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Abstract

In this paper, some anatomical characteristics of Arabidopsis thaliana L. leaves were
studied. Measurements of leaf thickness, palisade and spongy tissue after statistical analysis
showed that the light intensity of 12,000 lux recorded the largest value in all characters
compared to the rest of the stresses. The addition of growth regulator Paclobutrazol (PBZ) at
different concentrations ranging from 0.5, 1 and 1.5 mg / L for each light intensity showed
varying significant differences, as the treatment of the leaf with the growth regulator at a
concentration of 1.5 mg/ L and a light intensity of 9000 lux recorded high significant
differences when compared with other concentrations 0.5, 1, 1.5 mg/ L in 6000 lux, 0.5 and 1
mg/ L in 9000 lux and 0.5, 1 and 1.5 mg/ L in 12000 lux .
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1. Introduction

Organisms, including plants, face
periods of extremes in environmental
conditions known as plant stress, which is
a physiological disorder that occurs as a
result of plant exposure to the natural
environmental factors that affect plant
growth, and the change of these conditions
and their differences affect the plant in one
way or another. Plant stress is of two

types, either biological stress, which
affects the environment of living
organisms such as plant fungi and

pathological stresses, or abiotic stress,
which affects both the physiological and
environmental state of the organism and
includes many physical — chemical factors

733

that occurs naturally, such as acid stress,
temperature stress, water stress, salinity
stress, elemental deficiency stress, light
intensity and heavy element stress [1].

Light is an essential source of energy
and is one of the most important
environmental factors for plant growth [2],
light intensity and quality are essential for
plant growth and other physiological
responses [3; 4; 5]. It is noteworthy that
changes in light intensity affected the
anatomy, physiology and morphology of
leaves [6 ; 7], it was shown that the blue
light spectrum increased the thickness of
the epidermis and mesophyll cells, while
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the red light spectrum led to a decrease in
the thickness of spongy tissue [8 ; 7].

The growth regulator Paclobutrazol is
one of the triazole compounds, which have
the properties of regulating plant growth
and are called plant protection substances
from threatening stresses due to their
ability to stimulate abiotic stress tolerance
by increasing antioxidant enzymes and
molecules in plants affected by stress [9].

Studying the changes caused by these
stresses and enhancing the ability of plants
to tolerate them is one of the most
important matters that have occupied and
still occupy scientists and researchers,
because of the importance of plants in the
food chain as productive organisms and for
their role in achieving a balance between
oxygen and carbon dioxide, many studies
have been conducted on different plant
species used to determine the mechanisms
by which plants can become tolerant or to

2. Materials and methods
2. 1. Sample preparation

Five seeds bring from Carolina
Biological supply company in American
United States were planted for each
perforated plastic anvil with a diameter of
20 cm containing 2 kg of a mixture of
bitumen and sand in a ratio of 1 : 2 and
placed in the growth chamber for
germination and after two weeks the plant
were exposed to the following lighting

2. 2. Anatomical study

Fresh leaves of A. thaliana were fixed in
fixative F.A.A. (Formalin, glacial Acetic
acid and Ethyl alcohol ) for 24 hour then
washed with 70% ethanol and dehydrated
using serial concentrations of ethanol (80%
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increase their tolerance to abiotic stresses,
and in recent decades, scientists and
researchers have resorted to using a plant
that is like a Drosophila insect for
Zoology, it is a plant Arabidopsis thaliana,
which is considered one of the most
important plants that use as a model plant,
it is studied by many researchers because it
has easy to study qualities on the one hand
and because it is similar enough to other
organisms on the other hand so that
experiments can be applied and results can
be deduced from it, as the plant has
become a standard source of information,
especially after the publication of its
genetic sequence, as it has become a
source for the study of floral plants [10].

Therefore, the research aimed to study
the effect of light intensity and growth
regulator PBZ on some anatomical
parameters of leaves of the plant A.
thaliana L. Col. 0 wusing a light
microscope.

intensities ( 3000, 6000, 9000 and 12000
LUX ) with LED lamps (16 : 8 ) light /
dark and a temperature rate of £ 20 C° and
relative humidity 65 % and the plants were
also watered with Haukland nutrient
solution to which the growth regulator
PBZ was added at concentrations of 0.5, 1,
and 1.5 mg/L [11].

, 90% , 100%) for two hours for each
concentration after that transferred to
mixture of 3:1, 1:1 and 1:3 ethanol :
xylene for 45 minute per mixture then
placed in pure xylene for 30 minute after
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that transferred to mixture of xylene and
paraffin wax in oven at 60 °C for 3 hours
then placed in pure xylene for 30 minutes.
after that, they were transferred to a
mixture of xylene and paraffin wax in oven
for 3 hours at 60 C° then placed into pure
paraffin wax overnight period at same
temperature, next the specimens were
embedded in melted paraffin wax, which
adhered to wooden blocks after hardening
then sectioning using a rotary microtome
adjusted at 10 microns. The sectioned wax
ribbons were placed on glass slides and
they were ready for staining. Putting slides
in coupling jars containing Xxylene
overnight is the first step in the staining
process. Next, they are transferred to serial
descending concentrations of ethanol

2. 3. Statistical analysis

The results were statistically analyzed
according to the one-way ANOVA
variance analysis using the SPSS version
23 program and after obtaining the Anova
table variance analysis Table, the averages

3. Results and discussion

The results of measurements of leaf
thickness, palisade and spongy tissue
exposed to light intensities 6000, 9000 and
12000 LUX as in plate 1, 2 and 3, which
were compared with the leaf exposed to
light intensity 300, which represents the
control after statistically analyzed as
shown in Table (1), showed the presence
of significant differences in the studied
qualities under the influence of light
intensities used in the current study, as the
light intensity 12000 recorded the largest
value of the spongy tissue to the palisade
tissue reached 0.353 = 0.035 mm and
0.587 + 0.107 mm, respectively, compared
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(100% , 90% , 80% , 70%) for 10 minutes
for each concentration then putting them in
safranine stain for 10 minutes, after that,
transfer them to serial ascending
concentrations of ethanol (70% , 80% |,
90% and 100% ) then placing them in fast
green stain for 5 seconds then washing
them in absolute ethanol after that is
transferred to xylene twice consecutively
for 5 minutes each time. Finally, add a
drop of DPX (Dibutyphthalate Polystrene
Xylene) to the slides then covering
them [12]. The prepared slides were
examined using a light microscope with an
ocular micrometer. The size of few
anatomical structures were recorded and
their mean were calculated.

for each of the studied characteristics were
compared using the LSD least significant
difference test and below the probability
level of 0.05 [13].

with the rest, and this result is consistent
with Feng et al. [14] and Swiad [15],
which proved that increasing the intensity
of light led to a significant increase in the
thickness of the leaf and the thickness of
palisade and spongy tissue transactions,
and the increase of the leaf and the average
tissue is one of the adaptations made by
plants to avoid exposure to the high
amount of light that may affect the existing
pigments, especially chlorophyll, and thus
affect the process of photosynthesis.

The results showed that the addition of
the growth regulator PBZ at the three light
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intensities led to a significant increase in
thickness of leaf and the ratio of palisade
tissue to spongy tissue in control treatment.
The results also showed significant
differences  between  the  different
concentrations of growth regulators at the
lighting intensities used, It was found that
treating leaves with growth regulator PBZ
at a concentration of 1.5 mg/L and a light
intensity of 9000 lux showed highly
significant differences when compared
with the rest of the treatments, as the ratio
of palisade tissue thickness to total leaf

thickness as well as the ratio of spongy
tissue thickness to palisade tissue
thickness is 1.187 + 1.485 mm and 1,850 +
2,300 mm, respectively, while the lowest
significant difference was recorded for the
ratio of palisade tissue thickness to the
total leaf thickness, as well as the ratio of
spongy tissue thickness to palisade tissue
thickness at a concentration of 0.5 mg/L at
a lighting intensity of 6000 lux is reached
0.240 £ 0.044 mm and 0.393 £ 0.032 mm.
Respectively, these results agreed with
Jaleel et al. [16].

(Table 1) the effect of light intensities and growth regulator PBZ on the
anatomical qualities of the leaves of A. thaliana

Sponge tissue thickness
/ Plaisade tissue
thickness (mm)

Plaisade tissue
thickness / leaf
thickness (mm)

Light intensities (lux) and
PBZ (mg.L-1) parameters

0.360 £ 0.080 0.233 £0.031 3000
0.447 £0.111 0.290 £ 0.020 6000
0.393 £0.032 0.240 + 0.044 +(0.5PBZ) 6000
0.420 + 0.105 0.243 +0.021 +(1 PBZ) 6000
0.423 £ 0.129 0.263 £ 0.057 +(1.5 PBZ) 6000
0.477 £ 0.057 0.313 £0.021 9000
0.410 £ 0.076 0.277 £ 0.060 +(0.5 PBZ) 9000
0.463 + 0.123 0.287 + 0.038 +(1 PBZ) 9000
1.850 + 2.300 1.187 + 1.485 +(1.5 PBZ) 9000
0.587 £ 0.107 0.353 £ 0.035 12000
0.730+£0.184 0.407 £0.038 +(0.5 PBZ) 12000
0.697 £0.154 0.393 £ 0.067 +(1 PBZ) 12000
0.523 £ 0.050 0.287 £ 0.046 12000 +(1.5PBZ)
0.599 +0.657 0.367 +0.421 MEAN
0.036 0.033 LSD
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(Picture 1) cross-section of a leaf of A. thaliana is under the control of 3000lux

(Plate 1) cross-section of a leaf of A. thaliana at llight intensity of 6000 lux and growth

regulator pbz at (1) no regulator, (2) concentration of 0.5 mg/ L, (3) Composition of 1

mg/ L and (4) concentration of 1.5 mg/ |, representing PT = palisade tissue thickness,
LT = leaf thickness and ST = spongy tissue thickness
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(Plate 2) cross-section of a leaf of A. thaliana at light intensity 9000 lux and growth regulator
PBZ at(1) no regulator, (2) concentration 0.5 mg/ L, (3) concentration 1 mg/ L and (4)
concentration 1.5 mg/ |, representing PT = Palisade tissue thickness, LT = leaf thickness and
. ST = spongy tissue thickness
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(Plate 1) cross-section of a leaf of A. thaliana at light intensity 12000 lux and growth
regulator PBZ at(1) no regulator, (2) concentration 0.5 mg/ L, (3) concentration 1 mg/ L and
(4) concentration 1.5 mg/ I, representing PT = Palisade tissue thickness, LT = leaf thickness
and ST = sponay tissue thickness
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Conclusion

The present study confirmed that the values of leaf anatomical parameters (leaf thickness
and ratio of thickness of palisade tissue to spongy tissue) increased significantly in response
to increasing light intensity. Addition of the growth regulator PBZ also contributed positively
to increasing the values of leaf anatomical parameters
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