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Photosynthetic Light-Response Curve of Holy Basil (Ocimum tenuiflorum L.) under Different
Levels of CO2 Concentrations
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Abstract: Light intensity and atmospheric 002 concentration (Ca) play important roles in plant
photosynthesis. The objectives of this research were to determine the light and CO2 requirements for
maximal photosynthesis and to investigate the effect of elevated Ca on photosynthesis process in holy
basil (Ocimum tenuiflorum L. ‘OC059’). We examined the response of photosynthetic rate under the
different levels of light intensity from 0-2500 pmolPPF m?s” and C_ from 400-1600 pmolCO, mol ™.
The result indicated that the maximum gross photosynthetic rate (Amax) of holy basil was 35.0
pmoICO2 m? s at ambient Ca (400 pmoICO2 mol™). The light saturation point (IS) where the net
photosynthetic rate (A) reached its maximum was 918.1 pmolPPF m” s and the light compensation
point (IC) was 64.6 umolPPF m™s™. Increasing Ca induced stomatal closure in holy basil, the stomatal
conductance (gs) decreased markedly with elevating the level of Ca. The Amax and s increased with in-
creasing Ca, whereas the quantum efficiency (0C) and dark respiration rate (Rd) decreased. The optimal

level of Ca for enhancing maximal photosynthesis in holy basil was 1000 pmoICO2 mol ™.

Keywords: Holy basil, photosynthesis, light response curve, elevated CO2 concentration

! @uﬁimﬂ‘lﬁu‘l@ﬁfmmwmﬁm NVNINERLNHATANGRS INENTANTUNILAL @.umﬂgu 73140

' Center for Agricultural Biotechnology, Kasetsart University, Kamphaeng Saen Campus, Nakhon Pathom, 73140, Thailand
2 gudlanududAsumalulagdanininems 1naudannsensenisganAne menAans auuazudnnasy namne
10900

?Center of Excellence on Agricultural Biotechnology: (AG-BIO/MHESI), Bangkok 10900, Thailand

¥ AURAUA U RTENIIATEUW NIARTINTAIN ATUTINEAT AMUWSLAY NININIAUNHATAIART INYYANILNIUAL
uAslgu 73140

® Tropical Vegetable Research Center, Department of Horticulture, Faculty of Agriculture at Kamphaeng Saen, Kasetsart
University, Kamphaeng Saen Campus, Nakhon Pathom, 73140, Thailand

* g1 A TRl E TN TN TINERT AUZINEAT NUNKLEL NwﬁwmﬁﬂLm:rmﬂ’mmrumﬂigu 73140

* Program in Agricultural Biotechnology, Faculty of Agriculture at Kamphaeng Saen, Kasetsart University, Kamphaeng
Saen Campus, Nakhon Pathom, 73140, Thailand

*Corresponding author: winai.ut@ku.th



96
ANENANFASINHATLATNNFAANIS 8 (1) : 95-104 (2568)

UNAAER: TEALANNITNLALAY mwL'ﬁ’m%’ummma“muimﬂnisﬁm“lummﬂ (c) Aunund1Any
AANTZUIUNTEUATIZHLALDINT QW%Q@H%NQMDﬂiv@QﬂLWﬂﬂﬁ‘yLNuﬁ‘ mummmmﬂfml,zmmy
maéuau”l,m@@ﬂienmmwﬂmmuwm@mmﬁqmmwungﬂzﬁm WATANHBNTNALRITEAL C, mwmmm'a
nszuaunsdansziuas Ineldnzinaiiug 0Co59 Wuitmaaes Anwnszuaunisdansiziiasniels
AN NLAIAnaTEAL LT 0 2500 umMolPPF m?s’ memmmmmc nanszALligag 400-1600
HmMoICO, mol” anns@AnEINLN mvmuc m@qmmmﬂﬂmm 400 pmoICO mol MUnsnaNendanIIEd
A4 (A ) Wiy 35.0 umolCO m?s’ mmmmmmmwum (Is) mﬂmmumwmem\mm"l‘w
'é”mﬁz‘ﬁ“\uﬁmvw,l,mmmﬁ (A) meummm WAL 918.1 umolPPF m* s™ LL@vNﬁWQWﬁm‘HHLL@\‘I (I ) inru
64.6 pmolPPF m* s™ ﬂWiLWN‘ﬂu‘ﬂﬂ\‘iivﬁU C, mnuﬂumﬂ’lmmn meﬂmmummnw Tmamm”l,m
1nlu (g) anasmuszAL C, mwmwu mm A -
(oC )LL@V@mqmﬂ%Mmmm (Rd) H3zAuanas mec meu Imm”ﬁmc mmmvmummﬂnuﬂu
mmm@mflmLm%mmdqqqm A8 1000 HmMoICO, mol”’

LA | ummmu Iummvmmﬂ@”mmﬁmwmﬂmLLm

o o a

ARNATY: N2, N9RSLATIZYiLAS, uRaLauassaua, ANduduaasafuaulaaan losniiua

AN WAZHARTINIAN IR AR UAT WA WTEN 16
N¥NST (Ocimum tenuiflorum L.) v FAU NWINYIALNERTANGANT INLLUANTNILAL
(Wongpraneekul et al., 2022) tagdayanlsann

o ol > a

AnfANAeINsLTinAg uazldlugmaiunssuy
& va v &

nsmaaedluafatiannsaldidudeyanugiuly

29119 11U au1sdFagUnfaniulszniu

amnsuilegd wazerunsududaduadianin
(Imaizumi et al., 2021; Raksakantong et al., 2011)
widnluiaquiuiinnslgnnzmei@anisdniuesing
unsuane urdayawargduuunisdnnisass
NINARTeINZINGT teenszsurndenanlfify
Anannaesindsiagedeanin Tnaanizdeya
ANNABINITANINAINA (climatic requirements)
Lﬁ@‘h’ﬂumﬁmmﬂﬁtﬁﬂm’@ma‘m’?mLﬁ‘uimmzmﬁ
afnananIaInzinagalin1sAneiladannin
Imﬂﬁ@f-‘fﬂmmwmmﬂﬁﬁﬁﬁm AR WA LAzing
mdueulasanlas (CO) fodudasensnausy
slﬁslumvmum?mLm%mmwmwmL‘Wfamﬂmu‘tm
NN9AFINNIRTINN UATNITASHANAR (Gestel
et al., 2005; Simkin et al., 2015) TRQLIITAIAVD
nuAdei FeanisAnmaninateninuidiuas

LAZTZALITD CO, luand fadnsInIsdaATIzit

waszeslunzime Taeldnuinensinug 0C059 1l

P 2 Ao A a Iy
wanaaey aeianselulun) anduven wayli

v
v o

a a = ] a v dl a
HANARGS AnisEaiinsdaudTnlidgnineusing

nsWaungluuukazinatiadeliimnislunis
AANTUAIUATIZAL CO, TnsemuANAaInig
YAINZINTY mewuﬂﬂﬂmwslumimlmﬁvml,m
LaTENIYAUNANAATT UanaNHaai1anny
Wnlanalnnismevauesaasfunsinginie s
3w CO, Iu@ﬂﬂﬁﬂwmewumnm@mmmm
m@LﬂMuuﬂ@ammwmmmmim (climate
change) anmael

ainsaluazignisg

NISLATANAUNTNARD

Iummﬂmmquvl,mﬂ@nmuml,wm
Wug 0C059 ulseFaudenidne mfaﬂwﬁumw
WATWANWI NI NIASEU AISINEAT NIWNILAY
NUINERLNEATANAAT INLNUANTULNILAY
dandpunstgn Tnanizwdnludangniinues
aunssiadundnilany 30 fu edhegnludan
Ugnitdszneudaemane geuznin WAz UnAL
am31dau 1:1:1 lnatfFuams Tunszansaunadu
HUAUENATG 12 of Iﬁigfﬁwé’ﬂmﬁuﬂﬂ (fertigation)



Agricultural Science and Management J. 8 (1) : 95-104 (2025)

97

fnunessILtven Usznandas fanangns
15-5-20 150104 0.03 NFuFBAUARTY LNNTUTEN
dawmalnslansn (MgSO0,7H 0) sunm
0.04 NSUFARFAUARTY wAaLEaNARDlss (CaCl)
UFuns 0.07 niudedusady Lazqas1R I
UNILATE FC 13u1tu 0.01 nfumasumady 19
dundufiaduas 600 HaAARIAaduseTY And
#nntlannA (WatchDog Mini-Weather Stations
1142475, Spectrum Technologies Inc., USA) Tisva
@J\i@’mﬁu 2 T Lﬁ'mﬁu%gmmwmmﬁmﬂu
19430UARDALIANTIINANINAREY AILALAaY
Agueufedmnay 2566 Taaaaduuaslugo
nanadi (6-18 1) MelulsaieuilAnads 440.0
HmMolPPF m*®s™ qmmﬁmmﬁL@?ﬂlﬂiwﬁqaﬂmﬁu
32 BIANTAEEA ANNTLANTIMEI98N NN AT
NANSSU LA 68% LAZNANIAL 19AE 84%
L UARLAUDIADLES

ﬁﬂﬁuﬂxmﬁﬁﬁmaﬁu 57 U ﬁﬁlamﬂu
sraizNTRstALTINISANsU (vegetative stage)
NMN13UszIlUNITLIRNNdL AT s LA L
ﬂmwmimffmzﬁum'amumﬁi@LLm (photosynthetic
light-response curve) m”mummmmumm CO
Tuend 6 se Salunzmelugndud 3 Wuann
Uanteian eilAndaiiannuiden (SPAD index) a8
109 40-45 1991980 8-12 1. SaludaeFaad
Fasmuandsuuiaszunie (LI1-6800, Licor
Inc., USA) lfiadnuuy multiphase flash fluoro-
meter chamber (6800-01A) fﬁ?ﬂﬁﬂqmmﬁmﬂu

o o dldl = d’lJ o &
WTAAINN 28 BIANEALTUR ANNTURNANS

a¢f 1199 65-70% Saeniazeserniadiiuaciiu
1y 400 umol s™ Fumaunisde Guiinnududy
°IJ®<1 CO sl,ummﬁ (air CO concentration, C)
Aazfunila Qﬂ@[ﬁ]ﬁ"}LL@ﬂLﬂ@ﬂuLLﬂ@ﬂ’WﬁlIEﬂ‘i“’mU
AN LN LA (photosynthenc photon flux, PPF)
fsuanaafluduianun 14 32U faus 2500
AU 0 pmolPPF m? s uasandndumenanes

ﬁl@LL@QWu\?L@uLL@Q @QU?UL‘]J@EI‘H C LWNTLI‘H@TW]
AZTEAL ﬁ")ﬂJVNﬁNﬂ 6 TTAL ﬁﬂ 400, 600 800,
1000, 1200 L@ 1600 me|CO2 mol” Lﬁ?@ﬂﬁd’ﬂ
Tiirnams149AT121iUA9gNE (net photosynthetic
rate, A) §maAEn (transpiration rate, E) LazAN
inluatlnlu (g
(water use eff|C|ency WUE = A/E) u@ﬂmﬂu
LV"I?@QN@H\?’J@WW?WNLﬁ]”ﬂﬁ“ﬂiﬁ]ﬂi‘vmuﬂ?v@‘ﬂﬁﬂqw
N9 M LANTBITULILAIADY (Photosystem 11, PSII)

mﬂmﬂ?mm%ﬁm@mmLsnum“l,ummzmuvlﬁé“u

mmmmﬂi”mmmwmﬂfnm

memvuu (steady-state fluorescence, F ) LAY
ﬂ?mmm@ﬂmaLmvnummmlummwﬂuimu
ANHLINLANEININ (maximum fluorescence, F )
ANRIMANLTZANBNINNNT LAY PSI luande
ﬁlviﬁjﬂ‘vmm\‘l (light-adapted quantum efficiency
of PSIl, @ ) Idd ¢ = (F Fs)F
@jvmﬁl,ﬂalﬂum&lm@ﬂm@u (electron transport
rate, ETR) 1aan ETR = ¢ xfxIxo 1l f
Aa dndounesuasngnaanaulag PSI ey
PS (mmuwm C, A1 0.5) | AeANdNLAalY
mm@ummumimLm’]ymm (PPF) waz a_
Aa duilsy @mﬁmmmﬂ@uummﬂuum 0.85
(Schreiber et al., 1998) mwicﬂmmmmmmu
1098 AILARBUINEB AN ATAUAERINRILATIY
a3 (ETR/A) ieniauliauifieny Awandnilua
nlugegn (g_max) LL@f:fj"mmmﬂﬂfﬁ@;mm (E )
Tneiadesn g uaT E fisvAuAnuduLgs PPF
49097 1200 pmolPPF m”? s” ANNAEN1978931E
WATARLL (2559)
N15U5LLtAUAINISIRLARS VDU R UARLAUDS
AALAY

WATALID

ANTNANNUS TLNINNARTNRILATIZW
waIgnanuAf NIt NLas aglugdaasannis
non-rectangular hyperbola (Thornley and
Johnson, 1990) |

al

A9t

A= OU+A  — \ (OLI+A )™

400UA
max _ R

20

d



98

ANENANFASINHATLATNNFAANIS 8 (1) : 95-105 (2568)

e oo Aa sz@niniwnislduaa
(quantum efficiency) tuArArudwluga

A LASF (0100 umolPPF m?2 s™) O Ag
APLANAYIN AN A UN I (curvature factor)
Rd ﬁ@ﬁm’mwiﬂuﬁﬁm (dark respiration rate)
A AB8RINdIAIZYLANENT (net photosynthetic
rate) WAz A Aa dnsdaAIizsiiasgaga
(maximum gross photosynthetic rate) AU
W1ATF7) 228NN AU LAUBIFBUAS
49 UR8AE non-linear regression Il solver
2a4l1sUnTN Microsoft Excel AMURLANAINLIN
LARLEA (light saturation point, ) Ipen1uuALL
AL e A = 0.85A  UATAATALTE
LA (light compelnsation point, IC) InenuuALL
AN NLELED A = 0
NMSAATIEUL YAV
Anrzvideyanisllsunsngidagy 1BM
SPSS Statistics 26 ALATITUANTNAUAITLAL C
fineng one-way analysis of variance (ANOVA)
‘Emﬂ‘wmmm:ﬁuﬁmﬁﬂﬁmmmaﬁﬁ p < 0.05 Uay
wRenniteupniads #2eRa Duncan’s New Multiple

Range Test

NANISYIARDILAZIANT TS
LAUADUAUDIAD LAY

ANMHNANNUSTZUINIAIBATIRILATIZY

WRIENT (A) NUAIANNLTNULAY (PPF) YEG
Wurauauassalasraslunzing analeseau
@mmﬁ’wﬁ’mm Co, Tuannae () fumnanaiu
BGLLB 400-1600 umolCO, mol™ uadAIaNH LY
g LA T s AU AN TR 9TY (Figure 1a) lag
AN A RaALetnenEaAIY PPF Tfnaulugag
mﬂmummu 0-1000 pmolCO_ mol” LL&*QG‘IN
nduatnstnag m A mvmmmmmmmmu@
mwmmmm@m@umum (I ) (Figure 1a) SIN
\Fhugasfidn A mmmmmamwmmumm Co,
(Lang et al., 2013) ) Taeien A aEuANsE AL C.
mwmwuiuma 400-1000 pmolCO_ mol”" uaz
fiAnAsilitag 1000-1200 umolCO, mol” IR

m@m@mmwummmmm”mu C_wiriu 1600
umoICO_ mol” (Figure 1a) Lumﬂ?ﬂumﬂum A
ga9lunzimsne lFANIENLES 2500 pmolPPF
m? s’ WUl A1 A2500 mmmﬁm?}”uﬁivﬁu
Ca 1000 pmoICO mol” flpn 47 SpmoICO m?s’
LazAn A2500 mzﬁmmmmvm C @ﬂuﬁwmummﬂ
Un@f 400 HMoICO, mol” H@1 29.5 HMoICO,
mol ™ (Table 1) meimumw A1 A 289 LN
mminlﬁm"fulﬁ@iﬁ% Co, Antwluanniia
AN LN LASLNE NS
Lﬁ@ﬁ@ﬁﬁ‘mﬂﬂﬁﬁ‘LﬂgﬁluLLﬂ@\ﬂI@\ﬁﬁ’]ﬁ"}
uatnlu (g ) fuAn PPF fisesi C, 12487M1A
Und (400 pmo|C02 mol™) WudAN g, meu
A4 PPF ausiseA 0-400 umolPPF m'2 s’ Ay
ziﬁﬁzjﬁm;\iqmmﬁﬁmzﬁu PPF @J\mfjﬁi:ﬁuﬁ
(Figure 1b) Tnefisvsu C_400 pmolCO, mol
Tunemadlanivainlugege (g, ) windu
782.8 mmolH 0 m-2 s-1 uay AAEmI1ANY
ummm (Em X) fag_um 10.3 rDmoIHQO m™
(Table 1) uAiLSia sz Ay C A9TUANITALRINA
UnFgaus 6001600 meICO mol” Wm’mmmu
Ansulaeuutasaessn g, uaz PPF fenuned
fngeanld TaaAn g, ANTuAINIYAY PPF
lueing 0-400 umolPPF m?s” uazlAadnnszau
mmmmﬂum\i PPF ‘1/1 600-1200 pmolCO_ mol”
war g_ Nﬂ’]@ﬁ@ﬂLNﬂ?vﬁﬁJﬁQWNLﬂINLL@\‘i@Qﬂ’N
1200 pmolPPF m? s’ (Figure 1b) el g, 1A
ARRINDIZAL C qummumni”mummmﬂﬂm
mmmimmmwm( 299 TUNZINT 1A AAS
AxldAae (Figure 1c) Tmﬂmﬂﬁ'uﬁmm Co,
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Figure 1 Light response curves of a. net photosynthetic rate (A), b. stomatal conductance (gs), c. transpiration rate (E) and
d. water use efficiency (WUE) of holy basil ‘OC059’ under six levels of CO2 concentrations. Values are means + SE (n = 3).

Table 1 Parameters of light response measurement of holy basil ‘OC059’ under six levels of CO2 concentrations (C ). Net

a

photosynthetic rate at PPF 2500 umol m™ sf*(A2 ), maximum stomatal conductance (gS ), and maximum transpiration

500 max
rate (Emax).
C_, umoICO, mol”
Parameters p-value
400 600 800 1000 1200 1600

A HMoICO, m?s’ 29.5 375 457 47.3 457 38.2 o
+1.8° +3.1% +3.6° +5.9° +54° +3.1%

g, mmolH 0 m?s’ 782.8 462.3 378.8 358.9 305.4 2315 o
+99.8° +15.6° +21.5° +50.3° +73.4° +82.6°

E_,mmolH O m?s’ 10.3 6.6 6.3 55 5.0 3.7 *
+1.7° +0.4° +0.5° +1.1° +0.7° +1.0°

Values are means + SE (n = 3). Means within a row followed by the different letters are significantly different (Duncan’s
New Multiple Range test, p < 0.05). **, statistically significant difference at p < 0.05;
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18997 C3 INnanasvitadrasnnllsae (Bowes,

1993)

), b. electron transport rate (ETR) and c. ratio

of apparent electron transport rate to net photosynthetic rate (ETR/A) of holy basil ‘OC059’ under six levels of 002

concentrations. Values are means + SE (n = 3).
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Table 2 Summary of parameters of light response curves of holy basil ‘OC059’ under six levels of 002 concentrations
(Ca). Maximum gross photosynthetic rate (Amax), quantum efficiency (0C), curvature factor (9), dark respiration rate (Rd),

light saturation point (IS), and light compensation point (|

c)'

C,. umolCO, mol”

Parameters

p-value
400 600 800 1000 1200 1600
A, umolCO, m?s” 35.0 44.5 55.2 57.1 52.5 47.6 o
+2.2b +3.0% +3.8° +7.0° +3.1° +51%
oc, molCO, mol" PPF 0.056 0.061 0.060 0.052 0.044 0.037 o
+0.001% +0.003° +0.005°  +£0.005®  +0.006™ +0.003°
0 0.82 0.80 0.78 0.81 0.84 0.80 ns
+0.08 +0.06 +0.06 +0.02 +0.09 +0.07
R, HMoICO, m?s’ 3.51 3.42 3.58 3.22 2.30 2.08 *
+0.51% +0.51% +0.42° +0.22%° +0.27™ +0.14°
|, umolPPF m?s’ 918.1 1052.5 1254.6 1348.5 1382.1 1450.1 o
+126.2° + 55.9% +786°° +117.9"°  +£91.2® +165.7°
|, pmolPPF m?s” 64.6 57.3 60.4 62.8 53.6 57.7 ns
+95 +7.0 +26 +2.0 +24 +8.1

Values are means + SE (n = 3). Means within a row followed by the different letters are significantly different (Duncan’s
New Multiple Range test, p < 0.05). **, statistically significant difference at p < 0.05; ns = non-significant difference at

p < 0.05.
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GE

NNTAALIAUANTAINTZUIUNTRILATIEN

LAIUBINZNTY A1eld PPF uanasesuludag
0-2500 umolPPF m”s™ uazfn C_ nataszaulu
499 400-1600 umolCO, mol™ wuqn Tunzws

nalsszau C Iu@WﬂWﬂHHMW 400 meICO
I fAn A X

mo WINAY 35.0 pmoICO m?s

qA1 | Bn\'u,ﬂuﬁ?”mu PPF mmﬂwamﬁmmﬂ”u

S

LLZNZW]ﬁ’lIuZNZW] ﬂF;I‘V] 918.1 umolPPF m?s’ uay

A | saflusedy PPF Avnliensndansnzyl

waIINnuanTvala Winiu 64.6 pmolPPF m™*
s nMaifiugeTuresen C deralaansalinly
PRINLNINTALALAININTY 1A 9.9 E,

s max’,

E (1) ETR/A, oC LL’&V Rd ZW]ZN 1u°llm°"1/lﬂ’1
max psil’

A, A , WUE ag | L‘WNZN?ILL LN‘M’]’W C L‘Wll‘llu

mmmu’mmﬂﬂﬂm BT C “V]L‘MZJ’RZQEJ[FI@
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1000 umolCO, mol”

naAnssulseznA

muﬁ%ﬁiﬁ?mwmﬁmgmm@lua’mm
Wudadumaluladdoninineng §115nau
UannIzNswnIsaaNAnEn AnenAans 39auay
WiRNgIN B0UUAMANLINATUIAETINIWNEAT
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IMTANTINYUNANGRFINERT 47(2); 149—
161.
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padarnad aredinna uazgund Bedaanar.
2559. ANUNINNTALATIZULAIIDY
lusenasdnaiug na41, Unusatit uas
P1VABNNEA105 mﬂ’lﬁﬂ'mﬁﬁ]”mm
CO,. NTANTINYANEATINHAT 48(1):
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