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Abstract An automated photothermal system has been developed to measure the photochemical loss of in vivo plant
leaves. In this paper we present results obtained with a programmed system calibrated to measure the hourly photochemical
loss during a period of one week (168 hours). To show the usefulness of our technique, we compare the results obtained for a
plant maintained inside a receptacle containing a single solution of water and nutrients with the results obtained for another
plant that was immersed in the same solution plus polyethylene-glycol to see the effect of water stress on the photochemical
loss measurement. Our results indicate that the present technique permits a study ofthe response ofin vivo plants submitted to

different water stress conditions.
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1. Introduction

Characterization of either solid, liquid or gas materials
may be performed making use of different spectroscopic
techniques. Photothermal spectroscopy is the study of
physical and chemical properties by means of the analysis of
the conversion of optical energy into heat[1]. An overview
on photothermal techniques has been reported by Almond
and Pattel[2].

In 1987 an open-ended photothermal cell specifically
adapted for in vivo measurements of plants was reported[3,
4]. A transparent crystal of LINbO; was used as detector[5]
in direct contact with the sample[6]. The use of the
open-ended photothermal cell in plant leaves to determine
the photochemical loss is important since it allows
continuous monitoring of the plant. In contrast, if a
conventional photoacoustic[7] cell with a microphone is
used, a piece of the leaf needs to be cut and then placed in a
sealed chamber, making its application in vivo difficult to
analyze, as pieces of different sites of the leaf convey
different responses.
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Another advantage of the open-ended photothermal cell in
comparison to the conventional photoacoustic spectroscopy
is the requirement of lower frequencies of modulation. It is
possible to measure the photochemical loss in low
frequencies, thus avoiding interference from the oxygen
released by the plant[5, 6].

The photochemical loss signal coming from the plant in
vivo is obtained from the ratio between the energy absorbed
by the plant when exposed to a beam light and the energy
dissipated as heat. Such ratio characterizes the amount of
energy stored by the plant, which is mostly used in the
photosynthesis process|[8, 9].

In this paper we evaluated the usefulness ofan open-ended
photothermal cell for real-time monitoring of photochemical
loss (stored energy) of Eugenia uniflora L. seedlings
subjected to two different conditions: a regular solution
(water and nutrients) and a water stress system induced by a
polyethylene glycol solution of hydrophilic characteristic
and highly soluble in water[4,6]. Eugenia uniflora L., also
known as the “pitanga” or Brazilian cherry, has been used for
this experiment because it is a typical medium-— sized tree in
Brazil, whose fruit is highly regarded and has a high
concentration of calciumand vitamin C.

2. Experimental Setup
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Figure 1. Schematic experimental setup used to measure the photochemical loss in plant leaves

The experimental setup used to measure the
photochemical loss is shown in Figure 1. A bifurcated optical
cable is used for guiding the 3 and 40-mW laser beams up to
the plant leaves. The laser beams went through the positive
face (electrode) of the LiTaOs crystal, reaching the plant
leaves. The in vivo sample remains attached to the negative
face of the LiTaOs crystal, which detects the heat produced
by the leaves as a voltage appearing between the
electrodes[11].

A data acquisition system was developed to control and
monitor the cycles of measurement by activating both lasers
and the aerator, and sending a reference signal to the lock-in
amplifier (SR530) at the same frequency of the pulse
signal[6, 12]. The interface connecting the computer and
equipments is done through the DACB card (PCI-6024E/C
B-86LP, National Instruments)[13]. The lock-in provides
two analogical outputs corresponding to the in-phase and
square of the processed signal. These two analogical signals
provided by the lock-in are processed by the DACB card that
converts them to digital values. A numerical program
developed using MATLAB process the signals returning the
photochemical loss measured for each interval of
approximately two minutes.

Figure 2 exhibits a photo of the open photothermal
chamber demonstrating the configuration to engage the plant
to the transparent LiTaOj; transducer[14]. Seedlings of
different species have been used, although here we report
only the results obtained for the Eugenia uniflora L., which
were subjected to three different experimental conditions. In
the first case the seedlings’ roots were subjected to a solution
of water and nutrients. In the second and third cases the
seedlings’ roots were maintained in solutions of water,
nutrients and polyethylene glycol leading to water potential
of 0.6 and 0.9 MPa respectively, in order to induce a hydric
stress in the plants[15— 18].

Figure 2. Photograph ofthe open photothermal cell and the coupling setup
to the leave of Eugenia uniflora L. withthe LiT aO; crystal

Our experimental system performed measurements at
hourly intervals, taking two minutes each time. During the
first minute only the 3 mW laser (A=650nm) modulated at the
frequency of 17 Hz is turned on, providing enough energy
for the plant to accomplish the process of photosynthesis[19
—21]. Atthe beginning of the second minute the 40 mW laser
(A=650nm) is also switched on, both remaining activated
until the end of the two minutes. After this period the amount
of energy necessary for the plant to process photosynthesis i
saturated. The signals obtained during each one of these two
periods are used to calculate the photochemical loss. After
the measurement the system remains stationary for 58
minutes. During this interval an aerator is turned on to keep
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the concentration ofoxygen constant inside the solutions that
contain the roots of the plant. Subsequent to this interval a
new data collection was started. The photochemical loss of
the plants was determined by a continuous monitoring
carried out during a period of 168 hours.

3. Results and Discussion

Figure 3 shows the characteristic curve of thephotochemi
cal loss (energy storage) for measurements obtained in a
seedling of Eugenia uniflora L., the roots of which were kept
in water and nutrients. Using the photothermal open cell it
was possible to continuously monitor the diuturnal behavior
of the plant and therefore to observe through the
characteristic curve the enduring cycles of the photochemical
loss during a period of 168 hours. The photochemical loss in
these conditions shows that it is possible to qualitatively
know the quantity of energy stored by the plant during the
whole period. The decay observed on the characteristic curve
can be associated to the adaptation of the plant to the
transducer that was connected to it, since the photochemical
loss is not due to a decrease of the signals provided by the
lock-in but rather to the result of a process involving the
signals provided by the lasers AC and DC.
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Figure 3. Photochemical loss as function of time for the Eugenia uniflora
L. in solution of water plus nutrients only

Figure 4 displays the characteristic curve of the
photochemical loss for a seedling of Eugenia uniflora L. that
was subjected to water stress while its roots were submersed
in a solution containing polyethylene glycol at water
potential 0.6 MPa.

We cannot observe the regular diuturnal cycles of
photochemical loss during the first 60 hours of continuous
monitoring, in contrast to that observed in the first case
scenario. However, after this period of approximately 60
hours the plant adapted to the new environmental conditions,
beginning to exhibit the diuturnal cycles of photochemical
loss until the end ofthe 168 hour period, in a similar manner
to that verified in the first case when the plant was not under
water stress.
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Figure 4. Photochemical loss as function oftime forthe Eugenia uniflora
L. in solution of water plus nutrients plus polyethylene glycol at 0.6 MPa

The characteristic of the photochemical loss obtained for
another seedling plant of Fugenia uniflora L. subjected to a
higher concentration of polyethylene glycol, 0.9 MPa that
implies less available water and higher water stress, is
exhibited in Figure 5. In this experiment it was not possible
to observe any diuturnal cycles behavior of photochemical
loss during the first 30 hours of monitoring.
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Figure 5. Photochemical loss as function oftime forthe Eugenia uniflora
L. in solution of water plus nutrients plus polyethylene glycol at 0.9 MPa

Analyzing the characteristic curve shown in Figure 5 we
noticed that the plant starts a process ofadaptation to the new
environment of higher water stress after such an initial
period of 30 hours. However, the cycles of the diuturnal
photochemical loss are irregular during all 168 hours of
measurements, indicating that the adaptation of the plant is
insufficient to restore the balance that was previously
reached. This attempt of the plant to recover the diuturnal
cycles of photochemical loss might be attributed to the
physiological response to the different environmental
conditions imposed in the form of strong water stress.

Even though these characteristic curves indicate the
continuous monitoring of the photochemical loss for the
plant, it is important to point out that our results are not
quantitative but rather qualitative. Nevertheless, they are
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certainly appropriate to assess the behavior of a plant under
either regular or water stress conditions due to the use of the
open-ended photothermal cell. It is also important to mention
that a series of other exhaustive tests were performed on
other plants, e.g. seedlings of Eucalyptus, in which similar
dependence of the photochemical loss was observed.

4. Conclusions

The photothermal open cell was used in the continuous
monitoring of the photochemical loss in plants during seven
days (168 hours). The data indicate different photochemical
loss regimes for plants submitted to regular and water stress
conditions.

The results indicate that the open photothermal cell may
be used to develop portable equipment to monitor in
real-time the photochemical loss in different crops directly
into the field.
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