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Effects of drought on fluorescence characteristics of photosystem II in leaves of

Ginkgo biloba

WEI Xiaodong'? ,CHEN Guoxiang'* ,SHI Dawei' ,LIU Dan', TANG Jiahong', LI Xia®

1 Institute of Plant Resources and Environment, College of Life Sciences, Nanjing Normal University, Nanjing 210046 , China
2 Institute of Food Crops, Jiangsu Academy of Agricultural Sciences,Nanjing 210014 , China

Abstract: In plants, photosynthesis is one of the physiological processes that are sensitive to drought stress. Leaves of
drought-stressed plants show decreases in biomass and chlorophyll content and changes in chlorophyll fluorescence
parameters. Photosystem Il (PS I ) is the most sensitive component of the photosynthetic apparatus to environmental
stresses. Analyses of chlorophyll fluorescence dynamics are useful to determine the effects of environmental stresses on PS II
structure, and to study the response mechanisms of the photosynthetic machinery. Ginkgo ( Ginkgo biloba ) is often
subjected to drought during its growth season. However, little is known about the physiological mechanisms underlying
changes in the photochemical activities of PS Il in Gingko. In this study, therefore, we analyzed changes in the
fluorescence characteristics of PSII in chloroplasts of mesophyll cells in drought-stressed leaves of the G. biloba cultivar
‘ Taixingdafuzhi’ . Five-year-old ginkgo trees were grown in pots in a greenhouse and subjected to one of four drought

treatments (20, 30, 40, or 50 days without watering) and compared with control trees (0 days without watering). We
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determined chlorophyll fluorescence dynamic curves and parameters and performed a JIP-test. The chlorophyll content in
ginkgo leaves decreased gradually with increasing levels of drought stress. The fluorescence dynamics curves showed
increased values at K and L phases. These increases in the values of fluorescence dynamics curves were particularly
significant at 40 days of drought treatment, and were attributed to PS Il destruction and instability. The damage to PS II
structure was accompanied by changes in the fluorescence characteristics. The minimal fluorescence ( F,) increased and
maximal fluorescence (F, ) decreased gradually with increasing levels of drought stress. The absorption flux per reaction
center (RC)-ABS/RC, electron transport flux per RC (ET,/RC) , trapped energy flux per RC (TR,/RC), and trapped
energy flux per cross section ( CS)-TR,/CS, increased significantly, while the electron transport flux per CS (ET,/CS,)
decreased as the period of drought lengthened. During drought stress, there were gradual decreases in the normalized total
complementary area above the O-J-I-P transient (S, ), the probability that a trapped exciton will move an electron into the
electron transport chain beyond Q,(#,) , and quantum yield for electron transport (@E,) , which reflect electron transport
activities of the PSII acceptor side. During drought stress, there were gradual increases in the approximated initial slope of
the fluorescence transient (M, ) and the relative variable fluorescence intensity at the J-step and I-step (V, and V). The
dissipated energy flux per RC (DI,/RC) and dissipated energy flux per CS (DI,/CS,), which reflect heat dissipation,
significantly increased in response to drought stress. As the period of drought stress lengthened, there were decreases in the

density of RCs (RC/CS,), F,/F, and performance index on an absorption basis ( P/, ), which reflect the photochemical

abs
efficiency of PSI, while there were increases in relative variable fluorescence at 300 ps of the chlorophyll fluorescence
transient ( W, ), reflecting electron transport activities of the donor side. Moreover, we observed degradation of the oxygen-
evolving complex (OEC) as the period of drought stress lengthened. Taken together, these results indicated that the decline
of PSTI function in ginkgo leaves was due to an inbalance in energy flux allocation, instability of PS I units, inactivation of
reaction centers, disturbance of electron transport, and damage to the oxygen-evolving complex under drought stress. @,

accumulation on the PSII acceptor side may have played a major role in the decrease in PS Il electron transport activity that

accompanied reaction center inactivation. PI

abs

was more sensitive than F /F_to drought stress, and may be used as a

biomarker to determine the extent of drought stress in ginkgo leaves.

Key Words: Ginkgo biloba; chlorophyll fluorescence kinetics; drought; PSII
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Table 1 Formulate and glossary of terms used by JIP-test for the analysis of the fluorescence transient O-J-I-P

ey WL 1
Wj‘ﬁ%ﬁ ﬂuorescence parameters

H W78 X Biological significance

F,(Fluorescence intensity at t time)

Fy( Fluorescence intensity at 50us)

Woy=(F,—Fy)/(F;-F,) (Relative variable fluorescence for the normalization
between Fy and F;)

Wox=(F,=Fy)/(Fyp,. —Fo) (Relative variable fluorescence for the normalization
between Fjy and Fy,,)

F,,(Maximal fluorescence intensity)

F,= F,— Fy(Variable fluorescence)

F,/F,( Conformation term for primary photochemistry)

ABS/RC ( Absorption flux per RC)

TR,/RC(Trapped energy flux per RC at ¢t = 0)

ET,/RC(Electron transport flux per RC at ¢ = 0)

DI,/RC( Dissipated energy flux per RC at ¢ = 0)

RC/CSy( Density of reaction centers per cross-section )

TR,/ CS( Trapped energy flux per CS at¢ = 0)

ET,/ CS(Electron transport flux per CS at ¢ = 0)

DI,/ CSy(Dissipated energy flux per CS at ¢ = 0)

PI, .(Performance Index)

V,=(F,;=F,)/(F,—F,) (Relative variable fluorescence at 2ms)

S

“m

(Relative area between F,, and F,)
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DB fluorescence parameters H 2= 78 X Biological significance

W= (Fg- Fy)/( F,- F, ) ( Ratio of variable fluorescence at K-step to the
amplitude F;— F;)
M,=4( F3OUpr -F,)/(F, -F,) (Approximated initial slope ( in ms™! ) of the

fluorescence transient)

TSN Fy 15 Fy—Fy JRIGAY EL B

OJIP D15 T R A AR I 3¢

AR ABTR e TR B L b B Ol 0, e
TRAREIMBEAR (TE t=0 1)

o =1- V,(Probability that a trapped exciton moves an electron further thanQ; )

@E,=[1-(Fy/F, ) ]1(1-V,;) (Quantum yield for electron transport at ¢ = 0) JHT o A8 B P28 (16 1=0 1)
F,/F,(Quantum yield of primary photochemistry) TR ZERCR
Vi=(Fg=F,)/(F,~F,) (Relative variable fluorescence at 300pus) K S AR X AT AR 56

OEC=[1-(V/V,) Jdrought sample/[ 1 —=(Vy/V;) ] control ( The fraction of OEC

in comparison with the control)

L5 BT L YT AU A PR RO 25

V,=(F,=F,)/(F,~F,) (Relative variable fluorescence at 30 ms) IS B FEXT AT AR5

m
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