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ABSTRACT 

An initial ~1udy on the use of fluorescence spectta as indicators of some plant 
characteristics was done. 1l1e excitation was provided hy a 75 .. watt pulsed xenon lamp. 

B"sh sir.aw leaves ranging in age from 7 days to 42 days, were used as samples in 
the experiment. 'This range of ages covered the ~xtrcme casc"s of young sho<.>ts to those 
st<arting to manifest chluw~~~- The v<trying amount of chlorophyll in leave.~ of differing ages 
i.< manifested as variatiotL< in the fluorescence spectra. ·nlc known fluorescence of chloro­
phyll in the wavelength region between 650 to 750 mn was observed. and changr.s in the 
peak inlensily at 61!0 nm and in the ltlt.al emiUed intensity were UOl~d as indicators of leaf 
age. The length of time: leaf samples of the same age were st>t aside as cut foliage prim to 
~pectral mea~urements also showed effect~ on the fluorescence srxctra. 

The paper suggests extensions of this study, using UV or dye la~er excitation, for 
further applications in the assessment of plant condition. with the hop.~ of supplementing 
established techniques used by botanists. Such extensions include in vivo measurements of 
time-averaged tluorescencc spectra. and with the proper excitation pulse duration. time­
resolved fluore.scencc decay m""-Surements. 

I. Introduction 

Fluorescence is a process in which radiation is emitted by molecules or 
atoms that have been raised to an excited state by absorption of radiation. Specifi­
cally, fluorescence is restricted to those emission processes which originate and 
terminate in states of the same multiplicity, i .e. singlet-singlet transitions[! ]. 

From the time G. C. Stokes made his first fluorescence research in 1852[2) up to 
the present-day studies in laser-induced fluoresccncc[31-l9L hundreds of researches 
involving fluorescence spectroscopy and development of fluorescence instrurncnta-
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lion had been undertaken. Reports on fluorescence emissions of org;mic maltcr and 
other materials have appeared in ''arious books. journals. and magazines. Th1s paper 
presents a study on the fluorescence of one type of organic molecule. ch lorophyll. 
insofar as it indic..1.tcs leaf aging and senescence. 

Chlorophyll has long been known to be a fluorescent molecule, and because of 
its important role in photosyJlthcsis. is well-studied, using both in ritro and in vivo 
techniques. ln vitro studies involve usc of purified chlorophyll samples. and <'!S such 
require some tedious and lengthy e:-.traction procedure, aside from having to contend 
with solvent eOccts. However, all other pigments occurring in pbnts which arc also 
fluorescent are excluded, and therefore the observed emission spectra will definitely 
be that of chlorophyll alone. In rivu methods using fresh functioning lea\·es. whether 
they be excised from. or still att.1ched to the h\'ing plant, arc more conycnicnt as far 
as the sample preparation phase is concerned , but then the expected signal-to-nmsc 
ratio in the lluorcsccnce measurement is a lot poorer th<1n that for in l'itm techniques 
Thus, more sophisticated light sources and detection methods arc required. The main 
attraction of in rivo techniques is its non-destructive and non-invasive nnture, which 
allows rc~\1-time investigation of the photosyntl1etic process. using appropnately shmi 
light pulses from laser sources. 

Early stud1es on chlorophyll have established two forms. labelled chlorophyll a 
nnd chlorophyll b, which have slightly different molecular structures. Chlorophyll a 
has an emission band at 6!\5rn 2 nm. and a satellite peak at around 7-Hl nm. Chloro­
phyll b has a fluorescence peak at around 720 nm. Excitation occurs in the blue-violet 
(Sorel) band, leadi ng to the second electronic cx(.;itcd state. followed b~· non-radiati\·e 
transition to the lowest excited stall~llO) . 

There arc numerous reports on the usc of tluorcsccncc tcdmique for im·estigat­
ing plant conditions. Reports on the nuorcscencc properties of pigments within the 
chloroplasts, fluorescence characteristics of plant cells subjected to vnrious growth 
conditions such as e:-.-posure to vaT)·ing light sources and intensities. low tempera­
tures, and even plant poisons such as or.rvn.;, have been published [4]-[61. !11 ]-11 51 . 
Results or these smdies have shed light on the correlation between observed fluores­
cence emission and the various conditions that the fluorescing samples :uc in. Quan­
tum yield.<; of fluorescence of several pigments in plants. as well ns excitation life­
times, were determined way back in the 50's 11], 114], [15j . Theeffectofpre-illumina­
tion using different light sources on the intensity of the nuorcsccncc emission and its 
spectral profile has also bc.:cn studied 116]. 

Researchers have gained a deeper understanding of what components arc and 
what processes go on inside a plru1t cell through the study of chlorophyll fluorescence. 
ll has been found thai the primary pigment invoh·cd in the conYcrsion of light energy 
to chemical energy during photosynthesis is chlorophyll a ll71-11 9l; that the concen­
tration of these primary pigments in a photosynthetic unit affects the observed fluo­
rescence [II ); that each type of chlorophyll and the other pigments have their own 
characteristic fluorescence as well as absorption bands which help in their idcntillca-
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li on Ill L 11 81: and thnt fluorescence measu rcmcnts serve as indicator of the effi­
ciency of photosynthesis in plants. the amount or lluorcsecncc being taken as wJstcd 
light fill. fl4]. 1181. 

Technological advancement in irt<>trumentation, particularly in the production 
or better light sources such as lasers, ami detectors such as photon counting systems, 
permitted better signal-to-noise ratio, especially ror in vivo studies. The pioneering 
work nf I Jickman on laser-induced fluorescence (LIF) of marine plants ha'> been cited 
in a number of n:fercnccs [4)-[71. The g roups of Chappelle [4]-[7) and Macfarlane [9] 
have used LIF as a means of detecting plant stress and of identifying the plant typc or 
plant spcci~. Chappelle's finding..-; n.:vealcd that water stres~ and mineral deprivation 
resulted in changes in the lluoresccncc intcnsitie!. of soybean and corn, and that 
different plant. types could bc identified by the relative intensities oft he differ en t 
iluorescence peaks, or by the number of fluorescence bands l)f the samples. 

Loaded on an aircraft, the LJ F system could also he U.'ied for remote sensing of 
vegdation characteristics, <lssessment of plant vigor, identification of plant types, 
and .:.stimation or timber yield over a large forested area !4], f7J, I21JI. 

In this study, the tluo rcsccncc of chlorophyll is mea<>ured and investigated for 
its corrcbtion with tht:. age of a leaf. Relating the age of a leaf to its chlorophyll 
flUl)rcscem.:e prolik may not have economic val ue per sc, but the main objective here 
is to kam and understand the technique of llunre5ccncc spt:etro5copy, preparatory to 
tksif,>ning a st;t-up for quick, easy, non-invasive, and mm-destructivc assessment of 
plant conditions, and the effects of various stresses such as dl·.hydration and light 
deprivation, and pcstieidc uptake in plants. 

Thus, this study is to be regarded as exploratory in nature, wilh the results taken 
a~ mere tests for the validity of the tluorescencc technique, and an indicator of it s 
sensitivity umits, given a specific excitation system and detector. 

II. The Experiment 

lL L btstrumcnration 

A schematic diagram of the measurement set-up i~ shown in Figure L The 
main component!. of th t: system arc tht: excitation lamp, the sample, the spectrometer , 
and the detector. 

The excitation source uscd in the e:.:periment i~ a 75-watt xenon stroboscopic 
lamp (Ccnco) run at a repetition rate of 708 kHz. Xe has a broadband emission in the 
l lV and vi!>ibl ~ bands, from 270 nm to 7(X) nm, which marches very well the absorp­
tion hands of chlorophylL "Ibe light from the Xe lamp was fm·used by a quartz lens of 
diameter 50 mm and focal length 10 em onto a quartz cell containing the leaf sam­
ples soaked in methanoL To minimil'..c s tray Light, a black cardboard tube was used, 
<.:xtending from the lamp to the focusing lens. Other black cardboard shields were 
used whcrevt:r necessary to prevent scattered light from entering the entrance slit of 
the spectrometer. 
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Figure 1. S<:hematic diagram of measurement set-up for Utis expcrinu:nt. 

The sample cell has dimensions of 1 mm x 1 mm x 10 mm (Sargcnl-Wclch). 
oriented such lhlll one face Wds centrally illuminated by the Xe lamp. The f1uroescence 
emission from the sample was collected at right angles to the Xc illumination by a 50 
mm camera lens (Canon) adjusted from maximum readings in !he spectrometer out­
put 

The spectrometer used in the experiment is a double-grating model witll f:.o· 
0.85 m and aperture ratio f/7.8 (Spcx 1401) with a spectral resolution of0.05 om, and 
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equipped with a stepping motor drive. The two gratings arc holographic, with 1800 
grooves/em, and a dispersion of0.275 mm per mm at 514.5 nm. The spectrometer is 
also equipped with a fully computer-interfaced data acquisition module, and a 
phot.omuHiplicr tube (Hamamatsu R928) as detector. TI1c sli t settings used during the 
experiment arc as follows: entrance sl it and exit slit- 1500 f-itn; middle slits- 2500 
pm. These slit settings were chosen because they arc wide enough to collect 
fluorescence emission for a good signal-to-noise ratio, and still give the resolution 
needed to separate the 680 nm and 740 nm peaks. Scanning over the wavelength 
range of 6{)0 nm to 800 mn ·was done at increments of I nm. \\ith an integration time 
of 5ms for each step. Dias voltage of the PMT was set at ROO volts. 

TI1c det ector is attached directly to the exit port cf the spectrometer by a 
photomultiplier housing. It has an extended red. high sensitivity, multialkali photo­
cathode, with range of spectral response from .185 nm to 900 nm, peaking at 400 nm. 
Specifications supplied by the manuf<tcturcr indicate a sensitivity of 40 mAJW at 650 
nm, dropping to about 25 nttVW at 750 nm. 

Software (DM 3000R) provided by the spectrometer manufilcturcr was a means 
of quickly processing, vicv.-ing, and printing the fluorescence data. Averaging, smooth­
ing, and integration procedures Vl·ere all done using the math func...iions pro,~dcd in the 
software . 

ll .2 Test Runs. 

Prior to the measurement of chlorophyll fluorescence spectra from the vari­
ous leaf sampks. t.cst nms were taken to check the calibration of the spectrometer. 
and to estimate the expected range of intensities that could be detected by the 
measurement system. Background noise from stray light and from the detection 
system was also measured. 

The spectrum of the Xe light scattered by the methanol-filled quartz cell was 
taken, as \-veil as the spectrum of Xe alone. These were stored in the computer for 
appropriate correction of the measured chlorphyll fluorescence spectra later on . No 
contributwns to the background spectrum were discerned from methanol and qnartz .. 
Figure 2 shows the spcctmm of Xc over the range of wavelengths 600 nm to ROO nm. 
which includes the cltlorophyll fluorescence band from (J50 mn to 750 nm. Except for 
some spikes which arc n:adily idcntiliable, the Xe spectmm is nearly Oat over this 
range. 

To protect the photomultiplier tube from saturation while taking !he Xc spec­
trum \Vi!h the wide slit openings of 1500 ~un, neutral density filters constmcted out of 
x-ray negatives were used as attenuators. 

11 .3 . "/ lie Samples and Sample Preparation Prucedure 

Each of the plant samples were grown until each had a set of twin leaves 
;md two sets of trifoliates, making a total of eight leaves per sample. Sample used 
\Vere busll sitmt• ( Vigna sesqtJ ipedalis) grown in normal environment. meaning suffi-
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Figure 2. Spectrum of Xenon over the wavelength ran~-te of 600 nm to MOO nm. 

cient light. water and venti lation. from germination to the day of the experiment. 
These samples were planted in cardboard boxes filled with the same type of soil for 
all samples. 

Two groups of five pl<mts each were employed in the experiment . The first set 
labeled A to E all had 7-day-old second trifoliates. 1 8-day~ld fi rsttrifoliatcs, and 28-
d<.~y-old twin leaves. The second set labck'd F to I had 21 -day-old second trifoliates. 
33-day-old first tri foliatcs . and ~2-day-old twin leaves. The fluorescence spectra 
of all the leaves from the second set were taken two weeks ofter the first set. Ages or 
the leaves ranged from the youngest of 7 days. to U1c oldest of 42 days, at which time 
some chlorosis was beginning to be apparent. 

Leaves of the same age were excised at the same time, rinsed wi th l<lp water 
and dried with unscented tissue paper. After rinsing and drying. each leaf was pre­
pared for extraction. In order to maintain a constant leaf area in all of the samples 
throughout the e>:periment, 17 holes were pw1chcd through each leaf. using a standard 
single-hole paper puncher. This ensured that the total leaf area for all the samples 
was constant at 333 .RS mmZ This requirement of 17 leaf disks from each sample 
presented a limitation to the minimum age of leaf that could be studied. The mini­
mum age that could be included in this experiment w:-~ s 7 days. because at this time. 
the leaves had grown to a size large enough for 17 hok'S to be punched. and also they 
were firm enough to allow neat punching. The leaf disks were gathered and put in a 
quartz sample cell containing 3.5 ml of methanol. and allowed to stand for about 1.5 
to 2.5 hours before the nuorcscence spectra were taken. Methanol was used as solvent 
because of the expected high quantum yield of chlorophyll in methanol 1141. 

Smnple preparation was done under minimal lighting conditions because chlo­
rophyll undergoes degradation "~th exposure to light. 

No purification processes were done in extracting the chlorophyll pigment as 
the objective of the experiment was to investigate the properties of samples whose 
constituents arc, as much as possible, of the same kind as those in live plants. 
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Figure ."\. Set uf spectn1 for leave!~ of varying ages. sample A. Note reprndudhil­
ity uf obtained spectra fur each set of leaves. 
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III. Result" and Discussion 

III.l Chlorophyll Fluorescence as an /f!{/icutor of Leaf Age. 

A set of sample spectra for eight leaves belonging to one plant (I:Jbelled as 
plant A, from the first group) is shown in Figltre 3. The first group of spectra (3.a) 
shows the emission spectra for the second trifoliates, the youngest leaves at 7 
days. The second group (3.b) shows the spectra for the first trifoliatcs al 18 days 
old, while the third group (3.c) shows the spectra for the twin leaves at 28 days 
old. Another set of sample spectra as shown in Figure 4 was taken from one of the 
samples belongin& to the second group. In this case the youngest leaves were 21 
days old and the oldest leaves were 42 days old. Clearly, the youngest leaves at 7 
days old had the highest peak intensities around the wavelength of 680 nm, and 
the oldest leaves at 42 days had the weakest fluorescence emission. However, the 
fall in tluorcscencc intensity is not monotonic, as can be seen from Figure 5. 
which plots the total fluorescence intensity vs. age One can discern a temporary 
drop in the emission between 7 and 17 days, and then a slow increase between 17 
and 27 days, a levelling-off between 27 and 37 days. As senescence sets in, there 
is again a decrease in the total fluorescence intensity, during the period 37 to 42 
days. At 42 days, chlorosis is beginning to be apparent, and in some cases, may 
even be in a late stage already. 

Ftgurc 3 shows that for each group of the same age, and coming from the 
same plant sample, the fluorescence spectra arc highly reproducible in terms of 
shape and maxima. This reproducibility g ives assurance tha1 the observed changes 
in the spectra rnay indeed be attributed to variations in the parameter whose 
effect is being studied, in this case, the age of the leaf. 

Furthermore, in a majority of samples, it could be observed that as the leaves 
increase in age, the 720-740 nm and decreases in. intensity or Jlattens out. For the 
youngest set of leaves, the 720~ 740 nm hump is obvious, but this is diminished in the 
28-day-old leaves. This hump is nearly totally flattened out for chlorotic -+2-day-old 
leaves. The ratio of the relative intensity peaks at 680 nm and 740 nm is aJso some~ 
Limes used as measure of the changes in fluorescence spc.ctral profiles. However, in 
this study, since no correction for detector response nor spectrometer grating effi­
ciency was made, tllis ratio could not be used as a measure of spectral change. 

While only the results for sample A and sample I have been shown here as 
representative results, the spectral features described arc also observed in the ot11er 
samples. 

Hl.2. The Effect (Jj' Chlorosis. 

Chlorosis is that stage in plants wherein the leaves lose their green color 
due to old age or environmental stress such as insect infestation, nutrient defi­
ciencies, dehydration, extreme changes in temperature, and soil conditions l4]. A 
comparison between the fluorescence spectra of the youngest leaves and the old, 
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Figure 5. Plot of total fluorescence intensity vs. age of leaves. 
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Figure 6. Fluorescence emission sptctra for youngest l(~af and most chlorotic 
leaf. 

chlorotic leaves showed a considerable decrease in the fluorescence intensity of 
the older leaves. The degree of degradation of the emission spectra depended 
on which stage of chlorosis the leaves were in Figure 6 shows the fluorescence 
spectrum of a representative of the youngest samples and one of the oldest leaves 
in the late stage of chlorosis. A major part of the old leaf was a lready yellowed 
and brown at the edges. The youngest leaf, on the other hand, was still very 
green in color and showed no sign of infestation . Figure 7 shows another set of 
spectra obtained for youngest and oldest leaves. In this case the old leaf was just 
at the early stage of chlorosis, manifesting just a few yellow spots. The fluorescence 
intensity of the old leaf did not decrease as much as the old leaf in Figure 6. But in 
both cases illustrated in Figures 6 and 7, the fluorescence intensity of the chlorotic 
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leaves decreased so much that the background Xe spectrum is already noticeable, 
judging from the presence of the spikes. A corrected version of Figure 6 is shown in 
Figure 8. Figure 9 shows the integrated spectral profiles corresponding to the pairs of 
spectra shown in Figure 6. Again, the large amount of decrease in total fluorescence 
intensity can be readily seen. 

1II.3. E.'f[ect of Lengthened Exposure as Cut Foliage. 

An additional observation, not originally intended as part of this study, was 
made during the experiment. This was the effect of lengthened exposure of the 
leaves as cut foliage, an unavoidable condition as the sample preparation proce­
dures for each leaf took a considerable amount of time. Notwithstanding the fact that 
precaution was taken to keep the leaves in the dark while they were waiting for 
processing, and to do the spectral measurement runs at night, some degradation of 
chlorophyll took place, as manifested in the drop in intensity with longer exposure 
time. 

During the experiments, the leaves were cut by groups according to age. The 
youngest leaves, for example, were cut from all the five fmslt sitaw plants belonging 
to the first group. While preparing these samples one by one some leaves were set 
aside in the dark for some time before they were punched and soaked in methanol . 
Graphing the peak relative intensity of these groups against the length of time they 
were set aside as cut foliage showed some decrease of about 21% over a period of H20 
minutes, as shown in Figure 1 Oa-lOc. A sample of the actual spectra for 4 sets of 7-
day old leaves is shown in Figure II. 
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Fibrure 10. Drop in fluorescence peak intensity with length of exposure time as 
cut foliage. 
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Figure J 1. Spectra for leaves of the same age (7 days) but varying exposure time 
as cut foliage. 
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IV. Conclusions and Recommendatinns 

IV.l . Conclusions 

Various changes in total fluorescence intensity were ob~erved for lca\'es of 
Vigna .~eSLJIIipedafis whose ages ranged from 7 to .t2 days. An init ial drop in the to!III 
fluorescence intensity was ohscr\'ed. followed by ;J slow rise as the leaves matured, 
then a leveling off. and again a decrease as the leaves became senescent. Since 
growth conditions were normal and no insect infestation nor disease were apparent. 
these changes in fluorescence intensity are attributed to the changes in the amount or 
chlorophyll in the leaf. However. whether th1s observed trend can be correlated to the 
growth and maturation processes of a plant is beyond the scope of this work. whose 
main objective is to focus on the technique of fluorescence spectroscopy. and its 
applicability to the observation of some plant characteristics. 

The reproducibility of the spectra for samples of lhc s.-1.rne age and coming from 
the same plant gives an assurance that the observed changes in the fluorescence 
spectra may indeed be attributed to variations in leaf age, the parameter being stud­
ied here. Since chlorophyll is a molecule that degrades \Vilh exposure to light, some 
effect or the length of time the leaves were exposed as cut foliage prior to sample 
processing procedures was also noted on the !luoresccncc spectra. This problem can 
be easily avoided by using in vivo techniques of fluorescence spectroscopy . 

This paper is a preliminary investigative work on the applicability of using 
fluorescence techniques in studying some characteristics of plants. and the results. 
though qualitative in nature, have shown that fluorescence methods can indeed be 
used to detect changes in plant conditions. 

IV.2. Uecommendations 

Since in vitro techniques arc tedious and may even present problems relatt!d to 
degradation of chlorophyll with C.'l.-posure to light, in \'i \'o technique are rccommendLxl 
for any follow-up to this project. The latter method has the advantage of luwing no 
sample preparation requirements, except perhaps for wiping dean the surfa~c of liv­
ing, functioning leaves before C.\.l>OSUrc to the e:'\citation light. I3cing non-dcstmctive 
and non-invasive, in vivo techniques are ideal for real-time spectroscopy of processes 
inside a living leaf. assuming that appropriately short laser light pulses of the correct 
wavelength are available. 

Instead of using a non"{;ohcrent excitation light such as the Xc source that was 
used in this study, coherent sources such as lasers would be more advisable for in viw 
techniques. The nitrogen laser, if properly shielded for elimination of electromag­
netic interference effects, can be a cheap source of excitation light for future studies 
in laser-induced fluorescence of green plants. However, for real-time spectroscopy. 
ultrashort light pulses from wavelength-tunable dye lasers arc required. 
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