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A, T8, BHE, FEw? HEAT 2R
CESOHL A, TR 100083; 2 8L ELE BB, WML, BT 015200

BWE EE NS ER R ICOMRE I, EFRURFFEARNR . L6552 BA REILK DRSS, mikha
OO MY AR T 0 FEZES N 72— SCEEM B arig sh (5ERE, XA 5Esah m B TR
TR R G E AR R SRR, AT R A A i L P A B AR 25U L 35 & 0 T ot P DA SR TR i3 I AR SR A
Ui ARBE R RFERYE  Z R 1R M B R G A 08 i I RE R S, MG BRI A FE SR A T T OB
Xt R A TSR ORI, MK B B K SR G400 o7 55 75 T IS AR 0 9 T R P (g AR AL o R, XA

W05 ' FH 0 2 e o X YT 7 5 ) % 22 A S IR M 8 s R AR v L B JE AL ) o A B EAT T R

KER  mika, EYCSER, AL, L

VKT, F3H, ARBLSE, 80, MEEA, B (2023). miEbE s A1F s Fot . Y54 58, 486-498.

A E R HER A A A A iE B I e B AN T 2
fithe AE2A B SR I v de L (1) AR W P 3 B AR A 2 e
Z—, MEERX BT B AU, il izWotE
BUAL I8 B R0, T DL W A 4 ) 346 58 1) i 52 i 0 (77
K4z, 2002). EFK, HT ANAWESFERAHCO,
WREERR SR, A BRI 2= SR, Fvh S A% AR IR &
) v L B K H 2 A5 R 58 2 (Perkins-Kirkpatrick
and Lewis, 2020), %5 BUARARAMROA: ™ 4 5277 R R
Bkl (Tarvainen et al., 2022). 2011-20204E(%]10
SEIH], AxBRh R L 1850~19004F ] 51.09°C, it
25 A 2 [ 1850 4 il & 1 5% DR i A 1 5 4F
(IPCC, 2021). /L& 20204 %% 74k i #(COVID-19)
VAT AT AE 56 N i 3k /b 5 BUBRFETBCE A BT R B
(Le Quéré et al., 2020), {HIXFEREZREE R, 4
BRI RSt =i (Tollefson, 2021).

e U P RS MR A ) 5 P A B AR A AR, e RE )
S A FH A ) 57 B ok T 3 8 F8E TR 826 ] (HUve et
al., 2011). EE#JaE (mild heat stress) 3| IR
Ko DL RS AL T BEREAS, AT & 4 8 T B .
7% E AP (serious heat stress)al ## (heat shock)
T, BT REARMR B A RGURE, Tl ket

Woke H #1: 2022-04-20; 4252 H #1: 2022-07-06

A LT AR ST RE 1 %K (Yamamoto, 2016). 415 i
5 3L ] R I R AR, S BOR S L R R
ANELHE R, TR A G R A AR P AR A
EAPSI A=Y I SEROR ok kg e v DR IR
Bk i 32 B FE M (Chen et al., 2022; Shekhawat et
al., 2022). fEELEHT AW FLEs R EAL b, EE X0
TR 38 T R A A AR AR DL B s A e I A
ARG AT SR IR, JF RS T s e NS
VB F I 5877 17

1 SEBEXM R XSHARZIE

1.1 SERMEXMM R RGN

G RS 246l (photosystem |, PSIHFI: & 4:
1 (PS4 . PSINE & B o i e s iUk
#57r 2 —(Berry and Bjorkman, 1980), &4l 1) 3
BORAEAL. i MbE T, T SRR AR T A) Y
58, PSIHHGE GRS 5 IR Ei i, i
WIAPSIFISE M, 52 )6 A L T-4%36 (Mathur et al.,
2011). s MHE X PSINEA S & 14 (oxygen evolving
complex, OEC) (Tyystjarvi, 2012). Jz % ity Jz L1
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ZARM(Wise et al., 2004)3) 7= A H0HEH, HAmifE
JE E LR T OCBIAFDCE B . W RPSI
RSB ERE, K FBOCRP R, &
%64 (Takahashi and Badger, 2011). & fihid
T, A AU W) I F R REAS e 4 A IR AR A
N, 255 5] K if 4% (reactive oxygen species, ROS)
B, — 5 HEENIRPSIR MR LEA; BT
B D1E A PG RS PSIME Z 72, M hn
JIPSI: | (Takahashi and Badger, 2011) (1),

R
A v
P s
v
[ ammkERs
X (2)
ROS W && M ]7
(3) S

i D1 F|H
MLE L

EUE
J

OE

AiEMER PSI

RIEH PSII

Bl mEE S EYPSIA A6

PR P8 5 B PSI AL H A S 4 RO A HL T AR B 3 (1),
B I AN B, I RO e T KROSKRE A, ROS
— I EERGEEIEAE N (2), 57— hmaEdimHD1&E A
BNk A, FED1E R (3), SHERPSIDEMS] . D1:
D1#&H; D2: D25 H; OEC: WAL &4, PSII: St %ill; ROS:
TS

Figure 1 High temperature stress induces PSII photoinhibi-
tion in plants

High temperature stress can lead to the inactivation of oxy-
gen evolving complex and photosynthetic electron transport
chain at PSII (1), It can also result in excess excitation and
accumulation by inhibiting the process of carbon fixation,
resulting in excess excitation and accumulation, resulting in a
large amount of ROS accumulation. On the one hand, ROS
directly damage the photosynthetic apparatus components
(2), on the other hand, ROS cause the net loss of the D1
protein by inhibiting its de novo synthesis (3), thereby induc-
ing PSII photoinhibition. D1: D1 protein; D2: D2 protein; OEC:
Oxygen evolving complex; PSII: Photosystem Il; ROS: Reac-
tive oxygen species
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FAXSPSINT &, PSS Hh &5 A5 52 F v i 18 A
B, R RAE R SR e A R, PSIAEAAE A Ma i)
FEAEAA A BFFERIL, iR iE 52 m PSS b
LP700" )ik JEiE % (Wang et al., 2006), &R
SARBEPSI AL . FIRKMET, MWL
TP, R R DGR I PRE R = S BN
PSII{E i 2 PS4 B S B 4 v A€, 38 B PSI
it 3£ 7 (Yamamoto and Shikanai, 2019), ifi i
B SR A ) 2= 512 PS I #I#] (Tan et al., 2020).
PSI— B R AECHH], BT IRER K, 40
A1 FH S B K 5 MR (Sonoike, 2011).

B3RS B FEREMN

EH KT, MY EAE A2 D20 i TR g
12, BIEHPSIIL PQFE . 4iiffl (1 25 (Cyt)b6/f 5 & R FIPSI
HEB) ()26 B 74438 (linear electron flow, LEF) (Hill
and Bendall, 1960)51% thPSI4: ) ) 35 30 HL 115 3
(cyclic electron flow, CEF) (Munekage et al., 2004;
X EREE, 2019). W5 e T LEF K FRAIS R 0% 8 i
= T MWPSIHEIE EPSI, MM 22 fEROSTEPSIHI R
2, P PSI% % = iR 47 (Tikkanen et al., 2014;
Jiang et al., 2021). 7EX&H TFAL#EH, PQETEPSI
5Cyt be/fE Gk A REEZIEM, HAEIE R
REFTAHROHETOCE [N, AR HTIRSE S, g
RGO & GE A RS g % (Allen, 1995
Maxwell et al., 1995). T & i HiE Xt OECIHE pli i
i, T80 A PQJE 41 1 I (Pshybytko et
al., 2008), 1ML A PQE A A7 R K PSIR 4 Ak
TR SIS 5> F(Joly and Carpentier, 2007),
RAIERIPSIFITER .

W9 I, CEFMEZAF YRS 50y
PR (NPQ)IE T PSIE & A 1 U ALIE B 42 BL A
ATP/NADPH LL 51 )3 45 (35 1145, 2012; Suorsa et
al., 2016). NPQJEHY#EAT AR Y 3 2 AL il
(Mdller et al., 2001; Nishiyama et al., 2001), #&#iT
5 55 186 Z (proton gradient, ApH)II = REAS DL
K (QE)—ZNPQIF £ 24 B 73 (Ruban, 2016). 1M
Wit~ CEFJ2& M 244 vh ApH % 1 1 3 225K 5 (Aihara
etal., 2016). m=ilmba ~, HEPEECEF, il et
ApHIE B I QEAKERL(Sun et al., 2017) (K2). It
Ab, FHAEHE R WIHO0, 7] REAE N IA i 8 MICEF 5 3

12 Bim
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A RURSCARS
——> g T

—> BB TFEE
ok NADP*+H*

Hzo

E2 SiRbE T YA RS R AR

(A) Jats T FIT 7 18 LRSI T R BRI R I QR R A L B &R IRSEIR)E R, PSHALEHOH [ 7 32 Bd i 2 1t i 1
{35 (LEF)E % R4, #FIFIFNRIIMEF T, ¥ NADP* L 5 BENADPH, T¥ 5l & CO T & KI5 J7; (B) mEilaE ~, LEFHH,
PQPERIE SR RN, fASINDH A2 57 -6 18 1 8 /5 7 P 9 1 24l 1 (PGRS/PGRLA) B3R X A T-% 33 (CEF ) B i ; LEFITT
AT DL BRI A% 33 220 R G Lb A H T HEP 700 AL, 177 CEF A L 8 AT DU I 185 0 35 5 -6 32 ke 7 A BE 2 (AT P, AT DA
TR AR B R R SRARA G AU, BRI, ®iRENE R, LEFFICEF M FEIVEFE Y PQEE & P70000 8 AL R 7S Je e B, A0
TRIEF . PEBORIP700%3 73K A~ PSIFIPSI s B H Lo 4 25 78 W] Wil R K (B . 2R Sk RANLEFG B, 41483 /RCEF
. Fd: PHEIEEN; FNR: 3R E AYEIEE 9-NADPE G, NADP™: S0 B ARME i i iind — A% H iR, NDH: NA(P)H it &
HEW; PQ: FKER; PQH,: R AREREE

Figure 2 Changes in the photosynthetic electron transfer chain in plants under high temperature stress

(A) The directional transfer of electrons and protons depends on the key protein complexes in thylakoid membranes; under
suitable temperature conditions, electrons in H,O oxidized by PSIl are mainly transferred to PSI through linear electron flow
(LEF), and NADP" is reduced to NADPH under the action of Fd and FNR, forming the reducing force needed to fix CO,; (B)
Under high temperature stress condition, LEF is inhibited, PQ-pool is reduced, and NDH and PGRS5 (proton gradient regulation
5)/PGRL1 (proton gradient regulation like 1)-dependent cyclic electron flow (CEF) is activated; the down-regulation of LEF can
promote the oxidation of P700 by reducing the electrons transferred to PSI, while the activation of CEF can produce more ATP by
increasing the transmembrane proton gradient and protect the photosynthetic apparatus by stimulating non-photochemical
quenching. Therefore, under high temperature stress, LEF and CEF synergistically regulate the redox state and heat dissipation
of PQ-pool and P700, and thus play a role in photoprotection. P680 and P700 refer to the wavelength absorption peak of chlo-
rophyll in the visible spectrum of PSII and PSI reaction centers, respectively. The green arrow indicates LEF flow, and the red line
indicates CEF flow. Fd: Ferredoxin; FNR: Ferredoxin-NADP reductase; NADP": Oxidized nicotinamide adenine dinucleoside
phosphate; NDH: NA(P)H dehydrogenase complex; PQ: Plastoquinone; PQH,: Plastoquinol
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FIEREE &, RO CEF I A i/ H (Strand et
al., 2015). Ca®* {E i 72 i th K 14 5 B4 (Lascano
et al., 2003). ZE& AT ANMBFFLLE R, e & A
FEE T G R LR R FEROS 4, ROS#E
MifE RS S5 T, it Ca® (5 5 941k j i 1% 5 CEF
.

1.3 =ERPEXEERRELERMm

W R, EIES 5 EAEH IR AT E M iR
FE e T Ot A T #T B i) # 2 J5E K (Slattery and Ort,
2019). RARLE T mil pha X Y 's & 1 ik F 1 i
FEBGIEMEI R . R4 KT b, YR AR
IR RFRESE LB He T A% B A -1,5- — W FR FR AL i/ o 420 1
(Rubisco) iE AL FITEE, LA K — B2 1% 1 % (RuBP)
f)H 4 (Farquhar et al., 1980). Rubiscos&—Fx(T)
e, it 35°C 11 ey I e w4100 1) 4% 4% (Queercus
pubescens)if FRubiscofI ¥]4H 1L i 71 (Haldimann
and Feller, 2004). HTRubiscoX}CO,H10, )4 7 1
B R ) T T A, AT BERAES T A P R AL AR AL
SOSLITEC ] . BRI, £E el 38 TR Rubisco i 1] T4
R R, 72 AT 2% [ 2-B5 IR L B2 R, E N JERFI AR,
TETHAERE BRI, 3 BOLA B E 145 2% (Von
Caemmerer, 2020). Rubiscoif 145 FRubiscoifift
fitf (RCA) ) 5 (Bracher et al., 2017). W5t & M,
RCA R A ATP g & M, e 0% K i TR 0% 28 410 i 40 AN
Rubiscoif P47 s, MM & Rubisco (Stotz et
al., 2011). RCAFHIL K ¥ T ATPIf 52 ADP 4 i
(Kallis et al., 2000). RCAi P 5 5% iy il iy 31 410 1
(Crafts-Brandner and Salvucci, 2000), %K FEik

RL IR G A AR R A R Bl 8 (4 5

PVKILEE: iR MHa T BV & R mT Fo ke 489

o 5 1A v 3 B 38 e B AU (DeRidder and Salvucci,
2007). AR s RCAR S E M o St vt ol 3
X G Be TR e R s e ) BT

550K PEEA BE 1,6- — 1 2 16 1§ (SBPase) +2 < /K X
G348 i S B i . Feng %5 (2007 ) i 75 /K 7 (Oryza
sativa) it ik SBPase & K], ) 7 K FE KA = il
JoirELFR) fE 70, 2 W1 I 4 = SBPase ] Rubisco#ié it
RuBP, Refg3EssAEY) 1IHTisBe /1 . A RERF (transke-
tolase, TK) & —FhfEREBR ALK 2 OB ERE, 1B A
Z 5SS EY R E E, B2 5 mE AR
Ve e B o 8 AT R A VIR AR I CSTK IR
X # I (Cucumis sativus )ik X i i 5 U (5
WIS, 2017). SCEMIAM L, Coi Y@ & HA Hom
(YT v il B 0, 3% AT B 5 R il 1 KT C o A 20 P 1
A5 1 X 7 T PR R AL B (PE P C )3 Mk 4100 1) AF o 52 55 %
(Chinthapalli et al., 2003).

B TSR HE A G A AR 2 e AR A B,
ML IX = i 0 2K (Zea mays) (Xia et al., 2021)F07% %
(Vitis vinifera) (E#5%%, 2022)%5 0 F 6 &Rt R
A B ADEIAE FH o AR DX il — g T 4 AR R R
7K 43 FFE 5y 5 I B PSIRTPSIIF 20 35 (Suzuki et
al., 2008); 73— /5 I i T AR R PR B S A
FH 2 [) )P 485 e AR I B BT (Atkin et al., 2005).
I, B E VERE I Wt K RE 26 AR A K i
R, W TREEEREAAFEENESE X
(Yamori et al., 2022),

1.4 BiEMEXASHAEEAS TN
I 53 % S 20 42 X 1) 485 ) R T BE AR A S i O 5 A it

Table 1 Effects of high temperature stress on the activities of enzymes involved in carbon assimilation processes of plant pho-

tosynthesis

T Fih 4 Ab B P /B ] B P 27 ik
1% # (Quercus pubescens) 35°C/0.5/Nit Rubisco A Haldimann and Feller, 2004
i 5 (Pisum sativum) 50°C/0.5/)Nit PEPC A Chinthapalli et al., 2003
BY % il (Agrostis palustris) 35°C/1M0K Rubisco F#A% Xu and Huang, 2001
7K F%(Oryza sativa) 35°C/2/Ni} SBPase FEAR Feng et al., 2007
JKFE(O. sativa) 42°C[24 /M) AR ] Lee et al., 2007
JKFE(O. sativa) 42°C[24 /N PRK [ Lee et al., 2007

Rubisco: 1,5- B AZ NS AR/ N A BE, PEPC: BRGNP (LAE, SBPase: 5 RPINIHE1,6- —WEERMERAE, TK: FHAAE

B, PRK: BRIERIZ B b

Rubisco: Ribulose-1,5-bisphosphate carboxylase/oxygenase; PEPC: Phosphoenolpyruvate carboxylase; SBPase: Sedohep-
tulose-1,6-bisphosphatase; TK: Transketolase; PRK: Phosphribulokinase
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T, MEEIR B A A T B BEAR R () A B g o, 2R
PEARIELE 5y R A ARAR, DN S M A E P o ™ B e T
Folp 10 2 B TR I 24k 4 B 1) 5E % 7% (Gounaris et al.,
1984). ILAL, il PE Z) i ot S e R S 2 R
{&(Hasanuzzaman et al., 2013). & E A1 -Gk
REEE LM EEOEOER, EIMPIFRIEH
TARIEMVER . FEIEH SFAET, MRS
WTFEPIRAS . MEMA T RS, —2s
ML et 5 S 388 48 ) 35 1 A il (-2 1 A R e 7 il ) v e
Pl (Mohanty et al., 2006); 55— J5 THi il J# 1 4%
RGN 2 2R P A A A B PE PR (R (Wang et al.,
2018), FHM-GE S EEEK, shEM FEEE. fTn
SRR Z ORI B B EEH, BRItk
SRR N P ARAE — B AR T B S M — Fh ORI SO

2 RAMSEMETASERMRERN

JEHEAR KRR FE b S2ma A0 il A& RS A, IR AT e
ST ) SZ A REE, Jeam A AR A .
R B 2 T BUR L J7 9 55 A0 S F H B o
WA e 78 0 s A E T BR B S AE H; miotssid & i
BN I B B e R I RE, S 8ud R
REEH SRR, ATk A=A ROS, 51 & ™ H ]
#l(Takahashi and Murata, 2008). Jy 1 N %} i} %38
ERE IR, A A5 & L6 = Y ATP
P f& NADPH >k & . ik [F] 46 ¥ 4 #€ (Foyer et al.,
2012). Bk, ML GRS 20 R G SR 0L
1 L R P E e 8 58 5% (Murchie et al., 2005). =i
SRR R P PSS 1 1) 4 Tz W Fi (L et al.,
2009; Xu et al., 2014; Essemine et al., 2016). H i#}t
M7, BEFTRILEN SR NE T EYE R G BEA R
{E£ H (Havaux et al., 1991; Marutani et al., 2012;
Buchner et al., 2015). Y5k H 5D 18 [ 11 )& #%
(Tyystjarvi and Aro, 1996). 7& — & Jeimiu Bl i, B
JERRIIIG N, DA AR R R, RS T
153 i KME (Russell et al., 1995). Rubisco k. /NI
FEI & B AR RIS R BRAK, T AE G R 3 5 (Demire-
vska-Kepova et al., 2005). RCAIF It [t % 't 3 14
TN R (ERFHEE, 2010), M AT REXTRCAZE K%
5T #E 5% J5 % (DeRidder and Salvucci, 2007).
fF 5k I CEF i& 42 52 )¢ fi 52 (Teicher and Scheller,
1998). 5% T CEF M s /K RS A 5 2% v i 1 5%

HAEEAEH(Yamori et al., 2015). X FiHLHIX T
PR I 32 v A A A KA iR 8 B

D6 9 = T T A K O A R v U P ) R R
H . BRI, MM E BG5S AES TR, H
FEE B (PhyB) MG Z AR ME R, EHA R
AR o 32 206 (FR)FIE B w5 Phy B2k %
(Jung et al., 2016; Legris et al., 2017). TMHLEEIF
PhyBZ& A5 A 1 #A M 1455 (Song et al., 2017),
PhyB7EAE)3& B = i F2 i SR - kA, el
A BAE F R (PIFs) 5 5 5 R T 7E 65 5 FIE
A R ¥E/EH (Lau et al., 2018). 5HRIET
A K AR TR AR LG, AR AT /i 4% L R (L-R/FR)
G REA AE K AR T S2 e B B, X &
R TL-RIFRFEMK 7 PhyBiETE, K 7 PIFsH)
FFZ (Arico et al., 2019), FIHPhyB/ F1LfE 55
Wi R 0] i A I v . T ST R B, PIFAFIPIFS
A I8 B S R A 5l R AR A 1 2 R AR ) T
A AR a7 S R IR (L et al,
2021)c X PR N S I L AT LLIE BR 2
TG, AR RS U S R R, SR m i
(1354 3553 7 1% (Quint et al., 2016).

3 =iEMNE TEYXENARIPHLS]

3.1 #EYMESHEIRMERGENS

E il R R, A A SR B 6 DR 4 B L 65 2 07 THI
T 4 B % TE SR G PR B S 6 38R0 i 76 % B8 (Takahashi
and Badger, 2011). MERREE b, M8 SR 5E A
AF L i SR I A R ek S R AN g R, DA A
ZR AT T %5815 I HHE (Tserej and Feeley, 2021).
AL ERBRSIE N, SECEBERER, M
s AE R R SRR IR LA, oAb, JE i NS,
1L [F) —#R 53 AN [RI P L 22 ] — 5 A AS [ P 2
V) Py Pt BB S 7 R, AR R 3 i R iR AL T
A P IR I R R PR VTR Y, 3 2 B i e i PR A T
(Fauset et al., 2018). TEM Fy U 1 G il A% 35 1)
HMs A H iz zh(Kao and Forseth, 1992)F1MH 44z
z)(Wada et al., 2003), AM\Ifi kG F Fl ik SR44 52 2|
ARG, CRAOGE NI S 2 mii AT T R SR U
T A S R (Nishiyama et al., 2006). K3t
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A PRI 3o 9 s i LA AR R (¥ 72 XA B (Sherstn-
eva et al.,, 2022). Y& H BT (Jiang et al.,
2021) FOGIFI O T R U O, 3 B CO,) (Osei-
Bonsu et al., 2021)%.

KIIFE SR IR EE N A Kk o6& R
BT U P (T opt) P B PR 858 35 2 1 AR T A8 4, RN
FIRIRET T A K A6 A VR F RESE BT R R IR
A5 1 F RS 77 160 T S8 P Aok R A B (R AR KR B R R
AR AT 6 A 1 (Yamori et al., 2014). Je&1F
St v F T Y P R I R I SRS  AE AT
B I 3R 1A A8 B RCAFN /8L 14 in RCA S & K 4 #7
Rubisco ] & if AR &, Zat fxd min IR s 2
PO F1(HSPs) M 5 2 iR I i 5 — AN B 2
FE(Vierling, 1991), X &iRMiE T & AT & M4
T 1 R A R M AR R . A R DA
KA KRR E T RER 64 1E RN (Yamori et
al., 2014) . T 45 30 P vy ik Joln A ] 7388 7 A 38 I 6 i
FPAR G Arid R, IR B AR B35 (H 40 ] 3 11
(Siebers et al., 2017). T RMNEIGEIRZEM, 2
AP A A 0 ) i T ) SEPRIE B RE o B4k, BB
Wil B TREFERAE T K2 HNEA A K
AR, 1ZIRAE R R R BT RS 40 A% R S TR
RIED1E [, @A 7 HYAIHDAE [ & RN Wik 4%
(RARI S i 42 AN O 2 R AZ & 420), it 348 Jon 440 P
ZIRD & & 17 15 25 1 5 A 006 v LK P (Chen
et al., 2020),

AE AT v Tk 2 S A 0 P 3 e P 43 L ) 0
B E5 R ok, b, BEAERE S &
H R 5% 2 AN R (Zhang et al., 2022). FEY)E N
iR S AE TSSO A ER R e EXEE, R
3£ T e A0 k8 o 5 M () O 50 1 J0E Ca il i, e ik
Ca™ Wil Z 4 Lk, 7 /£ W 15 5 (Sajid et al,
2018), F:4k4Eid Ca?* . ROSHIA [F] 27 () 4 118
B 58 AS AR IR IBOR, 31 AT S R 1 1A s R A
VDR I SR ] B B (Mittler et al., 2012), i 11#
T ELFE R 1 (HSPS) 25 7E 9 1A AH AR <7 1 1142
##%(Richter et al., 2010), #25€ iRl ia SRR 1 &
B FPSIHThBE(Zhong et al., 2013). i HvE K 1
(heat shock factor, HSF){F NROSH#Z #%(Charng
et al., 2007), {EIEHSPsRIE NS 5% MEABE
(3 R AR S B FH (Qu et al., 2013). for T 444 1

PVKILEE: iR pa T Y & VE AT Fe ik e 491

HSP21#GUN5 (GENOMES UNCOUPLED 5)# it
(R385 5 @ B, IRl T B 45 S D1 MID2EE A
%O LR E SR e T PSI T EE(Chen et al.,
2017). BLAL, TEHIE R S ) I e i 52 P i
TR, R A JEIE 2K 8 T HSPS 5 5 (Wu et
al., 2013) % -4k h1 Ca? ik FE [t 7+ i (Pollastri et al.,
2021).

T 28 I A2 0 2 AL R O 1 IS A R 1 M R
PR EZEHLH)(Qazi et al., 2019), & 5WikiHHE T
H- 4344 2 [ 1) 4% (Grabsztunowicz et al., 2017). i
FLR I, SUMOAKAE y 5 Z B B S A2 1ML, Rets
2 55 M AN AR i) FAb 38 & B (Rytz et al., 2018).
IS A A AR 200 B o v TR R 1 4 R 3, DR Rt
R e, SRR P R AR K B A A E Y,
SN DN R = ek 72 FSEAEE b A T g N
A IR E AL SUMOAR B AT DA It 25 (A i R
AR IE 1T A A B 1 SRR R IS AR, B B T4
FrHAE 4K 52 A7.(Zheng et al., 2022).,

3.2 SNEETY A EHE SR IE R RN
B H it FH AR A 5T R TR A AR KRB FF RO A F
PR R S P, i A R s T R A
R TR . K252 T B A G ff i e (1 4 MR A
JR R PR, Horh, Ca®fE RERM LK R & i
FHILFRIOR, SEMENEENE EME, 25iH
T HE W) 25 B AR A ) 3B () i S (Hashimoto  and
Kudla, 2011). #MECa* ] LU G M A R, il
W AR AL TR AR R A R A 1R (OEC) I #4
o, g iR E N EYECEER (Tan et al.,
2011). RNAI 7 & B 2545 1 & 8 (4 (CML)FEE R AT fig
o v i B = A RRUAR e L, R YA A2 AR v R
(Wang et al., 2019).

IS % P lis (brassinosteroids, BR)& i) %}
S Fh A= W RN AR AR W il 18 TR 52 VR S R R I AR K
KH . BRTEHSP% T k4% 5 2{E F (Sadura et al.,
2020), JEH et A LEEE 1% (Cao and Zhao, 2008).
TH S 2 W e N S B R 1 IR T (BZR1) 2 5BRA
FHEYR G IR, WIS T AU I R
N TR A (Yin et al., 2018). WFFR AL, EiRMHE T
AN BRIE I He Y R R A RCR A SR BT A R
4 Ty e 3k M 22 i e ] (Ogweno et al., 2008),
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w2 PG T ANEY B YD A AR 22

Table 2 Alleviation of exogenous substances to photosynthesis under high temperature stress
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Abstract With the increase in atmospheric CO, concentration caused by human activities, the global climate continues
to warm. The past five years have been the hottest since the record of temperature. High temperature stress has become
one of the main adverse factors affecting plant growth and development. Photosynthesis is the basis of life activities on
earth, and it is highly sensitive to fluctuation in environmental factors. Understanding the response of plant photosynthesis
under high temperature stress can provide a scientific basis for exploring the physiological and ecological mechanisms of
plant tolerance to high temperature stress, cultivating new heat-tolerant varieties and taking reasonable measures to
adapt to extreme climate in the future. In this paper, the effects of high temperature stress on the process of photosyn-
thetic electron transfer and carbon fixation in plants were reviewed, and the effects of light on photosynthesis under high
temperature stress were comprehensively analyzed from the perspective of light quality and light intensity. This paper also
expounded the ways and mechanisms to improve the tolerance of plants to high temperature stress from the aspects of
plants themselves and exogenous mitigating substances. Meanwhile, the research direction of plant photosynthesis re-
sponse to high temperature stress and the application of multi-histology combined analysis in the comprehensive study of
the mechanism of plant tolerance to high temperature stress were prospected.
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