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Interrelations between Chlorophyll Fluorescence
Parameters as a Tool for the Detection of
Seasonal Changes in Photosystem Il Kinetics in
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Abstract- The aim of this study was to establish relationships
between parameters of chlorophyll fluorescence in two
strawberry cultivars in order to detect the seasonal changes in
their photosystem Il (PSIl) kinetics. Parameters of chlorophyll
fluorescence (CF) such as: Fo, Fm, Fv/Fm, Fo*, Fm®, gP, gN
and Y were measured in mature leaves of two strawberry
cultivars ‘Teresa' and ‘Honeoye’ in a late spring and an early
autumn. Fluorescence of dark-adapted leaf samples was
measured in the laboratory at room temperature, with the use
of a portable pulse amplitude modulation (PAM) fluorometer in
fifteen replicates for each parameter. Relationships between
CF parameters calculated on the basis of Pearson's
correlation coefficients were highly differentiated in the
analyzed cultivars and depended on the genotype and its
specific response to the various environmental conditions
characterizing both seasons of the year. In cv.’Teresa’ highly
positive significant correlation was observed between gP-Fm®
and Fm'-Fo" in the autumn, and highly negative significant
correlation was calculated between gN-Fo in the spring. In cv.
‘Honeoye’ the strongest positive significant correlation was
evaluated between Y-Fm" in the autumn and between Fv/Fm-
Fo in the spring. Besides, in the autumnal measurements the
relationship between gP-Fo' was positively significant, but
correlation between Fv/Fm-Fo was significantly negative in
this cultivar. Differences observed between spring and
autumnal CF relationships in both cultivars reflected the
seasonal changes in their photosystem Il kinetics. The different
distribution of photons in the photosystem Il responded to
various light intensity and/or temperature characterizing the
spring and autumn environmental conditions. In cv."Honeoye’
these changes were more evident when compared to
cv.'Teresa'. The functioning of PSIl in leaves of cv.'Teresa’ was
more stable in both seasons of the year. On the other hand, it
could be stated, that the strongest significant relationships
established between CF parameters in the analyzed
strawberry genotypes might be applicable as the reliable
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indices of stability in their photosynthetic apparatus
functioning in different seasons of the year.
Keywords: correlation, environment,
interaction, photosynthesis.

[. INTRODUCTION

hlorophyll fluorescence is an indicator of the
primary  photochemistry of photosynthesis

(Krause and Weis, 1991) and allows as a rapid,
non-destructive technique to examine photosynthetic
process in vivo. Chlorophyll fluorescence (CF) replaces
partly conventional measurements of photosynthetic
efficiency. The measurements of CF parameters are
particularly useful to assess the plant response to
different environmental stresses (Bolhar-Nordenkampf et
al, 1989; Guidi et al.,1997; Jimenez et al,1997;
Maciorowski et al.,,1996 Smillie et al.,1987; Havaux and
Lannoye,1985; Krause and Somersalo, 1989; Murkowski
and Skorska, 1988; Skérska and Murkowski, 1988).
Fluorescence can give insights into the ability of a plant
to tolerate environmental stresses and into the extent to
which those stresses have damaged the photosynthetic
apparatus. By measuring the intensity and nature of this
fluorescence, plant ecophysiology can be investigated,
also (Lichtenthaler et al., 1986).

It has long been known that chlorophyll
fluorescence emission kinetics from plants provide an
indicator of plant photosynthetic performance (Mc
Allister and Myers , 1940; Kautsky and Zedlitz, 1941;
Kautsky, Appel and Amann, 1960). More recently,
fluorescence parameters have been shown to relate
directly to the photosynthetic CO, assimilation rate of
leaves (Genty, Briantais and Baker, 1989; Genty et al.,
1990; Cornic and Ghashghaie, 1991; Harbinson, Genty
and Baker, 1990; Krall and Edwards, 1990, 1991; Krall,
Edwards and Ku, 1991; Edwards and Baker, 1993;
Siebke et al., 1997) and have been widely used to study
leaf photosynthetic performance (Maxwell and Johnson,
2000). Another application where fluorescence may be
useful is in examining the acclimation of plants to
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different microenvironments. By measuring the light
dependency of dgg, it is possible to make simple and
rapid estimates of the light saturation behaviour of
different plants under field conditions. The technique of
chlorophyll fluorescence has become ubiquitous in plant
ecophysiology studies. A number of excellent reviews
exist that discuss the theoretical background of both
measurement and analysis of chlorophyll fluorescence,
however, these are typically written from a biophysicist’s
or a molecular plant physiologist’s point of view (Horton
and Bowyer, 1990; Krause and Weis, 1991; Govindjee,
1995). In recent years no investigations into
photosynthetic performance of plants under field
conditions seems complete without some fluorescence
data. In spite of the simplicity of the measurements,
however, the underlying theory and the interpretation of
data still remains complex and in places, controversial.
Considering the above statement, further investigations
in this area of plant physiology are needed.

In order to enlarge the knowledge of
photosynthesis process in vivo, relationships between
the CF parameters in different strawberry genotypes
were investigated in this study. Such relationships give
insight into the photosystem |l kinetics and could be
applicable to predict changes in the photosynthetic
apparatus functioning of strawberry cultivars in different
seasons of the year.

II. MATERIAL AND METHODS

Measurements of eight parameters  of
chlorophyll fluorescence were done in mature leaves of
two strawberry cultivars ‘Honeoye’ and 'Teresa’ using
plants growing outdoors at the Experimental Station
belonging to the University of Life Sciences in Lublin
(61.240° N, 22.570° E). Both cultivars are commercially
cultivated in Poland and belong to early and mid-early
genotypes (respectively). Chlorophyll fluorescence was
evaluated twice: in the late spring (after flowering) and in
the early autumn (after yielding). Fluorescence of dark-
adapted leaf samples was measured in the laboratory at
room temperature, with the use of a portable pulse
amplitude modulation (PAM) fluorometer (PAM 2000,
Heinz Walz GmbH, Effeltrich, Germany) in fifteen
replicates for each parameter. The leaves of ‘Teresa’
and ‘Honeoye’ were placed into the clip, darkened for
20 min and then illuminated with red light emitting
diodes (peak at 650 nm, maximum photo-synthetic
photon flux density-PPFD at leaf surface was 600 pmol x
m? x s7). The following parameters of chlorophyll
fluorescence were measured:

1. F, — minimal fluorescence of dark-adapted leaves

2. F.,— maximal fluorescence of dark-adapted leaves

3. F,/F,, — ratio of variable fluorescence (Fv=Fm-Fo) to
maximal fluorescence (Fm); an indicator of maximum
quantum photochemical efficiency of PSIl (maximum
quantum yield), an indicator of photoinhibition

© 2015 Global Journals Inc. (US)

4.Y —Yield of PS I, a light adapted test normally taken
at steady state photosynthesis levels, to estimate of the
effective portion of absorbed quanta used in PSII
reaction centers

5. gP —photochemical quenching

6. gN — non-photochemical quenching

7. Fo' - minimal fluorescence in the light-adapted
leaves
8. Fm® — maximal fluorescence in the light-adapted
leaves.

Relationships between CF parameters were
estimated by Pearson's correlation r,, and regression
b, coefficients in the analyzed plant material. The
significance of correlations was evaluated by Duncan’s
multiple range test at P<0.05.

I11. RESULTS AND DISCUSSION

In this study the following relationships between
CF parameters were evaluated: Fm-Fo; Fm'-Fo’;
Fv/Fm-Fo; Fv/Fm-Fm; Y-Fo; Y-Fm; Y-Fo"; Y-Fm™; gP-
Fo'; gP-Fm™; gN-Fo; gN-Fm; gN-Fo'; gN-Fm".
Some of them were strong and significant.

a) Relationships between CF parameters measured in
leaves of cv.'Teresa’

In cv.'Teresa’, as was shown in Table 1., the
strong and significant correlation was observed for
pairs of CF parameters gP-Fm"~ and Fm'-Fo™ in the
autumnal measurements. Both of them were positive,
and correlation between Fm™-Fo" reached the higher
value in comparison with the first one. High positive,
though insignificant relationships were observed also for
pairs of following parameters: Fm-Fo; gP-Fo™. On the
contrary, following relationships between pairs of CF
parameters Fv/Fm-Fo; Y-Fo; Y-Fm; Y-Fo™; Y-Fm™; gN-
Fo; gN-Fm were negative. In these pairs of correlation,
the highest values were estimated between gN-Fo and
Y-Fo. The autumnal measurements of CF parameters
showed, that with the increase in values of Fm~,
photochemical quenching gP also reached the
significantly higher values and Fm™ was strongly,
positively influenced by Fo' (Fig.1 and Fig.2;
respectively).

In the case of gN, it was observed that the
increase in values of Fo and Fm caused a decrease in
the value of this first parameter. Ratio Fv/Fm was
negatively related to Fo, and positively to Fm. Y
parameter was negatively and insignificantly related to
Fo, Fm, Fo™ and Fm" parameters.

In spring measurement, some of evaluated
relationships were different when compared with the
given above. So that, the strong negative and highly
significant correlation was observed between gN and Fo
(Fig.3). In the case of remaining relationships there was
no significant correlation. On the contrary to autumnal
relationships, parameter Y was positively correlated with
Fm, Fo' and Fm’, and negatively only with Fo



parameter. Also, the contrary relation-ships  were
observed in the case of correlation between gN-Fo™ and
Fm'-Fo' (both of them were negative). Also, the
negative correlation was observed between Fm-Fo and
Fm'-Fo™. In the autumn measurement both of these
relationships were positive. Correlation Fv/Fm-Fo and
Fv/Fm-Fm showed the same tendency of relationships
when compared to the autumn measurement (negative
and positive, respectively).

b) Relationships between CF parameters measured in
leaves of cv.’Honeoye’

In the autumn measurements, as was shown in
Table 1. correlation between Fv/Fm-Fo, Y-Fm™ and gP-
Fo' were strong and significant. The first one was
negative (Fig.4), the second and third relationships
were positive (Fig.5 and Fig.6). The highest value
reached the correlation between Y and Fm™. The
remained relationships were insignificant. Besides, it
should be noticed, that in this cultivar most of evaluated
relationships were positive, negative correlation was
observed in the case of Y-Fo", gN-Fo, Fm-Fo and Fm"-
Fo'.

In the spring, associations between CF
parameters in cv. ‘Honeoye’ were mostly different when
compared to those observed in the autumn. Only
positive correlation between Fv/Fm-Fo (Fig.7) and
negative between Y-Fm (Fig.8) were strong and
significant. Only correlation between Y-Fo™, gN-Fo™ ,gN-
Fm® and Fm'-Fo' showed the same direction of
relationships in comparison with the autumn evaluation.

The high differentiation of relationships between
CF parameters exhibited in the analyzed plant material
reflected the seasonal changes in the photosystem I
kinetics. The different distribution of absorbed photons
(electron transfer) in the spring and autumn responded
to the wvarious light intensity and/or temperature
characterizing these seasons of the year. Seasonal
changes in the photosystem Il functioning were more
evident in cv.’Honeoye’ in comparison with cv.'Teresa’.
Only positive association between gN-Fo™ and gN-Fm”
as well as negative between Fm-Fo, Fm™-Fo" and Y-Fo®
were seasonally unchangeable in this cultivar. On the
contrary, in cv.'Teresa’ all given above CF correlations,
excluding gN-Fm™ exhibited the seasonal changes in
the photosystem Il functioning. In the spring,
relationships between Fm-Fo, Fm'-Fo® and gN-Fo®
were negative, while in the autumn these associations
changed into positive. Besides, the seasonal changes in
the distribution of absorbed photons in the PSIlI were
observed regarding correlations between Y-Fm, Y-Fo",
Y-Fm", which were positive in the spring and negative in
the autumn in this cultivar.

In this study, correlation between gN and Fm’®
was always positively stable, independently on the
cultivar and the season of year.

To date, no published data considering the
study on relationships between CF parameters in the
strawberry were given. Some correlation between CF
parameters were calculated by researchers like Genty et
al. (1989) where the quantum yield of non-cyclic electron
transport was directly proportional to the gP and Fv/Fm
in Silene dioica; Genty et al. (1990) observed the
relationship between gN and the rate of PSll
photochemistry in leaves of barley and pea ; Bilger,
Schreiber and Bock (1995) assessed the determination
of the quantum efficiency of photosystem Il and of non-
photochemical quenching of CF in the field, where gN
was closely correlated to excessive PPFD calculated
from the PSIl quantum vyield. Regarding the high
differentiation in the response of photosystem |l
functioning to the various environmental conditions
characterizing the different seasons of the year
observed in the analyzed plant material, further
examinations focused on this problem in the strawberry
are needed.

V. CONCLUSIONS

1. Interrelations between chlorophyll fluorescence
parameters were exhibited in the analyzed
strawberry cultivars. Some of them were strong and
significant.

2. In this study correlations between CF parameters
were highly differentiated and depended on the
genotype and its specific response to various
environmental conditions  (light intensity and/or
temperature) characterizing the spring and autumn.

3. Differences observed between spring and autumnal
CF relationships in both cultivars reflected the
seasonal changes in their photosystem Il kinetics.
These changes were more evident in leaves of
cv.’Honeoye’. The functioning of photosystem Il in
leaves of cv.'Teresa’ was more stable in these both
seasons of the year.

4. On the other hand, the strongest significant
relationships between CF parameters evaluated
individually for each strawberry cultivar, might be
applicable as the indices of stability in their
photosynthetic apparatus functioning in various
environmental conditions and could be recognized
as the cultivar characteristics.

5. Strong and significant correlations between CF
parameters probably pointed out the occurrence of
the genetic linkage between additive loci controlling
these correlated CF parameters or exhibited the
pleiotropic effect of these loci.

REFERENCES REFERENCES REFERENCIAS

1. Bilger, W., Schreiber U. and Bock M. 1995,
Determination of the quantum efficiency of

© 2015 Global Journals Inc. (US)

Global Journal of Science Frontier Research (D) Volume XV Issue VI Version I n Year 2015



Global Journal of Science Frontier Research (D) Volume XV Issue VII Version | E Year 2015

10.

11.

12.

13.

© 20

photosystem Il and of non-photochemical
quenching of chlorophyll fluorescence in the field.
Oecologia vol.102(4): 425-32.

Bolhar-Nordenkampf, H.R., Long, S.P., Baker, N.R.,
Oquist, G. and Schreiber, U. 1989. Chlorophyll
fluorescence as a probe of the photosynthetic
competence of leaves in the field: a review of
current instrumentation. Func. Ecol 3: 497-514.
Comic, G., Ghashghaie, J. 1991. Effect of
temperature on net CO, assimilation and
photosystem Il quantum yield on electron transfer of
French bean leaves (Phaseolus vulgaris L.) during
drought stress. Planta 183: 178-84.

Edwards, G.E., Baker, N.R. 1993. Can CO,
assimilation in maize leaves be predicted accurately
from chlorophyll fluorescence analysis?
Photosynthesis Research 37: 89-102.

Genty, B., Briantais, J.M. and Baker, N.R. 1989. The
relationship between the quantum vyield of
photosynthetic electron transport and quenching of
chlorophyll  fluorescence. Biochimica biophysica
acta 990: 87-92.

Genty, B., Harbinson, J., Briantais, J.M. and Baker,
N.R. 1990. The relationship between non-
photochemical quenching of chlorophyll
fluorescence and the role of photosystem 2
photochemistry in leaves. Photosynthesis Research
vol.25(3): 249-57.

Govindjee, 1995. Sixty-three years since Kautsky:
chlorophyll a fluorescence. Australian Journal of
Plant Physiology 22: 131-60.

Guidi, L., Nali, C., Ciompi, S., Lorenzini, G. and
Soldatini, G.F. 1997. The wuse of chlorophyll
fluorescence and leaf gas exchange as methods for
studying the different responses to ozone of two
bean cultivars. J. Exp. Bot 48: 173-9.

Harbinson, J., Genty, B., Baker, N.R. 1990. The
relationship between CO, assimilation and electron
transport in leaves. Photosynth. Res. 25: 213-24.
Havaux, M. and Lannoye, R. 1985. In vivo
chlorophyll fluorescence and delayed light emission
as rapid screening techniques for stress tolerance in
crop plants. Z.Pflanzen. 95: 1-13.

Horton, P., Bowyer, J.R. 1990. Chlorophyll
fluorescence transients. In: Harwood J., Bowyer JR,
eds. Methods in Plant Biochemistry. London
Academic Press, pages 259-96.

Jimenez, M.S., Gonzales-Rodriguez, A.M., Morales,
D., Cid, M.C., Socorro, A.R. and Caballero, M. 1997.
Evaluation of chlorophyll fluorescence as a tool for
salt stress detection in roses. Photosynthetica 33
(2): 291-301.

Kautsky, H., Appel, W., and Amann, H. 1960.
Chlorophylifluorescenz  und kohlensaureassimila-
tion. Biochemische Zeitschrift 322; 277-92.

15 Global Journals Inc. (US)

14,

15.

16.

17.

18.

10.

20.

21.

22.

23.

24,

25.

26.

Kautsky, H. and Zedlitz, W. 1941,
Fluoreszenzkurven von Chloroplasten-Grana.
Naturwissenschaften 29: 101-2.

Krall, J.P., Edwards, G.E. 1990. Quantum yields of
photosystem Il electron transport and CO, fixation in
C, plants. Aust. J Plant Physiol. 17: 579-88.

Krall, J.P. and Edwards, G.E. 1991. Environmental
effects on the relationship between quantum yield of
carbon assimilation and in vivo PSIl electron
transport in maize. Aust. J Plant Physiol 18: 267-78.
Krall, J.P., Edwards, G.E. and Ku, M.S.B. 1991.
Quantum vyield of photosystem Il and efficiency of
CO, fixation in Flaveria (Asteraceae) species under
varying light and CO,. Aust. J. Plant Physiol. 18: 369-
83.

Krause, G.H. and Somersalo, S. 1989.
Fluorescence as a tool in photosynthesis research:
application in studies of photoinhibition, cold
acclimation and freezing stress. Phil Trans R Soc
Lond B. 3283: 281-98.

Krause, G.H. and Weis, E. 1991. Chlorophyll
fluorescence and photosynthesis: the basics.
Annual Review of Plant Physiology and Plant
Molecular Biology 42: 313-49.

Lichtenthaler, H., Buschmann, C., Rinderle, U. and
Schmuck G. 1986. Application of chlorophyll
fluorescence in ecophysiology. Radiat. Environ.
Biophys. 25: 297-308.

Maciorowski, R., Piech, M., Stankowski, S. and
Murkowski, A. 1996. Chlorophyll fluorescence as a
rapid test for examination of winter triticale response
to urea herbicides (in Polish). Fragmenta
agronomica 1(49) Xlll: 61-69.

Maxwell, K. and Johnson, G.N. 2000. Chlorophyll
fluorescence — a practical guide. Journal of
Experimental Botany vol.51(345): 659-668.
McAllister, E.D. and Myers, J. 1940. The time course
of  photosynthesis and fluorescence observed
simultaneously. Smithson Misc. Collect. 99: 1-37.
Murkowski, A. and Skorska, E. 1988. The
application of the Iluminescence method to
evaluation of wheat and rape susceptibility to certain
herbicides. Hod. Roslin Aklim. Nasien. 32(1/2): 171-
174.

Siebke, K., von Caemmerer, S., Badger, M. and
Furbank, R.T. 1997. Expressing an Rbcs antisense
gene in transgenic Flaveria bidentis leads to an
increased quantum requirement for CO, fixed in
photosystems | and Il. Plant Physiol. 105: 1163-
1174,

Skorska, E. and Murkowski, A. 1988. Photosynthetic
luminescence detection as the quick test of chilling
resistance of cucumber plants. Hod. Roslin Aklim.
Nasien. 32 (1/2): 285-289.



27. Smillie, C.R., Nott, R., Hetherington, S.E. and Oquist and attached leaves measured by chlorophyll
G. 1987. Chilling injury and recovery in detached fluorescence. Physiol. Plant. 69: 419-427.

Table 1 : The most important Pearson s correlation (r,, ) and regression (b,, ) coefficients evaluated between CF
parameters in two strawberry cultivars

CF parameters cv.' Teresa’ cv.'Honeoye'
y X spring autumn spring autumn
rXY be rXY b‘lX rXY be rXY byx
Fm- Fo -0.2254  -0.4814 04106 2.0316 01791  -0.3628 -0.1813 -0.9032
Fm'-Fo' -0.3247 -0.7071  0.8498** 25310** -0.1195 -0.0125 -0.1945 -0.7926
Fv/Fm-Fo -0.1141 -0.3637 -0.1034  -0.2262 0.6562** 1.2269** -0.4845* -1.2243*
Fv/Fm-Fm 0.0376 0.0561 0.2379 0.1054 -0.2231  -0.2058 0.3124 0.1586
Y-Fo -0.0132 -0.0328 -0.1849 -0.7218 -0.0341 -0.0238 0.0430 0.1554
Y-Fm 0.2905 0.3378 -0.1579 -0.1238 -0.5769*  -0.1995* 0.0980 0.0711
Y-Fo' 0.1834 0.4166 -0.0761 -0.2170 -0.3616  -0.9347 -0.3578 -1.9296
Y-Fm’ 0.1102 0.1421 -0.1033 -0.0985 -0.0562 -0.0436 0.7358** 0.9884**
gP-Fo' 0.4231 18815 0.4361 1.4873 -0.2170  -0.8526 0.5602* 2.1315*
gP-Fm’ 0.1798 0.4539 0.6487** 0.7402**  -0.0755  -0.0890 0.0905 0.0844
gN-Fo -0.6982** -1.0574** -0.1862 -1.3590 0.1536 0.2318 -0.3372 -0.5141
gN-Fm -0.2542 -0.1801  -0.1296 -0.1914 -0.3826 -0.2850 0.3763 0.1215
gN-Fo’ -0.3343 -0.4629 0.1466 0.7817 0.2679 1.4912 0.3717 0.9040
gN-Fm’ 0.0941 0.0739 0.1560 0.2783 0.4173 0.6976 0.0406 0.0242
* =P <0.05
** =P <0.01
Figure 1.
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Figure 1 : Relationship between photochemical quenching (gP) and maximal fluorescence in the light-adapted
leaves (Fm™) of cv.’ Teresa’ observed in the autumn. The line was fitted using the following linear regression
equation: Y = 0.5389 + 0.7402x; R>=0.4208; P<0.01""

© 2015 Global Journals Inc. (US)

XV Issue VII Version I

(D) Volume

Research

Frontier

Global Journal of Science



Global Journal of Science Frontier Research (D) Volume XV Issue VII Version I E Year 2015

Figure 2.

Fm'’

Y =0.0632 = 2.5310=x

0.7

06—

0.4

TN

0.1 0.2 0.3 0.4 0.5 Fo

Figure 2 : Relationship between maximal fluorescence in the light (Fm*) and minimal fluorescence in the light-
adapted leaves (Fo") of cv.’Teresa’ observed in the autumn. The line was fitted using the following linear regression
equation: Y=0.0632 + 2.5310x; R*=0.7221; P<0.01%*¥*)

Figure 3.
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Figure 3 : Relationship between non-photochemical quenching (gN) and minimal fluorescence (Fo) in the dark-
adapted leaves of cv.'Teresa’ observed in the spring. The line was fitted using the following linear regression
equation: Y = 0.4159 — 1.0574x; R=0.4874; P<0.01"
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Figure 4 : Relationship between maximum quantum yield (Fv/Fm) and minimal fluorescence in the dark-adapted
leaves (Fo) of cv.’Honeoye’ observed in the autumn. The line was fitted using the following linear regression
equation: Y = 0.7995-1.2240x; R?=0.2347; P<0.05 "
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Figure 5 : Relationship between yield of PSII (Y) and maximal fluorescence in the light-adapted leaves (Fm™) of
cv.’Honeoye’ observed in the autumn. The line was fitted using the following linear regression equation: Y =0.3336

+ 0.9884x; R?=0.5414; P<0.01"
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Figure 6 . Relationship between photochemical quenching (gP) and minimal fluorescence (Fo ™) in the light-adapted
leaves of cv.’Honeoye’ observed in the autumn. The line was fitted using the following linear regression equation: Y
= 0.4042 + 2.1315x; R*=0.3138; P<0.05"
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Figure 7 : Relationship between maximum quantum yield of PSII (Fv/Fm) and minimal fluorescence in the dark-
adapted leaves (Fo) of cv.’Honeoye’ observed in the spring. The line was fitted using the following linear regression
equation: Y=0.4903+1.2269x; R?=0.4305; P<0.01"
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Figure 8 : Relationship between yield of PSII (Y) and maximal fluorescence in the dark-adapted leaves (Fm) of
cv.’Honeoye’ observed in the spring. The line was fitted using the following linear regression equation: Y=0.7121 —

0.1995x; R*=0.3328; P<0.05"
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