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Abstract Laser-induced chlorophyll fluorescence (LICF)
spectra and fluorescence induction kinetics (FIK) curves of
wheat plant leaves treated with different concentrations (50,
100 and 200 ppm) of dimethoate are recorded. LICF spectra
are recorded in the region of 650-780 nm using violet
diode laser (405 nm) and FIK curve at 685 and 730 nm
with red diode laser (635 nm) for excitation. The
fluorescence intensity ratios (FIR) are determined from
LICF spectra and vitality index (Rg) from FIK curves.
These parameters along with photosynthetic pigment
contents and growth parameters are used to analyze the
effect of dimethoate on wheat plants. The result indicates
that lower concentration of 50 ppm shows stimulatory
response while higher concentrations of dimethoate are
hazardous for growth, photosynthetic pigments and
activity of wheat plants.
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Introduction

Photosynthesis is the feature, which makes the plants
unique in the living world. As the photosynthesis depends
upon the chlorophyll (Chl) molecule, thus Chl is the most
important molecule and its concentration is one of the basic
parameter to be monitored in order to understand the plant’s
activity and health. Since Chl emits fluorescence in
response to irradiation; a technique based on laser-induced
fluorescence spectroscopy (LIFS) offers a way of
nondestructive/in vivo and non-contact/remote sensing
of plants [1, 2]. It has application in the field and remote
assessment to detect environmental stress and physiological
changes in the plants leaves [3].

The expanding use of pesticides for protecting crop
against pests and disease attack is an important part of
the modern agriculture. Dimethoate (O,0O-dimethyl
S-methylcarbamoylmethyl phosphorodithioate) is foliar
applied systemic thio-organophosphorus insecticide. This
is used in various countries to control the insect population on
wide variety of crops. Dimethoate produce their insecticidal
effect through inhibition of acetylcholinesterase, an enzyme
that terminate the action of acetylcholine by catalyzing its
hydrolysis, thereby disrupting the normal functioning of nerve
transmission, producing hyperexcitability, convulsion,
muscular paralysis, and respiratory failure [4].

Studies of the phytotoxic effect of orgnophosphorus
insecticides on phytoplanktons suggested that this type of
toxicant reduces growth rates and inhibits chlorophyll,
protein and carbohydrate biosynthesis when algae are
exposed for several days [5, 6]. Dimethoate could affect
plasma membrane, PSII activity and photophosphorylation
of Synechocystis cells and cause the inhibition of photo-
synthetic electron transport and enhancement of respiratory
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O, consumption [7, 8]. Dimethoate negatively affects the
electron transport between PSII and PSI; significantly
inhibit the photosynthesis and dark respiration increased
at higher concentration [9]. Dimethoate also cause produc-
tion and accumulation of reactive oxygen species (ROS)
and increased activity of antioxidants such as catalase
(CAT), peroxidase (POD) and superoxide dismutase (SOD)
with increasing concentration of dimethoate [10].

Light energy absorbed by the Chl molecule can undergo
one of the three processes; (i) to drive photosynthesis
(photochemistry), (ii) excess energy can be dissipated as heat
and (iii) re-emitted as — Chl fluorescence. These three
processes occur in competition. In the green photosyntheti-
cally active tissue light absorbed by the photosynthetic
pigments (Chl and carotenoids) is primarily used in the
photosynthetic light reaction for the photosynthetic quantum
conversion. Under optimum condition for photosynthesis
only a small proportion of absorbed light is lost as heat and as
red Chl fluorescence [11-14].

Various stress conditions may reduce the rate of the
photosynthesis (CO,-assimalation), and disturb or block the
light—driven photosynthetic electron transport as well as the
photosynthetic pigment apparatus, without affecting the
process of light absorption. This then leads to an increased
de-excitation of absorbed light energy via Chl fluorescence
and heat emission. The study of the laser-induced in vivo Chl
fluorescence of leaves of green plant provides basic informa-
tion on the functioning of the photosynthetic apparatus and on
the capacity and performance of photosynthesis.

The in vivo Chl fluorescence spectra of green leaves
show at room temperature two maxima, one in the spectral
region near 685 nm and other in the region of about
735 nm. The shape of the Chl fluorescence spectra and
value of the fluorescence intensity ratio (FIR) at the two
maxima (F685/F735) depends on the Chl content of the
leaf. Chl fluorescence depends to a great extent on Chl
content and the absorbance of the leaves [15-20]. In the
green leaves about 90% of the emitted Chl fluorescence at
685 nm, is reabsorbed by the Chl molecules of the leaf [21].
It is found that the effect of reabsorption of the red Chl
fluorescence at 685 nm is particularly large when leaves
possess a moderate to high Chl content. Thus, as the Chl
content decreases, the peak intensity at the 685 nm region
increase much more in comparison to 735 nm and the
fluorescence spectra show only one maximum peak in the
685 nm region with a shoulder near 735 nm. When the Chl
content is very low, the absorbed light energy, not being
used for the photochemical work and transferred to heat, is
emitted as Chl fluorescence, which can leave the leaf tissue
with no or little hindrance through re-absorption process.

Upon reillumination of a 20 min predarkened leaf the
Chl fluorescence undergoes induction kinetics, which is
known as Kautsky effect. Two part’s of these induction
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kinetics can be distinguished: (1) the fast fluorescence rise
to the maximum fluorescence (F,,) which is completed in
100 to 500 msec and (2) the slow fluorescence decrease
(Fq = F, — Fy) to the steady state (F), where photosynthesis
and fluorescence are in steady states, which is completed in
3 to 5 min. Higher the variable fluorescence (rise above F,
to F,,,) and larger the slow fluorescence decrease (from F,
to F), higher the photosynthetic capacity of leaf. The
fluorescence decrease from F, to Fg is paralleled by
increasing rate of oxygen evolution and the photosynthetic
CO,-fixation [2, 22, 23]. The relative extent of the
fluorescence decrease is therefore an approximate measure
of the degree of photosynthetic quantum conversion of leaf.
Several other factors may participate in this fluorescence
decrease, e.g. thermal quenching, phosphorylation of the
light-harvesting chlorophyll-proteins, etc. [24, 25]. The
ratio of the fluorescence decrease to the study state
fluorescence (Rgyy = Fy/F,) is a very suitable indicator of
vitality and stress of the plant, and has been termed as
vitality index [22, 26]. The level of the Rgg-values is, in fact
a measure of the potential photosynthetic activity and
capacity of the leaf [11, 22, 26]. It signals the intactness and
functionality of the internal photosynthetic apparatus, even
with closed stomata.

As the dimethoate is highly hazardous for the plant
health, the present paper deals with the study of dimethoate
effect on the pigment contents and photosynthetic activity
of the leaves of wheat plants by using the technique laser-
induced chlorophyll fluorescence.

Material and Method
Plant Growth and Treatment with Insecticide

Healthy and uniform sized seed of Triticum estivum L.
(Var. PBW 343) were surface sterile in 4% sodium
hypochlorite solution (v/, in double distilled water) for
20 min and presoaked for 20 h in distilled water and
wrapped in wet cloth overnight. Selected uniform germi-
nated seed and transferred into cup contain acid washed
sterilized sand (=260-270 g). Plants were grown under
illumination of 4500 Lux and 23+2 °C temp in 14 h
photoperiod. Plants were irrigated with 0.2% modified
Rorrison medium after 3 days of germination. The basic
components of Rorrison medium are as follows: 0.4 mM
Ca(NO3),, 0.2 mM MgS04.7H,0, 0.2 mM KH,POy,,
0.1 um CuSO4. 5H,0, 0.2 um ZnS04.7H,O, 9.2 pum
H;BOs3, 1.8 um MnCl,.4H,0, 0.2 um NaMo0O4.2H,0O and
10 um FeEDTA. The 50, 100 and 200 ppm of dimethoate
treatment were given to the plant along with nutrient
medium at alternate day and the first treatment was given
after the 6 days of germination. Plant leaves were used
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Table 1 Plant Growth Parame-

ters (Shoot length, Root length, Treatment of dimethoate Control 50 ppm 100 ppm 200 ppm

Fresh weight and Dry weight)

of control as well as dimethoate Shoot length 20.74+0.21 21.28+0.24 20.08+0.20 17.34+0.19

treated wheat plants (cm) (2.6) (-3.18) (-16.39)
Root length 7.90+£0.29 8.72+0.22 7.8+£0.24 7.32+0.21
(cm) (10.38) (1.27) (=7.39)

o Fresh weight 1.55+0.31 1.59+0.26 1.46+0.28 1.13£0.22

+ Values indicate standard

deviation (mean n=3). The (gm) (2.58) (=5.81) (27.1)

value in parenthesis shows Dry weight 0.171£0.25 0.179+0.29 0.170+0.31 0.169+0.24

percent decrease/increase over (gm) (4.68) (-0.58) (-1.17)

control plant

after 10 days of first treatment to analyze the effect of
dimethoate.

Determination of Pigment

Twenty milligrams of plant leaves from control as well as
dimethoate treated 7riticum astivum L. extracted in 3 ml
80% acetone (v/v, in double distilled water) and the extract
were used for the measurement of pigment contents. The
pigment contents were determined from the transparent,
centrifuged acetone extract solution by measuring the
absorbance in the region 380—700 nm by using the UV/
VIS spectrometer (Perkin Elmer lambda 35). The pigment
concentrations were determined according to the method of
Lichtenthaler and Welburn [27].

Laser-Induced Chlorophyll Fluorescence Spectra by Violet
Diode Laser (405 nm)

LICF spectra were recorded using computer control Acton
0.5 M triple grating monochromator, Hamamastu R928
PMT as a detector, exited with a 405 nm violet diode laser
(Oxxus CE, made in france, modal PS-001, Power 50 mW)
light. The intensity of 405 nm violet diode laser is 140 pumol
photons m 2 s'. The beam expander was aligned to obtain

4.0 cm” expanded laser light on leaves. The fluorescence
radiation was collected on the entrance slit of monochromator.
Leaf fluorescence was exited and sensed in a angle 45° to the
leaf plain.

LICF spectra were recorded in the region of 650-780 nm
with 1800 grooves/mm grating blazed at 500 nm wavelength
using survey mode of spectra sense software. Time necessary
for detection of one spectrum was about 78 s. These spectra
were analyzed using GRAMS 32 software with curve fit
Array basic program. Spectral correction was made from the
response curve of PMT and grating of monochromator.

Fluorescence Induction Kinetics by 635 nm Red Diode
Laser

Same experimental setup was used for the fluorescence
induction kinetics with 635 nm red diode laser (Power
10 mW). The intensity of 635 nm red diode laser is
28 umol photons m 2 s '. The fluorescence induction
kinetics was measured by exposing the 20 min pre
darkened plants leaves by red diode laser. The fluorescence
intensity was recorded as the function of time at two
different wavelength 685 and 730 nm for 5 min of nearly
4.0 cm? area of plant leaves using Intensity vs. Time mode
of spectra sense software. Time resolution during detection

Table 2 Photosynthetic

pigment contents and pigment Treatment of dimethoate Control 50 ppm 100 ppm 200 ppm
ratios of control as well as
dimethoate treated wheat plants Chl a 6.39+0.14 7.63£0.16 5.86+0.11 4.18+0.12
(ug/ml) (19.4) (-8.29) (—34.59)
Chl b 2.01£0.16 2.30+0.08 1.65+0.10 1.18+0.06
(ug/ml) (14.43) (-17.91) (—41.29)
Total Chl 8.39+0.15 9.93+0.09 7.51+0.13 5.36+0.09
(ng/ml) (18.36) (-10.49) (-36.11)
Chl a/b 3.18+0.12 3.32+0.21 3.55+0.16 3.54+0.17
(4.07) (11.29) (10.66)
Car 1.26+0.20 1.45+0.19 1.19+0.09 0.89+0.14
(ng/ml) (15.07) (=5.56) (=29.37)
Chl/Car 6.65+0.18 6.86+0.19 6.30+0.20 6.03+0.16
(3.15) (-=5.26) (-9.32)
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Fig. 1 Gaussian curve-fitted LICF spectra of the control and dimethoate
treated wheat plant leaves excited by 405 nm violet diode laser

of the FIK curve is 500 msec. Various parameter such as
fluorescence maximum (F,,), steady state level (Fs) and
fluorescence decrease (Fy) were calculated from these
curves. Vitality index (Ryg = F4/F) was calculated from
these parameters for all the samples.

Curve-Fitting

Interactive non-linear curve fitting was made using
Levenberg-Marquardt algorithm method. Two Gaussian
peaks have been used for fitting one at 685 and other at
730 nm. Three Gaussian parameters (Centre, Height and
Width) were used for the fitting of each peak. The fitted
parameters of the Gaussian curves to spectra based on the
wave length on x-axis. After choosing the Gaussian spectral
function, the individual component peaks were selected.
Peak widths were adjusted so as to much approximately the
line shape of the spectrum. It provides a reasonable
matching fit of the spectral data with good F-statistics,
standard error for peak amplitude, peak center and
bandwidth (full width at half intensity maximum).

Results
Growth and Photosynthetic Pigment Contents

Wheat plants treated with 50 ppm of dimethoate shows an
increase in the shoot and root length, fresh and dry weight

where as treatment of 100 and 200 ppm of dimethoate
shows significant decrease in these plant growth parameters
(Table 1). Similar to growth, 50 ppm of dimethoate shows
increase in Chl a, Chl b and carotenoid contents. Wheat
plants treated with 100 and 200 ppm of dimethoate shows
significant decrease in the pigment contents, where as
pigments ratio shows variable response. The relative
decrease in the Chl content is significantly more than that
of carotenoid contents. Change in Chl, carotenoid contents
and pigments ratios are given in the Table 2. The decrease
in the Chl a are 8.29, and 34.59% and decrease in the Chl b
17.91 and 41.29% over the control plant for 100 and
200 ppm respectively. The decrease in the Chl b are
comparatively higher than the Chl a, that is why the ratio of
Chl a/Chl b increase significantly with increase in concen-
tration of dimethoate treatment. Carotenoid contents also
decrease but the ratio of total Chl/Car increases for 50 ppm
of dimethoate and decreases for 100 and 200 ppm
concentration of dimethoate.

LICF Spectra

The LICF spectra of wheat plants are given in the Fig. 1,
and F685/F730 ratios for peak height, band width and band
area of the curve fitted spectra of control as well as
dimethoate treated wheat plant leaves are given in the
Table 3. These ratios show considerable variation over
control plant. The ratio of peak height, FIR decrease by
15.86% and increases by 11.03, and 15.86% over the
control plant for 50, 100 and 200 ppm of dimethoate
treatment respectively. Band width (full width at half
intensity maxima) is increase for 50 ppm and decrease for
100 and 200 ppm of dimethoate where as band area are
decrease for 50 ppm and increase for 100 and 200 ppm of
dimethoate.

Fluorescence Induction Kinetics

FIK curves are shown in the Fig. 2. Fluorescence decrease
ratio or plant vitality index are given in the Table 4. The Rgy
value shows an increase for 50 ppm of dimethoate. It
increases by 12.93% for Ry 685 and 14.93% for Rgy 730
over the control plants. Decrease in the Ry 685 is 12.07 and

Table 3 The F685/F730 ratios
for the peak height, band width

and band area of the curve fitted
spectra of control as well as
dimethoate treated wheat plant
leaves exited by 405 nm violet
diode laser

 full width at half intensity

Treatment of dimethoate Control 50 ppm 100 ppm 200 ppm
Peak height 1.01£0.01 0.85+0.02 1.13+0.01 1.18+0.02
(—15.86) (11.03) (15.86)
Band width® 0.48+0.01 0.54+0.02 0.46+0.02 0.47+0.01
(12.5) (—4.17) (—2.08)
Band area 0.70+0.01 0.66+0.01 0.75+0.01 0.80+0.01
(=5.71) (7.14) (14.29)

maxima (FWHM)
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16.37% and decrease in the Rgy 730 is 8.33 and 13.10%
over the control plant for 100 and 200 ppm of dimethoate
respectively.

Discussion

The decrease in the FIR is related with the increase in the
Chl content. The Chl fluorescence of leaves consists of two
maxima in the red (near 685-690 nm), and far-red region
(near 730-740 nm). The intensity and the shape of the Chl
fluorescence spectra depends on the concentration of the
fluorophore Chl a and to a lower degree also on the leaf
structure, the photosynthetic activity and the leaf’s optical
properties. The latter determine the penetration of excitation
light into the leaf as well as the emission of Chl
fluorescence from different depths of the leaf. The increase
of Chl fluorescence with increasing Chl concentration is
mainly detected in the long wavelength range (far-red
fluorescence), whereas short-wavelength red fluorescence
levels off and then decreases due to the re-absorption of the
emitted red Chl fluorescence by the Chl absorption bands,
which reduce the short-wavelength fluorescence with rising
Chl content [28]. The effect of the decrease in the Chl
content is mainly detected in short-wavelength range (red
Chl fluorescence), where short-wavelength red Chl
fluorescence increases with decrease in the Chl content
due to the reduction of the re-absorption of the emitted

50 75 100 125 150 175 200 225 250 275 300
Time (Sec)

red Chl fluorescence by the Chl absorption band. In the
green leaves about 90% of the emitted Chl fluorescence
at 685 nm, reabsorbed by the Chl molecules of the leaf
and the re-absorption is caused by the overlapping of
short-wavelength range of the Chl fluorescence emission
spectrum with the long-wavelength of the Chl absorption
spectrum [3, 15, 21]. Since the red Chl fluorescence
maxima near 690 is more strongly affected by the
re-absorption than the long-wavelength maximum near
730-740 nm, the ratio F685/F735 increase with decreasing
Chl content and vice-versa. Thus FIR is strongly influenced
by variation in Chl content and photosynthetic activity of the
leaf [29, 30]. FIR value is decrease for 50 ppm of
dimethoate. This suggests that application of low concentra-
tion of insecticide increases the pigment contents of the leaf.
However pigment contents decrease at higher concentration
of insecticide i.e. 100 and 200 ppm of dimethoate.

The increase in the Ry value is related with the increase
in the potential photosynthetic activity and capacity of plant
leaves. In the dark-adapted leaf, the primary quinone
electron acceptor (Q) and secondary quinone electron
acceptor (Qp) are thought to be fully oxidized and the
reaction centre of PSII are “open”. Upon illumination Qx
become reduced and transfer the electron to Qg and during
the rise to the maximum fluorescence (F,,) the plastoqui-
none pool is successively reduced by Qp. At the point of
the F,,, Qa, Qp and PQ pool are fully reduced by PSII. The
reaction centre of PSII is now closed. With the onset of PSI

Table 4 Fluorescence-induction

kinetics parameters for the Treatment of dimethoate Control 50 ppm 100 ppm 200 ppm

control and dimethoate treated

wheat plant leaves at 685 and Rfd 685 1.16+0.01 1.31£0.02 1.02+0.01 0.97+0.01

730 nm exited by 635 nm red (12.93) (-12.07) (-16.37)

I Rfd 730 0.840.01 0.96+0.01 0.77+0.01 0.73+0.02
(14.29) (-8.33) (-13.10)
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activity, which reoxidize the PQ pool as well as Q4 and Qg,
the F,, slowly decrease to terminal steady state and the
fluorescence decrease from F,, to Fg is paralleled by
increasing rate of oxygen evolution and the photosyn-
thetic CO,-fixation [1, 13, 14, 22, 31]. The Ry value
increases at 50 ppm of dimethoate. This suggests that
application of low concentration of insecticide increases
the photosynthetic activity and capacity of leaves.
However at higher concentration of the insecticide i.e.
100 and 200 ppm of dimethoate, the photosynthetic
activity decreases subsequently.

The FIR and Rgy values are further supported by plant
growth parameters and photosynthetic pigment contents.
Wheat plants treated with 50 ppm of dimethoate shows an
increase in plant growth parameters. The increase in the
plant growth parameter may be due to the possible cellular
degradation of organophosphrus insecticide increased
phosphate content that accelerated the plant growth. In
addition, low doses of dimethoate probably increase the
cell membrane permeability, which enhanced nutrient
influx to the root cells, and their subsequent transportation to
leaf and shoot may accelerate plant growth performance. In
contrast to 50 ppm at a higher concentration (100 and
200 ppm) the decrease in root shoot length is due to the arrest
of key physiological and biochemical steps. Dimethoate
accumulates in plant leaves [32], which are the major sites
of metabolic activities and thus inhibit the plant growth.
Such inhibition in plant morphology may be associated with
changes in cell division and cell elongation [33] or due to
conversion of indole-3 acetic acid (IAA) into various photo
oxidative products [34] and excess of reactive oxygen
species (ROS) production.

Similar to the growth, 50 ppm of dimethoate shows
increase in the photosynthetic pigment contents, which
could be due to release of phosphorus following partial
degradation of dimethoate and thereby, stimulating the
growth and Chl biosynthesis. Oranophosphurus insecticide
inhibits chlorophyll, protein and carbohydrate biosynthesis
when algae are exposed for several days [5, 6]. It
significantly inhibit the synthesis of Chl a under various
dimethoate level [9]. It could be due to inhibition of Chl
biosynthesis by inhibiting 8- aminolevulinic acid dehydratase
and proto-chloropyllide reductase activities and breakdown of
pigment or their precursors as reported for other stresses [35,
36]. Mishra et al. [37] also have observed similar inhibition
in the Chl content in cowpea seedlings by dimethoate and
UV-B exposure. Luier [32] has studied the metabolism of
32P and 14C-carbonyl labeled dimethoate in bean plants
and conversion of dimethoate to the oxygen analog is
correlated with translocation of dimethoate to the leaf
tissue. Mishra et al. [10] has reported the production and
accumulation of O, and H,0, in leaves exposed to
dimethoate and UV-B irradiation. H,O, and O, are
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relatively less damaging themselves, but they can form
other species such as hydroxyl radical (OH') that can
initiate lipid peroxidation, and thus causes membrane
leakage. Chl present in the chloroplast acts as aphotosen-
sitizer and may enhance lipid peroxidation by the
formation of singlet oxygen [38]. Therefore, the decrease
in the photosynthetic activity in of dimethoate treated
wheat plants could be due to impairment of the electron
transport chain modulated by ROS.
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