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ABSTRACT

Argon laser with wavelength 488nm (visible light) and with power 128
mW was used in the laser-induced fluorescence technique in Egypt for
determining the optimal harvesting time of green beans (Phaseolus
vulgaris L. var Paulista) and Sweet peas (Pisum Sativum L. var Sugar
Lays) depending on maturity, which presented a non-destructive methods
and very accurate method to check the maturity. The obtained results are
summarized as follows:
1) The fluorescence curve from green bean pods shows two peaks, the
higher band was about 677 nm and followed by a smaller one centered at
about 755 nm in the red region of the spectrum. Moreover, the higher
intensity band was found to associate with a shoulder at 700 nm, 2) The
Sluorescence curve for sweet pea pods shows two peaks, the higher band
was about 680 nm and followed by a smaller one centered at about 722
nm in the red region of the spectrum. Moreover, the higher intensity band
was found to associate with a shoulder at 710 nm, and 3) Criteria for
optimal harvest time for green beans and sweet peas are maximum
intensity of fluorescence, 3.91 E-0lau. and 2.23 E-02 a.u. at 22 days
Jrom the appearance of the flower, respectively,
Key Words: Optimal harvesting time, Green beans, Sweet peas, Laser
Induced Fluorescence. '
INTRODUCTION
aito (2007) stated that LASER-induced fluorescence (LIF) is
emitted from leaf pigments irradiated with LASER. LIF contains
# lots of information on living plants, so LIF spectroscopy, also

known as the LIF technique, is a powerful toel for plant investigation.
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The most important feature of plants which discriminates them from
other living organisms is photosynthesis. Photosynthesis is activated by
the reaction of plant pigments by photons (light), i.e.,, it is a light-
dependent reaction.

Astafurova et al. (2001) studied the LASER-induced fluorescence of
birch, pine, and aspen trees. The fluorescence of birch leaves, excited with
a Xe-Cl LASER at a wavelength of 308 nm, was measured under
laboratory conditions. A persistent directly proportional dependence was
found between the measured fluorescence signals and the chlorophyll
content.

Schuerger et al. (2003) summarized that healthy and stressed plants
were measured with two hyperspectral imagers, LASER-induced
fluorescence spectroscopy (LIFS), and LASER-induced fluorescence
imaging (LIFI) systems in order to determine if the four handheld remote
sensing instruments were equally capable of detecting plant stress and
measuring canopy chlorophyll levels in bahia grass.

Whalf et al. (2005) stated that LASER-induced fluorescence spectroscopy
(LIFS) was non-destructively applied to apple fruit and carrot for
determining changes in fruit and vegetable pigment contents. The
samples were excited by short LASER pulses emitting at 337 nm, and
recordings of fluorescence spectra were carried out directly on the tissue
surface and in fruit extracts in a wavelength range from 350 to 820 nm.
Saito et al. (2006) stated that Broad LIF spectrum 400 nm to 800 nm
gave information about pigments inside the leaves. Plant leaves can emit
fluorescence in response to LASER irradiation which is called LASER-
induced fluorescence (LIF). The LIF spectrum varies its shape depending
on molecule species and concentration containing in the leaves.
Buschmann and Lichtenthaler (1997) used a laser-induced florescence
imaging system, which can be used as a non-invasive tool to obtain
images of leaves.

Bodria et al. (2002) mentioned that among the several changes that a
fruit undergoes during ripening, chlorophyll degradation is responsible
for degreasing of ground color, that is a well established maturity
indicator for several species.

Takeuchi et al. (2002) reported that growth monitoring of agricultural
products and prediction of their harvest time were tried by applying laser-
induced fluorescence as a nondestructive and in vivo method. Two kinds
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of lettuce grown outside were used. The laser-induced fluorescence
measurement system was constructed with a 355 nm pulsed laser and a
multi-spectral detection system. The fluorescence spectra showed peaks
at 460, 520, 685 and 740 nm.
Kameoka and Hashimoto (2003) considered that the fluorescence
around 532 nm have the information on carotene etc. and 685 nm
fluorescence that of chiorophyll. In addition, the information on sucrose,
chlorogenic acid, saccarides and polyphenol are included in the shorter
wavelength fluorescence.
Corp et al. (2003) summarized that in vivo fluorescence emissions can
occur in the wavelength region from 300 to 800 nm and are dependent on
the wavelength of illumination for cormn (Zea mays L.). These light
emissions have been grouped into five primary bands with maxima most
frequently received from corn at 320 nm (UV), 450 nm (blue), 530 nm
(green), 685 nm (red), and 740 nm (far-red).
Mercure et al. (2004) stated that UV-induced chlorophyll (ChIF UV)
and blue-green fluorescence (BGF) emitted by leaves have been
proposed as useful indicators of plant physiological status under stress
conditions. They investigated the effects of nitrogen (N) deficiency on
ChIFUV and BGF emissions of leaf sections in relation to plant growth
_ inhibition and accumulation of phenolic metabolites in barley leaves. The
main objectives of this research are to study Laser Induced Fluorescence
(LIF) technique in Egypt for determining the optimal harvest time of
green beans and green peas depending on maturity.
The main objective of the present investigation: 1) The developed setup
was used to measure the fluorescence properties by using Argon laser in
Laser-Induced Fluorescence (LIF) from green bean and green peas pods,
and 2) Establish a criterion to identify Fluorescence properties to
determine the optimal harvesting time of green bean and green peas pods
according to optical emission.
E D METHODS
Fluorescence system: It consists of Argon laser, lens, monochromator,
detector and computer (Fig. 1).
1. Argon Laser: The Argon (Ar’) laser (Lexel laser 95 ion laser, USA)
in the visible light (wavelength 488 nm) was used as a continuous wave
(CW) with power 125mW. The laser was directed to a mirror with
vertical holder to a pod.
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2. Monochromator: The monochromator (Spex 750m) is an optical
element that is used to isolate the different spectral components of light
beam. Mononchromator has two main utilities in optical spectroscopy
experiments (Garica Sole et al., 2004):

i} To transform the polychromatic beam generated by lamps into a
monochromatic beam for selective excitation.

ii) To analyze the light emitted or scattered by any material after some
kind of excitation. The emitted or scattered light usually extends over
some range of the spectrum.

3. Spectrophotometer: It was used to measure the absorbance of light at
different wavelengths to determine the concentration of the pigments at
the green beans pods and green pea’s pods. It has the following
characteristics as shown in Table (1).

Table (1): Spe

Source of manufacture

—
2 { Model 6300
3 | Wavelength: nm
e Range 320-10600
¢ Resolution 1
e Accuracy 2
e Bandwidth 8
4 | Factor 0 to 199.9, 1000 to 99999
5 | Photometric Noise Levels, % | <1
6 | Photometric Stability 1% after 1 h warm-up
7 | Readout Custom LCD Graphics display
8 | Outputs Analogue (0-1.999V d.c.yRS232
serial port
9 | Light Source Tungsten Halogen 20W 12V
10 | Input Voltage 115/230 Vac —20% + 10%
11 | Input power, W <50
12 | Size, mm 365 (w)x 272 (d) x 160 (h)
13 | Mass, Kg 6
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Ar+ Laser

Lock-in amplifier

Computer
a) The schematic setup of optical emission experiment.

1: Source of Argon laser, 2:Chopper, 3: Sample, and 4: Monochromator
b) The experimental setup of optical emission.

Fig. (1): Measuring the fluorescence of pods using the developed setup.

The 18", Annua? Conference of the Misr Soc. of Ag. Eng., 26-27 October, 2011 . 715 -



PROCESS ENGINEERING

RESULTS AND DISCUSION

1.Green bean’s fluorescence: Fig. (2) illustrates the fluorescence curve
of green bean pods at 10 days age (for example). It shows two peaks, the
higher band is about 677 nm (due to the chlorophyll fluorescence) and
followed by the smaller one centering at about 755 (due to the carotenoid
fluorescence) in the red region of the spectrum. Moreover, the higher
intensity band was found to associate with a shoulder at 700 am.

The same trend was found at different ages but with different intensities
(Fig.3). The highest intensities were found for ages 19 and 22 days, but
the smallest intensity was found at age 31 days.

Comparing the maximum values of intensity at different ages (Table 2
and Fig. 4), it is found that the maximum values of the fluorescence
intensity increased from 3.70E-02 to 3.91E-01 a.u. at pods ages from 10
to 19 days and reached the maximum value 3.91E-01 a.u. at ages 19 and
22 days and then the intensities decreased from 3.91E-01 to 1.14E-02 a.u.
at ages from 22 to 31 days, respectively. Also, Table (2) and Fig. (5)
show the intensity values at wavelength 755 nm, the smallest band,
values increased from 1.43E-02 to 5.82E-02 a.u. at ages from 10 to 19
days and the maximum value 9.65E-02 a.u. was at 22 days and then the
values decreased to 4.18E-03 a.u. at age 31 days.

Using the mean values shown in Table (2), the following general
equations were deduced to express the relationships between the value of
maximum fluorescence intensity (Fia) and the fluorescence intensity at
755nm (Fyss) for green beans pods at different ages from the appearance

of the pods.

For the first age (pods at 10 days): Fruux=0.386 F1ss.vuvucicnnnnnnn.. (1)
For pods at 19 days: Fua=0.149 Frss.eecriniiviiiinriiiiicniinnienead (2)
For pods at 22 days: Fnax=0.247 Fis5.cenrnrninrninnisicinrnncnereennns 3)
For the last age (pods at 31 days): Fum=0.367 Fissueuiniiniininnnnn.a. (4

Because the fluorescence related to the quantity of chlorophyll a (chl.a)
and total carotenoids (car), we studied the quantity of chl.a, chl.b, and car
(Table 3). It is found that the quantity of chl.a decreased from 0.1115 to
0.0367 mg/g at pod's age 10 and 31 days respectively. Also, c¢hlb
decreased from 0.0208 to 0.0072 mg/g for ages 10 and 31.
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But, total car increased from 0.02945 to 0.04531 at the same ages.
Therefore, the green color was the dominant at the first ages as a result of
increasing chl.a and chlb, then it would be light green as a result of
increasing the other pigments (carotinoids). ( Fig 6).

Table (2): The maximum intensities and the intensities at 755 nm for
green bean pods at different ages from the appearance

of the pods from flowers.
Age, day Max. Intensity for green | Intemsity at 755 nm for
bean pods, a.n.* _green bean pods, a.u.*
10 3.70E-02 1.43E-02
13 4.02E-02 1.30E-02
16 1.94E.01 3.54E-02
19 3.91E-01 5.82E-02
22 3.91E-01 9.65E-02
25 1.25E-01 2.67E-02
28 1.93E-02 5.40E-03
31 1.14E-02 4.18E-03
* a.u. = arbitrary unit
. ]
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Fig (2): Green bean's pods fluorescence at age 10 days from the
appearance of the pods from flowers.
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Table (3): The quantity of chlorophyll a and b and total carotinoids for green bean's pods at
" different ages. /

Chla Chlb Total Chl Total Car

‘;ﬁ;’AmAan.m
L mgll | mglg ) ml | mg/y | mgll | mg/g | mgl | mp/g

10 J1.883]0619) 1 ]22300]0.1115] 4.151 | 0.0208 | 26.2947 | 0.1315 | 5.8897 | 0.02945

13 J1.588)0.538 ) 1.09 | 18.762 | 0.0938 | 3.832 ] 0.0192 | 22.4612 | 0.1123 | 6.1955 | 0.03098

16 §1.151}0.389 ] 1.365 | 13.601 | 0.0680 | 2.758 } 0.0138 | 16.2632 | 0.0813 | 6.9923 | 0.03496

19 §1.111}0.371 ) 1.496 ] 13.141 ; 0.0657 | 2.569 | 0.0128 } 15.6178 | 0.0781 | 7.4860 | 0.03743

22 310220343 ) 1.701 { 12,084 | 0.0604 | 2.399 | 00120 | 14.3975 ] 0.0720 | 8.3212 | 0.04161

25 ]0.838 ) 0.289 | 1.782 | 10.525 | 0.0526 § 1.897 | 0.0095 | 12.3481 ] 0.0617 | 8.4722 } 0.04236

28 10.818) 0.27 | 1.846 | 9.684 | 0.0484 | 1.826 | 0.0091 | 11.4424 | 0.0572 | 8.7331 | 0.04367

31 1062102081952} 7.344 |} 0.0367 1 1.449 | 0.0072 ; 8.7409 | 0.0437 | 9.0628 | 0.04531
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Fig (3): Green bean's pods fluorescence at different ages from the

appearance of the pods from flowers.
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Fig. (4): The maximum inteusities of fluorescence for green beans at
different ages from the appearance of the pods from flowers.
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Fig. (5): The intensities at 755 nm for green beans fluoresce at different
ages from the appearance of the pods from flowers.
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Fig. (6): Quantity of chlorophyll and carotenoids for green beans

The 18" Annual Conference of the Mist Soc. of Ag. Eng., 26-27 October, 2011 . 720 -



PROCESS ENGINEERING

2. Sweet pea’s fluorescence:

Fig. (7) illustrates the fluorescence curve for sweet pea's pods at 6 days age
(for example). The fluorescence curve shows two peaks, the higher band
was about 680 nm (due to the chlorophyll fluorescence) and followed by a
smaller one centered at about 722 (due to the carotenoid fluorescence) in the
red region of the spectrum, Moreover, the highest intensity band was found
to associate with a shoulder at 710 nm.

The same trend was found at different ages but with different values of
intensities (Fig. 8). The highest intensities were found at age 18 days,
while the smallest intensity was found for age 27 days.

Comparing the maximum values of intensity at different ages (Table 4
and Fig. 9), it is found that the maximum values of fluorescence intensity
increased from 1.56E-02 to 2,23E-02 a.u. at ages from 6 to 18 days , then
the intensities decreased from 2.23E-02 to 1 24E-02 a.u. at ages from 18
to 27 days. Also, Table (4) and Fig. (10) show the intensity values of
fluorescence at wavelength 722 nm. The smallest band, values increased
gradually from 7.87E-03 to 1.09E-02 a.u. for ages from 6 to 18 days,
respectively and then the values decreased. Using the mean values shown
in Table (4), the following general equations were deduced to express the
relationships between the value of maximum fluorescence intensity
(Faax) and the fluorescence intensity at 722nm (Fy;) for sweet pea pods
at different ages from the appearance of the pods.

For the first age (pods at 6 days):  Fpna=0.504 Fro.covvivieinninnian 5)
Forpods at 15 days: Fma=0.589 Frz.e.ceiniienrrnennrinierncncennnenn, ()
For pods at 18 days: Fum=0.489 Freveeeeeereeieneenneeeneenane.. B Q)

For the last age (pods at 27 days):  Fmy=0.531 Frzzeevonenniininnnnennd (8)

Table (5) illustrates the quantity of ch.a , chl.b and total car, the quantity
of chl.a and chl.b decreased from 0.1242 to 0.0184 mg/g and from 0.0242
to 0.0057 mg/g when pod's age increased from 6 to 33 days, respectively.
However, total car increased from 0.0288 to 0.0440 mg/g when pod's age
increased from 6 to 33 days, respectively. Therefore, the green color was
dominant at the first ages as a resuit of increasing chl.a and chl.b, then it
would be light green as a result of increasing the other pigments
(carotincids). (Fig 11).
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Fig (7): Sweet pea's pods fluorescence at age 6 days from the appearance
of the pods from flowers.

Table (4): Maximum intensities and the intensities at 722 nm for sweet
pea pods at different ages from the appearance of the pods

from flowers.
Age, day Max. Intensity for Intensity at 722 nm for
sweet pea pods, a.u.* sweet pea pods, a.u.*
6 1.56E-02 7.87E-03
9 1.56E-02 8.30E-03
12 1.60E-02 9.25E-03
15 1.42E-02 8.36E-03
18 2.23E-02 1.09E-02
21 1.25E-02 6.50E-03
27 1.24E-02 6.58E-03

e a.u. = arbitery unit
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Fig (8): Sweet pea's pods fluorescence at different ages from the

appcarance of the pods from flowers.
® 5 2.50E-02
g E. 2.00E-02 /f\\
5; 1.50E-02 == I
2 £ 1.00E02 — . — : .
5 10 15 20 25 30
Age, Day

Fig. (9): The maximum intensities for sweet peas at different ages from
the appearance of the pods from flowers.
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Fig. (10): The intensities at 722 nm for sweet peas pods at different ages
from the appearance of the pods from flowers.
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Fig. (11): Quantity of chlorophyll and carotenoids for sweet pea pods.
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Table (5): The quantitics of chlorophyll a and b, and total carotinoids for sweet pea’s pods at different ages.

Ageday | A | Acr | A | Chla ChLb Total Chl Total Car

mgl | mg/g | mg!l | mg/g | mg/l | mg/g | wgdl | mglg
6 21 0.7 091 | 2484 ) 0.124 | 483 | 0.024 | 295 | 0.1475 | 5.768 0.0288
] 196 | 065 | 1.00 | 2323 ] 0.116 | 4.54 | 0.023 | 27.61 | 0.138 | 6.051 0.0303
12 1.82 | 061 1.13 1 21,52 ) 0.107 ) 4.28 | 0.021 | 2564 | 0.1282 | 6.551 0.0328
15 167 } 056 ) L18 | 19.75 10098 | 395 | 0.019 ) 2356 | 0.1178 | 6.635 0.0332
18 141 | 047 | 1.26 | 1669 | 0.083 | 3.28 | 0.016 | 1985 | 0.0993 | 6.734 0.0337
Zi 13 0.41 133 | 1544 | 0077 | 253 | 0013 | 17.86 0.0893 6.745 0.0337
y 7| 086 | 028 | 1.39.{ 1025 [ 0.051 | 1.93 | 0.009 | 12.04 | 0.0602 | 6.815 0.0341
27 0.65 | 0.21 1.51 776 (0033 ] 14 | 0007 ] 911 | 00456 | 7.125 0.0356
30 052 | 0.18 | 169 | 6.14 | 0031 | 135 | 0.007 | 6.16 | 0.0308 | 7.893 |  0.0395
k t 0.31 0.12 19 367 10019 1.14 | 0006 | 4.78 | 0.0239 | 8.803 0.0440
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CONCLUSION

1) The developed setup was used to measure the fluorescence properties
by using Argon laser in Laser-Induced Fluorescence (LIF) technique.

2) The fluorescence curve from green bean pods shows two peaks, the
higher band was about 677 nm and followed by a smaller one
centered at about 755 nm in the red region of the spectrum.
Moreover, the higher intensity band was found to associate with a
shoulder at 700 nm.

3) The fluorescence curve for sweet pea pods shows two peaks, the
higher band was about 680 nm and followed by a smaller one
centered at about 722 om in the red region of the spectrum.
Moreover, the higher intensity band was found to associate with a
shoulder at 710 nm.

4) Criteria for optimal harvesting time for green beans and sweet peas are
maximum intensity of fluorescence, 3.91 E-0la.u. and 2.23 E-02 a.u.
at 22 days from the appearance of the flower, respectively
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