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Abstract

BACKGROUND: In korea, sweet persimmon(Diospyros
kaki) cultivation is front to abiotic stresses such as frost
damage at fruit maturing stage. The cold and rapid
freezing stresses are most damaging to fruit production
which is most actively progressed in late fall. This study
was performed to evaluate the validity of chlorophyll
fluorescence imaging(CFI) technology to determine the
degree of frost damage in sweet persimmon fruits.

METHODS AND RESULTS: The sweet persimmon fruits
were measured separately for each treatment(15, 30, 60
minutes) at 24 hours after treatment(HAT) rapid freezing. A
CFI FluorCam (FC 1000-H, PSI, Czech Republic) was used
to measure the fluorescence images of the fruits. In rapid
freezing for 15 minutes, photochemical parameters were
not changed. However, in rapid freezing for 30 and 60
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minutes, photochemical parameters were lowered.
Especially, F, Fy, F\/F and OPSII values were declined
under rapid freezing.

CONCLUSION: In our study, it was clearly indicated that
the rapid freezing could be a stress in sweet persimmon
fruits. The CFI analysis and its related parameters are
applicable as a rapid assessing technique for the
determination of frost damage.

Key words: Chlorophyll Fluorescence Imaging, Frost
Damage, Rapid Freezing, Sweet Persimmon

skal QUth(Lee et al, 2010).
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Table 1. Summary of the Chlorophyll fluorescence parameters (modified from Gorbe et al’s data, 2012)

Fluorescence parameters” Definition

F, Minimal chlorophyll fluorescence intensity measured in the dark-adapted state, when all

PSII reaction centres are open

Fm Maximal chlorophyll fluorescence intensity measured in the dark-adapted state during the
application of a saturating pulse of light

F'm(Fm_Lss) Maximal chlorophyll fluorescence intensity measured in the light-adapted state during the
application of a saturating pulse of light

Fs(Fi_Lss) Chlorophyll fluorescence intensity measured at the steady-state after subjecting the sample
to non-saturating actinic illumination

F, Variable chlorophyll fluorescence (Fm—Fo) measured in the dark-adapted state, when
non-photochemical processes are minimum

Fy/Fm Maximum quantum yield of PSII photochemistry measured in the dark-adapted state

NPQ=(Fn—Fm )/Fun
OPSI=(F -Fs)/F'm
Rfszd/ Fsz(Fm'Fs)/ Fs

Stern-Volmer non-photochemical quenching coefficient
Effective quantum yield of photochemical energy conversion in PSII

Chlorophyll fluorescence decrease ratio. Rfd is an indicator of the photosynthetic quantum

conversion and is correlated with CO2 fixation rates

* F,", Minimal chlorophyll fluorescence intensity; F,, Fluorescence in the peak; Fp, Maximal chlorophyll fluorescence
intensity; F'm, Maximal chlorophyll fluorescence intensity measured in the light-adapted state; Fs, Chlorophyll
fluorescence intensity measured at the steady-state; F,, Variable chlorophyll fluorescence; Fv/Fm, Maximum quantum
yield of PSII photochemistry; NPQ, non-photochemical quenching; ®PSII, Effective quantum yield of photochemical
energy conversion in PSII; R, Chlorophyll fluorescence decrease ratio.
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Fig. 1. Changes in photographic illustration of frost
damage for sweet persimmon fruits(HRT: Hours after
treatment). Arrows indicate the freezing stressed regions
of sweet persimmon fruits.
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Fig. 2. Changes in Chlorophyll fluorescence imaging(Fo,
F,/Fm, OPSH, NPQ, and Rfd) of sweet persimmon
fruits under different frost damage conditions.
* HAT", hours after treatment; Fo’, Minimal chlorophyll
fluorescence intensity; Fm, maximal chlorophyll fluorescence
intensity; Fv/Fm, Maximum quantum yield of PSI
photochemistry; OPSI, Effective quantum vyield of
photochemical energy conversion in PSIL NPQ, non-
photochemical quenching; Rfd, Chlorophyll fluorescence
decrease ratio.
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Fig. 3. Polar plot analysis of changes in chlorophyll
fluorescence parameter during different times of frost
damage condition(A: 1 hour after frost damage condition,
B: 24 hours after frost damage condition). The values of
no damage (black color) parameter were radially fixed on
1.0 comparing to others under frost damage condition
(red color: 15minutes, green color: 30minutes, blue color:
60minutes).

* Fy', Minimal chlorophyll fluorescence intensity; Fp, F,
maximal chlorophyll fluorescence intensity; Fy/Fu,
Maximum quantum yield of PSII photochemistry; @ PSII,
Effective quantum yield of photochemical energy
conversion in PSI; NPQ, non-photochemical quenching;
Rfd, Chlorophyll
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Table 2. Comparison of photochemical parameters in the sweet persimmon fruits under different frost damage conditions

1 hours after frost damage 24 hours after frost damage

Para-
meter No . 15 . 30 . 60 No ' 15 ' 30 60 minutes
damage minutes minutes minutes damage minutes minutes

F.” 350a" 270abc 259bc 322ab 306ab 298ab 190cd 156d kX
Fn 1780a 1279bcd 918def 1023cde 1508ab 1433abc 702ef 503f ook
Fy 1431a 1009bc 659cd 701cd 1202ab 1135ab 512d 347d ek
Fp 1439a 1017bc 933bc 1058ab 1311ab 1232ab 648cd 496d xEE
F, 334a 254b 258ab 323ab 292ab 275ab 183c 155¢ o
F'm 1432a 1003b 907bc 1051b 1215ab 1031b 589cd 477d xEE
Fs 1112a 685bc 830ab 1006a 954ab 671bc 490c 426¢ o

Fy/Fm 0.80a 0.79a 0.69ab 0.69ab 0.80a 0.79a 0.64ab 0.63b NS

OPSII 0.23b 0.32a 0.08de 0.04e 0.22b 0.35a 0.15¢ 0.10cd o

NPQ 0.25b 0.28b 0.01d -0.03d 0.24b 0.39a 0.13c 0.03cd o
Ria 0.30c 0.48b 0.12de 0.05e 0.38¢ 0.84a 0.28¢ 0.16d ook

* a”, Means whith letter are not significantly different(Duncan’s test, p<0.05); **, p<0.001 significance level in student’s
t-test; Ns’, Not significance; F,*, Minimal chlorophyll fluorescence intensity; Fp, Fluorescence in the peak; Fm, Maximal
chlorophyll fluorescence intensity; Fv, Variable chlorophyll fluorescence; F'o, Minimal chlorophyll fluorescence intensity
measured in the light-adapted state; F'm, Maximal chlorophyll fluorescence intensity measured in the light-adapted state;
Fs, Chlorophyll fluorescence intensity measured at the steady-state; Fv/Fm, Maximum quantum yield of PSII
photochemistry; ®PSII, Effective quantum yield of photochemical energy conversion in PSII; NPQ, non-photochemical

quenching; Rfd,

Hashs Jlew WYEhgth webA Fo, Fm, By, Fy/Fa ratio,
NPQ ¥ Ra 5 67§ w77} whzte] sdaloll st 33t
St AR ER E8 Tkl sloR A

%8 Fo, Fu % B S7330l disl WiztelA| W8 oF
& 5 Sl A8 7he s JoR AkEEfl,
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