ISSN 0367-6315
Korean J. Soil Sci. Fert. 45(5), 676-682 (2012)
http://dx.doi.org/10.7745/KJSSF.2012.45.5.676

HT
Mo

AF0| HEA HE 0|0|X] EAH0 o8t SHUAER A X|ES} TSY

o

Al dl ol B sl 4 A

A7 -

fo

HEAS . ZIEfQH™
2, 'Sy tet

Possibility of Drought stress Indexing by Chlorophyll Fluorescence Imaging
Technique in Red Pepper (Capsicum annuum L.)

Sung-Yung Yoo, Ki-Cheol Eom, So-Hyun Park, and Tae-Wan Kim'*

SEjong Institute of Data Analysis (SEIDA), Suwon 443-766, Korea
IHanKyong National University, Ansung, 456-749, Korea

The objectives of this study focused on measuring chlorophyll fluorescence related to drought stress
comparing some parameters. Almost parameters were declined although they were not significant on the basis
of mean values of fluorescence of total leaf area. While the ratio of fluorescence intensity variable chlorophyll
(Fv) to fluorescence intensity maximal chlorophyll (Fv) was not changed, the effective quantum yield of
photochemical energy conversion in photosystemll (PPSII) and chlorophyll fluorescence decrease ratio (Rsg)
were slightly reduced, indicating inhibition of the electron transport from quinone bind protein A (Q,) to
quinone bind protein B (Qg). Some parameters such as non-photochemical quenching rate (NPQ_ss) and
coefficients of non-photochemical quenching of variable fluorescence (qN) in mid-zone of leaf and near
petiole zone leaf were significantly enhanced within 4 days after drought stress, which can be used as
physiological stress parameters. Decrease in OPSII could was significantly measured in all leaf zones. In
conclusion, three parametric evidences for chlorophyll fluorescence responses such as ®PSII, NPQ, and gN
insinuated the possibility of photophysiological indices under drought stress.
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Fig. 1. Comparison of red pepper grown under different water conditions. Photos were taken 4 days after drought stress.
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Table 1. Summary of the major Chlorophyll fluorescence parameters (modified from Gorbe et al’s data, 2012).

Fluorescence parameters

Definition

Fo

Fn
Fo
F,m(FmiLss)

Fs(FtiLss)

Fy
Fu/Fn

Fo/F,

Fu/F

R¢=F/Fs=(Fm-F)/F

OPSI=(F -Fo)/F

ONO=1/(NPQ+1+qL(F/Fo —

ONPQ=1—DPSI— PNO
ONPQ/DNO

NPQ=(Fn—F'm }F'm
NPQ
GN=(Fsn—F')/(Fn—F'y)

1)

Minimal chlorophyll fluorescence intensity measured in the dark-adapted state, when all PSII
reaction centres are open

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

Minimal chlorophyll fluorescence intensity measured in the light-adapted state

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

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

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

Variable chlorophyll fluorescence (Fm—F,)measured in the light-adapted state
Maximum quantum yield of PSII photochemistry measured in the dark-adapted state

Ratio of minimal chlorophyll fluorescence intensity to variable chlorophyll fluorescence, measured
in the dark-adapted state

Ratio of maximal chlorophyll fluorescence intensity measured in the dark-adapted state to
steady-state chlorophyll fluorescence. In this case, Fs is obtained after illumination with continuous
saturating irradiance.

This ratio is an indicator of the photosynthetic quantum conversion

Chlorophyll fluorescence decrease ratio. In this case, Fs is obtained after illumination with
continuous saturating irradiance. Ry is an indicator of the photosynthetic quantum conversion
and is correlated with CO, fixation rates

Effective quantum yield of photochemical energy conversion in PSII
Quantum yield of non-regulated energy dissipation in PSII
Quantum yield of regulated energy dissipation in PSII

Ratio of quantum yield of regulated to non-regulated energy dissipation in PSII, which is
related to the capacity of photoprotection of the photosynthetic apparatus

Stern-Volmer non-photochemical quenching coefficient
Component of the NPQ parameter related to the photoinhibition-dependent quenching
Coefficient of non-photochemical quenching of variable fluorescence

Coefficient of photochemical quenching of variable fluorescence based on the lake model of

qL=aPxFoFs PSII
F. . Exciton transfer efficiency from antenna pigments to the reaction centre of PSII in the light-
adapted state
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Fig. 2. Spatial distribution of Chlorophyll fluorescence
parameters in the leaves of red pepper grown under different
water conditions.
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Table 2. Comparison of Chlorophyll fluorescence parameters
in the leaves of red pepper grown under different water
conditions

Parameter optim}lm drought condition significance
watering (4 days after treatment)
Fo 517+17.37 531+45.8 NS
Fin 2432+182.2 2437+284.4 NS
F, 1915+185.1 1907+276.1 NS
Fp 1533+210.9 1586+382.4 NS
Ft_rss 672+40.8 715£117.0 NS
Fu/Fm 0.79+0.02 0.78+0.03 NS
OPSy; 0.45+0.04 0.4240.01 NS
NPQ 1ss  1.04+0.43 0.99+0.15 NS
Qp_iss 0.69+0.04 0.65+0.06 NS
Rfd_yss 1.374+0.46 1.2540.21 NS
gN 0.571£0.11 0.582+0.05 NS
qL 0.444+0.11 0.445+0.12 NS

NS : no significance.
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Table 3. The Spatial differences of Chl fluorescence parameter in the leaves of red pepper grown under optimum irrigation (OI) and

water stress (WS).
Near tip£STD Mid-zone+=STD Near petiole+STD
o)} 493 £23.74 535426.70 522 +16.52
F, WS 505 +24.96 567 £33.17 567 +43.57
significance NS NS NS
Ol 2303 +67.06 2517 £100.33 2469 £196.53
Fin WS 2343 +328.89 2666 +320.81 2596 +371.16
significance NS NS NS
Ol 1811 +89.93 1982 +126.65 1947 £213.01
Fv WS 1838 +327.20 2099 +320.78 2030 +359.62
significance NS NS NS
0)| 1452 +71.94 1544 +121.69 1458 +217.34
Fy WS 1503 +460.99 1713 +430.94 1762 +433.58
significance NS NS NS
Ol 719 +20.39 B 771 +£14.05A 694 +9.40B
Ft_rss WS 704 +171.90 755 £124.93 724 £91.02
significance NS NS NS
Ol 0.79 £0.017 0.79 +0.023 0.79 +0.023
FV/fm WS 0.78 +0.030 0.78 +0.031 0.78 +£0.030
significance NS NS NS
Ol 0.48 +0.006B 0.49 +0.006A 0.50 +0.000A
DPSyy WS 0.44 +0.010A 0.42 +0.015AB 0.39 +0.020B
significance * ** **
0)| 0.67 £0.072 0.65 +0.095 0.78 +0.155
NPQ s WS 0.90 +0.244 1.08 +0.185 1.18 £0.111
significance NS * *
Ol 0.69 +0.006B 0.72 £0.012A 0.74 £0.012A
Qp_vss WS 0.68 +0.066 0.65 +0.061 0.63 +0.051
significance NS NS NS
Ol 1.06 +0.153 1.03 £0.191 1.14 £0.344
Rfd yss WS 1.15 +0.223 1.28 +0.264 1.44 £0.316
significance NS NS NS
Ol 0.4740.025 0.474+0.037 0.5140.053
gN WS 0.54+0.088 0.60+0.053 0.63+0.021
significance NS * *
0)| 0.50+0.039 0.50+0.051 0.5240.086
qL WS 0.53+0.054 0.56+0.056 0.5940.060
significance NS NS NS
o)} 0.35+0.029 0.354+0.037 0.3140.050
ONO WS 0.30+0.059 0.2740.030 0.25+0.016
significance NS * NS

NS : no significance, * : p<0.05 significance level in student’s t-test, ** : p<0.01 significance level in student’s t-test. Means
with same letter are not significantly different.
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Fig. 3. Polar plot analysis of fluorescence parameters at
different parts of leaves under drought condition. The values
of control parameter were radially fixed on 1.0 comparing to
others under drought stress. For the distributional analysis of
chlorophyll fluorescence parameters the measurements were
performed in three parts of leaves such as leaf zone near
petiole, mid-zone of leaf and leaf zone near tip.
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