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Photoacoustic Technique Applied to the Assessment of the
Dosage of a NPK Fertilizer in Maize (Zea mays L.)
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ABSTRACT

The photosynthetic activity of maize plants (Zea mays L.) grown at different
concentrations of a synthetic NPK fertilizer was evaluated and compared to explore an
effective dosage criterium. The plants were grown under greenhouse conditions in a
sterile medium to ensure controlled provision of nutrients. The Stomatal Density (SD) and
Stomatal Index (SI) of the plants were estimated through micrograph analysis; while the
rate of oxygen evolution, the absorption spectral curves, and the thermal diffusivity of the
plant leaves were measured using the Photoacoustic Technique. The results regarding
photosynthetic activity and thermal diffusivity indicated an oscillatory pattern of
behavior during the growth period, and the characteristics of these oscillations were
affected by the application of the NPK fertilizer. The photoacoustic spectroscopy analysis
served to show that the treatment with the highest dosage of NPK fertilizer caused a
decrease in the absorption of the chlorophyll ¢ and b. Based on the results, the proposed
methodology and used technique could have practicality in monitoring quantifiable
variables to evaluate the influence that a fertilizer has on plants such as maize, which
allows the determination of appropriate dosage.
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INTRODUCTION in relation to the fertilizer dosage.

The PA is a nondestructive in situ method
used to detect changes in the gas production,
directly from the leaf in the photochemical
process (Gordillo-Delgado and  Botero-
Zuluaga, 2020). This technique consists of
acoustic waves generated from a body
impinged with modulated light (Rosencwaig
and Gersho, 1976). After the absorption of this
radiation, a non-radiative de-excitation process
produces periodic heating and the consequent

Nowadays, there are great controversies
surrounding conventional agricultural
techniques that use NPK fertilizers, since these
practices produce long-term environmental
damage caused by the excessive use of
nutrients. Frequently, high doses of NPK
fertilizers are applied and the remaining
fertilizer is lost, leached from the soil and
polluting water tributaries (Liu et al, 2014;
Sarwar et al., 2010). Therefore, it is necessary
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to know the exact dosage to avoid the
excessive use of these agrochemicals. In the
present work, the pattern of Oxygen Evolution
Rate (OER) of maize plants (Zea mays L.) was
obtained  through  Photoacoustic ~ (PA)
technique to study the photosynthetic activity

variations under the pressure of air or gas in
contact with the body surface. If
photochemical activity simultaneously takes
place, the periodic production of gases also
contribute to these pressure changes in a
region adjacent to the surface of the sample.
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This sound is detected by an electret
microphone, transversally communicated with
a cylindrical chamber, over which the sample
is placed (Marin, 2008). In this arrangement,
called resonant close PA cell, this chamber
must be hermetically closed with the leaf as a
top, in order to avoid other pressure changing
sources (Gordillo-Delgado et al, 2016;
Mandelis and Hess, 1997); unlike an open cell
configuration, in which the sample is placed
directly on the microphone (Acosta-Avalos et
al., 1996; Mesquita et al, 2006). Both
configurations have been widely used in
studies of plant photosynthesis, reflecting the
versatility of the PA technique.

In this work, some maize plants were
treated with different doses of a NKP
fertilizer and its effect was analyzed through
OER in photosynthesis, Thermal Diffusivity
(Dry) of the leaves and leaves content of
chlorophyll. These parameters were measured
using the PA technique with a closed PA cell
(Barja et al., 2001; Gordillo-Delgado 2016;
Herbert et al, 2006; Mandelis and Hess,
1997). Additionally, the variations of the
stomatal organelles in the leaves were
evaluated through an anatomical study using
optical microscopy.

MATERIALS AND METHODS

The maize plants were treated with different
doses of a chemical NPK fertilizer and
observed continuously. The oxygen produced
during photosynthesis was monitored and the
spectroscopic analysis provided information
about the content of the pigments in the plants
(Barja er al, 2001; Herbert et al, 2006;

Malkin et al., 1990).
Plant Growth

The growth process of maize seedlings
(Zea mays L) started from the germination
of yellow ICA V-305 wvariety seeds,
provided by the Colombian Agricultural
Institute (ICA). The plants were sown in
pots and grown in a greenhouse located at
the University of Quindio (Armenia,
Quindio, Colombia), applying different
concentrations of NPK granular nutrient
dissolved in water for each treatment. The
greenhouse was maintained at relative
humidity between 68% and 74% and
average temperature of 26+2°C/12 hour’s
day and 16+2°C/12 hour’s night. Maize
seeds were germinated on wet paper (Rao et
al., 2007).

Treatment

Ten maize plants per treatment were treated
with a NPK fertilizer composed of 25% Urea,
54% Diammonium Phosphate (DAP), and
21%  Nitrogen-Phosphorus-  Potassium
granulated (Triple 15-VitaAgro); these are
composition of a prepared mixture of 3
commercial fertilizers. The mixture of these
products was dissolved in distilled water at
four concentrations: 0.256, 0.382, 0.510 and
0.688 g mL", close to the dose recommended
by the manufacturers for field application,
which was estimated to be 0.510 g mL™" per
plant (Bushong et al., 2018; Rop et al., 2018).
The properties of applied NPK fertilizer are

Table 1. N, P, K composition and pH values of the applied fertilizer. Number of plants for each treatment.

n=10.
Dose concentration (g mL™) pH N (g) P (g) K (g)
0.256 6.92 0.03 0.03 0.015
0.382 6.87 0.042 0.042 0.021
0.510 6.80 0.06 0.06 0.03
0.688 6.78 0.078 0.078 0.04
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shown in Table 1, according to a report of the
National Federation of Coffee Growers of
Colombia (Moreno-Berrocal et al., 2008).

Experimental Assembly

Photoacoustic Technique Applied to the
Plant Leaves

The experimental setup used for in situ
and in vivo detection of PA signal generated
by the leaf is illustrated in Figure 1, using a
homemade closed PA cell constructed from
an aluminum block, in a well-known
configuration (Gordillo-Delgado et al.,
2020). The plant leaf was adhered to the top
of the cylindrical chamber (diameter 5 mm,
length 5 mm) of the PA cell using
commercial plasticine. This was done in a
way that the abaxial view of the leaf was in
contact with the enclosed air within this
cylindrical chamber and the other side
directly received a periodic train of light
pulses from a red LED (625420 nm, 1W).
This radiation was selected because the
chlorophyll pigment in the leaf absorbs this
wavelength in high proportion during the
photosynthesis process (Yousef et al., 2021).

When pulses of light impinge on the leaf
surface, a part of the radiation is absorbed
and diffused through the leaf generating
periodic pressure changes inside the cell,
due to a process of conversion of thermal
energy into acoustic energy, which are

Lock-in amplifier

ooo
@0° ggo

]

Personal Photoacoustic cell

computer

detected by an electret microphone coupled
to the PA cell cylindrical chamber.
Consequently, the microphone transduces
the pressure changes (acoustic waves) into
an electrical signal composed of two
contributions: (1) The  photothermal
response resulting from the conversion of
the absorbed light energy into heat due to
non-radiative de-excitation process, and (2)
The photobaric response that occurs when
the leaf, a photochemically active sample,
periodically generates oxygen through the
stomata in response to the light absorption,
which produces an additional pressure
change in the PA cell cavity.

The PA signal was recovered using a
Lock-in Amplifier SR830, which utilizes the
incident light modulation frequency as
reference for filtering. The continuous white
illumination on the opposite side of the PA
cell is used for saturating the photosynthesis
process.

The photosynthetic activity was monitored
on maize seedlings for 20 days after
germination. Thus, the in vivo measurement
of OER was accomplished on each
randomly selected plant, in the morning after
being subjected to dark conditions for an
acclimatization period of one hour to ensure
that the leaf was in a stable state of
photosynthetic metabolism (Bilger and
Bjorkman, 1990). Each measurement lasted
180 s and was carried out in triplicate. A
different plant was taken on each occasion
and the PA signal was measured from the
leaf located in the penultimate position
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Figure 1. Schema of configuration used for measurement of oxygen evolution rate and thermal diffusivity.
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Figure 2. Typical curve to estimate the oxygen evolution rate. ON: White light is turned on and OFF: White
light is turned off.

along the stem, which has the largest
photosynthetic surface exposed directly to
light, due to its location (Cayon-Salinas,
2001; Gong et al., 2011). This choice is
necessary to establish a comparative analysis
biased to the leaf position. After each
measurement, the plants were placed back
into the greenhouse.

Measurements of Oxygen Evolution
Rate

A diagram of the experiment to monitor
photosynthesis is shown in Figure 1. The
measured area of the flag leaf was always
kept in a region close to the leaf apex. The
red-light beam from the LED (luminous
power between 100 and 200 Im) was
electronically modulated at 17 Hz, which is
the resonant frequency of the closed PA cell
(Popa and Petrus, 2017). This light beam
affects the leaf surface, which is previously
placed sealing the chamber of the PA cell.
Thus, the distance between leaf and LED
was approximately 2.5 mm.

The opposite side of the leaf was
illuminated from a distance of 22.8 mm by a
continuous white LED (1W- luminous flux:
100-200 Im) to saturate the photosynthetic
process. Using the amplitude of the PA
signal, detected as a function of the time, it
is possible to study the photosynthesis
activity in the plants, related to the periodic
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oxygen release from the leaf. In a typical
measurement of the rate of photosynthesis
with this system, when the continuous white
light is turned on (1), the reaction centers of
the leaf are saturated and the photobaric
contribution does not appear; therefore, the
PA signal is composed only of the
photothermal contribution. When the white
light is turned off (|), the photobaric
contribution reappears and the values return
to their original state as shown in Figure 2.
Thus, the percentage of oxygen release
produced by the plant can be estimated
(Malkin and Punchenkov, 1997).

Thermal Diffusivity Measurements

After light absorption by pigments and
energy-transfer processes, three major
processes can happen in a leaf, namely,
fluorescence, heating, and photochemistry,
the last one being responsible for the oxygen
emission. Therefore, to analyze
photosynthesis, it is important to consider
the OER, but also thermal parameters such
as Thermal Diffusivity (Dry). The OER is
affected by non-photosynthetic factors,
linked to the diffusion of oxygen through the
leaf tissues. However, the D1y, associated to
the rate of heat propagation in the leaf
(Poulet ef al., 1983), This thermophysical
parameter is related to the structural
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characteristics, chemical composition and
especially with water content in the sample.

The Dy was estimated using the same
measurement method that was employed to
calculate the OER, but scanning the PA
signal as a function of the modulation
frequency (f), of the incident periodic light-
pulses on the maize leaves, always keeping
the continuous white light on to inhibit the
photosynthetic process. Thus, a curve of the
photothermal contribution was obtained in
the 17-100 Hz frequency range (Barja et al.,
2001).

For each treatment with different NPK
fertilizer concentration, the Dyy of the maize
leaves was calculated through the model
proposed by Bedoya et al (2015),
considering Equation (1) and the cutting
frequency (f.).

@ = arctan (ﬁ), and = \/fz and x=...

Also, the diffusion of oxygen can be
obtained using the percentage values of fall
or rise in the PA signal when the
photosynthesis is  saturated (Gordillo-
Delgado et al., 2016).

Photosynthetic Pigment Measurements

In Figure 3 is described the experimental
configuration of PA UV-Vis spectroscopy,
which was used to determine the pigments
content in the maize leaves. In this
instrumentation, white light from a xenon
lamp (Oriel, 1000W) passes through a
modulator mechanism (chopper), whose
frequency (17 Hz, resonant frequency of the

2
(ge_‘/%> + (hC'/2)% + 2ghC1/?

e_‘/%cos <—71' — \/; — (p)

A =f

Where, A" is the photothermal component;

2
g, h and m are constants; C = (1 —%) +

()

(1 m2 7 + 2 cos (531))

(1
closed PA cell) is the reference for the lock-
in amplifier (SR830). Then, the emerging
modulated light is passed through a

monochromator (Instruments SA, model
TRIAX-190) configured to scan from 300 to
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Figure 3. Schema of the configuration used for photoacoustic spectroscopy in the visible light range.
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800 nm, with a 5 nm step. This modulated
monochromatic light was guided through an
optical fiber to impinge the macerated maize
leaf deposited into the PA cell sample
holder.

The measurements were taken
immediately after preparation of the sample
with the same procedure for avoiding
spectra alteration induced by dynamic
changes in the light absorption on the
macerated leaves, which could cause
chlorophyll oxidation and dehydration.

The PA spectrum is directly proportional
to the absorption coefficient of the sample,
so, the interference and light scattering are
eliminated with this technique, which
represents an important advantage over
spectrophotometric methods. To discount
spectral characteristics of the light source,
the measured PA signal must be normalized
with the signal from a black body absorber,
in this case a sample of carbon black was
used (Rosencwaig, 1978).

Stomata Analysis

The stomatal analysis was conducted
under randomized blocks experimental
design, with four treatments and five
replications, in which each concentration of
NPK fertilizer was considered as a treatment
for groups of 10 plants. The leaves were
collected at the end of the experiment. After
40 days of monitoring photosynthetic
parameters, three leaves from the upper part
of each treated plant were cut and dyed with
methylene blue, with a total of thirty leaves
per treatment.

The mean values of Stomatal Density (SD)
and Stomatal Index (SI) were determined in
the epidermal sections through 40x
magnification. The samples were obtained
by freehand cross-sections and analyzed
with an optical microscope (Olympus
CX41RF). Three repetitions for each
treatment were carried out, corresponding to
a total of 120 observations. The SD depends
on the number of stomata and size of
epidermal cells; considering that the
expansion of these cells is related to the leaf
location, light, and temperature, while the SI
is defined as a function of Epidermal Cell
Density (ECD) as follows:

100% 2

The SD was obtained by counting the
number of stomata in an area of 4,347 mm?,
equivalent to the diameter of the observed
field, with an increase of 40X. Analysis of
Variance (one-way ANOVA and ANOVA
on Ranks) was applied to the SD and SI
values to detect possible significant
differences due to the treatments, using the
Tukey test (P< 0.05).

RESULTS AND DISCUSSION

Using the PA technique, effect of the NPK
fertilizer on the photosynthetic activity of
maize Zea mays L. (Poaceae) was evaluated,
monitoring the OER of these treated plants.
The in situ detection of PA signal during the
in vivo leaf measurement with this non-
destructive method is a functional
advantage.

Table 2. Range of Oxygen Evolution Tate (OER) values for each treatment with NPK fertilizer
concentration, considering only the data 10 days after fertilizer supplementation.

Dose concentration Minimum OER Maximum OER Interval
(gmL") (%) (%) (OER pyux-OER i)
0.256 12.5+0.1 23.4+0.8 10.9+0.9
0.382 7.7£0.4 17.6+0.2 9.9+0.6
0.510 10.7+0.04 23.3+0.05 12.6+0.09
0.688 6.3+0.03 14,3£0.3 8.0+0.3
230
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Figure 4. Plots of oxygen evolution rate vs. time of the treated plants with NPK fertilizer concentration
of (a) 0.256, (b) 0.382, (c) 0.510, and (d) 0.688 g mL™". The dotted lines correspond to a sine function,
superimposed to estimate some parameters of the pattern.

Oxygen Evolution Rate

The OER wvalues corresponding to the
plants  treated with four  different
concentrations of NPK fertilizer showed
different oscillatory patterns during the
monitoring. The OER was calculated from
the falling or rising of the PA signal caused
by the photosynthesis saturation, both values
(OER-drop and OER-rise) are plotted in
Figure 4. These curves correspond to the
average of measurements carried out
throughout the experiment. The OER values
ranged as shown in Table 2.

It is important to note that the OER pattern
in each case presented different shapes from
each other. The sinusoidal function (dotted
line) was inserted in the plots of Figure 4
only as a guide for analysis. As shown in
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Figure 4, it is possible to explain that the
plants treated with the concentration of
0.256 g mL™, after an adaptation period of
10 days after the fertilization treatment, had
approximately 5.5% of OER oscillation
“amplitude” (half of interval) and a
“frequency” (rate of change of OER) around
1.3 cycles per day; while with other
concentrations, i.e. 0.382, 0.51 and 0.688 g
mL"', this parameter had an approximate
value of 5, 6, or 4% and a frequency of 1,
0.95, and 1 cycle per day, respectively.

As can be noticed in Figure 4 (d), the
amplitude of the OER corresponding to the
treatment with the highest concentration
drastically decreases over time; perhaps
because the excessive absorption of nutrients
could be affecting the reaction centers and
disturbing the normal functioning of oxygen
release. Nakaji et al. (2001) reported a
similar phenomenon in  which the
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photosynthesis of Pinus densiflora was
reduced under different concentrations of
nitrogen in the soil.

This altered pattern of the OER is an issue
still to be discussed. Several hypotheses
have been proposed about the origin of these
photosynthetic behaviors (Roussel er al,
2007; Roussel et al., 2011). Some arguments
describe the competition between the CO,
and O, substrates as a delay in the release of
CO; (photorespiration) after the oxygenation
of  Ribulose-1.5-Bisphosphate ~ (RuBP),
which provides elements that could lead to
oscillations. It is also debated that this
pattern of photosynthesis happens due to
metabolic processes, such as carboxylation
and oxygenation by the RuBP enzyme;
however, this conduct can occur when the
leaves are subject to sudden changes in
environmental conditions (Walker, 1992). In
this work, the experiment was carried out in
equal controlled conditions; thus, the
different behavior of OER curves (OER vs.
time) favors the last explanation related to
the plant metabolism.

Thermal Diffusivity (D1g)

The Dpy values of the leaves of maize
plants, treated with different concentrations
of the NPK fertilizer, were estimated from
the data analysis of the PA signal amplitude
as a function of modulation frequency of the
incident light, under cancellation of the
“photobaric” contribution. The averages of
these D1y are registered in Table 3. Other
researchers have reported results similar to

those observed in this study (Walker, 1992).

The lowest Dpy values of the leaves
(around 3.6x10° cm® s') were those
obtained from the treatments with dose
concentrations of 0.382 and 0.51 g mL".
This could be associated with the possibility
that these plants had the highest water losses
by transpiration among all the treatments,
because this thermal parameter is
proportional to the water content in the
sample.

Photosynthetic Pigments

The presence of chlorophyll a and b in the
leaves was detected by PA spectroscopy in
the visible light range of the wavelengths
between 430 and 670 nm. The PA signal
amplitude was normalized in relation to the
PA signal of the carbon black to eliminate
incident light intensity variation associated
with the spectral characteristics of the light
source. The absorption centers related to the
content and distribution of chlorophyll a and
b were found. The spectral curves obtained
from the plants treated with different
concentration had a particular behavior; with
application of 0.688 g mL™, the intensity of
the signal was the lowest, as can be seen in
Figure 5. The treatment with the highest
concentration could have affected the
normal operation of chloroplasts and other
organelles (Bondada and Syvertsen, 2003).

Although the PA signal has a phase
component, it was not considered in this
work because it was very sensible to noise.
On the other hand, the normalized amplitude

Table 3. Values of Thermal Diffusivity (Dry) for maize leaves treated with the NPK fertilizer.

Dose concentration D ”
(gmL™) (x107% cm® s™)
0.256 4.8+0.8 ac
0.382 3.6£0.5 b
0.510 3.6£0.3 b
0.688 3.9+0.2 be

“ Mean values+SE in the same column followed by a different letter are significantly different according to

the Tukey test at P< 0.05, n= 10.


http://dx.doi.org/10.52547/jast.25.1.225
https://jast.modares.ac.ir/article-23-43538-en.html

[ Downloaded from jast.modares.ac.ir on 2024-11-26 ]

[ DOI: 10.52547/jast.25.1.225 ]

Photoacoustic Technique and Maize Fertilizer

JAST

0,8
071
0,6 i
051
041
0,3 i
0,2 1

0,1+

Normalized PA signal Amplitude

0,0

630 nm l

—m—0,256 g mL™’
—0—0,382gmL"

670 nm| A 051gmL’
—v—0,688 gmL"’

. T T T g T T T T T
300 400 500 600 700 800

Wavelength (nm)

Figure. 5. Representative spectra of maize leaves treated with different concentration of the NPK fertilizer.
The lines with squares correspond to the dosage of 0.256 g mL", circles to the dosage 0.382 g mL™, triangles

(up) to 0.51 gmL"', and triangles (down) to 0.688 g mL™".

of the PA signal allows the -easiest
comparison with spectrophotometric
absorption spectra reported by other authors
(Veljovic-Jovanovic et al., 2016).

The increased intensity of the PA spectral
band related to chlorophyll a, corresponding
to the dose of 0.382 g mL™ concentration of
applied fertilizer, and could be associated to
the most efficient assimilation of N in this
experiment. A similar behavior of the
respective spectral shape was found for the
0.232 and 0.51 g mL" doses. However, for
the highest 0.688 g mL" dose, the
corresponding spectrum was characterized
by the lowest intensity and a wide band
associated to chlorophyll @, which was
remarkably different. This is probably due to
substrate  acidification by  excessive
fertilizer, particularly Nitrogen (N).

It is interesting to note that 10 days after
the fertilization treatment, the OER pattern
had a change in which the lowest
“amplitude” (half of the OER change
interval) corresponded to the highest
concentration dose of NPK fertilizer (0.688g
mL"'), which can be related to the
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chlorophyll content loss caused by over-
fertilization.

Several studies about the fertilizer-
chlorophyll ~ correlation  have  been
conducted. For instance, Ghosh et al. (2004)
mention that the total chlorophyll content
was higher in soybean plants treated
organically than with 100% NPK fertilizers,
despite the fact that the release of nitrate
from organic manure was comparatively
slow. On the other hand, Bojovi¢ and
Marcovi¢ (2009) indicated that the most
favorable fertilization variant for wheat
cultivar was the NPK with the highest
nitrogen content; this was related to the
chlorophyll content in the leaves. Likewise,
Latsague et al. (2014) reported that
chlorophyll was the best indicator of the
stimulatory effect of fertilization with N, P,
and K on certain biochemical parameters of
Berberidopsis corallina. Finally, Prihastanti
et al. (2019) reported that in maize plants
grown in nano-silica-compost fertilizer, the
total amount of chlorophyll tends to
decrease, but the chlorophyll content
increases in nano-silica-NPK fertilizer.
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Table 4. Mean values of Stomatal Index (SI) and Stomatal Density (SD) recorded for maize leaves of
plants treated with different doses of NPK fertilizer (n= 10).”

Dose Concentration (g mL™) SI (%) SD (um™)
0.256 18+1 bc 8+l b
0.382 19+1 ac 10£1 a
0.510 20+1 a 11+l a
0.688 18+1 b 842 b

Stomatal Index and Stomatal Density

The obtained values of morphoanatomic
parameters SD and SI are shown in Table 4.
The SI  data, 20+l and 19+1%,
corresponding to the plants treated with
0510 and 0382 g mL' fertilizer
concentrations, were the highest values
compared to the other concentrations. The
slight variation of the SD and SI of the
leaves can be evidence of influence of the
fertilizer on the anatomy and morphology of
the plants. This is in agreement with Gul et
al. (2015) report, which suggests that growth
and yield traits are affected by N, P, and K
supplied concentrations. Likewise,
Efthimiadou er al. (2010) indicated that
combined organic and inorganic fertilizers,
which have similar N content, resulted in
further increase in photosynthetic rate, in the
stomatic conductance and increased yield in
maize plants. Also, Hussain er al. (2015)
reported that increasing potassium (K")
application rate in maize plants improves the
physiological characteristics (shoot length,
root length, fresh root weight, fresh shoot
weight and dry root weight) and nutrient
absorption. The influence of the NPK
concentrations on plant morpho-anatomy
could be linked to the photosynthetic
activity and results are presented in the
Table 4.

The oxygen produced by photosynthesis
can pass through the stomata and leaf
cuticle, which are synthesized in the
epidermal  cells. According to the
microscopic analysis and OER monitoring,
the leaves of maize treated with medium
concentrations of fertilizer (0.382 and 0.51 g
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mL™") induced the highest values of SI and
SD. The balance of photosynthesis and
water loss during plant development is
achieved through SD and stomatal aperture
regulation. The SD and SI are related to
stomatal development, and both are
influenced by environmental conditions of
growth.

It is important to note that this work did
not include a study of the correlation
between the measured parameters of
photosynthetic activity (OER, SI, SD and
pigment content), because the interest was
focused on the effect of the concentration of
a conventional chemical fertilizer on these
variables.

CONCLUSIONS

The intensity of the PA spectral band
related to chlorophyll a changed according
to the concentration of NPK fertilizer
applied to maize plants. For the highest
concentration of applied fertilizer (0.688g
mL"), the spectrum was remarkably
different, characterized by the lowest
intensity and width of this band; the
corresponding OER pattern had the lowest
“amplitude” (half of OER change interval).
According to the microscopic analysis and
OER monitoring, the leaves of maize treated
with doses of the medium concentrations
(0.382 g mL™" and 0.51 g mL™") presented the
highest values of SI and SD, and the lowest
Dy (around 3.6x107 cm?® s™). These data are
evidence of the potential of the PA
technique to evaluate the effect of a fertilizer
on the photosynthetic activity of maize
plants and to establish the optimal fertilizer
application rate. The use of NPK fertilizer
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dose of 0.382 g mL", which is 25% lower
than the dose used as standard (0.51 g mL™),
suggests a reduction of the amount of
applied fertilizer without serious alteration
of physiological parameters SI, SD and Dry.
This could be useful for decreasing the
environmental impact and production cost of
maize crop.
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