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Abstract

This study was conducted in the greenhouse of the Citrus Research Institute of the Rural Development Administration with the
aim of analyzing electron transfer efficiency in citrus under high temperatures caused by climate change and selecting
photophysiological indicators to identify high temperature resistant varieties. The “Shiranuhi” cultivar showed no change in
maximum fluorescence or Origin-Jump transition stage due to the heat treatment. However, chlorophyll fluorescence
parameters, such as RC/CS, ABS/CS, and ETo/CS, increased. Consequently, it was judged that there was no decrease in
photosynthetic performance due to high temperature. However, compared to mandarin orange, “unshiu Marcow” was found to
have damage to the photosynthetic apparatus due to a significant increase in chlorophyll fluorescence in the O-J transition stage.
It was also evaluated as Group III, with the lowest level of high-temperature resistance even in the high-temperature stress
index analysis using PI ABS, making it the most vulnerable to high temperatures among the five varieties tested. In conclusion,
chlorophyll fluorescence reaction analysis can be used for heat cultivation technology by selecting resistant varieties and
identifying the appropriate temperatures.
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Fig. 1. Photo of citrus trees growth after high temperature treatment in greenhouse (A) Greenhouse schematic diagram;
(B) T1 treatment area; (C) T2 treatment area: (D) T3 treatment area.
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Table 1. Formulas and glossary of terms used by the JIP-test for the analysis of the fluorescence transient OJIP
(Stirbet, 2011)

Data extracted from the recorded fluorescence transient O-J-I-P

Fo Fluorescence at the O-step (50 s ) of O-J-I-P
F,=F,, Fluorescence at the J-step (2 ms) of O-J-1-P
F,=F,,, Fluorescence at the I-step (30 ms) of O-J-1-P
F/, = (FM> Maximal recorded (=maximal possible) fluorescence, at the peak P of O-]-1-P
F,=F,—F, Maximal variable fluorescence
V] = (ij F0>/(FM7 FO) Relative variable fluorescence at the J-step
V,= ( F— FO) / ( Fy— F()) Relative variable fluorescence at the I-step
Specific energy fluxes (per Qa-reducing PS II reaction center — RC)
ABS/RC= M1/ V) (1/¢p0> Absorption flux per RC
TR,/ RC= M1/ VJ> Trapped energy flux per RC (at )
ET2,/RC=(M/ V/) (1- V;) Electron transport flux from Qx to Qs per RC (at)
RE1 ()/RC: (MO/ V]) ( 1— V,) Electron transport flux until PSI acceptors per RC (at )

DIO/RC= (ABS/RC)— ( TRO/RC) Disipated energy flux per RC (at )

Phenomenological energy fluxes/activities (per excited cross section, CS)

ABS/CSy Absorption flux per CS; ‘x' = ‘Chl’, 0, or ‘M

TRO/ CSx = ¢P0(ABS/ CSX) Trapped energy flux per CS (at )

TR2,/CSy = ¢E0(ABS/ CSX) Electron transport flux per CS (at )

TR,/ CSy=¢ REPO(ABS/ CSy) Electron transport flux until PSI acceptor per CS (at )

DIO/CS, = (ABS/CSZ)* ( TRO/C‘S,) Dissipated energy flux per CS (at )

Performance index

Jii _ RC . ¢r, o, Yo Performancehindeg for enefrgy conservation from photons absorbed by PSII
ABS = — — f
ABS 1 ¢P0 1 7 antenna, to the reduction o
Iy =1 ps * [61?51 / (1 —Orm )] Performance index for energy conservation from photons absorbed by PSII
ABS o antenna, until the reduction of PSI acceptors

Driving forces (total driving forces for photochemical activity)

DF=log(P) Driving force on absorption basis

Technical fluorescence parameters

Vt = (Ft - Fo)/(FM - Fo) Relative variable Chl fluorescence

Stress tolerance index

Heat stress factor index
HFI=log(A)+2log(B) (A=T2PI/T3PL B =T1 PI/T3 PI)
I Group = 0; 0 1I Group = -0.5; -0.5 » Il Group
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Fig. 2. Temperature of the greenhouse from the fruit growth period to the coloration period
(A) Average Temperature; (B) Max Temperature; (C) Min Temperature.
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Fig. 3. Comparison of AVok (relative variable fluorescence between O to K steps) of citrus trees in
greenhouses by heating treatment temperature (A) Kanpei; (B) Natsumi: (C) Shiranuhi; (D) Sinyegam;
(E) Marcow.
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