATLANAIIN VEAIIUAT 1 (49.12) LAy NEALIUAT 2
(52.23) Mimmudd 3 (57.19) laiunnsingann 3muudd 4 usiganin nimaudd 1
agafitfddey (597t 3) wagduailusan vesnsiiuamasal LED w@sulunau
nansAu 12 Falus (Ta) Ddwaulumniign wiriu 689 Tu dauduauly vesnnsli

wasviaeanlyl LED duns wavu1du waSulunaunansdu 8 Talus (T3) dadesiign

wiiiu 578 Tu Gauily S1uaulu nnnsewudlaifannuuand1an1eada (113199 4)

A191990 1 YWIALdURIUALENaI9asAUNAI81e g RRIM 600 Lialasuuaann

aanln LED Awpnananiy

173 1 4 v ¥ a a
LEUNIUAUENANYDIAUNAIYY (NAALNAT)

Treatment/ifay -
un.67 AN.67 un.67 1318.67 nA.67
T1 3.15 3.76ab 4.44 5.54b 7.12b
T2 3.07 3.59b 4.56 6.13a 8.21a
T3 2.84 3.68b 4.73 6.34a 8.38a
T4 3.07 3.92a 4.79 6.35a 8.66a
SD 0.12 0.11 0.13 0.23 0.46
F-test ns * ns * *
CV(%) 4.94 3.26 3.46 4.58 6.98
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M50 2 NSAUTATEIAINEIVRIAUNNEN TG RRIM 600 Wialdsuwasannviaanl

LED 7ansingny

ANGIVDIRUNAIENS (URALUAT)

Treatment/ihay -
UA.67 nAN.67 4un.67 Lle.67 WA.67
T1 33.30 37.30 42.22 56.85¢ 72.25b
T2 29.80 3552 48.79 63.13bc 93.24a
T3 30.30 39.90 40.45 71.91ab 99.72a
T4 30.37 41.91 50.71 76.90a 100.43a
SD 2.49 2.28 8.33 5.64 7.85
F-test ns ns ns * *
CV(%) 9.87 7.18 22.39 10.28 10.51

o

ns = ldumnuandnafiunieadn fseiuded 1fity 0.05 (non-significant) LSD

= UANANTUN9EER TiseRutaddry 0.05 (significant difference) LSD

M19199 3 Nudilude Yosiunanens fug RRIM 600 wolasuuas a1nvasabn LED

Fumnsineiu
. Huiluade (Msaaufians)
Treatment/taau -
uA.67 nN.67 fin.67 1E.67 "A.67
T1 11.33 18.43 27.40c 41.86 49.12b
T2 12.45 18.41 26.75c 44.62 52.23b
T3 14.58 21.35 30.60b 48.95 57.19ab
T4 18.58 24.96 36.90a 58.19 67.78a
SD 2.82 4.22 1.23 5.73 5.18
F-test ns ns * ns *
CV(%) 24.28 24.84 4.96 14.49 11.21

o

ns = llunnuansnatumseda fissduted 1fity 0.05 (non-significant) LSD

* = uanenefunneadn fisedutiddey 0.05 (significant difference) LSD
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M15199 4 Panlusiuedy ve3dundnen g RRIM 600 Lislasuiasainvaanln

LED wn@19iy

3uulusau (lu)

Treatment/thay -

UA.67 nN.67 4un.67 LY.67 WA.67

T1 171 153 369 455 636

T2 165 216 417 489 637

T3 161 192 349 409 578

T4 176 248 416 503 689
SD 27.46 34.23 67.62 78.21 135.43

F-test ns ns ns ns ns
CV(%) 19.96 20.69 21.33 20.62 25.71

YY)

ns = laumnuana1siunsada Aszautdaddny 0.05 (non-significant) LSD

[}

* = uAnEeuNI9Eia Nszautiadfsy 0.05 (significant difference) LSD

1.2 dhaiinaafuduminuievasdungiens wug RRIM 600 nsliiuas
vagalil LED wa3alumeunansiu 8 4l (T3) fwiinan vas 310 d1du Tu way
dwnrmsndian wiswihtu 149 n3u dedu msldsunannd warldlVuasadaly
pounasAL (T1) fdmiinan ves 510 &1 Tu wasthwiinsaadetosiian whiy
79.85 n3u sodu Tuynninmud ldflnnuuandnemieadd (p < 0.05) (119149 5)
Tuduvesthwiinuia Tnemsliuasmaonl LED waSulunounansdu 8 dalus (T3)
fiwninuka 109 910 $1du Tu snfiansauiaie Wiy 42.88 ndu dedu waznslisy
wasUnd uagliliuanasuluneunansiu (T1) Sdwiinuiis ves 510 défu Tu 2anade

Weedign winiu 28.59 nSu dedu Nnvisamud lifianuunnd1aneada (p < 0.05)

(miwqﬁ 6)
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A15197 5 Umtinandosy Yaaiunalens Wug RRIM 600 Waldsuuasainvaonl

LED funnsineiu Tufew wquanau 2567

Treatment wiinan(ndu) . Wasuigu
570 andu fMulunacglu (away)
T1 26.67 30.46 22.72 79.85 100.00
T2 34.73 46.27 26.41 107.41 134.51
T3 39.33 46.42 33.10 118.85 148.84
T4 32.78 45.96 29.73 108.47 135.84
SD 6.13 12.2 8.18 24.84
F-test ns ns ns ns
CV(%) 22.65 35.33 35.35 29.42

ns = ldunnuanasiunieadd Aszduladdny 0.05 (non-significant) LSD

* = UAnEUNeEnR NseAutludfny 0.05 (significant difference) LSD

M990 6 Umitinuviasiadi Yaesundnes Wug RRIM 600 walasuuasainvaonb

LED wansnsfiu Tubiau wawniau 2567

Ymnudta(ndu) wWasuiigu
Treatment 374
370 afu Aulunazlu (5ovaz)
T1 9.30 11.61 7.68 28.59 100.00
T2 12.85 18.27 9.17 40.29 140.92
T3 13.65 17.86 11.37 42.88 149.98
T4 11.90 17.61 10.51 40.02 139.98
SD 2.65 471 2.82 9.72
F-test ns ns ns ns
CV(%) 27.24 35.28 35.73 31.37

ns = Luupnuana1afumsadd Asyauteddny 0.05 (non-significant) LSD

* = uAnNENAUN9Etn NszAutivddsy 0.05 (significant difference) LSD

ANUEIARYUBITEBE AN TN zaNlunEET ISR Ul UNAD

819 WU MSkasInvaealn LED wiSulunaunansdu 8 9alud (T3) dnananisnaiun
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vonhwmiinan waziunusiduseiuiiifian Weisusunauudsu 9 uinsliuas
nvaealyl LED efalumeunansdi 12 Halus (T4) desalvidundfinmsiiulavesdisu
LAzANNgTIATian denadeddu (Cheng, X. et al,, 2021) Aiwudn nsiadulul LED
Auns-thidu meunansiu (12 ) Tusmmalyma Yssmadu fusnan wug CATAS
7-20-59 iulmity TnegldAmas PPFD 200 pmol/m™/s' Wuan 5 e wuinduens
dlelduuanatu Sanugafivtu 41% wanduihugudnansdfudfistu 36% Woifiey
funguauay wansliiuluaaSuounafy FenIzgunIsiulaveIsueI I
I§ogeiuszansam au (@udng dnla, u.u1) nuiidundiensiinmn (8199194)
fienugs waznisuaneen snnnimslalldsuuaadia wagnsliuasannuasalsl LED
wdslumaunansdiy 8 92l (13) fbwdnanuasihmdnuisgean aonndesiu (Fan
et al., 2013) ANYINUIT AINULUULE fnalihveinan tividnuis fenaduuas
300-450 pmol/m’/s' wazdivuannunuasiugsiian uenaint nsliuassssuyd
fnavlamedidusazmugstioniian Sedliut ssoznamsliuaminvasnly
LED wedailumounanadiu 4 $alus (T2) 8 $alua (T3) waz 12 $9lus (T4) Tnosauudn
nsiulavesiunaenaldunndieiu uisseziainisvikasanvaeall LED tasuly
pounansAy 4 2l (12) fszeznanmsldlwindesiign eravilrandunulunisnde
AUNAIENE WALLLZANRBNITNAAAUNAIEINTT TUATUNANDUMVILAULATEFAT

2. NAYRITEELIAINTIILEIIINUARALW LED fas3singvassiunanens
Wug RRIM 600 wui1 mslsuaamasal LED Ladulunounansiu 4 dalus (T2) fiein
MsdaATIziilas 1wagean Wiy 5.091 umol/m™/s' uaznislviuamasnl LED
ialumsunanafiu 12 s (T0) finsdansizsinastiosiign ity 4.335 pmol/
m’/s’ TnefluTinnnaslsilad (SPAD) mnmsliuasmasnl LED wealunounansiy
12 $alas (T4) fUSananaslsilad wasgeiian windu 53.73 waznslisuuasnd
Lilviwaneduluneunansdu (T1) Usinunaelsilad desfian lade Wity 5051 8ne1
n1smet wuth msliuamaenlil LED wisilunounansiiu 4 $2lus (T2) f8msnng
At 1ndegefian Wiy 4.399 mmol/m’/s' waznisliuasviasalyl LED & waulu
pounandu 12 Halus (T4) fnmnisaeiidesiian wirdy 3.456 mmol/m’/s'

wazn1sibiivesunlu wun mshikasasnln LED wa@sulumaunanadu 4 97luq
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° A - W 2,1 1%
(T2) nmsihlniihvesunlu wwhegeiiga wiadu 3.964 mmol/m™/s” uaznslviuas
vaoalW LED wSuluneunaisdiu 8 4alus (T3) msihlwihvesunludesiign wade
v 2,1 ' = Y 1 ] aa
WU 3.160 mmol/m™/s wazusazn3nuud lddanuuananenieana (p < 0.05)

(mm‘?i 7

a @ ¢ Y H o v v
M990 7 MsdaATIeiLas 8nsnsaeu wagnisiabiivesiinly vesundnens
#ug RRIM 600 Wialasunasainuasnld LED uane1aiu 1ady 5 ifou

(UA3IAN 2567 - WO wAAU 2567

paglsilad  msdeesizdiuas dmsnaseeih nastnlWdhvesuinlu

Treatment (SPAD) (A) (E) (Gs)
(MmoUm?/s)  (mmol /m/st) (mmol /m?/s)
T1 50.51 4918 3.756 3.797
T2 53.24 5.091 4.399 3.964
T3 52.85 4.671 3.390 3.160
T4 53.73 4.335 3.345 3.657
SD 5.37 0.907 0.735 0.629
F-test ns ns ns ns
CV(%) 11.06 9.87 12.83 14.39

v o

ns = Luupnuana1afumsada Asyauteddny 0.05 (non-significant) LSD

v o

* = UAnNENiUN9Enn NssAutluddny 0.05 (significant difference) LSD

s

Msiasunasund wazldlmiaaasulunounasdu (T1) YrelensInsawAIIE

a & ) 2,1 = P Y a A Ao
wainduluseau 4.918 pmol/m’/s FeannanInUaNYMEALEITUINRUDINY N
A5USUAIA LN AU AUBEISTTUTIR win S hawaaraantn LED wasulunaunanay

™) o o ¢ W 2.1 ™)

4 97lug (T2) UDAIINTAUATIENGIFANINY 5.091 umol/m /s Ly 8 g (T3)
wag 12 9il0a (T4) auadu nan3ewud lidanuwananmisaifed1elidad Ay
@anPaanU Yaol et al. (2021) WU WISITLADSNITALATIZILES b AN USEAIN
nauneaes Usunauraslsilad wazsimemnstuluiiy Weldsuuauasuluiainaisdu

LaENFUAILAN FIUSUAaRlT ALY Usinsikaseasunaenl LED dnad
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