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Abstract 

    Changes in photosynthetic capacity and efficiency, and in carotenoid composition 

have been examined during leaf ontogeny in the pasture legume white clover, 

Trifolium repens (L.).  Total leaf chlorophyll was used as an indicator of leaf 

maturity, with maximum levels of the pigment denoting the mature-green phase of 

leaf development, and an observed decrease in chlorophyll content accompanying leaf 

senescence. For chlorophyll a and b, a constant ratio (a/b) between the two pigments 

was observed in mature green leaves, and in the early stages of senescence while the 

ratio increased during the later stages of leaf senescence.  Measurement of the net 

photosynthetic rate (Ps) revealed a decrease in the photosynthetic rate that correlated 

with the decrease in total chlorophyll content. Measurement of chlorophyll 

fluorescence in vivo revealed that the optimal quantum efficiency of PSII (Fv/Fm) did 

not decline significantly, but the effective quantum efficiency of PSII in the light 

((Fm’-Ft)/Fm ) did decrease significantly, with a concomitant increase in non-

photochemical quenching (NPQ).  In terms of changes in the accessory pigments 

during senescence, the total pool of carotenoids decreased when expressed per unit 

fresh weight, but not as rapidly as total chlorophyll such that the 

carotenoid/chlorophyll increased. The relative abundance of the carotenoids 

comprising the xanthophyll cycle, zeaxanthin (Z), violaxanthin (V) and 

antheraxanthin (A) altered during leaf ontogeny. In mature-green leaves, violaxanthin 

was the more abundant pigment, but as leaf senescence progressed, zeaxanthin 

became the most abundant pigment, and the ratio of (Z + A)/(Z + A + V) increased. 

These results support the notion of protection of PSII during leaf senescence with 

evidence of the xanthophyll cycle in operation to dissipate excess absorbed light 

energy.      
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1. Introduction 

     As a model system with which to study leaf ontogeny, including senescence, we 

have been utilising a white clover growth system in which all stages of leaf 

development, from initiation at the apex through mature-green to senescence, are 

represented on the same stolon [17].  Using this developmental system, a mature-

green-leaf-associated 1-aminocyclopropane-1-carboxylate (ACC) oxidase gene 

(designated TR-ACO2), coding for the terminal enzyme in the ethylene biosynthetic 

pathway, has been shown to decline at the onset of senescence (as determined by 

chlorophyll content), while a senescence-associated ACC oxidase gene (designated 

TR-ACO3) has been shown to be upregulated [17]. Further studies have shown that 

the expression of TR-ACO2 is down-regulated by tissue ageing while the expression 

of TR-ACO3 is induced by wounding and tissue ageing (putative ‘age-related’ factors) 

and not by ethylene [39]. There is now much speculation as to the identity of these 

‘age-related’ factors that are proposed to induce the senescence process [11, 16]. 

These factors have replaced ethylene as the primary inducer of the process, with 

ethylene suggested to be an important regulator of the process [11]. More recently, 

the decline in photosynthetic capacity of leaves, and the concomitant down-regulation 

of photosynthesis-associated gene (PAG) gene expression, as an entry into the 

remobilisation phase of senescence has attained particular significance since it has 

been proposed that this decline represents a signalling point, possibly via the enzyme 

hexokinase [4] that initiates the subsequent up-regulation of senescence-associated 

(SAG) gene expression [16].  Thus as part of a larger study to identify the signals (the 

putative age-related factors) that influence the down regulation of TR-ACO2 (a 

putative PAG gene) and up-regulate the expression of TR-ACO3 (a putative SAG 
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gene), a more detailed study on the changes of photosynthetic efficiency during leaf 

ontogeny, particularly at the onset of senescence in white clover is needed.      

   The decline in the photosynthetic capacity accompanying leaf senescence was one 

of the earliest observations of the process in higher plants [37], and has now been 

documented for a large number of species [9, 38]. A major facet of this decline is 

associated with the loss of ribulose-1,5-bisphosphate carboxylase, a major pool of leaf 

nitrogen (N) and, therefore, a primary target for proteolysis as part of the 

remobilisation phase of the senescence process [13]. However, closer examination of 

the loss of rubisco during leaf senescence has highlighted the high degree of 

transcriptional and translational control accompanying the senescent process in leaves 

of higher plants [21, 33].  The decline in chlorophyll content and electron flow 

through the photosystems is another commonly reported facet of the onset of 

senescence [38]. In particular, observations from the measurement of chlorophyll 

fluorescence in vivo, show that the loss of photochemical efficiency is a highly 

regulated process. In systems where whole plants are used, a decrease in the effective 

quantum efficiency of PSII ((Fm’ – Ft)/Fm ) has been observed but with no change in 

the optimal quantum (dark-adapted) efficiency of PSII (Fv/Fm) [19, 25, 26, 31]. In 

these studies, the reduction in measured efficiency in the light but maintenance of 

PSII efficiency in dark-adapted chloroplasts, is coupled with an increase in non-

photochemical quenching, suggesting that the accessory pigments, particularly the 

carotenoids may play a role in the photoprotection of PSII. While some studies have 

reported changes in carotenoid composition of leaf tissues during development [2, 3, 

8, 14, 40], there are fewer that have investigated the relationship of PSII efficiency 

with carotenoid content and composition during leaf senescence [27, 31, 34].     
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     This study, therefore, uses the stoloniferous growth habit of white clover to dissect 

further the mechanism of decline in photosynthetic capacity with concomitant 

changes in carotenoid composition, particularly the xanthophyll pigments, during leaf 

senescence. The overall aim is to map the timing of these changes with other 

published observations of the induction of senescence-associated ACC oxidase genes 

and hence further dissect the signalling events that regulate leaf senescence.                      
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2. Results 

2.1 Measurement of leaf chlorophyll as an indicator of leaf maturity  

   Chlorophyll content, as an indicator of leaf maturity, was used to denote node 

number as a function of leaf development on white clover stolons (figure 1). Under 

the growth conditions used in this study, leaf initiation and maturation, as determined 

by an increase in total chlorophyll content, was observed in leaves subtending from 

node 1 to node 3.  The mature-green developmental state (as determined by a 

constant, maximum total chlorophyll content) is observed in leaves subtending from 

node 4 through to node 14, with a range of 1700 g/gFW (node 6) to 2100 g/gFW 

(node 7).  After node 14, the total chlorophyll content decreased to reach 550 g/gFW 

in leaves subtending from node 18. 

   The content of both chlorophyll a and b were determined in each leaf subtending 

from the stolon (figure 1). The overall pattern of both chlorophyll a and b content 

mirrored the total chlorophyll pattern, with no significant change in the chlorophyll 

a/b ratio observed during the mature-green leaf stage, the onset of senescence and 

during senescence (up to node 17). However, an increase in the ratio was observed at 

node 18.      

 

2.2 Changes in photosynthetic rate and efficiency during leaf ontogeny 

   Changes in photosynthetic activity during leaf ontogeny (nodes 3 – 18) were 

measured by IRGA (figure 2A). The analysis demonstrated that the rate remained 

high during the mature green stage with the first detectable decrease in the 

photosynthetic rate (Ps) observed at node 12, and this decrease continued through to 

node 18.   
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   Photosynthetic activity was also characterised in terms of photochemical efficiency 

using measurements of chlorophyll fluorescence (figure 2B). Photochemical 

efficiency of PSII (photochemical yield) in light-adapted tissues, represented by (Fm’-

Ft)/Fm , increased during leaf expansion (leaves subtending from nodes 2 and 3), 

remained highest during the mature green leaf stage (leaves subtending from nodes 4 

to 14), and then decreased as leaf senescence progressed (after node 14). This trend 

quite accurately reflected the total chlorophyll content in leaves at each node.        

    The decrease in photochemical yield of PSII in senescent leaf tissue was examined 

more closely to determine the nature of the decrease. For these experiments, 

representative nodes from each critical developmental stage were pooled to provide 

four tissues: newly initiated leaves (NI; nodes 2 and 3), mature green leaves (MG; 

nodes 6 and 8), onset of senescence (OS; nodes 13 and 14) and senescent leaves (SL; 

nodes 16 and 17). For each developmental stage, chlorophyll fluorescence was 

measured in dark-adapted and light-adapted leaf tissues (table I). Fo values of dark-

adapted tissue (fluorescence emission when all reactions centres are open for 

photochemistry) increased over the four developmental stages with the OS and SL 

measurements significantly higher than the NI and MG values. The Ft values of light-

adapted tissue remained constant over the four developmental stages. Measurements 

of Fm values of dark-adapted tissue (fluorescence emission when all the reaction 

centres are closed) increased slightly in the OS tissues, and then decreased markedly 

in the SL tissues. Measurements of Fm  values of light-adapted tissue increased in the 

MG and the OS tissues, and then decreased significantly in SL tissue.   

   Changes in each of these variables indicate that the optimal quantum efficiency of 

PSII in dark-adapted chloroplasts (Fv/Fm) remains constant during leaf ontogeny, 

whereas a significant decrease in the effective quantum efficiency in the light ((Fm’-
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Ft)/Fm )) was observed in the SL tissue (figure 3). Calculation of non-photochemical 

quenching (NPQ) determined that the NPQ was constant in the NI, MG and OS 

tissues, but was significantly higher in the SL tissue.   

 

2.3 Changes in the spectrum of carotenoids during leaf ontogeny  

   The content of the carotenoid accessory pigments (calculated as per unit fresh 

weight) decreased during leaf maturation and senescence (figure 4). However this 

decrease was not as rapid as the chlorophyll loss as the plot of the 

carotenoid/chlorophyll ratio gradually increases. This increase was most marked in 

the senescent leaves (nodes 12 to 16). 

  The relative abundance of the three carotenoid pigments associated with the 

xanthophyll cycle, violaxanthin (V), antheraxanthin (A) and zeaxanthin (Z) was 

compared during leaf maturation and senescence (figure 5A). Initially, in mature-

green leaves, violaxanthin is the most abundant of the three pigments, particularly in 

nodes 3 to 5. However, the content of this pigment decreased during leaf maturation 

and senescence, while the levels of zeaxanthin and antheraxanthin remained more 

constant. Violaxanthin was present in a ca. 3-fold higher concentration when 

compared with antheraxanthin such that in the senescent tissues (node 12 onwards), 

violaxanthin was the predominant pigment. The ratio of (Z + A)/(Z + A + V) was 

plotted over nodes 1 to 16, and a gradually increasing ratio was observed (figure 5B).      
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3. Discussion 

 This study had sought to investigate changes in photosynthetic capacity and 

efficiency during leaf maturation and senescence in the pasture legume white 

clover Trifolium repens (L.), including comparing these changes with carotenoid 

content and composition.  In common with the studies reported by Hunter et al 

[17], total chlorophyll content has been used in this study as an indicator of leaf 

ontogeny with 3 major developmental stages identified: developing leaves, 

mature-green leaves and senescent leaves. Developing leaves are denoted by an 

increase in chlorophyll content, mature–green leaves by a consistent (maximum) 

level of chlorophyll and senescent leaves by a discernible decrease in chlorophyll 

levels. Separation of total chlorophyll into chlorophyll a and b, revealed a 

constant ratio of both pigments and thus an almost parallel decrease in both 

pigments in mature green leaves, at the onset of leaf senescence and during leaf 

senescence. Only at the very terminal stages of senescence (node 18) did 

chlorophyll b increase relative to chlorophyll a. In some plant species, including 

barley [40], bean [20], meadow fescue [14], oat [40], rice [22], sycamore [29], 

western larch [34], and wheat [25], a comparison the ratio of chlorophyll a with 

chlorophyll b reveals a preferential protection of chlorophyll b, such that the 

relative abundance of this pigment increases as leaf senescence increases. This 

differential degradation of chlorophyll pigments is proposed to support the 

operation of a chlorophyll b-a cycle in higher plants [35]. However, for other 

species including western plane [1] and maize [26], no decrease in the 

chlorophyll a/b ratio has been reported. During studies of leaf ontogeny in Lolium 

temulentum, a decrease in the chlorophyll a/b ratio was observed during the 
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earlier stages of leaf senescence (as determined by chlorophyll loss), but then, in 

common with white clover, an increase was observed in the later stages [8].     

    To complement chlorophyll measurements during leaf ontogeny, two  

measurements of photosynthetic capacity were also performed: the photosynthetic 

rate (Ps) and the effective quantum efficiency ((Fm’-Ft)/Fm ) of PSII. For both 

measurements, the Ps rate and the photochemical efficiency decreased in close 

association with chlorophyll content. A decrease in Ps observed as part of the 

ontogeny of intact leaves is an important indicator of leaf senescence, and has been 

observed in many plant species including barley [7], Italian ryegrass [8], rice [28], 

soybean [21], western larch [34], and wheat [15, 26, 27, 36]. In common with the 

observations made for white clover, a decline in the effective quantum efficiency 

during leaf senescence as part of the natural ontology of intact leaves has also been 

observed in other species including maize [26] and wheat [25]. 

    To investigate the decrease in photochemical efficiency during leaf senescence 

more closely, the decrease in the effective quantum efficiency of PSII ((Fm’-Ft/Fm’), 

was compared with the optimal quantum efficiency of PSII (Fv/Fm). For simplicity, 

nodes were grouped according to chlorophyll content to form 4 major developmental 

groups: newly initiated (chlorophyll content increases) mature-green (chlorophyll 

levels at a consistent maximum), onset of senescence (first perceptible decrease in 

chlorophyll) and senescence (chlorophyll decreases). In these tissue groups, a  

significant  decrease in the effective quantum efficiency ((Fm’-Ft)/Fm ) was observed 

in senescent tissue. However, no decrease in the optimal quantum efficiency of PSII 

in dark-adapted chloroplasts (Fv/Fm) was observed at any of the leaf developmental 

stages. These results suggest that the PSII reaction centres remain intact functionally 

through all stages of leaf senescence. The photochemical yield ((Fm’-Ft)/Fm ) 
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declined markedly in senescent leaves, but this was not caused by oxidation of the 

PSII reaction centres (qp) but rather by an increase in non-photochemical quenching. 

Thus as leaf senescence progressed, the decline in CO2 fixation capacity was matched 

by an increased capacity for non-radiative energy dissipation presumably to protect 

the PSII photosystem from photoinhibition. For other plant species, a similar pattern 

of no decrease in the optimal quantum efficiency of PSII  (Fv/Fm) and also an 

increase in NPQ has been observed including maize [26], plane [1], western larch 

[34], and wheat [25]. 

   The decrease in PSII yield and increase in NPQ has been well recognised as being 

associated with the xanthophyll pigment cycle that provides photoprotection of the 

photosystem by the dissipation of excess absorbed light energy [5, 6]. Elegant genetic 

evidence for the importance of the xanthophyll pigment cycle to dissipate excess 

absorbed light energy has come from the use of the npq mutants of Arabidopsis. One 

such mutant, npq2, in which a lesion in the violaxanthin deepoxidase gene prevents 

the conversion of violaxanthin to zeaxanthin, demonstrates a reduced NPQ and an 

increased sensitivity to photoinhibition. Thus it is proposed that violaxanthin de-

epoxidation is required for the bulk of reversible NPQ in Arabidopsis [32].  

    In this study, examination of the carotenoid profile and rate of decrease during leaf 

senescence supports such a role for this pigment group. Measurement of the total 

carotenoid pool per unit fresh weight determined that the pool decreased in parallel 

with chlorophyll, but the decrease in carotenoid content was not as rapid. Thus the 

carotenoid/chlorophyll ratio increased during senescence. A similar trend (in which 

the chlorophyll/carotenoid ratio decreases) has been observed in other plant species 

including barley and oats [40], meadow fescue [3, 14], and western larch [34]. Closer 

examination of the xanthophyll pigments, reveals that the ratio of violaxanthin (V), 
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antheraxanthin (A) and zeaxanthin (Z) changes during leaf senescence. In mature-

green leaves of white clover, violaxanthin is the predominant pigment, whereas as 

chlorophyll loss proceeded, zeaxanthin became the predominant pigment with the 

proportion of violaxanthin decreasing. Thus the conversion state of the xanthophyll 

((A + Z)/(V + A + Z)) increased suggesting de-epoxidation of violaxanthin. A 

decrease in violaxanthin during leaf senescence has also been observed in barley and 

oats [40] and in meadow fescue [14].  

In a detailed study on senescence of wheat leaves, Lu and colleagues also 

determined that the de-epoxidation status of the xanthophyll cycle increased, an 

increase that was more marked at midday when compared with measurements made 

in the morning [27].  Further, during senescence of wheat leaves, examination of the 

efficiency of PSII revealed that the optimal quantum efficiency of PSII (Fv/Fm) was 

unaltered but that the effective quantum efficiency ((Fm’-Ft)/Fm ) decreased. This 

observation, coupled with the de-epoxidation status of the xanthophyll pigments, led 

the authors to conclude that the decrease in PSII yield may represent a mechanism to 

down-regulate photosynthetic electron transport to match the decreased CO2 

assimilation capacity (and the requirement for ATP and NADPH). The role of the 

xanthophyll cycle was to prevent photodamage of PSII from the increase in excess 

photons that senescent leaves were subject to as a consequence of their reduced CO2 

fixation capacity. The observations made in this study on the efficiency of PSII and 

the de-epoxidation status of the xanthophyll cycle in white clover during leaf 

senescence support this conclusion and the view of the importance of the xanthophyll 

cycle during leaf senescence. 

The purpose of this study was to use these results to support observations 

made on the timing of senescence-associated ethylene production at the onset of leaf 
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senescence in white clover [17]. In these earlier studies, a decline in leaf chlorophyll 

content signaled the induction of a senescence-associated ACC oxidase. In the 

present study, decline in photosynthetic capacity as determined by reduction in the 

CO2 exchange rate and in photochemical yield also coincides with a decline in 

chlorophyll levels and, from our previous studies, will correlate with an increase in 

senescence-associated ethylene production. The concomitant induction of 

violaxanthin de-epoxidation may therefore be regulated by this senescence-associated 

ethylene, but further dissection of the enzymology involved is required.  
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4. Materials and methods 

4.1 Plant material 

   Stock plants of white clover (AgResearch Grasslands, genotype 10F) were grown, 

under natural light, in 8-L planter bags in a glasshouse maintained at a minimum 

temperature of 18
o
C (day) and 12

o
C (night), and vented at 25

o
C (day) and 18

o
C 

(night). Apical cuttings with two or three nodes were taken from these stock plants, 

and all leaves excised at the petiole/stolon junction except the youngest fully emerged 

leaf. The cuttings were placed with the basal node buried in a bark/pumice potting 

mix and as the stolon grew, the apex was trained to direct growth over a dry matrix 

provided by white polythene sheeting. At weekly intervals, any outgrowths from the 

axillary buds were excised to maintain a single (unbranched) stolon. Once a 

consistent programme of leaf development from initiation at the apex to senescent 

over 16 to 20 nodes was achieved, leaf tissue was harvested. For tissue sampling 

purposes, leaf 1 is designated as the first (unfolded) leaf that is protruding clearly 

from its sheath, and the apex is all tissue distal to the leaf 1 node.           

 

4.2 Leaf chlorophyll determination 

    Chlorophyll measurement was performed using the method of Moran and Porath 

[30]. Tissues were first powdered in liquid nitrogen with a mortar and pestle, and 50 

to 200 mg of the ground material was extracted with 1.0 mL of chilled N,N-

dimethylformamide (DMF) for 16 h at 4
o
C in the dark. The extracts were vortexed 

briefly and centrifuged at 20,800 x g for 15 min at room temperature. A 200 L 

aliquot of the supernatant was made up to 2 mL with DMF in a glass cuvette, and the 

absorbance read at both 647 nm and 665 nm. Chlorophyll concentrations were 

calculated on the basis of the formula of Inskeep and Bloom [18].   
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4.3 Measurement of net photosynthesis 

   The net rate of photosynthesis (Ps) was measured using the method as described by 

Greer et al. [12]. A single leaflet from a trifoliate leaf excised from each node was 

enclosed within a leaf chamber and the net photosynthesis rate measured in an open 

system (LCA2, ADC Co. Ltd, Hoddeson, UK).   

 

4.4 Measurement of chlorophyll fluorescence 

   Fluorescence emission from leaf chlorophyll was measured using the method 

described by Laing et al. [21]. For dark-adapted tissue, single leaf-discs (diameter = 

10 mm) were excised from the basal portion of each trifoliate leaf from node 2 

onwards, and were maintained in a moist environment in a completely dark chamber 

for 20 min. Chlorophyll fluorescence was measured at room temperature, via the 

insertion of a fibre-optic cable into the aperture of the chamber, with a pulse 

amplitude modulated fluorometer (PAM-101, Walz, Effeltrich, Germany). The initial 

fluorescence, Fo, was measured in the presence of the weak measuring beam while 

maximum fluorescence, Fm, was measured during a 1 sec flash at 8000 mol m
-2

  

sec
-1

. For light-adapted tissue, initial fluorescence, Ft, was measured using a fibre-

optic cable exposed to the basal portion of the leaf blade attached still to the stolon 

maintained in natural light of up to 500 mol m
-2

 sec
-1

, and maximum fluorescence, 

Fm , measured after a 1 sec flash at 8000 mol m
-2

 sec
-1

. All data were monitored on 

a Toshiba T1000 SE computer connected via an A/D convertor (ADC-1, Remote 

Measurement Systems, Seattle, WA, USA). 
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4.5 Extraction, separation and measurement of carotenoids   

   White clover leaves, excised from glasshouse-grown plants harvested in full 

sunlight (600 moles m
-3

 sec
-1

), were frozen in liquid nitrogen, ground to a fine 

powder and then extracted, with further homogenisation,  in 100 mM Tris-HCl, pH 

8.0, at a 3:1 buffer:fresh weight ratio. Two hundred L of the aqueous slurry was then 

added to 1.8 mL of 85% (v/v) acetone, the mixture stood on ice for 10 min, with 

occasional vortexing before centrifugation at 13,000 x g for 10 min at 4
o
C. Twenty 

L of supernatant was then sampled for carotenoid separation and identification using 

HPLC, as described in Laing et al. [24], and based on the original description of 

Gilmore and Yamamoto [10]. For the purposes of this study, the total carotenoid pool 

is determined to comprise antheraxanthin, - and -carotene, lutein, neoxanthin, 

violaxanthin, and zeaxanthin. 
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Figure Legends 

Fig. 1. Changes in total chlorophyll (   ), and in the chlorophyll a/b ratio (  ) 

during leaf ontogeny in white clover. For total chlorophyll, triplicate measurements 

are shown for each node. For the chlorophyll a/b ratio, mean values  s.e., n = 3, are 

shown. 

 

Fig. 2. A. Changes in photosynthetic rate, measured as CO2 exchange rate per unit 

leaf area per sec, during leaf ontogeny in white clover. Triplicate measurements for 

each node are shown. B. Changes in the effective quantum efficiency of PSII as 

Ft/Fm  = Fv /Fm  during leaf ontogeny in white clover. Triplicate measurements for 

each node are shown.      

 

Fig. 3. Changes in the photochemical efficiency of PSII in four development stages 

during leaf ontogeny in white clover. (  ) optimal quantum efficiency as Fv/Fm 

(from Table 1), () effective quantum efficiency as (Fm’-Ft)/Fm   (from table 1), 

 ( )  non-photochemical quenching (NPQ) as (Fm - Fm )/Fm  (from table 1), (  ) 

photochemical quenching (qP) as (Fm  - Ft)/(Fm  - Fo). NI = newly initiated leaves, 

MG = mature-green leaves, OS = onset of senescence, SL = senescent leaves. 

Measurements are mean values  s.e., n = 6. The same letter associated with two 

points within a set of values denotes no significant difference at the 5% level. No 

letters are shown for the photochemical quenching (qP) data as no points were 

significantly different.  
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Fig. 4. Changes in the total carotenoid pool (expressed per unit fresh weight)(  ), 

and in the carotenoid/chlorophyll ratio (  ). Triplicate measurements for each node 

are shown. 

 

Fig. 5. Changes in the relative proportion of the xanthophylls cycle pigments, 

violaxanthin (  ), zeaxanthin (  ),  and antheraxanthin (  ) (A), and changes in 

the (Z + A)/(Z = A = V) ratio (B) during leaf ontogeny in white clover. Values are 

means  s.e., n = 3. 
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Table 1.  

Chlorophyll fluorescence measurements from dark-adapted and light-adapted leaf 

tissues at four developmental stages during leaf ontogeny in white clover. 

Values are mean values  s.e., n = 6. The same letter associated with two points 

within a set of values denotes no significant difference at the 5% level. 

_____________________________________________________________________ 

Dark – adapted tissues: Fo  Fv  Fm 

_____________________________________________________________________ 

  NI  9.30  0.13a 45.66  1.34a 54.96  1.4ab 

  MG  9.34  0.29a 45.28  1.24a 54.62  1.51ab 

  OS  10.72  0.15b 48.55  0.43a 59.27  0.52b 

  SL  11.03  0.55b 39.32  1.98b 50.35  2.47a 

_____________________________________________________________________ 

Light-adapted tissues:  Ft  (Fm’- Ft)  Fm  

_____________________________________________________________________ 

  NI  11.47  0.29a 12.46  1.14a 23.92  1.30a 

  MG  11.42  0.19a 14.29  0.18a 25.71  0.28a 

  OS  13.31 0.24b 12.64  0.64a 25.94  0.71a 

  SL  11.83  0.36a 5.25  0.48b 17.08  0.74b 

_____________________________________________________________________ 

 

 


