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Sporulation modifies the photosynthetic activity of sporotrophophyll leaves 
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Abstract

Platycerium bifurcatum is an epiphytic fern, occurring mainly in the forests of Australia and New Guinea. The location 
and spatial structure of its sporangia makes this fern a unique research model for physiological experiments. Our research 
aimed to determine changes in photosynthesis in the sporophilic and trophophilic parts of P. bifurcatum leaves during 
spore tying and maturation. For this purpose, the JIP-test and gas-exchange measurements of leaves were performed. In 
the study, we showed that changes typical of plant responses to stress factors also happened at critical periods in plant 
ontogenesis (e.g., in the generative phase) not related to environmental stress. Measurements of chlorophyll a fluorescence 
kinetics, the intensities of net/gross photosynthetic rate, and the respiration of sporotrophophilic leaves indicated that the 
intensities of these processes were related to the location of spores and to the stage of sporulation. The results are the first 
to describe the photosynthesis process and dark respiration of leaves during sporulation in ferns.
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Introduction

Analyzing OJIP fluorescence transients, with the JIP-
test, can provide a lot of important information about 
plant bioenergetic state, energy distribution in the light 
phase of photosynthesis, and communication between 
individual PSII units (Strasser et al. 2000, 2010). A 
well-developed methodology for chlorophyll (Chl) a 
fluorescence measurements and the extensive literature 
on the topic allow a comprehensive assessment of the 
impact of environmental factors on the photochemical 
efficiency of PSII (Kalaji et al. 2014, 2018). In addition, 
thanks to the nondestructive nature of the measurements, 
one can observe in vivo physiological changes occurring 
in the same parts of the leaf blade. Used together, 
fluorescence and gas-exchange measurements provide 
complete information on the photosynthesis process and 
on the state of internal balance between energy supply and 
consumption in the dark phase of photosynthesis.

Many ecophysiological, environmental, and agricul-
tural studies have used Chl a fluorescence analysis and 
the JIP-test to study plant responses to abiotic and biotic 
environmental stresses (Živčák et al. 2008, Kuckenberg  
et al. 2009, Kalaji et al. 2014). However, very little attention 
was given to cryptogams (including ferns), as well as 
possibility of using the JIP-test in analysis of processes 
connected with their generative development. Fern growth 
(like that of many other plant species, for that matter), and 
in particular, the sporulation phase (generative develop-
ment), requires energy from photosynthesis. Therefore, the 
JIP-test, which allows one to assess PSII photochemical 
efficiency, and gas-exchange analysis can be useful in the 
study of ontogenesis in ferns.

Platycerium bifurcatum is an epiphyte that occurs 
naturally mainly in the forests of Australia and New Guinea. 
It is also one of the most commonly grown ornamental 
fern species in the world (Kreier and Schneider 2006). 
Sporophyte of P. bifurcatum is a trophically independent 
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generation, well adapted to changing water supply 
conditions (Kluge et al. 1989, Rut et al. 2008, Rut 2014). 
Mature sporophytes have two types of leaves: sporo-
trophophylls and nest leaves. Sporotrophophyll leaves 
perform assimilation functions (the trophophilic part) and 
are responsible for reproduction (the sporophilic part). In 
turn, nest leaves perform mainly mechanical functions, 
since they fasten the plant onto the tree and accumulate 
water and mineral substances. Thus, the two types of 
leaves serve different physiological functions and undergo 
different types of metabolism (Oliwa et al. 2016, 2017; 
Oliwa and Skoczowski 2019a).

In P. bifurcatum, sporangia concentrate in acrosti-
choids, on the sporophilic part at the dichotomous ends of 
the leaf blade. They have a single-layer wall and are placed 
on stalks on the lower surface of the leaves (Raghavan 
1989), which helps protect sporangia thanks to less 
exposure to environmental factors (Holtum and Winter 
1999). Sporangiaꞌs location and spatial structure make 
P. bifurcatum a unique research model in physiological 
experiments. Since they are located on a relatively large 
area separated from the rest of the leaf, it is possible to 
determine metabolic changes accompanying sporulation 
both at the site of spore production and in the nonsporulated 
part. In most cryptogam species, including ferns, such 
measurements are impossible due to the location of 
sporangia in numerous, small sori.

The sporulation process begins with the differentiation 
of an archespore, from which the stem cells of the spores 
are formed, followed by the tetraspora. P. bifurcatum 
spores have an ellipsoidal shape, flattened on one side; 
initially green, they become light brown later. Sporoderm 
is composed of an outer layer (exosporium) and an inner 
layer (endospore). Exosporium is hard and resistant to 
chemical substances, but it is permeable to water (Soltis 
and Soltis 1992, Makgomol 2006). Its spore surface is 
characterized by diffuse papillary folds and the presence 
of globular structures. 

Earlier research on P. bifurcatum have concerned mostly 
micropropagation and the in vitro vegetative propagation 
(Camloh and Gogala 1992, Ambrožič-Dolinšek and 
Camloh 1997, Aspiras et al. 2010, Liao and Wu 2011). 
Motivated by growing anthropopressure in tropical forests, 
ecophysiological studies – some of which used the Chl a 
fluorescence analysis – have been conducted in recent 
years. They mainly concerned P. bifurcatumꞌs response to 
drought stress, light stress, and high ozone concentration 
(Rut et al. 2003, Sanusi et al. 2011, Oliwa and Skoczowski 
2019a,b) and its ontogenetic development in different light 
conditions (Oliwa et al. 2016, 2017). However, according 
to the authorsꞌ knowledge, the scientific literature lacks 
information on energy distribution and assimilation 
activity of leaves during the sporulation process not only in 
P. bifurcatum, but in ferns in general. Thus, the following 
questions seem reasonable: (1) Do the sporulating and 
nonsporulating parts of the leaf differ in photosynthetic 
activity? (2) Does photosynthesis in tissues immediately 
adjacent to the area of spore formation resemble that which 
takes place in other parts of the leaf blade?

This work aims to determine changes in photosynthesis 

in the sporophilic and trophophilic parts of P. bifurcatum 
leaves during spore tying and maturation. The experiment 
designed to study these processes used the JIP-test and 
selected parameters of Chl a fluorescence to analyze 
kinetics capture, transport, and energy dissipation in the 
photosynthetic light phase. The analyses included also 
the relationship between the stage of sporulation and 
changes in the intensity of gas exchange measured in the 
sporophilic and trophophilic part of the leaves.

Materials and methods

Plant material: The experiment used 10-year-old sporo-
phytes of Platycerium bifurcatum (Cav.) C. Chr. from the 
collection of the Institute of Biology of the Pedagogical 
University of Krakow, Poland. The plants grew under 
greenhouse conditions with a natural photoperiod, at 22°C 
and 40–60% relative humidity.

Fig. 1 shows four stages of sporulation specified for  
the experiment. Chl a FL kinetics and gas exchange 
were measured in sporophilic parts of leaves: (1) with 
juvenile sporangia at the SI stage, and with maturing 
sporangia at (2) the SII stage, and (3) the SIII stage. At the 
same time, measurements were taken in the trophophilic 
parts of the leaves (stages TI, TII, and TIII, respectively). 
Sporotrophophyll leaves without developed sporangia 
in the sporophilic part constituted the control treatment. 
Since leaves in the SIV and TIV stages had already lost 

Fig. 1. Different stages of development of the sporangium part 
on the lower side of Platycerium bifurcatum leaf. Nonsporulating 
leaf (control) (A), stage I (SI) (B) – leaf with young sporangium; 
stage II (SII) (C), and stage III (SIII) (D) – leaves with immature 
sporangium; stage IV (SIV) (D) – leaf with mature sporangium. 
This classification was proposed by the authors. tp – trophophilic 
part, sp – sporophilic part.
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all of their chloroplasts and thus they did not serve any 
photosynthetic functions, they were not analyzed.

Chl a fluorescence kinetics: According to the method of 
Strasser et al. (2000), the parameters of Chl a FL kinetics 
were determined in the sporophilic and trophophilic parts 
on the upper and lower sides of the leaves, in successive 
stages SI–SIII and TI–TIII and in control leaves. The 
measurements were made with a Handy-PEA fluorimeter 
(Hansatech Instruments, UK). Before measurement, leaf 
blade fragments were acclimated to dark for 30 min. The 
intensity of the excitation light was 1,000 µmol(photon) 
m–2 s–1, and the measurement time was 1 s. To read the 
results, the PEA Plus program was used (Hansatech, UK).

The JIP-test was carried out in the following steps: O – 
20 μs, J – 2 ms, I – 30 ms, and P – 300 ms. The JIP curves 
were normalized to points O and P (Vt). The differential 
curves (ΔVt) were calculated by subtracting the values of 
the normalized JIP curves (Vt) in stages SI–SIII and TI–TIII 
from control curves (Oukarroum et al. 2007, Dąbrowski  
et al. 2016). Similarly, the curves for ΔVt for O–K, O–J, 
J–I, and I–P phases were drawn. 

Net photosynthesis (PN) and dark respiration (RD): The 
PN and RD intensities of sporotrophophyll leaves were 
determined using a CIRAS-2 infrared gas analyzer (PP 
Systems, Hitchin, Herts, UK). For measurements, a PLC 4 
board chamber (PP Systems, Hitchin, Herts, UK) with 
a measuring surface of 2.5 cm2 was used. The PN and R 
values were determined in a closed system containing 
21% of O2. The CO2 concentration was 300–400 µmol 
mol–1. During photosynthesis measurements, PFD was  
100 µmol(photon) m–2 s–1, while the temperature was 25°C.

Gross photosynthetic rate (PG) and respiration: The PG 
and R intensities of sporotrophophylls were determined 
using a Clark electrode (Hansatech Instruments Ltd., 
Norfolk, UK), located in a LD/2 chamber (5-ml volume) 
at 25°C and connected to a CB1D data reading device. To 
read and analyze the data, the Acquire software was used 
(Hansatech Group, Norfolk, UK). The PG and R values 
were determined in a closed system containing 21% of O2. 
The CO2 concentration was 300–400 µmol mol–1, PFD was 
100 µmol(photon) m–2 s–1, and the temperature was 25°C. 
The rates of photosynthesis and leaf respiration were 
expressed in µmol(CO2 production) or (O2 taken) m–2 s–1.

Statistical analysis: To analyze the data, one-way 
analysis of variance (ANOVA) was applied in Statistica 
10.0 (StatSoft, Poland). Whenever the F-test showed 
significant differences between the groups, Tukeyꞌs HSD 
test was used to test the pairwise differences between the 
means, at p≤0.05. The results shown are the means of 4–10 
independent biological replicates.

Results

The sporophilic and trophophilic parts of P. bifurcatum 
leaves differed in the PSII photochemical activity, 
determined by the parameters of Chl a FL and JIP curves, 
and in the amount of CO2 uptake and O2 evolved.

Chl a fluorescence kinetics: The FL induction curves in 
both sporophilic and trophophilic parts of the leaves, at 
all the stages of spore development, had a typical course 
with clearly marked O-J-I-P steps (Fig. 2). Normalized 
O-J-I-P curves (Vt in Fig. 2A–D) showed that the largest 
deviations from control occurred in the SI and TI phases 
in the sporophilic part, but also on the upper side in the 
trophophilic part. In turn, in the sporangium area, the largest 
differences were observed in the SIII stage, that is, during 
spore maturation (Fig. 2B). This relationship was even 
better visible as positive bands in the double normalized 
differential curves (ΔVt) (Fig. 2E–H), indicating diffe-
rences in the energy flux between the sporulating part and 
the other parts of the sporotrophophyll leaves.

The double normalization of fluorescence curves 
separately for the O–J phases (Fig. 3) revealed positive 
K bands. The highest intensity of FL in the K bands 
was observed in the sporophilic part in stages SII and SIII 
(measured on the lower leaf side) (Fig. 3B). This band, 
however, was visible in the curves of all the analyzed parts 
of the leaf blades (Fig. 3). 

The maturation of sporangia did not adversely affect 
the maximum photochemical PSII yield in the trophophilic 
part of the leaves (Table 1). However, the Fv/FM ratio in 
the sporophilic part (in the lower part of the leaf blades) 
decreased by 10–15% in the later stages of sporulation 
(SII and SIII). In turn, the AM value permanently decreased 
during spore formation only directly at the sporangium 
area (SI–SIII, bottom of leaf), with a simultaneous increase 
in Vj. In the remaining parts of the leaves, the decrease 
in AM was temporary and only occurred in stage I. The 
quantum yields and probability parameters indicate that 
electron flow outside QA decreased in the sporulating 
part in subsequent stages SI–SIII (ψE0 and φE0). In the 
nonsporulating parts of the leaves, ψE0, φE0, and φR0 only 
temporarily decreased.

Parameters representing energy fluxes in one active 
RC (ABS/RC, TR0/RC, ET0/RC, RE0/RC, and DI0/RC) 
increased in the subsequent stages of spore development 
in both parts of the leaves (Table 1). This trend was not 
visible only in the ET0/RC and RE0/RC values in the 
trophophilic part. 

The performance indexes, PIABS and PItotal, proved 
to be the most sensitive parameters differentiating PSII 
activity in individual parts of the sporotrophophylls. 
During sporulation, PI values significantly decreased, 
both in trophophilic and sporophilic parts. PItotal markedly 
decreased – down to 70% – on the lower leaf side in the 
sporophilic part (Table 1).

Gas exchange of leaves: The sporophilic and trophophilic 
parts significantly differed in PG values in stages II (SII, 
TII) and III (SIII, TIII), and in the PN values in stage III only 
(Fig. 4). In both the sporophilic (SI) and trophophilic (TI) 
parts, PN was significantly lower in stage I than that in 
the nonsporulating (control) leaves. No such relationship 
was observed in PG, however. PN and PG intensities in the 
trophophilic part of leaves in stages TII and TIII did not 
differ significantly from those in the nonsporulating leaves 
(Fig. 4). In turn, PN in the sporophilic part was lower than 
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that in the control in the first stage of spore maturation 
[SI, by 4.7 µmol(CO2) m–2 s–1] and that in stage SIII. In the 
sporulating leaves at the SI stage, PG [11.3 µmol(O2) m–2 s–1]  

was higher than PN [7.8 µmol(CO2) m–2 s–1]. In the later 
stages (SII, SIII), this discrepancy was smaller (Fig. 4). 

The sporulation process resulted in a higher increase in 

Fig. 2. Normalized OJIP curves (A–D) and differential curves ΔVt (E–H) in the nonsporulating leaf (control) and in the subsequent 
stages of sporulation in the sporophilic (SI–SIII) and trophophilic parts (TI–TIII) of Platycerium bifurcatum sporotrophophyll leaves. 
Sporophilic part – upper side of leaf blade (A,E); sporophilic part – bottom side (B,F); trophophilic part – upper side (C,G); trophophilic 
part – bottom side (D,H).
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respiratory intensity in the sporophilic part than that in the 
trophophilic part, especially in the juvenile stage of spore 
development (SI) (Fig. 4). In stages SII and SIII, respiration 
intensity decreased to lower levels than that observed in 
stage SI. Despite this, the breathing process was more 
intense than that in the trophophilic part.

In the trophophilic part, the the RD and R value did not 
significantly differ from the control in the subsequent TI–TIII 

stages. Depending on the measurement method used, the 
intensity of breathing in the SI stage increased by 70% to 
upwards of even 170%, compared to the control.

Discussion 

Photosynthesis is the main metabolism process, and its 
course strongly correlates with the stage of plant deve-
lopment. Photosynthesis phases include light absorption 
by the antenna system, electron transfer in reaction 
centers, energy stabilization in secondary processes, and 
the synthesis and transport of photosynthetic products 
(Blankenship 2014). Understanding how the photosynthetic 
apparatus functions in the sporophilic and trophophilic 
parts during spore maturation may help understand the 
processes of growth, development, and reproduction – not 
only of P. bifurcatum, but of ferns in general.

Along with the progressive sporulation process in 
the individual parts of P. bifurcatum leaves, a change in 
photosynthetic activity occurred, a process associated 
with both PSII functioning and CO2 assimilation. The 
differences in the energy flux in the sporophilic part, 
visible on the OJIP and Vt curves, seem to be a natural 
consequence of sporangia formation and spore maturation 
(Fig. 2B). Changes in PSII functioning, however, were 
also visible on the upper side of the sporophilic part of 
the leaf, and in the trophophilic parts that did not directly 
participate in the formation of sporangia (Fig. 2). The O–J 
and J–I phases of the FL induction curves suggest that the 
fundamental difference between the sporulating part of the 
leaf and the others manifests in the largest changes in the 

absorption and distribution of energy at different stages of 
sporulation. In the area of spore formation, the increase 
in amplitude of the ΔVt bands in stages SI–SIII (Fig. 2F) 
suggests a progressive loss of LHCII absorption capacity, 
as was the case in other plants under stress (Tsimilli-
Michael and Strasser 2013). Changes in part O–J during 
spore development indicate the reorganization of PSII 
units, which translates into communication between them 
(Strasser et al. 2004, Joliot and Joliot 2005, Stirbet 2013). 
These values increased in steps J and I, which means that 
the number of electron carriers on the PSII acceptor side 
was limited (Lazár 2006), and that the oxygen-evolving 
complex (OEC) might be dysfunctioning (Kalaji et al. 
2018). These increases confirm the decrease in the SM 
value in the SI–SIII phases in this part of the leaf, suggesting 
a reduction in the size of the PSII and PSI electron carrier 
pool (from QA to ferredoxin) (Bąba et al. 2016). On the 
other hand, in the remaining parts of the leaf (i.e., above 
the sporulating part and in the trophophilic part), temporary 
disturbances at this stage of electron transport were visible 
only in stage I. In the next stages, the leaves returned to 
a state similar to that of nonsporulating (control) leaves. 
Quick compensation of excitation energy losses and 
restoration of effective energy transport in PSII units in 
the trophophilic part of the leaf suggest that it may play an 
important role in supplying energy to the sporulating part, 
in which the presence of spores hinders effective energy 
absorption.

The O–K and O–J phase differential curves (ΔVt; Fig. 3)  
showed that the characteristic L and K stress bands occured 
not only in the case of a typical response to environmental 
stress. Therefore, these bands can also be used to describe 
changes in energy distribution in PSII during propagation 
and generative development of plants. This shows new 
possibilities of using Chl a fluorescence kinetics analysis 
in ontogenesis and plant reproduction studies, and in 
developmental biology in the broad sense. Visible L and 
K bands in the sporophilic part of the leaf (especially, 
in stages SII and SIII; Fig. 3) indicate an imbalance in 

Fig. 3. The O–J phase of differential curves 
(ΔVt) in the nonsporulating leaf (control) 
and in the subsequent stages of sporulation 
in the sporophilic (SI–SIII) and trophophilic 
parts (TI–TIII) of Platycerium bifurcatum 
sporotrophophyll leaves. Sporophilic part – 
upper side of leaf blade (A); sporophilic part – 
bottom side (B); trophophilic part – upper 
side (C); trophophilic part – bottom side (D).
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PSII between the electrons leaving the RC acceptor and 
the electrons donated by the donor side (Oukarroum 
et al. 2007). In addition, the time shift of the maximum  
L band indicates a slower energy transfer from the antennas 
to the RC (Kalaji et al. 2018). In turn, these bands were 
significantly lower or even absent in the trophophilic part, 
indicating fewer ungrouped PSII units in photosynthetic 
membranes and probably higher OEC activity (Guissé  
et al. 1995). 

In both sporophilic and trophophilic parts of the leaf, the 
parameters determining the viability of the plant (PIABS and 
PItotal) decreased; both parts also combined the efficiency 
of energy conversion in PSII and PSI (PItotal). During spore 
development, however, the decline was systematic only in 
subsequent stages SI–SIII. This should be explained by the 
susceptibility of PItotal to changes in the antenna properties 
manifested in the efficiency of electron trapping and their 
transport outside of QA (Kalaji et al. 2014). Until now, 
this process has been observed in P. bifurcatum and other 
species under environmental stress (Živčák et al. 2008, 
Miszalski et al. 2016, Oliwa and Skoczowski 2019a).

The visible increase in the J–P phase of the fast Chl a 
FL curve represented energy transport from QA to PSI 

and reflected a decrease in the electron transport chain 
(Schansker et al. 2005, 2006). In the trophophilic part of 
the leaf, these changes were only temporary (stage I), but 
in the sporophilic part (bottom of the leaf), they lasted 
longer.

The Chl a FL values confirm a greater efficiency of the 
photosynthetic apparatus in the trophophilic part of the leaf 
than that in the sporophilic part, where spores are developed 
(Table 1). Other observations to confirm this phenomenon 
include, just like in abiotic and biotic stresses, the decrease 
in the maximum photochemical efficiency of PSII (Fv/FM), 
the probability of electron transport from QA

‒ to PQ (φE0), 
and the pool of available PSII acceptors (AM) in following 
stages of sporulation (Maxwell and Johnson 2000, Bąba  
et al. 2016). However, energy streams in a single active  
RC (ABS/RC, TR0/RC, ET0/RC, RE0/RC) usually increased 
in subsequent stages SI–SIII and TI–TIII, suggesting an 
increase in the rate of the electron transport chain. Such 
an increase may be related to the high energy demand 
that leaves have during sporulation and to the need to use 
effectively all the available energy. Thus, the formation of 
spores on the lower side of the leaf blade in the sporophilic 
part also leads to changes in the absorption and transport 
of light energy both on the upper side of the leaf blade 
and in the trophophilic part. It is not clear, however, why 
the DI0/RC ratio also increases in this case, indicating the 
conversion of absorbed light into heat energy.

The results proved that changes in the photosynthesis 
and respiration intensities of the sporophilic part of the 
leaf, represented by the PN, PG, and R parameters, are 
associated with the development of sporangia. In the 
early sporulation stages, photosynthesis intensity in this 
part of the leaf was lower than that in the trophophilic 
part; a difference was even greater in the later stages. The 
maturation process of sporangia changed the functioning 
of the photosynthetic apparatus of the whole plant, as 
reflected in the decrease in the Chl a FL parameters (e.g., 
PItotal). These changes probably resulted from the decrease 
in Chl content in this part of the leaf. In the final stage 
of spore maturation, the Chl content in the sporophilic 
part decreased even more clearly (unpublished data), 
resulting in significant disturbances in the functioning of 
the photosynthetic apparatus. 

In the juvenile stage of sporulation (SI), the sporophilic 
part of the leaf had lower photosynthesis intensity 
(represented by PN and PG) than did the trophophilic part, 
likely a result of the hindered diffusion of CO2 and O2 
(caused by the developing sporangia), CO2 reassimilation 
processes, and dense tomentose. Differences in photo-
synthesis intensity measured by the amount of CO2 uptake 
or O2 evolved may indicate that atmospheric CO2 was not 
the only substrate for photosynthesis in the sporophilic part 
of the P. bifurcatum leaf. Another likely substrate – at least 
partially – for photosynthesis transferred to chloroplasts 
formed in sporangia was CO2 present in phloem sap. 
Nevertheless, it seems atmospheric CO2 and respiration 
are two primary sources of this gas, CO2 produced by the 
latter being reassimilated to a varying extent (Hibberd and 
Quick 2002, Wittmann et al. 2006, Millar et al. 2011).

The respiration intensities of individual parts of the 

Fig. 4. Net photosynthesis rate and dark respiration (PN and 
RD) (A), gross photosynthesis rate and respiration intensity (PG  
and R) (B) of nonsporulating leaves (control) and in the sporophilic 
(SI, SII, SIII) and trophophilic (TI, TII, TIII) parts of Platycerium 
bifurcatum leaves in individual stages of sporulation, n = 4.
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sporotrophophyll leaf during sporangium development 
varied significantly. The increased respiration in the 
sporophilic part of the leaf blade in the SI stage was 
probably due to the increased energy demand, which 
energy is required for protein synthesis and the transport of 
organic compounds and ions necessary for the formation 
of sporangia and spores (Wittmann et al. 2006, Millar 
et al. 2011). For this reason, the respiration rate clearly 
decreased in the spore area during the final stage of 
sporulation, down to the level observed in the trophophilic 
part of the leaf.

The research is the first to show changes in the 
photosynthesis process and leaf dark respiration during 
sporulation in ferns. 

Conclusion: The paper reports the results of experiments 
carried out in the sporophilic and trophophilic parts of 
sporotrophophyll leaves of Platycerium bifurcatum. They 
showed that the sporotrophophyll is a heterogeneous 
structure. The approach we took helped us analyze and 
understand physiological processes taking place within 
individual parts of the leaf. Similar observations were made 
in the study of physiological processes occurring within 
the leaf blade and vascular bundles in Mesembryanthemum 
crystallinum (Kuźniak et al. 2016).

Our experiments indicate that the formation of spores 
on the bottom side of the leaf blade in the sporophilic part 
leads to changes in the absorption and transport of light 
energy also on the upper side of the leaf blade and in the 
trophophilic part of the leaf. Differential OJIP curves for the 
photosynthetic apparatus undergoing ontogenetic changes 
showed similar bands to those observed in plants under 
stress. This observation provides new opportunities to use 
the JIP-test to monitor the state of PSII and photosynthetic 
activity, which – especially when combined with other 
methods for measuring photosynthesis – can help better 
understand the processes of plant growth and development.
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