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ABSTRACT: Climate change due to global warming results in rising global temperatures and also affects rice yield
in off-season in Northeast Thailand. The increasing temperature at 40°C leads to rice sterile, rice yield reduction, net
photosynthetic rate reduction and intracellular membrane and photosynthetic pigments damage. Thus, the
application of brassinosteroid (Br), which is a plant growth regulator in the steroid group, was studied in rice grown
in greenhouse. This experiment used completely randomized design (CRD) with 4 replications. Rice namely N22 at
50% flowering was sprayed by brassinosteroid at 0 (distilled water; DW), 0.05, 0.1 and 0.5 nM and exposed to high
temperature at day/night (42/32 °C) for 7 days (H) and temperature in greenhouse (UH). The study showed Br
application increased high temperature tolerance by increased in net photosynthetic rate and chlorophyll contents
and maintained membrane stability. This suggested that Br stimulated antioxidant enzyme for scavenging free
radicals and maintaining thylakoid membrane and cellular membrane resulted in undamaged in chlorophyll
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embedded in thylakoid membrane and increased in photosynthesis. It also induced increased the accumulation of
assimilates in rice seeds resulted in increased in rice yield and tolerated to high temperature condition.
Keywords: growth regulators; heat; physiology; photosynthesis; rice
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AT181ANLUTUTIU (Analysis of variance, ANOVA) 983983 an18uuuN15NAaes CRD 91U 4 91 2 Jade
(paumgianaznguaiuay kavaANUtuduvesEIsUTadluaReseen) wavilSoufisuaadelngdd Duncan’s Multiple

Range Test (DMRT) ilat3oulfisunnaumnsinaszyinangalaglusunga SPSS for windows version 16.0
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piomaneldanmiseuneassseninsnisaasmuin gangiieds (Tav) aglurag 20.8-32.5 °C, gamgiigsgn (Tmax)
Tuting 25.3-02.4 °C, gaungdangn (Tmin) aglutiag 15.6-27.2 °C uay Anududusing (RH) Tutas 40.0-89.4% (Figure 1)
neldgamglgelugrmunuanmgll (H) warlisamgivndnieldanimseunaaes (UH) iWuan 7 5w wudn Tavr, Tmax,
Tmin wag RH Tugnw H dewindu 31.7, 42.4, 24.3 °C uag 65% Aua1au wae Tavr, Tmax, Tmin kag RH Tuanw UH &
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Figure 1 Climate data during growing rice cv. N22 such as maximum temperature (Tmax), average temperature
(Tavr), minimum temperature (Tmin) and relative humidity (RH) under greenhouse from February - May
2021. Data was supplied by weather station at Agronomy field crop station, Faculty of Agriculture,

Khon Kaen University.
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Figure 2 Effect of brassinosteroid on net photosynthetic rate (A; A), stomatal conductance (g;; B) and transpiration
rate (£; C) in rice cv. N22 at 50% flowering under greenhouse (mean+SE, n=3-4). Small letters indicate
significant difference of N22 exposed to high temperature (H) compared to normal temperature (UH) by

Duncan’s New Multiple Range Test (DMRT) at 95%.
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Figure 3 Effect of brassinosteroid on contents of total chlorophyll (TC; A), chlorophyll a (Chl a; B), chlorophyll b
(Chl b; Q) and carotenoid (Car; D) in rice cv. N22 at 50% flowering under greenhouse (mean=SE, n=3-4).
Small letters indicate significant difference of N22 exposed to high temperature (H) compared to normal

temperature (UH) by Duncan’s New Multiple Range Test (DMRT) at 95%.

navasansusEdluaifsesdrennuadssnwvesderiuludnneldanmgamaiie

navesansuadluaiiososd (Bn) deranuadssnmveadorudsdrinisiilvavesansdianingladdufued
wuensilvavesansdaalnslanfissazaenuiu 50% fanuuandsiunsand (Figure 4) dslundmaus H+DW fn1s
$rlnavesansdianlnsladigefian daflanviaiu 12.35% Feilnrmuandrsiuviamugd UH+0.5 nM Br fifinsiluavesans
Siaelnsladenian nefidwindy 7.629% uarlndidesfunimmud UH+0.1 nM Br Tnedanvitu 7.00% uenaindnuinde
wuans Br fisziunnudutuinaiudmarinlinisiiluavesansdiannsladanaduanin (UH) uazanasnniigeluvidaums

UH+0.5 nM Br aflavinfiu 7.62% Liawisuniunsauudaulugnin UH way H
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Figure 4 Effect of brassinosteroid on membrane stability indicated by electrolyte leakage in rice at 50% flowering
under greenhouse (mean+SE, n=3-4). Small letters indicate significant difference of N22 exposed to high
temperature (H) compared to normal temperature (UH) by Duncan’s New Multiple Range Test (DMRT) at
95%.

NaYRIENTUTIAR LAY TREAfaaAUENaUNAKEALAzHaNEn Ut eTdan WM lge
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yosdrniudunnda 20.40% lnefidwaumdaiseseniigauintu 67 waadesis waswuiluanimgamgiund (UH)
Y0aEALIUA UH+0.5 nM Br wuihiisiuiuwdafdesanniigawiniu 73 wissesis Weifisufuviamuddu dmiunanan
solslnsansunadluaiososd vinlidndldsugamnigednaaiiintu 45.51% wulundniuud H+0.5 nM Br Ineiinanan
winfu 464.25 nn./l5 Waifteuiuiniilildsvasnunadluaifiosesduaslvigumgiige H+OW fnandnwindy 319.04 nn /13
FadunInuudilinandaifian dusuniammd UH+0.5 nM Br Suandnyindu 469.77 nn./ls slinandnunniiaaiile

Wieuiunsawuddundluanimgamiiund (UH) uazanwlvigaumaiige (H) (Table 1)
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Table 1 Effect of brassinosteroid on yield component and yield such as number of tiller per hill, number of
panicle per hill, total seed per panicle, number of filled seed per panicle, 1000-seed weight and
yield per rai in rice cv. N22 at 50% flowering stage under high temperature (H) and normal

temperature (UH) in greenhouse condition

Number of  Number of  Total seed Number of 1000-seed Yield
tiller per panicle per panicle filled seed weight (g) (kg/rai)
hill per hill per panicle
UH+DW 15.25+0.25 14.00+0.41 89.75+3.07 58.00+1.87bc  19.54+0.61 365.28+9.85cd

UH+0.05 nM Br ~ 15.00+£0.41  13.50+0.50 93.00+£1.87 62.25+1.49bc  20.25+1.13 382.74+7.21bc
UH+0.01 nM Br  15.75£0.48  14.50+0.29 95.00+£2.61 64.50+2.06ab  20.15+0.44 439.06+9.81ab
UH+0.5 nM Br 16.50+0.87  14.75+0.48 99.50+4.95 73.00+£3.56a 20.25+0.58 469.77+28.89%a
H+DW 14.75+£1.03  13.50+0.65 89.50+5.14 53.33+4.50bc  19.32+0.35 319.04+23.43d
H+0.05 nM Br 16.75+1.55 15.00+1.22 95.75+2.14 65.75+1.80ab  19.61+0.64  435.70+30.50ab
H+0.01 nM Br 16.50.£0.65 14.25+0.63 94.50+£2.72 65.00+£2.55ab  19.42+0.26 428.18+5.88ab

H+0.5 nM Br 17.50+1.32 15.50+0.96 97.00+5.60 67.00£5.72ab  19.76+0.33 464.25+7.80ab
Mean 16 14.38 94.25 63.6 19.79 413
F-test ns ns ns * ns *x

** indicates significant difference at p < 0.01, * indicates significant difference at p < 0.05, the different small
letters at the same column indicates significant difference of rice exposed to high temperature (H) compared
to normal temperature (UH) by Duncan’s New Multiple Range Test (DMRT) at 95% and 99%, respectively. ns

indicates non-significant difference.

nsldarsusadluaiiesesdlutifssegnisaiy i ulaniunsduiugsdiednwiusedniamveanis
fuasgimenas sadngildlunsduaseiseuas waranuatesvendeuluanimgumgilas leswingumgiigedawase
nvaznEsTIngwesirlasanzanuaissnmusaleiueas Foihliianisialnavesaisdanlnslan iunavil

gdsanuaissamdoiuiradiudsuaaiuzainvedluailuvednauiniu dwananszuiunisnieadsing1du 9

e De

iiwades (Dongsansuk et al., 2021) AruATeadIngungdasdwariliiianisuiuasulassasedulaiuiidu

D

aﬂﬁﬂiaﬂamﬁaﬁulmmmaﬁ dawaviliinAudsne (Higashi and Saito, 2019) U'%mmiaﬂimqﬁi&ﬁumié’amiwﬁﬁw
uasanay dadunisnudeansuadluaifissosdludinilanmoumgiigs shldinanssdumsdaaneieulasifviudiily
nsassmaelsilas (Siddiqui et al., 2019) ﬁqﬁﬂﬁﬂ?mmﬂaaiﬁlaﬁl,ﬁuqqsﬁu LNMNTINMTNUSEansUTaaluaLResoss
danaviliiinUsyavsnnwenisanevendiannsou iamﬁuﬁumimamwﬁwﬂugﬂ ATP Faduiusiiunisanevendiannseu
(Zhang et al,, 2014) Wledldsuaamgiigevilinisdeatinluanas annsiiuvesing CO, TuludwmasoufAzennisess
CO, Tudgnins calvin anas Iy CO, Juansdadudmiunisadeans glyceraldehyde 3-phosphate (Higashi and Saito,
2019) Fsmswusneasunadluafesessluindissermaeigdulanmsduiuiisfiudnansdaaszimeuaams
ms¥nimseTauinlu wazdnsinisaeti 99nn15sIe9uTee Sonjaroon et al. (2018) nnsldansusadluaifiosossiy

Iilasugamgiigamuitanansainainisuaniuasuing CO, laun Amdnsinsduasigiiiewasans (A), An1stniinig



UnunNYms 51 atfufl 3:431-442 (2566)./d0i:10.14456/kaj.2023.xx. 440

Dn-Tavestnly (g) wagdnsnisanenn () nawudisansusadluaissesddsmansedunonisvieuvoseulsid
Retestumsdansziinaslsilad Mewfisiinueaelsiladsnudflegluiis loun aaslsiladle aaslsiladd uazUiunaua
Tsfiuoes (Siddiqui et al,, 2018) Wdufiunsvhuveseuledlunsdunsedsues nsgaing CO, Wity dawaviild
Uszdndnmnisessing CO, 1‘14ms§umnzﬁﬁamﬁqLﬁ'uqﬂéﬁu (Zhang et al,, 2014)

venniansunadluaifsosdanunsansedulifamudegumpiadaedostumsideuanmuedluananaslsilad
fsasuadluaiesesdiidneamlumaifindszAvsnmmsduaseidsuas duunmafiulssansammadansgvide
wawhensldasunadluafosesdisdisdauaiunnaiyiula (Siddiqui et al, 2019) wazifiunandn TIudannsauam
Anssun1sn3eing CO, vaawaulal rubisco Tisau)isen carboxylation a3 RuBP (Siddiqui et al., 2018) é’wmaﬁiuﬁn
Fmuilinsaiuazavanihmangladlulusaiutu Suademsvudaimanglrauaznddsuduutazaluuda dwarh
Tnandnd1nga (Zhang et al, 2014) maneSenangangiiawdmanedfinmeseendindu shlmdeuladsunnudomeuas
iAanisilvavesansdiaalnslad denisldansusadluafivsesdiinasenisanasesnisiinafinmeseendindu fnasie
auandEnsliiivenderiuuardsnasionsvuddlessy sfsuiiadiosnnuazisnssuveseuls! msidsuudases
nalasfufiifvduannisléansumadluafosessdnszdunisasiainsatiadn nsnlewadn uaznsaunualaluiain
(Bajguz, 2019) lednlssugamaigusiinsnevausdusyfuwadlnenisndnuazazaneendiauiilineufisen (ROS) vl
AaufAserdulatusandedumeluead uinsldasunadluaiesosddmadudsdonisairsasoandiauvdalasio
Ufnsen wu lelasinudeseanled saufisannnudenieanufiseieendindu uaﬂmﬂﬁé’w’hwﬂwﬁLﬁuﬁasﬁ’ﬂﬁwmimmu
szuumsiuanseyyadasiiteiiAnannzaunaneldmiuieioaangamgiias dusadeziinisnevauswnenisaiieans
Ausyyadaszidy oulvdieanesiunideteandina (APX) teulwdaniaa (CAT) eulwigileteanledfaiung (SOD) uag
g Fafuusnannniudiesinisldarsusadluaiiososs (Bajouz, 2019) uaziinisdnuiludie Arabidopsis thaliana
(L) wudansusadluaiesesdnsgdunsyinnu HSPOO wasdiUFuna HSPIO issnniuluanimgamaiiae (37 °C) aifiey
fuanmgaumgiisn (4 °0) (Samakowli et al, 2014) usnaninslfasunadluaiesesddinsedunisvhaumsaindusiu
hnaluanaiie uazssatng (raolsilad ualsiu wazusulniiad) (Talarek-Karwel et al, 2019) saonadosfunanis
neaesitliansunadluaiesesdluinileldfugumpigmuinUinusangiilflumsdunszimeuadiunndaand i
lesugnmgiung

asuadluaiesosdannsaiisnananild TasnsAnvinuin ssunadluafosessvioiiumdniness uas
NanEnYaT 1 Fedenndaiun1sAnuiues Thassagunpanit et al. (2015) wuiwandndaiiindunanauiidinves
avepunannal warnshnuinvesdingedu Ssnuaionnngamniadurisssernisuamnasdsuansenuseauditin
Yaunasnaganas uazvietldveunadedvundnuazdudmadoniuannsatunisduiiug vilildifanisujausiduna
sonsfunify Teodletmldsumnuedsnanguvaigeedsdosduna 1 3u smelusseznisnaunasdmaseiUdounas

msasrawadieulaaldsy wagvanasidvuadnaslidaunsadsaresanasifausnalulasinasvesssldls (Jagadish,

'
a

2010) Msnandaiiingunslianuaisnangunniigs eswnianssuvedeuleduasnisusvaninveinssuiunis
FUATILHAULAT WAz ANUMTNVeRUER F911910N1SAA UG 18NSVUAIUIANaINBIEIAS 19 s e uneNasay

91IUINTUU (Sonjaroon et al., 2018)
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GRY

3

a =
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CTRAT)
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4 a
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a ] o
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