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ANATOMICAL STUDIES ON RICE (Oryza sativa L.) PLANTS
GROWN UNDER DIFFERENT LEVELS OF SALINITY AND
TREATED WITH PACLOBUTRAZOL AND GIBBERELLIN
Sabbour, A. M.
Botany Department, Faculty of Agriculture, Cairo University

This study was carried out during the two successive summer
seasons of 1998 and 1999. The aim was to determine the effect of salinity on
anatomical characters of stem and leaf of rice plants and to ascertain to what
extent the application of growth substances may compensate the reduction
caused by salinity stress. Stem transverse sections illustrate that low salinity
concentration of NaCl 68.4 mM reduced main stem diameter on account of
the decrease occurred in number and average diameter of parenchymatous
layers of the ground tissue. High concentration 205.5 mM NaCl caused a
consecutive reduction in the diameter of the main stem. So, in general,
salinity treatments cause a reduction in the dimensions of the vascular
bundles, thickness of the bundle sheath and phloem tissue as well as the
diameter of xylem vessels.

Application of paclobutrazol at 250 ppm on plants grown under stress of
68.4 mM NaCl show decrease in stem diameter. This reduction accompanies
with decrease in bundle length, bundle width, bundle sheath thickness, air
cavities diameter, phloem tissue and xylem vessels diameter. On the other
hand, plants stressed by 205.5 mM NaCl and treated with 2000 ppm
paclobutrazol show an irrespective increase in bundle length, bundle width,
bundle sheath thickness, phloem tissue and diameter xylem vessels.

Rice plants grown under stress of 68.4 mM Na CI and treated with GAs at
50 ppm show an increase in stem diameter due to the increase occurred in
the thickness stem wall. Unless GAs treatments resulted in a decrease in the
thickness of bundle sheath, thickness of phloem tissue and diameters of
xylem vessels were increased.

Internal structures of leaf as affected by salinity treatment show a reduction
in diameter of midvien as well as leaf lamina thickness. This reduction
compressed all tissues shared in leaf structure. Application of paclobutrazol
at 250 ppm on plants grown under stress of 68.4 mM NaCl induced a
decrease in midvein thickness. At the same time, paclobutrazol treated plants
show an increase in the leaf lamina thickness. Mesophyll thickness was
increased as well as both upper and lower epidermal cells. Plants grown
under salinity stress of 68.4 mM Na Cl and treated with GAs at 50 ppm show
a considerable increase in the thickness of leaf lamina as a result to the
increase occurred in the thickness of both upper and lower epidermis as well
as mesophyll tissue.

It could be concluded that using paclobutrzol and GAs compounds may
compensate the depression observed in internal structure of that moderately
salinity stressed plants. But it did not compensate the inhibitory effects of the
high level of salinity.
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INTRODUCTION

Rice is the dominant staple food of the world, accounting for more than 70% of caloric intake
in some countries. Furthermore, Asia is home to approximately 70% of the world’s population
(1.3 billion) poor and the most severe malnutrition in the world occurs in South Asia.

One of the major problems in agriculture of arid and semi-arid regions is salts stress.
Therefore, this problem has special importance to Egypt where, out of 2 million feddans of salt
affected land in Egypt Anon.(2001). Rice is an irrigated crop known as a mild sensitive to salinity.
Many investigations recorded that both quality and quantity of the majority of cereal crops are
greatly affected by soil salinity. Inhibition effects of salinity on plant growth and metabolism are
well known. One possible management option for growers in dealing with decreases in rice
production caused by salinity is to compensate yield reduction by application of some growth
regulators (Kondo et al., 2000). Abdo (1997) concluded that application of growth regulators
resulted in several distinct changes in the anatomy of vegetative organs of wheat plants grown
under saline stress.

This paper was designed to study the effect of salinity on anatomical features of rice plant
grown under different levels of salinity and to define the amount of compensating this reduction
as a result of growth substances treatments.

MATERIAL AND METHODS

This study was conducted at the Experimental Station of the Faulty of Agriculture, Cairo
University, during the two successive summer seasons of 1998 and 1999. Grains of rice cultivar
Giza 176 were germinated in plastic trays. Thirty days latter a uniform seedlings were
transplanted individually in 20 cm pots filled with clay loam soil (E.C.=1.24 ds/m, pH=7.6). Pots
were arranged in a split plot design trail with three replicates; each experimental sub-plot
contains 5 pots. All other field procedures for growing rice plants were followed. Plants were
irrigated regularly, five days intervals by 750 ml saline water at the conentrations of 0, 68.4,
205.5 mM Na CI solution. The adopted growth regulator were; Gibberellic acid (GAs-Ci19H2,06
=346.4 - DUCHEFA- BV. Holland) with the concentrations of 0, 25, 50, 100 ppm and

Paclobutrazol ((2RS, 3RS) -1- (4-Chlorophenyl)- 4, 4-dimethyl 2(1, 2-4-triazol-1-41) Pantan-
3-01) ICI, England) with concentrations of 0, 1000, 2000 and 3000 ppm.
Salinity streesed 45 days old plants were sprayed with the adopted
concentrations of growth regulator.

At heading stage (116 days), samples of stems and leaves were taken
from ech sub-plot for antomical study. Stem and leaf specimens were taken
from the upper most internode just below the flag leaf. Specimens were
prepared for histological measurements and counts followed the
microtehnique procedures described by (Nassar and El-Sahhr, 1998). Data
were recorded over the two seasons and statistically analyzed using MSTAT
(1990) microcomputer statistical program.

RESULTS

A- Stem structure as affected by salinity stress

Readings of microscopic counts and measurements as appearing in
transverse sections of rice stem treated by different levels of Na CI salinity
are presented in Table (1) and Figure (1). It is apparent that relative to the
control, low concentration of NaCl 68.4 mM reduced main stem diameter by
10.3%. This decrease could be attributed chiefly to the noticeable decrease in
stem wall thickness, which amounted 35.2% beneath the control. The
reduction observed in stem wall thickness, owing to salinity stress, could be
attributed to the decrease in thickness of parenchymatous layers of the
ground tissue as well as diameter of air cavities. Despite, the thickness of
stem wall was decreased; the thickness of epidermis layer was increased by
7.7%. Another increase of 27.7% was observed in sclernchymatous layers

Yavy



Sabbour, A. M.

beneath the epidermis. This increase could be attributed to the increase in
number of the peripheral sclernchyma cells that increased by 6.0%. It is also
obvious that the number of bundles was decreased by 11.9% less than the
control. Nevertheless, relative to the control, the hollow pith cavity exhibits an
increase in its diameter by 56.7%. However, bundle width and length show an
increase of 5.6 and 9.8%, respectively. This increase in bundle dimensions
was accompanied by an increase of 14.1% in diameter of metaxylem vessels.
It was observed that, relative to the control, 68.4 mM NaCl treatment
decreased thickness of bundle sheath and thickness of phloem tissue by 16.0
and 10.0%, respectively.

Table (1): Counts and measurements of certain anatomical characters
in transverse sections in upper most internode of the main
stem of rice plants treated with two concentrations of Na Cl salinity

stress
Characters Contro 6?\;‘ (rgl\/l + /control% ZOSASCTM + [control%

Average stem diameter p 4702.0 | 42175 -10.3 3500.5 -22.9
Average Stem wall thickness y 1600.0 | 1035.5 -35.2 859.5 -44.3
Av. Diameter of hollow pith p 1350.0 | 21154 +56.7 1158.1 -14.2
Av. Thickness of epidermis p 10.4 11.2 + 7.7 11.3 +74
Av. Thick. of sclerenhyma layer 90.2 115.2 +27.7 95.6 +9.8
Av. diameter of air cavities 215.0 198.0 -7.2 178.2 -17.2
Av. diameter of ground cell p 26.8 23.3 -12.8 23.5 -12.3
Av. No sclernchyma cell / layer 5.0 5.3 +6.0 5.4 +6.4
Av. Number of vascular bundles 11.0 9.7 -11.9 8.1 -24.2
Diam. of vascular bundlesp L 238.1 261.4 +9.8 202.7 -14.8

W 1515 159.9 +5.6 129.8 -14.3
Av. Thickness of bundle sheath p 18.1 15.2 -16.0 12.6 -27.8
Av. diam. of metaxylem vessel p 52.9 60.4 +14.1 55.1 -5.2
Av. diameter of phloem tissue y 36.8 33.1 +10.0 27.5 -22.6

It is realized that, relative to the control, high used concentration 205.5
mM NaCl cause a progressive reduction in the diameter of the main stem by
22.9% (figure, 1). This reduction mainly due to the decrease in the thickness
of stem wall as well as in the diameter of hollow pith cavity. This reduction
declined 44.3 and 14.2% for stem wall thickness and diameter of hollow pith
cavity. This was due to the decrease in most measurements and counts of all
included tissues outside the hollow pith cavity.

High salinity treatment caused remarkable reduction in average
diameter of ground tissue cells 12.3% as well as a reduction of 17.2% in the
diameter of air cavities. Another reduction was observed in number of
sclerenchyma layers and total number of vascular bundles. The
corresponding reduction percentages were 6.0 and 17.9%. It is also realized
that, relative to the control, total number of vascular bundles was decreased
by 17.9%. On the contrary, 7.4 and 9.8% increase was observed in thickness
of both epidermis and mechanical tissue. Salinity stress caused a reduction in
the dimensions of the vascular bundles, thickness of the bundle sheath and
phloem tissue as well as the diameter of xylem vessels. The incline inferior to
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the control amounted 14.8, 14.3, 27.8, 22.6 and 5.2% for bundle length and

width, thickness of bundle sheath, thickness of phloem tissue and diameter of

xylem vessels, respectively.

II-Stem structure of stressed plants as affected by growth regulator

Data presented in Table (2) and Figure (2) illustrate that, relative to the

control, application of pacloburazol at 3000 ppm on rice plants cv. Giza 176

grown under stress of 68.4 mM NaCl induced an inconsequential decrease of

5.5% in stem diameter. At the same time treated plants show an increase in

the thickness of stem wall. This increase was 9.1% more than the control.

Although, the diameters of hollow pith cavity showed decrease of 16.7% as

compared with the control.

Table (2): Counts and measurements of certain anatomical characters
in transverse sections in upper most internode of the main
stem of rice plants grown under salinity stress and treated
with 3000 ppm paclobutrazol

68.4 mM 205.5 mM
Characters NaCl + Na Cl +
Control 3000 (ppm) {/control%| 3000 (ppm) | /control%
paclobutrazo paclobutrazol

Average stem diameter p 4702.0 4439.2 -5.5 4396.1 -6.5
Average Stem wall thickness p 1600.0 1745.9 +9.1 1681.3 +5.0
Av. Diameter of hollow pith p 1350.0 1124.3 -16.7 1997.2 +47.9
Av. Thickness of epidermis p 10.4 10.9 +18.2 11.3 +8.7
Av. Thick. of sclerenhyma layer 90.2 105.8 +7.2 98.3 +9.0
Av. diameter of air cavities 215.0 233.8 +8.7 215.9 +0.0
Av. diameter of ground cell p 26.8 28.9 +8.2 26.9 +0.0
Av. No sclernchyma cell / layer 5.0 5.1 +2.0 5.2 +4.0
Av. Number of vascular bundles 11.0 10.9 +1.0 10.2 -7.3
Diam. of vascular bundles p L 238.1 218.5 -8.2 225.9 -5.1

W | 1515 136.1 -10.1 144.7 -4.4
Av. Thickness of bundle sheath p| 18.1 14.3 -20.9 13.7 -24.3
Av. diam. Of metaxylem vessel y | 52.9 54.1 +2.0 53.1 +0.4
Av. diameter of phloem tissue p 36.8 34.9 -5.6 29.8 -19.0

The increase in stem wall thickness was accompanied by an increase in
the thickness of epidermis and mechanical tissue as well as in the number of
sclerenchyma layers of mechanical tissue. The corresponding increment
values were 18.2, 7.2 and 2.0%. It realized that, total number of vascular
bundles was slightly increased by 1.0% as a result of paclobutrazol
treatments. On the other hand, bundle width, bundle length, bundle sheath
thickness and diameter of phloem tissue of the treated plants were decreased
by 8.2, 10.1, 20.95% and 5.6% below the control, respectively.

Plants stressed by 205.5 mM NaCl and treated by 3000 ppm pacloburazol
showed 6.5% decrease in average stem diameter (table, 2 and figure, 2).
However, remarkable decrease was noticed in number of vascular bundles,
thickness of bundle sheath as well as average diameter of phloem tissue.
The corresponding decreased percentages for such traits were 7.35, 24.3
and 19.0%. On the other hand, 3000 ppm paclobutrazol treatment caused an
increase in diameter of hollow pith, average diameter of ground tissue cells
and diameter of metaxylem vessels, as well as thickness of epidermis.
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Table (3): Counts and measurements of certain anatomical characters in
transverse sections in upper most internode of the main stem of
rice plants grown under salinity stress and treated with 100 ppm

GA3
h N
Characters ontro 10(()3S£J?r>)m) /control% 100 (p:m) GA3 /control9

Average stem diameter p 47]02.0] 4936.1 +4.7 4498.3 -4.3
Average Stem wall thickness p 1600.0] 1849.3 +15.5 1297.4 -18.9
Av. Diameter of hollow pith p 1350.0| 1074.3 -20.4 1008.3 -25.3
Av. Thickness of epidermis p 10.4 11.1 +6.7 11 -5.8
Av. Thick. of sclerenhyma layer 90.2 92.4 +0.9 99.5 +10.9
Av. diameter of air cavities 215.0 219.2 0.0 218.3 0.0
Av. diameter of ground cell y 26.8 29.4 +9.7 24.3 -9.4
Av. No sclernchyma cell / layer 5.0 5.0 0.0 5.2 +4.0
Av. Number of vascular bundles 11.0 11.1 +0.9 11.2 +1.8
Av. Diam. of vascular bundles uy L | 238.1 251.4 +5.5 217.6 -9.8
w | 1515 159.7 +5.4 140.9 -7.3
Av. Thickness of bundle sheath p 18.1 14.2 -21.5 15.4 -14.9
Av. diam. of metaxylem vessel 52.9 59.4 +12.3 53.8 +1.7
Av. diameter of phloem tissue p 36.8 39.0 +6.0 40.7 +10.6

Rice plants stressed by 68.4 mM NaCl and sprayed by 100 ppm GAs
showed a remarkable increase in most internal tissues as shown in the
transverse sections Table (3) and Figure (3). Where, an increase of 4.9% in
stem diameter was achieved and this increment was mainly due to the
increase occurred in the thickness stem wall by 15.5%. However, epidermis,
Average diameter of ground tissue cells and thickness of sclerenchymatous
tissue layer were 6.7, 9.7 and 1.2% more than the control. It is also noticed
that, total number of vascular bundles did not affect by that treatment as
compared with the control. While, vascular bundle dimensions were
increased as compared with control by 5.5 and 5.4% for bundle length and
width, respectively.

On the other hand, 100 ppm GAs treatment caused a considerable
decrease in average diameter of hollow pith cavity. This decrease amounted
20.4% less than the control.

So, the increase occurred in stem diameter as a result of GAs treatment could
be attributed to the increase in the thickness of all tissues observed outside
the hollow pith cavity. However, relative to the control the treated plants
showed a decrease of about 21.5% in the thickness of bundle sheath.
Conversely, the thickness of phloem tissue and diameter of xylem vessels
were increased by 12.3 and 6.4, respectively.

A- Leaf structure as affected by salinity stress

Transverse sections of rice leaf as affected by different Na CI salinity
treatments are presented in table (4) and Figures (4). It is realized that,
relative to the control, low saline concentration 68.4 mM NaCl reduced leaf
lamina thickness and average thickness of midvein by 10.5 and 7.1%,
respectively. Though, NaCl treatments caused thin leaves that could be
attributed to the decrease in thickness of leaf mesophyll tissue and in both
upper and lower epidermis. This contraction amounted 10.5, 14.3 and 8.3%,
respectively.
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Table (4): Counts and measurements of certain anatomical characters
in transverse sections in flag leaf of rice plants treated with two
concentrations of Na Cl salinity stress

Characters Control 68.4 mM * 205.5 mM *
Na Cl |/control% Na Cl /control%)

Average thickness of midvein y 728 676 -7.1 572 -21.4
Average thickness of lamina p 494 442 -10.5 380 -23.1
Av. thickness of upper epidermis p 14 12 -14.3 11 -21.4
Av. thickness of lower epidermis p 12 11 -8.3 10 -16.7
Av. Thickness of ground tissue p 422 380 -10.0 350 -17.1
Av. Diam. of midvein bundles y L 255 237 -11.6 209 -29.7

w 198 179 -9.6 154 -22.2
Av. Thickness of bundle sheath y 22 19 -13.6 15 -31.8
Av. diam. of metaxylem vessel 59 49 -16.9 43 -27.1
Av. diameter of phloem tissue p 38 31 -18.4 29 -23.7

It is clear that 68.4 mM NaCl treatment resulted in a remarkable decrease
in bundle length, bundle width, thickness of phloem and diameter of
metaxylem vessels by 11.6, 9.6, 18.4 and 16.9%. However, the thickness of
bundle sheath was decreased by 13.6% as a result of salinity stress.

High used salinity treatment 205.5 mM Na CI decreased both leaf lamina
thickness and midvein by noticeable amount 23.1, 21.4% (table, 4 and figure,
4). This reduction could be attributed to the decrease occurred in all tissues
shared in lamina structure. Likewise, remarkable decrements were recorded
in measurements and counts of all shared internal structure i.e., bundle
length, bundle width, thickness of phloem and diameter of metaxylem
vessels. It is also obvious that, 205.5 mM NaCl salinity treatment resulted in
sever reduction in average size of parenchymatous cells of spongy ground
tissue. On the other hand, number of mesophyll layers did not affected by
such treatment.

A- Leaf structure of stressed plants as affected by growth regulator

Data presented in Table (5) show that, relative to the control, application
of pacloburazol at 3000 ppm on rice plants cv. Giza 176 grown under stress
of 68.4 Mm NaCl induced a decrease of 4.0% and 5.5% in midvein thickness
and average thickness of lamina, respectively. However, mesophyll tissue of
treated plants was decreased by 5.0%.

Table (5): Counts and measurements of certain anatomical characters in
transverse sections in flag leaf of rice plants grown under
salinity stress and treated with 3000 ppm paclobutrazol

68.4 mM 205.5mM
Characters Control BOyg(S;m) +/control% 3oc')\‘c?(%m) +/control%
Paclobutrazol Paclobutrazol

Average thickness of midvein p 728 699 -4.0 684 -6.0
Average thickness of lamina p 494 467 -5.5 457 -7.5
Av. thickness of upper epidermis 14 13 -7.1 12 -14.3
Av. thickness of lower epidermis p 12 11 -8.3 11 -8.3
Av. Thickness of mesophyll tissue 422 401 -5.0 394 -6.6
2
Number of spongy tissue layer 17 19 +11.7 17.3 0.0
Av. Diam. Of midvein bundles p L 155 161 +4.5 139 +1.3

w 198 211 +6.6 174 +1.1
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Av. Thickness of bundle sheath u 22 22.9 +4.5 20 +2.1
Av. diam. Of metaxylem vessel y 59 64 +8.5 54 +3.5
Av. diameter of phloem tissue y 38 41 +7.9 33 +1.2

Although, the decrease observed in number of mesophyll layers and
mesophyll thickness bundle length and width increased by 4.5 and 6.6% over
the control as a result of pacloburazol treatments. It is obvious that, bundle
sheath thickness, phloem tissue and diameter of xylem vessels of the treated
plants were increased. The incline toward control amounts 4.5, 7.9 and 8.5%
for bundle sheath thickness, phloem tissue and diameter of xylem vessels,
respectively (figure, 5).

Table (6): Counts and measurements of certain anatomical characters in
transverse sections in flag leaf of rice plants grown under
salinity stress and treated with 100 ppm GA3

68.4 mM 205.5 mM
Characters Na Cl  [#/control Na Cl [+/contrg
Control | 100 (ppm) % 100 (ppm) %
GA3 GAS

Average thickness of midvein p 728 777 +6.7 764 +4.9
Average thickness of lamina p 494 526 +6.5 504 +2.2
Av. thickness of upper epidermis 14 16 +14.3 15 +7.1
Av. thickness of lower epidermis p 12 14 +16.7 13 +8.3
Av. Thickness of mesophyll p 422 469 +11.1 490 +16.1

Number of spongy tissue layer 17 18 +9.4 17 0.0
Av. Diam. of midvein bundles p L 155 161 +3.9 149 -3.9
W 198 203 +2.5 174 -12.1

Av. Thickness of bundle sheath u 22 21 -4.5 20 -9.1
Av. diam. of metaxylem vessel p 59 61 +3.4 60 +1.7
Av. diameter of phloem tissue p 38 39 +2.6 38 +0.0

Data presented in Table (6) proved that application of GAs at 100 ppm to
the plants grown under stress of 68.4 mM Na Cl showed a considerable
increase in the thickness of leaf lamina and midvein. This increase amounted
6.7 and 6.5% over the control. The increase occurred in leaf lamina as a
result of GAs treatment could be attributed to the increase occurred in the
thickness of both upper and lower epidermis as well as thickness of
mesophyll tissue. The corresponding amounts of that increase were, 7.1, 8.3
and 16.1 for the above mentioned traits in the same order. It could be stated
that, leaf lamina of plants grown under 68.4 mM NaCl salinity and treated with
100 ppm GAs showed a slight increase in counts and measurements of most
internal tissues as shown in the transverse sections (figure, 6). On the other
hand a decrease of 9.1% in bundle sheath thickness was observed. As long
as, vascular bundle dimensions decreased by 3.9% in length and 12.1% in
width as compared with the control.

Since, salinity stress caused a remarkable reduction in stem diameter by
decreasing the thickness of stem wall as well as the diameter of the hollow
pith. The decrease occurred in stem wall was accompanied by a decrease in
the thickness of the epidermis, the ground parenchyma tissue, length and
width of vascular bundles, thickness of the bundle sheath, thickness of the
phloem tissue and diameter of metaxylem vessels. This may suggest that the
available nutritional elements were less as plants were subjected to salt
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stress (Linghe zeng and Michael 2000). It is also noted that the decrease in
the amount of vascular tissues resulting from saline treatment will reflect on
growth habit and morphological aspects of stressed plants. Salinity stress as
affected the internal structure of both the stem and the leaf were early studied
by many workers; Kumar (1983) noticed that parenchymatous cells
surrounding the midrib bundle of alfalfa were collapsed and intercellular
spaces occulted under salinity. In this regard Azmi and Alam (1990) reported
that, the thickness of the midrib, distance between veins and number of
vascular bundles decreased significantly with increasing salinity. Moreover,
Wanas (1996) disclosed that, stem shortening resulted by salinity was mainly
due to the inhibition that occurred in elongation of parenchymatous cells of
the ground tissue as well the other tissues shared in the stem structure.
These suppressive effects of salinity on the internal structure reflect on
morphological and yield aspects of plants. It is evident that salinity inhipition
effects were highly significant on grain yield, plant stand, seed weight per
plant, seed weight per panicle, and spikelets per panicle, but not significant
on panicle density, kernel weight, and shoot weight per plant. This was
confirmed by the anatomical findings presented in this study. Linghe Zeng
and Michael (2000) reported that salinity treatments led to reductions in shoot
and root fresh and dry weights as well as a severe reduction in
measurements of vegetative organs. On the contrary, Salem, (1984)
indicated that leaves of alfalfa plants stressed by salinity showed an increase
in spongy cell diameter as well as a remarkable increase in diameter and
length of palisade cells.

Rice plants grown under salinity stress of Na Cl and treated by GAs
showed an increase in stem diameter. This increment mainly due to the
increase occurred in the thickness stem wall. So, the increase occurred in
stem diameter as a result of GAs treatments could be attributed to the
increase in the thickness of all tissues observed outside the hollow pith
cavity. In the mean time, a considerable decrease that occurred in diameter
of hollow pith cavity and air cavities was observed as a result of growth
regulator treatments. The total number of vascular bundles remarkably
increased and vascular bundle dimensions were also increased as compared
with those stressed by different salinity treatments.

For this reason, it could be suggested that application of GAs and
paclobutrazol with salinity stressed plants increased rice stem diameter and
its internal tissues in addition to leaf lamina thickness. In this relation Abdel—
Gwad et al. (1989) stated that foliar application with 20 ppm Kinetin on wheat
plants grown under saline condition of Wadi-Suder 3650 ppm salinity caused
an increase in the percentages of epidermal layer and chlorenchyma in stem,
while xylem elements of vascular bundles were decreased. It was also
reported that, wheat plants treated with cycocel, and sprayed with GAs had
thicker stem walls as compared with untreated ones. Nassar (1975) reported
that maize plants (inbred G-8) treated with cycocel showed high number of
bundles, while the vessel size is nearly similar and the fibrous bundle sheath
is thicker with more layers. In this connection El-Shaarawi and Awatef (1976)
found that GAs at the rate of 600 ppm promoted the development and
differentiation of phloem tissue, especially fibers, average diameter of
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parenchymatous cells as well as pith diameter. While, the amount of xylem

was negatively affected. In this affiliation EI-Sgai and El-Sayd (1999)

disclosed that paclobutrazol treatments have a simulative effect in increasing

all histological measurements of stem including an increase in
parenchymatous cells of both cortex and pith tissues as well as number and
width of xylem vessels in Okra plants.

The out findings of this trail may suggest that using GAsz and paclobutrzol
compounds may compensate the depression observed in internal structure of
that moderately salinity stressed plant. But it did not compensate the
inhibitory effects of the high level of salinity.
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