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Abstract. Cahyo AN, Murti RH, Putra ETS, Nuringtyas TR, Fabre D, Montoro P. 2021. Assessment of factual measurement times for 

chlorophyll-a fluorescence in rubber (Hevea brasiliensis) clones. Biodiversitas 22: 3470-3477. Chlorophyll-a fluorescence is widely 

used to determine the stress tolerance levels of some plant species. Measurement of chlorophyll-a fluorescence is accurate if the 

duration of dark adaptation is well defined and optimal Fv/Fm (maximum quantum yield of primary photochemistry/photosynthesis) is 

achieved. Leaf clips are usually used to darken the leaf prior to measurement. This procedure takes time and limits the use of 

chlorophyll-a fluorescence parameter in high-throughput screening of genetic populations. This study aimed to determine the most 

suitable time for the chlorophyll-a fluorescence measurement. This study was carried out on several rubbers (Hevea brasiliensis Müll. 

Arg.) clones and consisted of two steps. The first step was conducting the measurements at five different times at night: at 7.30, 8.00, 

8.30, 9.00, and 9.30 p.m. The second step was conducting the measurements at daytime, which consisted of two factors. The first factor 

was the measurement time, which was divided into two categories: 7.30 a.m. and 1.30 p.m. The second factor was the duration of dark 

adaptation using leaf clips, which consisted of nine levels: 0, 15, 30, 45, 60, 75, 90, 105, and 120 min. Additional treatment 

(measurement at 9.00 p.m. without using leaf clips to darken the leaf) was used as a control. This study revealed that a dark adaptation 

time of two hours after the sunset was long enough for the rubber leaves chlorophyll-a fluorescence transient to be measured without 

using leaf clips for the dark adaptation. If the measurement is conducted by 7.30 a.m., the clone RRIM 600, GT1, and SP 217 required 

15 min of dark adaptation, whereas clone PB 260 required 60 min of dark adaptation. Furthermore, measurement of chlorophyll-a 

fluorescence in the afternoon is not recommended due to the potentially high microclimate fluctuation. 

Keywords: Chlorophyll-a fluorescence, dark adaptation, Fv/Fm, Hevea brasiliensis, performance index 

Abbreviations: a.u.: arbitrary unit; CF: chlorophyll-a fluorescence; DMRT: Duncan multiple range test; F0: minimum fluorescence; 

FNR: ferredoxin-NADP+-reductase; Fm: maximum fluorescence; Fv/Fm: maximum quantum yield of primary photochemistry; PI: 

performance index; PPFD: photosynthetic photon flux density; PS2: Photosystem II; T: temperature; Tc: critical temperature; QA: 

primary quinone electron acceptors of PS2 

INTRODUCTION 

The light energy absorbed by the chlorophyll pigments 

can be used to drive photosynthesis (photochemistry), be 

dissipated as heat, or be re-emitted as light (chlorophyll-a 

fluorescence). These three processes are in competition. 

Any efficiency increase in one of them will result in a yield 

decline of the other two processes (Boureima et al. 2012; 

Murchie and Lawson 2013; Kargar et al. 2019). 

Chlorophyll-a fluorescence (CF) measurement is a non-

destructive method (Guidi and Calatayud 2014) that is 

widely used for detecting the plant stress level caused by 

environmental factors including salt (Tsai et al. 2019; 

Zushi and Matsuzoe 2017), drought (Azhar et al. 2013; 

Boureima et al. 2012; Falqueto et al. 2017; Gholamin and 

Khayatnezhad 2011; Jedmowski et al. 2015; Mishra et al. 

2016), temperature (Jedmowski et al. 2015), and shading 

(Ulqodry et al. 2014). It reflects the photochemical 

efficiency (Çiçek and Arslan 2015; Kalaji et al. 2014; 

Stirbet and Govindjee 2011) and provides quick 

information about the chloroplast electron transport chain 

functionality (Jedmowski et al. 2015).  

Parameters of chlorophyll-a fluorescence measurement 

that are widely used to determine the drought tolerance 

levels of some genotypes are performance index (PI) and 

maximum quantum yield of primary photochemistry 

(Fv/Fm). These parameters have been used to determine the 

drought-tolerant level of some genotypes of some plant 

species, for example, rubber (Azhar et al. 2013; Falqueto et 

al. 2017), maize (Gholamin and Khayatnezhad 2011), and 

sesame (Boureima et al. 2012). PI provides quantitative 

information about plant vitality. PI is produced by three 

independent parameters: the concentration of reaction 

centers per chlorophyll, a parameter related to primary 
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photochemistry, and a parameter related to electron 

transport (Kalaji et al. 2016). Therefore, the PI value is 

influenced by the Fv/Fm value. PI measurement will be 

accurate when dark adaptation time is well defined and 

optimal Fv/Fm is achieved (Guidi et al. 2019). Fv is the 

difference between the maximum (Fm) and minimum 

fluorescence (F0) of dark-adapted leaves (Kalaji et al. 2014). 

Measurement of chlorophyll-a fluorescence on rubber 

plant conducted by Falqueto et al. (2017) found that the 

RRIM 600 rubber clone showed an advantage over the 

FX3864 clone in utilizing energy under water shortage 

conditions. Furthermore, RRIM 600 is also categorized as a 

rubber drought tolerant clone (Krishan 2017; Luke et al. 

2015; Thomas et al. 2015). Besides RRIM 600, GT1 was 

reported to have more tolerance to drought (An et al. 2011; 

Ardika et al. 2011). In contrast, PB 260 was reported to be 

more sensitive to drought (Inonu et al. 2011; Sanier et al. 2013). 

Chlorophyll-a fluorescence transient can be measured 

by exposing the dark-adapted leaf to high light intensity. 

Dark adaptation of the leaf is aimed to decrease the light 

intensity needed to fully saturate the photochemical 

quenching, hence optimum Fv/Fm can be achieved. The 

duration of dark adaptation needed for accurate 

chlorophyll-a fluorescence transient measurement might be 

varied depending on the plant species (Stirbet et al. 2018).  

Measurement of chlorophyll-a fluorescence to 

determine the drought factor index requires a dark 

adaptation of the leaf. Dark adaptation is needed to achieve 

the correct F0 level. The correct F0 level is achieved when 

the first stable electron acceptor of PS2 is fully oxidized 

(Hansatech Instrument Ltd 2018). The dark adaptation 

duration needed for accurate chlorophyll-a fluorescence 

measurement might be varied depending on the plant 

species (Stirbet et al. 2018). The duration required for dark 

adaptation is related to FNR (Ferredoxin-NADP+-

reductase) inactivation. FNR inactivation time varies 

between plant species, for example, 15 min for peas and 

one hour for Pinus species (Kalaji et al. 2014). 

The dark adaptation of leaf samples during daylight can 

be conducted by using leaf clips. The usage of leaf clips 

might increase the leaf temperature due to a block of 

transpiration. The high leaf temperature results in 

underestimation of PS2 efficiency measurement results 

because F0 is influenced rapidly by the high temperature. 

The temperature when the F0 starts to increase dramatically 

is called Tc (Giorio 2011). Tc is different for different plant 

species and environmental conditions. Therefore, under 

sunlight exposure, the duration of dark adaptation using 

leaf clips should be done as quickly as possible to obtain 

accurate chlorophyll-a fluorescence measurement results. 

In addition, the use of leaf clips is time-consuming and 

limits the measurement of chlorophyll-a fluorescence 

parameters on a large population for genetic analyses. 

Measurement at night is an alternative to avoid the 

constraints associated with the use of leaf clips. This study 

aimed to determine the most suitable time for conducting 

the chlorophyll-a fluorescence measurement. Hence, the 

alternative time and length of duration of dark adaptation 

using leaf clips if the measurement to be conducted at night 

are not possible were also studied. 

MATERIALS AND METHODS 

Experimental site and plant materials 

This study was conducted from January 19 to February 

3, 2021, in the greenhouse located at 02O55’40” S and 

104O32’16” E with an altitude of 10 m above sea level. The 

greenhouse belongs to the Indonesian Rubber Research 

Institute, Sembawa, South Sumatra, Indonesia. The plant 

materials consisted of four rubber clones, namely RRIM 

600, GT1, SP 217, and PB 260. All of the planting 

materials were three months old and the leaves were in 

fully expanded leaf stage with atLEAF CHL PLUS 

chlorophyll index between 53.0 and 67.1. Four leaf 

samples from each of rubber clones were used for 

biological replicates. The planting materials and the 

position of the leaves samples as replicates are presented in 

Figure 1. All plant materials were planted in the 15 × 10 

cm2 size pots filled with cocopeat as the planting medium. 

The planting medium moisture content in each pot was 

maintained at available levels for plants by adding 120 mL 

of water into the pots twice a week.  

Microclimate data 

The microclimate data inside the greenhouse was 

recorded using Licor Li-189 (LI-COR, Inc., 1990) for the 

photosynthetic photon flux density (µmol m-2 s-1), 

automatic thermohygrometer MiSol DS102 for the room 

temperature (°C) and humidity (%), and thermo gun (CEM 

DT-8806S) for the leaf temperature (°C). 

Chlorophyll index and chlorophyll-a fluorescence 

measurement 

The chlorophyll index was measured using atLEAF 

CHL PLUS chlorophyll meter (FT GREEN LLC 2019). 

This device used 640 and 940 nm wavelengths of light-

emitting diodes that were transmitted through the leaf (FT 

GREEN LLC 2019). atLEAF CHL PLUS provided an 

accurate estimation of the chlorophyll index for rubber 

trees (Cahyo et al. 2020). The chlorophyll index was 

measured once before the measurement of the chlorophyll-

a fluorescence. Furthermore, the chlorophyll-a 

fluorescence parameters namely PI, Fv/Fm, and F0 were 

measured with a Pocket PEA (Hansatech Instrument Ltd 

2018) with saturating light pulses of 3500 µmol m-2 s-1 for 1 

s (Hansatech Instrument Ltd 2018). The saturating light 

pulses of 3500 µmol m-2 s-1 was the default light pulse used 

by the Pocket PEA tool. Both chlorophyll index and 

chlorophyll-a fluorescence measurements were conducted 

at the same point in the same leaf. 

A parameter of chlorophyll-a fluorescence transient 

widely used to determine the plant environmental stress 

tolerance level is PI. The PI value is influenced by the 

measured value of Fv/Fm. Adequate time is achieved when 

Fv/Fm values are stable. Therefore, in this study, the 

parameter of chlorophyll-a fluorescence transient that was 

used to determine the best time for chlorophyll-a 

fluorescence transient measurement was Fv/Fm. 
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Figure 1. The planting materials and the positions of the leaves samples as replicates 

 

 

This study consisted of two steps. The first step was to 

determine the suitable time for chlorophyll-a fluorescence 

measurement without using leaf clips to darken the leaf at 

night. This step consisted of conducting measurements at 

five different times: 7.30, 8.00, 8.30, 9.00, and 9.30 p.m., 

respectively. The second step aimed to determine the 

alternative time for chlorophyll-a fluorescence 

measurement using leaf clips to darken the leaf if the 

measurement at night is not possible. The second step 

consisted of two factors. The first factor was the 

measurement time, which was divided into two categories: 

7.30 a.m. and 1.30 p.m. The second factor was the duration 

of dark adaptation using leaf clips, which consisted of nine 

groups, namely 0, 15, 30, 45, 60, 75, 90, 105, and 120 min. 

Based on results of the first step, an additional treatment 

(measurement at 9.00 p.m. without using leaf clips to 

darken the leaf) was used as a control. At the end of each 

measurement, the leaf temperature at the point where the 

clip was placed was measured. 

Statistical analysis  

Completely Randomized Block Design with an 

additional treatment as a control analysis of variance was 

used to analyze the effect of the treatment of the observed 

variable. After that, Duncan Multiple Range Test (DMRT) 

was employed with significance level of 95% to 

differentiate the means of each variable. This statistical 

analysis was conducted using the SAS version 9 program 

software (SAS Institute Inc. 2002). 

RESULTS AND DISCUSSION 

The best time for chlorophyll-a fluorescence at night 

The results of Fv/Fm and PI measurement on four rubber 

clones at various times without using leaf clips for dark 

adaptation are presented in Figure 2. Furthermore, the 

chlorophyll index of the measured leaves is presented in 

Figure 3. 

Figure 2 shows that the stable Fv/Fm and PI for all 

clones were achieved when the measurements were 

conducted at 8.30, 9.15, and 9.30 p.m. Fv/Fm and PI for all 

clones increased before 8.30 p.m. and leveled off after 8.30 

p.m. It indicated that two hours of natural dark adaptation 

period (sunset was at 6.30 p.m.) was sufficient for the FNR 

inactivation of the four rubber clones. Furthermore, 

although the chlorophyll index of RRIM 600 was lower 

than the other clones, the optimal dark adaptation period 

was the same as the other clones. It could happen because 

overall the chlorophyll index of all clones was likely 

uniform (Figure 3).  

The two hours duration of dark adaptation was needed 

by the plants after being exposed to high light intensity. In 

this study, the Photosynthetic Photon Flux Density (PPFD) 

received from sunlight reached 87.82 µmol m-2 s-1
 in the 

afternoon (Table 1). Under high light intensity, an electron 

acceptor of QA was more reductive and required more time 

to fully oxidize QA compared to under low light intensity 

conditions (Sasaki et al., 1994). Hence, at 8.30 p.m. (two 

hours after sunset), measurement of chlorophyll-a 

fluorescence can be conducted and resulted in optimum and 

stable values of Fv/Fm and PI. 
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Figure 2. Effect of measurement time without the dark adaptation using leaf clip-on Fv/Fm and Performance Index (PI). a.u., arbitrary 

unit. Note: The different letter within the same clone indicates significantly different groups determined by the Duncan test (P<0.05) 

with the number of samples (n) = 4 

 

 

 

 
 

Figure 3. atLEAF chlorophyll index of four rubber clones. Note: 

The different letter indicates significantly different groups 

determined by the Duncan test (P<0.05) with the number of 

samples (n) = 4 

 

 

 

Furthermore, between 8.30 p.m. and 9.30 p.m, the 

PPFD was at 0.01 µmol m-2 s-1
 and the change of room 

temperature was lower than 0.5 oC (Figure 4), hence the 

measurement results error could be suppressed. Stable leaf 

temperature was expected to result in stable F0 value, 

because the dramatic change of the temperature could 

affect the value of F0 parameter (Giorio 2011; Giorio et al. 

2012). In this study, the fluctuation of leaves temperature at 

both day and night-time was relatively small and the 

maximum temperature at day-time was still lower than 34 
oC (Figure 5). Hence, it had a weak correlation with the 

fluctuation of F0 (Table 2). It can happen because the 

temperature was still below Tc (critical temperature). The 

temperature will significantly affect F0 when it rises above 

the Tc (Giorio 2011). However, in general, the 

measurement of chlorophyll-a fluorescence for a large 

population (for example, screening progenies population) is 

better to be conducted at night-time, starting from 8.30 

p.m. to avoid high PPFD and excess fluctuation of leaf 

temperature that can underestimate the measurement 

results.  

Measurement on chlorophyll-a fluorescence of four 

rubber clones using various times and duration of dark 

adaptation revealed that the dark adaptation duration using 

leaf clips needed for chlorophyll-a fluorescent transient 

measurement between the rubber clones were different. 

Furthermore, when the measurements were conducted 

during nighttime starting at 8.30 p.m. (two hours after 

sunset), the dark adaptation treatments using leaf clips were 

not needed for all clones because the PPFD was very low. 

In addition, the chlorophyll-a fluorescence measurement 

will be faster if it is conducted during nighttime. Fast 

measurement is needed for a large population (Murchie and 

Lawson 2013) in order to avoid the micro-climate change 

during the measurement of chlorophyll-a fluorescent 

transient.  

Alternative time for chlorophyll-a fluorescence 

measurement 

To obtain accurate chlorophyll-a fluorescence 

measurement, the measurement can be conducted at night-

time, starting at 8.30 p.m. without dark adaptation period 

using leaf clips. As an alternative, during daytime, 

measurement of chlorophyll-a fluorescence can also be 

conducted using leaf clips to cover the leaf; hence the leaf 

is in dark condition for specific times. The results of this 

measurement are presented in Table 3. 
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Figure 4. Average temperature (oC) and relative humidity (%) during 16 days of chlorophyll-a fluorescence measurement 

 

 

Table 1. Photosynthetic Photon Flux Density (PPFD) (µmol m-2 s-1) inside the greenhouse 

 

Time 
Duration of dark adaptation (min) 

 0   15  30  45  60  75  90  105  120 

Morning (7.30 a.m.) 29.58 2.24 17.51 35.95 29.45 5.27 29.70 32.44 22.26 

Afternoon (1.30 p.m.) 77.60 39.92 87.82 73.73 11.71 55.88 73.57 43.39 66.73 

Night (9.00 p.m.) 0.01         

 
 

Table 2. Correlation (r) between temperature (oC) and F0 (a.u.) of four rubber clones 

 

Clones 

Morning  Afternoon  Night 

Average 

T (oC) 

Average 

F0 (a.u.) 

Correlation 

(r) between T 

and F0 

 
Average T 

(oC) 

Average 

F0 (a.u.) 

Correlation 

(r) between 

T and F0 

 
Average 

T (oC) 

Average 

F0 (a.u.) 

Correlation 

(r) between 

T and F0 

RRIM 600 

GT1 

SP 217 

PB 260 

26.09 

26.56 

26.17 

26.23 

6156 

7549 

6853 

6415 

-0.15 

0.08 

-0.24 

-0.35 

 

29.82 

30.61 

30.27 

30.33 

6424 

7777 

7110 

6741 

0.23 

0.44 

0.17 

0.16 

 

25.77 

25.73 

25.60 

25.75 

5906 

6956 

6405 

6328 

0.22 

-0.01 

0.06 

-0.56 

Note: T: temperature; a.u.: arbitrary unit, number of samples (n) = 4 

 
 

 

Table 3. Effect of measurement time and some duration of dark adaptation using leaf clip on Fv/Fm of four rubber clones 

 

Time 
Duration of dark adaptation (min) 

0 15 30 45 60 75 90 105 120 

RRIM 600                   

Morning (7.30 a.m.) 0.802  i 0.839 c-e  0.841 b-d 0.843 a-c 0.842 b-c 0.844 a-c 0.847 a 0.841 b-d 0.846 a-b 

Afternoon (1.30 p.m.) 0.764  j 0.829 g-h 0.829 g-h 0.833 f-g 0.836 e-f 0.837 d-f 0.837 d-f 0.836 e-f 0.827 h 

Night (9.00 p.m.) 0.843 a-c                 

GT1                   

Morning (7.30 a.m.) 0.778 h 0.820 a-c 0.810 c-e 0.807 d-e 0.820 a-c 0.824 a-b 0.813 b-e 0.821 a-c 0.823 a-b 

Afternoon (1.30 p.m.) 0.729 i 0.808 d-e 0.790 g 0.795 f-g 0.815 b-d 0.816 b-d 0.802 e-f 0.813 b-d 0.807 d-e 

Night (9.00 p.m.) 0.829 a                 

SP 217                   

Morning (7.30 a.m.) 0.775 f 0.821 a-e 0.819 a-e 0.822 a-e 0.821 a-e 0.830 a-b 0.825 a-d 0.828 a-c 0.829 a-b 

Afternoon (1.30 p.m.) 0.752 g 0.811 d-e 0.808 e 0.810 d-e 0.821 a-e 0.812 c-e 0.813 c-e 0.820 a-e 0.816 b-e 

Night (9.00 p.m.) 0.834 a                 

PB 260                   

Morning (7.30 a.m.) 0.785 g 0.824 b-c 0.820 c 0.824 b-c 0.832 a-b 0.834 a 0.831 a-b 0.832 a 0.831 a-b 

Afternoon (1.30 p.m.) 0.740 h 0.812 d 0.796 f 0.805 e 0.824 b-c 0.823 c 0.813 d 0.821 c 0.811 d-e 

Night (9.00 p.m.) 0.834 a                 

Note: The different letter within the same clone indicates significantly different groups determined by the Duncan test (P<0.05) with 

number of samples (n) = 4 
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Table 3 shows that optimum Fv/Fm for GT1, SP 217, 

and PB 260 were about 0.83, whereas for RRIM 600 was 

about 0.84. Furthermore, in the morning time, PB 260 

required 60 min, whereas other clones required 15 min to 

achieve optimum Fv/Fm. Furthermore, in the afternoon-

time, almost all of the clones did not achieve optimum 

value of Fv/Fm until 120 min of duration of dark adaptation 

except SP 217. SP 217 achieved optimum Fv/Fm at 60 min 

of duration of dark adaptation.  

The dramatic microclimate changes during 

measurement of chlorophyll-a fluorescent transient could 

affect the measurement result. In the daytime, the PPFD 

fluctuated between 2.23 - 87.82 µmol m-2 s-1 (Table 1) and 

the change of the room temperature during one hour could 

be more than 1 oC (Figure 4). The high leaf temperature 

induced underestimate of PS2 efficiency measurement 

results (Giorio 2011; Giorio et al. 2012). The change of 

temperature can affect the accuracy of chlorophyll-a 

fluorescent transient measurement. This could happen 

because F0 was influenced rapidly by high leaf 

temperature, especially when the leaf temperature rising 

from 25 to 50 oC (Giorio 2011). In this research, leaf 

temperature fluctuated between 24.28 - 28.83 oC in the 

morning and 26.10 - 33.93 oC in the afternoon (Figure 5). 

This range of leaves temperatures was still lower than Tc, 

hence the F0 values were not significantly influenced by the 

change of leaves temperature. 

In this research, instead of leaf temperature, the main 

factor that influenced F0 was photosynthetic photon flux 

density (PPFD) from sunlight (Table 1). Table 1 also shows 

that the highest PPFD was observed in the afternoon, hence 

the highest F0 was obtained by measurement of 

chlorophyll-a fluorescence conducted in the afternoon at 0 

minute of duration of dark adaptation (Table 4). 

Table 4 shows the chlorophyll-a fluorescence 

measurement of the leaves from four different rubber 

clones at 9.00 p.m. resulted in a minimum value of F0 that 

was significantly lower than F0 values measured at day 

time without dark adaptation using leaf clip for all clones. 

Similar results were reported by Ögren and Sjöström 

(1990), stating that the measurement of chlorophyll-a 

fluorescence on a clear day resulted in a decrease of Fm and 

an increase in F0. It indicates that at 9.00 p.m. the QA has 

been fully oxidized. Hence, the measurement of 

chlorophyll-a fluorescence resulted in the value of the 

correct parameter. Therefore, measurement of chlorophyll-

a fluorescence transient is more suitable to be conducted at 

night. 

 

 

 

 
 

Figure 5. The fluctuation of leaves temperature during chlorophyll-a fluorescence measurement 
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Table 4. Effect of measurement time and some duration of dark adaptations on F0 of four rubber clones 

 

Time 
Duration of dark adaptation (min) 

0 15 30 45 60 75 90 105 120 

RRIM 600                   

Morning (7.30 a.m.) 7171 b 5879 f-g 6154 d-e 6035 e-g 6065 d-g 5853 g 6116 d-f 6089 d-g 6047 d-g 

Afternoon (1.30 p.m.) 7590 a 6176 d-e 6456 c 6474 c 6107 d-f 6109 d-f 6443 c 6173 d-e 6293 c-d 

Night (9.00 p.m.) 5986 e-g                 

GT1                   

Morning (7.30 a.m.) 8664 b 6803 i 7643 d-f 7748 c-e 7432 e-h 7272 f-h 7664 d-f 7332 e-h 7389 e-h 

Afternoon (1.30 p.m.) 9164 a 7092 h-i 8125 c 8110 c 7236 f-h 7152 g-i 7910 c-d 7547 d-g 7657 d-f 

Night (9.00 p.m.) 7015 h-i                 

SP 217                   

Morning (7.30 a.m.) 8185 a 6683 b-d 6981  b-d 6682 b-d 6669 b-d 6470 d 6742 b-d 6585 c-d 6679 b-d 

Afternoon (1.30 p.m.) 8150 a 6922 b-d 7034 b-d 7229 b 6687 b-d 7141 b-c 7093 b-c 6867 b-d 6867 b-d 

Night (9.00 p.m.) 6506 d                 

PB 260                   

Morning (7.30 a.m.) 7243 b 6289 f-h 6680 c-e 6214 h 6210 h 6239 g-h 6291 f-h 6305 f-h 6262 f-h 

Afternoon (1.30 p.m.) 7687 a 6676 c-e 6799 c-d 6851 c 6508 d-h 6580 c-f 6505 d-h 6508 d-h 6555 c-g 

Night (9.00 p.m.) 6387 e-h                 

Note: The different letter within the same clone indicates significantly different groups determined by the Duncan test (P<0.05) with the 

number of samples (n) = 4 

 

 

 

In conclusion, the higher the PPFD received by the 

leaves, the longer the duration of dark adaptation needed to 

obtain the correct value of chlorophyll-a fluorescence 

parameter. Therefore, before the measurement of 

chlorophyll-a fluorescence transient, rubber leaves should 

be dark-adapted at a specific time. This study found that a 

dark adaptation time of two hours after sunset was long 

enough for the rubber leaves chlorophyll-a fluorescence 

transient measurement without using the leaf clips for dark 

adaptation. If the measurement is conducted by 7.30 a.m., 

the clone RRIM 600, GT1, and SP 217 required 15 min of 

dark adaptation, whereas clone PB 260 required 60 min of 

dark adaptation. Furthermore, the measurement of 

chlorophyll-a fluorescence in the afternoon is not 

recommended because most rubber clones could not 

achieve the optimum Fv/Fm. To avoid excessive 

fluctuations of leaf temperature, high PPFD, and waiting 

time for rubber leaf dark adaptation, chlorophyll-a 

fluorescence measurement can be conducted at night-time, 

two hours after sunset. This procedure offers the possibility 

for high-throughput phenotyping of large rubber genetic 

populations for eco-physiological parameters requiring PI 

and Fv/Fm determination. 
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