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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 II (PSII) kinetics.  Parameters of chlorophyll  
fluorescence (CF) such as: Fo, Fm, Fv/Fm, Fo`, Fm`, qP, qN  
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 qP-Fm`  
and Fm`-Fo` in the autumn, and highly negative significant  
correlation was calculated between qN-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 qP-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 II kinetics. The different  
distribution of photons in the photosystem II 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 PSII 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  

indices of stability in their  photosynthetic apparatus 

 

functioning in different seasons of the year. 
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I.
 

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 Skórska, 1988; Skórska 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 CO2 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  

C 

  

1

G
lo
ba

l
Jo

ur
na

l
of

Sc
ie
nc

e
Fr

on
tie

r
R
es
ea

rc
h 

  
  
  
 V

ol
um

e
X
V
 I
ss
ue

  
  
  
er

sio
n 

I
V

V
II

Y
ea

r
20

15

© 2015    Global Journals Inc.  (US)

  
 )

) D

7

    

useful is in examining the acclimation of plants to 



 

 

 different  microenvironments. By measuring the light 

 dependency of ΦPSII  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 II 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 

 (51.240° 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 µmol ×

  m-2 ×

 

s-1). The following parameters of chlorophyll 

 fluorescence were measured: 

  1. Fo

 
–
 
minimal

 
fluorescence of  dark-adapted  leaves

  2. Fm

 
–
 
maximal fluorescence of dark-adapted leaves

  3. Fv/Fm

 
–
 
ratio of  variable fluorescence (Fv=Fm-Fo) to 

 maximal fluorescence (Fm); an indicator of maximum 
 quantum photochemical efficiency of PSII (maximum 

 

quantum yield),  an indicator of photoinhibition

  
4. Y –

 

Yield of PS II, 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. qP –photochemical quenching 

  
6. qN –

 

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 rxy

 

and regression 

 
byx

 

coefficients in the analyzed plant material. The 

 
significance of correlations was evaluated by Duncan’s 

 
multiple range test at P≤0.05.

  
III.

 

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`; qP-

 
Fo`; qP-Fm`; qN-Fo; qN-Fm; qN-Fo`; qN-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 qP-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; qP-Fo`. On the 

 
contrary, following relationships between pairs of CF 

 
parameters Fv/Fm-Fo; Y-Fo; Y-Fm; Y-Fo`;

 

Y-Fm`; qN-

 
Fo; qN-Fm were negative. In these pairs of correlation, 

 

the highest values were estimated between qN-Fo and 

 
Y-Fo. The autumnal  measurements of CF parameters 

 
showed, that with the increase in values of  Fm`, 

 
photochemical quenching qP also reached the 

 
significantly higher values and Fm` was strongly, 

 

positively influenced by Fo` (Fig.1 and Fig.2.; 

 
respectively). 

  
In the case of qN, 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 qN 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 
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parameter. Also, the contrary relation-ships  were 

 

observed in the case of correlation between qN-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 qP-

 

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`, qN-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`, qN-Fo`,qN-

 

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 II 

 

kinetics. The different distribution of absorbed photons 

 

(electron transfer) in the spring and autumn responded 

 

to the various light intensity and/or temperature 

 

characterizing these seasons of the year. Seasonal 

 

changes in the photosystem II functioning were more 

 

evident in cv.’Honeoye’ in comparison with cv.’Teresa’. 

 

Only positive association between qN-Fo` and qN-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 qN-Fm` exhibited the seasonal changes in 

 

the photosystem II functioning. In the spring, 

 

relationships between Fm-Fo, Fm`-Fo` and qN-Fo` 

 

were negative, while in the autumn these associations 

 

changed into positive. Besides, the seasonal changes in 

 

the distribution of absorbed photons in the PSII 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 qN 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 qP and Fv/Fm 

 

in

 

Silene dioica; Genty et al.

 

(1990) observed the 

 

relationship between qN and the rate of PSII 

 

photochemistry in leaves of barley and pea ; Bilger, 

 

Schreiber and Bock (1995) assessed the determination 

 

of the quantum efficiency of photosystem II and of non-

 

photochemical quenching of CF in the field, where qN 

 

was closely correlated to excessive PPFD calculated 

 

from the PSII quantum yield. Regarding the high 

 

differentiation in the response of photosystem II 

 

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.

  

IV.

 

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 II kinetics. 

 

These changes were more

 

evident in leaves of 

 

cv.’Honeoye’. The functioning of photosystem II 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.
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Table 1 :

 

The most important Pearson`s correlation (rxy

 

) and regression (byx

 

)  coefficients evaluated between CF 

 

parameters in two

 

strawberry cultivars

  

CF parameters                              cv.’Teresa’                                            cv.’Honeoye’

 

           y    x                                 spring                   autumn                        spring                 autumn

 

                                                   rxy

 

           byx          rxy            byx

 

              rxy                byx          rxy           byx

 
 

                  Fm- Fo                      -0.2254        -0.4814      0.4106       2.0316       -0.1791           -0.3628        -0.1813     -0.9032 
                   Fm`-Fo`                    -0.3247        -0.7071      0.8498**   2.5310**   -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**

 

qP-Fo`                    0.4231          1.8815       0.4361        1.4873     -0.2170     -0.8526         0.5602*     2.1315*

 

qP-Fm`                 0.1798         0.4539        0.6487**    0.7402**  -0.0755   -0.0890         0.0905        0.0844

 

qN-Fo               -0.6982**   -1.0574**  -0.1862    -1.3590             0.1536        0.2318     -0.3372     -0.5141

 

qN-Fm             -0.2542      -0.1801      -0.1296     -0.1914    -0.3826     -0.2850         0.3763        0.1215

 

qN-Fo`             -0.3343      -0.4629        0.1466       0.7817           0.2679          1.4912         0.3717       0.9040

 

qN-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 (qP) 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; R2=0.4208; P≤0.01(**)



 
 

 
 

 
 
 
 
 
 
 
 
 
 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; R2=0.7221; P≤0.01(**)

  

Figure 3 : Relationship between non-photochemical quenching (qN) 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; R2=0.4874; P≤0.01(**)

Figure 3.

Figure 2.
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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; R2=0.2347; P≤0.05 (*)

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; R2=0.5414; P≤0.01(**)

Figure 4.

Figure 5.
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Figure 6 : Relationship between photochemical quenching (qP) 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; R2=0.3138; P≤0.05(*)

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; R2=0.4305; P≤0.01(**)

Figure 6.

Figure 7.
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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; R2=0.3328; P≤0.05(*)

Figure 8.
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