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KA R G EMYEERNE MGz —, i
VEWI = B B FE Rt (e I iR 55, 2021). HEYDOLEAE
%2 2 FIAEE N R R m, RS L p R BN
— o WTERIAEE IR I B TR A AT SR &
FIR O, EYOCEIEA S22 img], B2
B RGUE IR (VK 4%, 1992), Wt R 1, m iR
38 3 LR G A A A oot B P AR RIRR [ 4K, 1T
A4l (photosystem I, PSII) & 44k Wi Al 3R i) = 2
17 s (Kyle, 1987; B4 & FlJE SCHE, 2019). 550641
N, a2 Z T RAR M A (Ulmus  pumila) B %
PSR K6 53802 (o) FU R K G (Fr) (Jiang et
al., 2006). &< ik AL T i 1 (Gossypium
hirsutum) g 4= PSIF i K6 22 3% (Fu F) (Van
der Westhuizen et al., 2020). T &40 EH#i %
(Vitis vinifera) FI B 78 4 1 2 ki, A & i il
BRI R Pl P FSEBR AL 22 R0R, BRIRPSHT B4k
S (R SRR, 2020). fEIE BB AAE T, B
SR BT 2 37°C K L L, AR ER A A A
PSIl 2 &A= = B e i, 18 52 0% i IR (Fh K VL 55,

Woke H #9: 2021-07-25; #2252 H #1: 2021-12-28

2013) . min A FEYWE N LT 2 R A
(reactive oxygen species, ROS), U#% & 1 H
#t (superoxide anion, O,). i % 1k & (hydrogen
peroxide, H,0,)# £k 75 % (singlet oxygen, '0y)
(Yamori et al., 2014), it ifi %t PSIiE B A F 3 (Liu
and Huang, 2000).

e B D[R] B A A A B AR X i . R
T 2= o 7 e T R ) g I T — AR R R 30°C, T
E B vt e et PO A7 OO0 33 R FE E & Re % i 35°C
(Ding et al., 2016). WFFLRI, i FEIAR X i 5
KK (Zea mays)Z iR RAEFEIE S IEH 1T, B
O Fr B FEAR, PP SIS B 15 BRI 596
A FE (Xia et al., 2021). B4k, MR S £k
LV ZEF R A AR R R AR R R IR S K T
AU G EY TR, 0] 52 B k=5
B, O EROGE R A A R RS (A,
2020). #k(Prunus persica)4/i it fEAR X i S 8,
R XK 3 FI L 32 B4, I B AR 25 7K S PR AIG
(Hao et al., 2012). iX{E /N3 (Triticum aestivum)
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(Al-Khatib and Paulsen, 1984). %4 (llex chinensis)
(Foster et al., 1991)f13% % (Malus pumila) (Gur et
al., 1979)%E WAt ¢ th 15 AR 2548 .

e R R DX e i () 2 LR B 4 AR AR R A ok T
ERIPIRAR, 19 2 A2 X 155 i ) 36 ol 1% 5 Ve 3 V52
PIEM . S E AL, 35°CAR I35 CHE X I
4 NI Bi(Agrostis stolonifera)™ Fr 16 & %
MR RSB IO R B E T, RS ARE
AR A T BB PR DR, M oGl
M aR R A EADGA AR A W B S (Xu et al,
2002). HAYT, AR A BRI 8] AR -5 R R
JEEAT XMy %) 6 2] S 3R OB RF PR R ARGE, X T
el -5 AR X ey it A XOWaE ) 3 5 DR AN B A o PR,
AHI 5T LA B & AR, B AN R R AR IR AL S
X Py R R DO PRI A, B 7 W AT R] PN
ARSI X R A e Y F K, A A
BRI -

1 #MREFE

1.1 SR

S T2021485 H LR WL AR AR 2 [l 2R 2 5 TR 2
Bt 56 i . LA AR AR FLIE 78 &) (Vitis vinifera L. x V.
labrusca L. Kyoho) ik #4, Fiid fr FH X €4 7 B 42
17 cm. 1515 om, Rl B P A H R A FE ]
=111 (VIVIVIV) BB AT IR G . AT T T I AR AR
K 2 AR X I 2S00 3 H bR = RE 2%, ORI 4
FF1E22-28°C, MW i 5 4k #7 7E15-20°C, AHXS I &
H A AE40%—55% 2 8], I K R G HR58 B35 R
650 umol-m™2-s™", FFIEMRK 810/ 58 4 i HE AT
AL

1.2 FHik

MK A — S 0 & A AR B 2= N S48, FILED
AOGIRRIYIT (5 SP501-N, 405 W, _bifg =il
A R 2w )EEAT DG, DGR3 A ¥ € Jy (1 000+100)
pmol-m2-s™" . il AN A A AT 2 IR B s o
FIR K84 (L5 HH-4, 300W, [EHEAa A R A
A VO AR X AT S, 1S AR E RN ER
B ILE TKB B LR T B KT 2 R R,
FHK BRI P T s 0 - 3B SR T T 5-8 em &b i - Sk

B (CK). B IR(T) AR DR (T2) A iy 5 42
XAEH(TI)VUZHAbFE, % Ab3EF K35 93/ N o SIS
BSRAY S ESE, AN 54 I

121 HEREAERSEENE

{57 F Dual-PAM-100H &5 2 %< X (Walz, 15 [H) i 47
AR o A, AR BT AR E T N AR I
T Ji7 Ah 38 A 858 B 3 82 30 0B o U I 3 . S5 MU 7
F(Fo) FPSIR K 5% M 77 & (Fr) LA L P700H i3 K46 0
B E(P). RETIDGOGNNE S Sl 2, ik
B7ACIEGERE, MMEEIE2 580, 43, 115, 289,
567. 782%11 217 ymol-m2-s™", #6085+ 1K A1
Jik 1 (10 000 pmol-m™2-s7™"), X % ¢ 2 Hdk 47 W 5
SR A A FE R N RIS B & & S5
(AR, o 2 HEAXERAE FH 0 W1 -0t LA S Kramer4%:(2004)
T2 AT AR e Rk S PSIER KB 3%
R FFm=(Fn=Fo)Fm; PSISZBRE1L 2% & 77 &
Y(I)=(Fn'=Fs)lFy"; AE A TTHEREREN E 7~ &
Y(NO)=1/(NPQ+1+q (Fn/Fo—1)); T EBE B RN
BT 7 & Y(NPQ)=1=Y(I)=1/(NPQ+1+q (Fm/Fo—1));
Ak VK qp=(Fm'—Fs)l(Fm'—Fo'); Qa2B AL IE JFUR S
1-qgp; PR30 T 538 (104 2R 7 B Y (CEF)=Y(I)-
Y(I).

122 HERXKAFESHAFOIPHLINE R
JIP-texto4fr
FH i 82k 2% kA (Handy PEA, Hansatech, &
] ) xof A 5] Ak 385 ) 61 2 1 P 78 20 E N2 3073 b, AR
J& M PR i3 3 O 580 /1 i 2(0JIP), OJIP
2% 113 000 pmol-m™-s™' 2161 S, W E I 18] 914D .
M OJIP i 2k AT L1 3 B T 2 4 (Strasser, 1997):
Fo: ¥146(20-501#0) 5% t; Fe KrL(3005H) ) 52 165
Fi: 22 R IR 506; Fr 30 K 9t; Fo:
0.3-2Fb I [y d Koo

Xf R 46 1 OJIP i £ 4% Vis(F—Fo)/(Fu—Fo) 47
JIP-textib B j5 753 BAHXT 263 th 2k, I T 3k45 4
N Z¥#(Strasser, 1997; Z[§IR 5%, 2005; Wu et al.,
2021): J 53 HYAR R AT A8 586 (V))=(Fi=Fo)(Fml Fo); 5
£ f N A PR R R B A0 & (RCICSK)=
Fn ®po (ViMo);, FA T L FAE 2 (1) & 1 77 8l (@eo)=E To/
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TR,=(1-V); A T X W Y 1) ) B8 (ABS/CSm)=Fm;
B TE AR 3R R 6 BE ( TR/ CSin)=@po (ABSICS,); .
A7 TH] A HE A% 36 1) B T P B (ETo/CSm)=@ko" (ABS/
CSm); AL R H O W W 5% BE (ABSIRC)=M,(1/
V) (1/po); AL S N HA 0o 3 35 11 FH T Fi 7 4% 326 1) s
H(ETJ/RC)=My-(1V)) @eo; T (Fr—Fo) BEAT R #EAL J5
K AR 7] A8 5% 6 [ A8 A (Wa)=(F—Fo) (Fn—Fo); F T
FAFE B B 7 HE R (@no)=1-po=(Fol Fm); 1 fE 115 %X
(Plags)=RCIABS (@po/ (1=po)) (Wo/ (1-Wo))»

1.3 SHitoHh
1 FiMicrosoft Excel 20134k 4 iE 47 $i 48 Ak 2 A4 1K .

Aog2- @ a
ab b
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W
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43 115 289 567 782 1217
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AR AR DI SN 8 4 ot & Ot R E R 211

FHSPSS 17.0%F 13847 77 2 /¥ - K HDuncan’siZ it
T2 EE, BFHKFH0.05.

2 #R5ie

21 AEEREAELENEEM FF/F&PSIE
BENERY RN

PSR KA SRR (F I F o )R ZE PSR H ot P A
FEREFAL AR, BEWE S AEYIPSIN 52 M iE FEE, %
B AR 2R B AR 52 38 () 4 55 8™ 7L (X 750555, 2021)
5CKAHLL, T1RIT24 Ak A/ Fy TG 235421k, T3
MR CK R % T 3.7%, Hik#|EEKT(E1A).
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Bl AREZ SRR X R A B % A FJFn (A) Y1) (B). Y(NPQ) (C)FTY(NO) (D)5

ANENEG FRERIN 2 57 8.3 (P<0.05). FulFm: PSIER KRR, Y(I1): PSISERR BT/~ &; YINPQ): AT HERe R R &
Freg; YINO): JEify R BRI & F =&, PAR: SB & A RERS; CK: WG T1: m U, T2 miiRXIRAE; T3: m iRl miiR
DX 3 A8 AR

Figure 1 The influence of different air temperature/root zone temperature treatments on the F./F, (A), Y(II) (B), Y(NPQ) (C)
and Y(NO) (D) of Kyoho grape leaves

Different lowercase letters indicate significant differences (P<0.05). F,/Fn: PSII maximum photochemical efficiency; Y(Il): PSII
actual photochemical quantum yield; Y(NPQ): Regulated energy dissipation quantum yield; Y(NO): Non-regulated energy dis-
sipation quantum yield; PAR: Photosynthetically active radiation; CK: Control; T1: High air temperature; T2: High root zone
temperature; T3: Cross processing of high air temperature and high root zone temperature
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H EB AT 4, T2FIT3ALHE I F PSR S2 bRtk 2
EFFEY(I)RCKYE Z N, HEaEmN
567 umol-m>-s™" i 2 5 ik B i KA, 29 FBE T
47 .3%F148.3%. M T1ALFRY (I E AR A G2, R
X Y (1) B A 4 A 5 T2 el . T4
WP EFER I E T 'Y (NPQ)E K CKIE . & 4%
1h; T24b 3878 56 % A 115 uymol-m™-s™ B Y(NPQ) %%
CKE#E LJt, HAEtb e T 2 RiA 8 m KME, b
Tt T 24.8%; T34k H 7 )6 5 Jy43 umol-m™s7" i Y
(NPQ) L CKZ 2 EFt, HAEM R T 2 ik 25 K
i, bJ+789.8% (K1C). (HRE & YLsR i, 3ZHALEE
Y(NPQ)fH 5 CKZ ] [ 7 R 1 W ek /), FLFR T3ALEEAE
1 217 pmol-m s LRI BCK | T10.9%. JE 5
AE B AE B & T 77 m Y (NO) S YE IR 1 5 Z 48 b (5
RIS, 2014). HEMDA A, 5CKHMILL, T1RIT24:
FETY(NO) TG i 3 484k, T T3AL BEAE ' 5 289 11
567 umol-m s~ Y(NO)E E CKiZ 2 T, 75t
925 pymol-m™-s7'I FiRE N EE, THE T 13.4%.

H1 EI2AT] 41, 756 [ 58 B 3% $1)567 umol-m™2-s™
Z T, 3 AL A TR A A E T P =Y (CEF)
HARE T CKEA AR EW B, HEHER
115 umol-m™-s™ I iA B fe K AH, 4391 ETF 7 30.0%-
76.1%F1113%. f£J:3#ik567 uymol-m™2s™"J5, T2#1
T34h # [} Y(CEF) A% T CK, T24b B 785 58 782
umol-m™-s7i 5CKZE F it K, 41K T 8.6%; T34b#E
TEH#E 91 217 ymol-m™2-s™'iF 5CKZE F i K, A
T15.6%. MT14LFY(CEF)E 5SCKMHLL LR EE 7.
QaEAMIE IR S (1—qp) BE 1 J W ¢ P 1) s I H O o
AR NG E] . E 2B A, T240 3 1) 1-gp
EEEHE 115 ymol-m s I CKZE ik, ETF
152.7%; TIT34EFLINAE 38 ~43 pmol-m™2-s7'if 5
CKERImTZE, LT T7101%. T14HE 5 CKH LT .
EER.

22 AEEEHELENGEMFIREHZRR
K& ESEZM

OJIPHi £k A [ Mk 2 Fh 56 TPSIKI e tb 2415 B, [Hik
PR M A BT H R Tz N TP ST 3 P A 56
(Baker, 2008; Mehta et al., 2010). HKI3AFIHOJIP
26 ] 20, T1ALEEOJIP il 26 AH 4 F CKIE & 3% A8 1k,
T2R T34 FEP /5 (300-1 0002 F0 ) e K% Yo7 &

A 0.25 -

Y(CEF)

T T
43 115 289 567 782 1217
PAR (umol-m=2-s7")

0 T T T T T T 1
43 115 289 567 782 1217
PAR (umol:m=2-s7")
——T1—0—T2 —0—T3 ——T4

B2 AN [E) 7SR AR X B b #E X e 4 Y ((CEF)
(AYF11—gp (B)HISEIH
REVNE 7R R 25 B3 (P<0.05). Y(CEF): 3 11&i#

MAMET ' 1-gp: QUEMIEFIRE; PAR. CKAT1-T3
.

Figure 2 The influence of different air temperature/root
zone temperature treatments on the Y(CEF) (A) and 1-qgp
(B) of Kyoho grape leaves

Different lowercase letters indicate significant differences
(P<0.05). Y(CEF): Circular electron transfer effective quan-
tum yield; 1—gp: Qa redox state; PAR, CK and T1-T3 are
shown in Figure 1.

(maximal fluorescence, Fp)BHEAKTCK, MiI4f7e
Jt(initial fluorescence, Fo)5#fE T8R4k, BHIT2
AT FPSIA A 1 Al Ak 235, R B A i AR
WG RE IR RE 70 2 2 PR .

MR XS 5 H6 A8 At 2 v] %0, T1ALBEAH SR T-CKOE
BEAA, T2RITIAbH 55 (222 A0 ) H X AT AR 5 ol i 3
B T-CK (EI3B), & BT M Qa1 Qg2 52 2R i o
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Figure 3 Effect of different air temperature/root zone tem-
perature treatments on the actual chlorophyll fluorescence
induction curve (A) and the relative variable chlorophyll flu-
orescence induction curve (B)

CK and T1-T3 are the same as shown in Figure 1.

ECKAM L, TARNIT240 i 50457 i A2 A 15 1 10 )
N O HUR(RCICS ) TG 2 35 484k, T3M#RCICS,,
1B H BRI, BRIEN5.2% (KEI4A). SLAEH T T
1336 1) B 177 5 (o) 5 CKAR LU 18 2 35 T [, 23 9 %
K 73.1%- 7.7%H113.2% (FE14B). K Hxaf 4858 5
(AR A (Wi) BE % J Bt PS4 ik 48 & 4 7R (OEC) 11
Y EFERE (B #3145, 2010), 34LALER X T3 4b B
CKAM LR BT, T+ 176.9% (KE4C). J S KA AT
(V) AT I BEPSIAZ PR 52 4 S5 2, T1 AR FEAH
BT CKIL B4k, T2AITIABR 40 5l B35 BT
8.0%F113.1% (E4D). PEfEHa (P2 ATE %S5
T UK S 3, PlassAEE I HREYG A ORI
fiC, T2H1 T3 AL 3 1) Plags ¥ CK 43 il T [ 18.7% #11
28.5%, T1AbHEA A B E L (EI4E). 34 AbHE AL
T34 3 T HAFEHUT & T L3R (o) FCK L 2 T+ 1

A AR AR DX O 4 A & SOk IR 213

7+ 77.2%) (EI4F).

2.3 itig

TR WS YR 2 AR . —, RIRFIAR
DX F8E 1) S 5 AR AN 38 2 R AN RS2 . 4R
AR DX e R A P i 52 BB, i e it 7%
FEAEAMHIE A, B A IE R (Fh KT A, 2013; Xia
et al., 2021). AHFFLERY, 3/NSFIRFE M8 kb B ),
e R v AR DX U B A B ol P HE B 3 R4,
T e 5 v AR DXL A8 AR BRI o 4235 FRARR,
KUEWEZAERT, Hi& M PSR T34k
RHR 2 B E 0, X 5 XufHuang (2000) K #F 5T
gE R —80. PSR Re E ZAHR3 % v i, HAEE
ZRRIEY D). Y(NPQ)FIY(NO) (A1254%, 2014). &
WFFCRIA, R HR DX 5 R 35 58 A3 1)
Y ()00 HEAG Pl I B, A 9 25 58 AR ERY (1) 32 )
A1 205 g i, AR DXL S A B XY (1) D 0 1) 35
T R AR AL . FESHAFYU) T B R R R,
Y(NPQ)Z LR EARIES, SY(NPQ)ER RS EY)
AR Ty v AR B, T DU H2 m ARE
57 AR FE T Y () B = AR il UK e, 1X
5% 7 )L (Sinosenecio jishouensis){E & 3|78
oI P e B 23 G O 2OAH [F) (1) 5545, 2014). 4k, 1t
Jr I T E i 2 = Y (CEF) BA S A—qp ok 380 i 8l 0 R
M= BSRAEIIIAR IR et 5 R 2 e S AR FE LS IR
PR L B8 AE — e AR FE R 4ERFPSIEE AR
JE, HX EE AR T AL B A 2 DA i 5 (1) B S FE
P, DR SR SRS e R X B A XA BT
Y(NO) L7t.

TakahashiflBadger (2011)I\}, HEYH %
FOGCADH] ) 32 R R 2O RGN E R & T B2
R, FHPSIZ R, EE TR FIHJIIP-textn LA
X PS5 52 4% F F2 FE AT 73 i (MG IR A%, 2005).
W R B, 1R T IZW = R, Aels 535 FR
M F IRCICS MV, (Fh7KITAE, 2013). T S5iEH I
FRIX I FEAREL, AR X i st T oK 4l i ik i PSR A
COE  EA, IR PR H TR i % (Xia et
al., 2021). AWFFWAZIFEBUNLE LR, &R @il
DX 3 R 7 58 SRR 3 B A0 P ST A% 328
REZE FRE, Stz alims. Hh, miRX
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B4 AR SAHXR A X B % RCICSm (A) @0 (B)s WA(C). V; (D). Plass (E)Flgpo (F)I52MA
NA/ING F BRI Z 57 2.3 (P<0.05) RCICSm: B THIAR AT 78 1H: 19 s B H O B ot F T FELTAAR 388 IO B 7740, Whe KOS ARG
AR AN Vi JRBIAE R T AR %, Plass: TEBETEEL @oo: FH T RAEBUNE T2, CKAT1-T3H K1,

Figure 4 The effect of different air and root zone temperature treatments on the RC/CSn (A), @0 (B), Wk (C), V;(D), Plass (E)

and ¢p, (F) of Kyoho grape leaves

Different lowercase letters indicate significant differences (P<0.05). RC/CSn: The number of active reaction centers per unit
area; @eo: Quantum yield used for electron transfer; W: Relatively variable fluorescence of K point; V;: Relatively variable fluo-
rescence of J point; Plass: The performance index; ¢po: Quantum ratio used for heat dissipation; CK and T1-T3 are shown in

Figure 1.
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Effects of High Air and Root Zone Temperature on Photosynthetic
Fluorescence Characteristics of Grape Leaves
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Abstract In order to explore the effects of different air and root zone temperature stress on the fluorescence character-
istics of grape (Vitis vinifera) leaves, we treated potted annual Kyoho seedlings under four different temperature condi-
tions: control (C), high air temperature (HA), high root zone temperature (HR), and combined treatment (CT) of HA and
HR. Our results showed that the maximum photochemical efficiency (F./Fn) under HR and CT treatments was more sig-
nificantly reduced than under C and HA conditions. The actual quantum efficiency Y(Il) of the PSIl under HR and CT were
significantly reduced, while the quantum yield Y(NPQ) of the non-adjusted energy dissipation, and the redox state of Qa
(1-gp) were significantly increased compared with the control. At the same time, the variable fluorescence (Vj) of the J
point was increased significantly under HR and CT treatments, while the quantum yield (@e,) used for electron transfer
and the performance index based on absorption of light energy (Plass) were significantly reduced. In addition, the number
of active reaction centers per unit area (RC/CSn) under HR and CT treatments was decreased significantly, while the
relative variable fluorescence (W) after normalization was increased significantly. Taken together, our study indicated
that high temperature in root zone is a key stress affecting leaf fluorescence characteristics by causing damage on the
PSII receptor side. High air temperature aggravated the damage on PSII caused by high root zone temperature.

Key words grapes, high air temperature, high root zone temperature, chlorophyll fluorescence
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