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Abstract

Background and Objective: Tomato is an important vegetable crop all over the world. Extreme temperatures affect the growth, yield
and quality of plant production. This study was conducted with an aim to investigate the impact of presoaking of seeds for 10 hin 1073,
10 and 1077 M B-sitosterol and 100 ppm gibberellic acid in addition to temperature on three tomato cultivars (Lycopersicon
esculentum Mill); Fayrouz, Aziza and N23-48 on growth, leaf anatomy and ultrastructure to show whether temperature can be offset by
the application of B-sitosterol or gibberellin. Materials and Methods: After 28 days from sowing, plants were transferred to growth
chambers at three temperature levels (10 and 45+3°C) as low and high, respectively, comparing to tomato grown at 25°C (control), after
42 days from sowing, sampling takes place. Results: The low temperature alone decreased growth parameters, leaf thickness, upper
and lower epidermis while palisade and spongy layer increased. Although spongy layer increased markedly by high temperature a
decreased in growth parameter, palisade layer, leaf thickness and upper and lower epidermis was detected. Sitosterol and gibberellin
treatments in addition to, temperature caused a general significantincrease in the determined measurements especially the number and
area of leave and the thickness of cell wall epidermis. These results may provide support for the field application of sitosterol and
gibberellin to alleviate the harmful effects of temperature on tomato plants. Conclusion: It is evident from the above results that, the
resistance of the three cultivars of tomato plant to temperature stress (high and low) was more or less improved by priming the seeds
in 100 ppm gibberellic acid or B-sitosterol specially in response to 10-5 M. Thus, these plant growth regulators could be used, as safe
compounds to improve the resistance of the used tomato cultivars to temperature stress.
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INTRODUCTION

Tomato (Lycopersicon esculentum Mill.) is an important
agricultural crop, not only for the economic importance, but
also for the nutritional value. Among all vegetables and fruits,
tomatois rich by antioxidants such as lycopene that preserves
cells of plants from oxidants which have been related to
cancer as well as minerals and vitamins. Each fresh tomato
fruit (135 g) has 47% vitamin C, 22% vitamin A and 25 calories
energy'.

Tomato crops are developed in vast sorts of
environments with diverse climatic in the universe from the
tropical areas to some degrees of the Arctic Circle. The
biggest tomato producing nations involve China, USA, India,
Turkey, Egypt, Italy, Spain, Brazil, Iran, Mexico, Canada,
Greece and Russia?. The total world production has grown
from 119.5-164.0 million tonnes during the past decade>.

Atmospheric concentrations of greenhouse gases such as
CO,, CH, and N,O have increased dramatically since the
beginning of the industrial revolution due to fossil fuel
combustion, deforestation and land development; together,
these probably led to a rise in ground-level air temperatures
at an unprecedented rate over the past three decades®.
Moreover, the global mean temperature will continue to rise
at a rapid rate and our climate is likely to warm by 1.1-6.4°C
within the next century®. Most plant species only grow in a
certain temperature range, thus, some are likely to adapt to
warmer temperatures by changing their growth and
development or by shifting their ranges, provided that the
optimum temperatures are not exceeded. Some species may
fail to adapt to this global change and may even become
extinct if the air temperature is too high®’. Many studies have
investigated plant responses to global warming at community
level while few studies were performed at the individual level
or focus on sub-individual level such as responses of leaves to
increase in temperature’8, Because leaf is the key organ
performing photosynthesis and transpiration, its development
which varies with environmental factors, is an important
determinant of total plant productivity®. In addition, leaves
can be used as indicators of plant community responses to
global warming, because their responses are not only the
basis of changes at the community level, but they are among
those organs that show visible impacts that can express
phenotypically plastic responses to growth temperature'®'2,

Temperature is one of the most crucial environmental
factors determining plant growth and development.
Temperature has a significant influence on many aspects
of growth and development in tomato (Lycopersicon
esculentum Mill.). The optimum temperature for tomato

production is 21-25°C with an average monthly minimum
temperature >18°C and a monthly maximum temperature of
27°C*15 Fruit set is optimal between 18 and 20°C'.

High temperature stress (HT) is defined as the rise in
temperature beyond a critical threshold for a period of time
sufficient to cause irreversible damage to plant growth and
development". In tomato plants high temperatures (>35°C)
have a negative effect on cell metabolic activity, growth and
photosynthesis'®, changesin plantmorphology, anatomy and
physiology that are manifested from the whole-plant to the
cellular or subcellular levels'. Low Temperature (LT) or cold
stress is another major environmental factor that often affects
plant growth and crop productivity and leads to substantial
crop losses?2!, Chilling stress results from temperatures cool
enough to produce injury without forming ice crystals in plant
tissues, whereas freezing stress results in ice formation within
plant tissues. The LT may affect several aspects of crop growth
viz,, survival, cell division, photosynthesis, water transport,
growth and finally crop yield?.

Sitosterol is a phytosterol and a structural component of
the lipid core of cell membranes and is the precursor of
numerous secondary metabolites, including plant steroid
hormones, or as carriers in acyl, sugar and protein transport?.
Sterols play animportant rolein plant developmentincluding
cell expansion, vascular differentiation, etiolation and
reproductive development?. Sitosterol involved in the
regulatory function of plant development, affected gene
expression involved in cell expansion and cell division,
vascular differentiation and other diverse developmental
programs?, Sitosterol is known to influence permeability and
fluidity characteristics of the plasma membrane and other
organellar membranes in the plant?®. A number of studies
have provided evidence that fluctuation in the sitosterol ratio
plays a role in response to biotic and abiotic stresses?’.
Kumar et a/® and Abu-Muriefah? indicated the role of
phytosterols in providing tolerance to stress. In addition
gibberellins (GAs) are phytohormones that are essential for
many processes of plant development, such as seed
germination, stem elongation, leaf expansion, flowering and
seed development®. Gibberellic acid (GA) accumulates
rapidly when plants are exposed to both biotic3' and abiotic
stresses32, There are some reports that described gibberellins
have the protective role in plant adaptation to abiotic stresses
and detoxification of heavy metals*3,

The objective of this study was to investigate the effect of
sitosterol or gibberellins on counteracting harmful response
of three tomato cultivars (Farouz, Azize and N23-48) plants
grown under temperature stress (TS) by following up growth,
anatomy and ultrastructure leaves in order to highlight the
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possible mechanisms by which B-sitosterol and gibberellic
acid increases plant stress tolerance.

MATERIALS AND METHODS

Experiment preparation: The three cultivars of Lycopersicon
esculentum Mill (Tomato) that used in this study. Fayrouz F1,
Aziza F1 and N23-48 F1 were supplied by the Agricultural
Research Center, Ministry of Agricultural, Egypt. According to
preliminary experiment, Lycopersicon esculentum Mill., seeds
were soaked for 10 h in 103,10 and 107 M B-sitosterol,
100 ppm gibberellic acid and distilled water (control). Fifty
seeds per each (control and treatments) were sown in each
germination trays (containing equal amounts of peat moss) at
25%3°C. After 28 days from sowing, initial samples were
before taken, transferring the seedlings to three growth
chambers at temperature (10, 25, 45£3°C). Forty two days
from sowing (as the true leaf fully expanded), samples from
each treatment were collected to determine growth
parameters (10 samples were taken) and relative water
contents (triplicate samples were analyzed). In addition one
sample only was taken for leaf structure (anatomy and
ultrastructure).

Relative water contents: Based on the method described by
Ritchie et a/* and Pardossi et a/?¥.

Light and electron microscopy: Small sample of the fully
expanded true leaf of the control and treated plants were
fixedin 3% glutaraldehyde in 0.1 M cacodylate buffer, pH 6.8,
at 0-4°Cfor 4 h. After washing in the buffer and post-fixation
with 1% osmium tetraoxide they were dehydrated in the

graded ethanol series and embedded in Epon-Spurr resin®,
Semi-thin sections (1 um) were cut with a glass knife on
ultramicrotome (Ultracut, Reichert-Jung, Germany), semi-thin
sections were stained with 1% toluidine blue and documented
with light microscope equipped with camera (Digtal camera
for microscope DCM510 5 M pixels CMOS ship, Germany).
Stained section were examined with a JEM _JEOL 2100/Japan
Transmission Electron Microscope at the Electron Microscopy
Unit/Mansoura University.

Analysis of cell structure: The size of cells and other organism
were analysed using the public domain Image) software
package http://rsb.info.nih.gov/ij/.

Statistical analysis: The effects of the temperature and
treatment were tested by one-way analysis of variance
(ANOVA). Means were compared between the treatments by
least significant difference (LSD)* at the 0£05.

RESULTS AND DISCUSSION

Changes in vegetative growth: The obtained results in
Table 1 showed that, at initial stage, a general significant
increase was detected in tomato growth parameters,
shoot length (cm), number of leaves per plant, total leaf area
(cm? plant™), shoot fresh and dry weight (g) and relative
water content with exception of the non-significant increase
in number of leaves per plant of three tomato cultivars in
response to all used treatments as compared to control.

Effect of temperature stress: During vegetative stage
(42 DFS) the estimated growth parameters of tomato cultivars

Table 1: Effect of the used treatments on growth parameters for the three cultivars of Lycopersicon esculentum Mill,, shoot at initial stage

Growth parameters

Shoot length  No. of leaves  Leaves area per Shoot fresh Shoot dry Relative water
Cultivars  Treatments (cm) per plant plant (cm?) weight (g plant™) weight (g plant™) content (%)
Fayrouz Control 17.66 3 21.16 0.74 0.07* 71.70
Gibberellin (100 ppm) 20.1* 333 23.12* 1.17* 0.12* 78.48*
Sitosterol (1073) 19.5% 3 26.9% 0.77 0.08 75.08*
Sitosterol (107°) 21.83* 3 29.47* 1.05*% 0.1% 78.49*
Sitosterol (107) 20.3* 3 27.0* 0.94* 0.09* 77.25%
Azize Control 16.5 3 12.35 0.52 0.04 70.72
Gibberellin (100 ppm) 19.56* 3.66 25.23* 0.79* 0.06* 74.84*
Sitosterol (1073) 18.23% 3 17.5% 0.84* 0.07* 73.50*
Sitosterol (107°) 19.9% 333 20.56* 0.99% 0.08* 75.44*
Sitosterol (1077) 17.93* 333 18.6* 0.95* 0.08* 74.05*
N23-48 Control 15.46 3 17.53 0.54 0.03 71.82
Gibberellin (100 ppm) 17.13% 3 28.92% 0.81* 0.07* 77.71*
Sitosterol (10~3) 16.9% 3.66 31.6* 0.83* 0.06* 75.62*
Sitosterol (107°) 18.3* 3.66 33.39* 0.98* 0.08* 77.02*
Sitosterol (1077) 16.5% 3.66 29.0* 0.92* 0.07* 76.25*

*Significant increase or decrease at 0.05 LSD
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were decreased in response to 10 and 45°C (temperature
stress 'TS') as compared to 25°C values (Table 2). The most
negative effect of TS was observed at 45 and 10°C by the
reduction of relative water content and leave area/plant,
respectively.

The inhibitory effects of (TS) on growth of tomato plants
reported in this study were may probably due to decreased of
water absorption and alters cell division and cell elongation
rates which affect the leaf size and weight?2. Exposure of
plants to severe heat stress decreased the stem growth
resulting in decreased plant height®. According to
Angadi et a/*!, temperatures below 10°Cresult in slower and
reduced growth and premature stem elongation in Brassica
napus, Brassica rapa and Raphanus sativus. Itis well reported
that plants at their seedling stage are very much sensitive to
cold stress?,

Effect of gibberellicacid: Effect of gibberellic acid with TS on
the three used cultivars led to a significant increase in the all
estimated growth parameters (shooth length (cm), number of
leaves/plant, total leaf area (cm? plant™) and shoot fresh and
dry weight (g)) and relative water content as compared to
untreated values (Table 2).

The application of gibberellic acid led to a significant
increase in growth parameters. These effects might be due to
the role of gibberellin in improving vegetative growth
characteristics since GAs are plant hormones that participate
in the regulation of many growth developmental processes in
plants*. The GA3 treatments (100 ppm) improved the growth
criteria®®. Therole of GAin regulating plant growth in response
to stress came from the observation that growth restraint on
exposure to several forms of abiotic stress is at least in part
mediated by DELLA proteins®. In Arabidopsis thaliana
seedlings, exposure to salinity triggered a reduction in
endogenous bioactive GAs***, which coincided with DELLA
accumulation®.

Effect of B-sitosterol: Concerning the effect of different
B-sitosterol concentrations at vegetative stage under the used
TS (Table 2) showed that a general significant increase in the
estimated growth parameters.

Similarresults were obtained by El-Wahed et a/**, working
on wheat, who found that both sitosterol and spermidine
caused stimulation of vegetative growth characteristics (shoot
length, leaf area, plant fresh and dry weights) and net
assimilation rate and vascular bundles differentiation of
wheat. Thisincrease in growth parameters is probably caused
by increasing the efficiency of water uptake and utilization,
enhancing cell division and/or cell enlargement, resulting in
longer shoots and increasing leaf area which, consequently,

increased the dry matter of shoots, presumably, as a result of
larger surface area available for anabolic activities*.

In this connection Thussagunpanit eza/* concluded that
the increase in the shoot and root fresh weights under heat
stress might be explained by the greater water uptake to
those organs after 24-epibrassinolide (EBR) or 7,8-dihydro-8a-
20-hydroxyecdysone (DHECD) application. Moreover, the EBR
and DHECD treatments increased the leaf area before the
exposure of plants to high temperature and maintained a
higher leaf area under heat stress. An increase in the leaf area
after brassinosteroids (BR) application has been reported in
pigeon pea“*, tomato* and wheat*,

Changes in leaf anatomy

Effect of temperature stress: The leaf section of plants
treated with (TS) showed decreased in thickness of both leaf
and lower epidermis of all tomato cultivars compared to 25°C,
while upper epidermis wasincrease and decrease of Azize and
N23-48, respectively, but in Fayrouz it showed increase and
decrease after treatment with 10°C and 45°C, respectively
(Table 3).

As regards the effect of (TS) on palisade and spongy
mesophyll layer of tomato cultivars and as compared to the
untreated values, palisade layer records a remarkable height
with treated by 10°C (182.38 um) and decreased as treated
with 45°C (28.20 um) while 79.79 um at 25°C of N23-48
cultivar (Table 3), whereas the other cultivars, increased in
Azize of both treatments but in Fayrouz cultivar these
parameters increased by treatment with 10°C and decreased
with 45°C.Meanwhile, the spongy layerincreased in thickness
aftertreated with 10°Cand decreased at 45°Cas compared to
growing in 25°C of Fayrouz and conversely of N23-48, while
decreased; in response to temperatures of Azize cultivar
(Table 3).

Xu et al>! reported that leaf thickness and mesophyll cell
size were found to decrease with warmer temperature. Lower
growth temperature also indicates that increased leaf size is
mainly due to cell expansion (increased size) rather than cell
division (more cells), as has been observed previously. Similar
anatomical changes have been observed during plant
acclimation to high light>>*. Growth of plant leaves
Spinacia oleracea L. cv Savoy at low temperature resulted in
a twofold increase in leaf thickness from about 290 um for
16°Cto 567 um for 5°C>.

Effect of gibberellic acid: The application of 100 ppm
gibberellic acid caused anatomical changes in all anatomical
measured parameters of tomato cultivars as compared
to control values without gibberellic acid (Table 3). The
data presented in Table 3 revealed a general significant
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Table 2: Effect of treatments on growth parameters for the three cultivars of Lycopersicon esculentum Mill., plant at vegetative stage

Cultivar
Fayrouz Azize N23-48
Shootlength No. of leaves Shoot length No. of leaves Shoot length No. of leaves
Temperature (°C)  Treatments (cm) per plant (cm) per plant (cm) per plant
25 Control 30 4 237 4 31.2 4
Gibberellin (100 ppm) 33.0% 5% 29.5% 4 34.0% 5*
Sitosterol (1073) 32.2% 5% 28.5% 4 32.5*% 433
Sitosterol (10~°) 36.5% 5.33* 30.3* 4 35.2* 5%
Sitosterol (10~7) 32.4* 5% 27.2* 4 33.8* 433
10 Control 229 4 18.2 4 18.9 3
Gibberellin (100 ppm) 24.19*% 4 21.6* 4 20.6* 4*
Sitosterol (10~3) 24.16* 4 20.53* 4 20.36* 4*
Sitosterol (10~°) 25.0* 4 21.1* 4 22.8*% 4*
Sitosterol (1077) 24.26* 4 20.83* 4 20.23* 4*
45 Control 27.2 4 232 4 28.2 3
Gibberellin (100 ppm) 29.3* 4 26.5% 5% 33.6% 4%
Sitosterol (1073) 28.5*% 4 30.25* 433 31.3* 4*
Sitosterol (107°) 31.0* 4 33.6* 5% 34.0% 4*
Sitosterol (1077) 29.1* 4 31.06* 4.66 32.5% 4*
Cultivar
Fayrouz Azize N23-48
Leaves area Fresh weight Leaves area Fresh weight Leaves area Fresh weight
Temperature (°C)  Treatments per plant (cm?) (g plant™) perplant (cm?) (g plant™) per plant (cm?) (g plant™)
25 Control 2298 2.10 17.17 1.23 40.59 278
Gibberellin (100 ppm) 27.71* 2.47* 29.93*% 1.62* 52.81* 3.06*
Sitosterol (1073) 28.32% 2.21* 27.30% 1.44*% 56.0% 3.05*
Sitosterol (10~°) 32.66* 3.30% 31.60* 1.80% 59.97* 4.35%
Sitosterol (10~7) 28.33* 2.29* 28.30* 1.53*% 57.28* 3.29%
10 Control 21.36 1.11 15.6 0.65 18.37 0.71
Gibberellin (100 ppm) 25.0% 1.50*% 26.0% 1.01* 28.37* 0.80
Sitosterol (1073) 27.2% 1.41* 20.5% 0.98* 29.22% 1.01*
Sitosterol (10~°) 30.6* 1.51* 25.2% 1.0% 33.07* 1.67*
Sitosterol (10~7) 27.5% 1.47* 21.9* 1.0* 30.19% 1.24*
45 Control 21.99 1.12 16.33 0.86 31.03 1.34
Gibberellin (100 ppm) 26.12% 2.0* 28.54* 1.38*% 42.52* 1.75%
Sitosterol (10~3) 27.16* 1.44* 26.8*% 131* 40.82* 1.48*%
Sitosterol (10~°) 31.91* 1.80* 30.43* 2.14* 42.85* 1.68*
Sitosterol (107) 27.6* 1.62* 28.11* 1.50* 41.7* 1.52*
Cultivar
Fayrouz Azize N23-48
Dry weight Relative water Dry weight Relative water Dry Relative water
Temperature °C)  Treatments (g plant™) content (%) (g plant™) content (%) (g plant™) content (%)
25 Control 0.21 75.76 0.197 7244 0.28 70.57
Gibberellin (100 ppm) 0.30* 86.14* 0.27* 82.52* 0.39% 77.92%
Sitosterol (1073) 0.28* 81.47% 0.25* 80.89* 0.364* 74.38*
Sitosterol (107°) 0.46* 85.82*% 0.30* 83.19* 0.47% 76.92*%
Sitosterol (1077) 0.29% 84.79* 0.26* 82.20* 0.38* 75.14*
10 Control 0.10 67.81 0.05 70.11 0.05 70.98
Gibberellin (100 ppm) 0.15% 76.32% 0.08* 78.18% 0.08* 78.66*
Sitosterol (1073) 0.119 72.60* 0.08 73.85* 0.07* 77.44%
Sitosterol (10~°) 0.13* 75.10% 0.09% 75.86* 0.13* 80.75*
Sitosterol (10~7) 0.122* 73.70% 0.09* 74.17% 0.09% 78.23*
45 Control 0.11 60.84 0.07 59.61 0.13 31.03
Gibberellin (100 ppm) 0.17* 67.27* 0.156* 68.50* 0.17% 42.52%
Sitosterol (1073) 0.16* 63.60* 0.151* 65.70% 0.15% 38.30%
Sitosterol (10~°) 0.21* 66.35*% 0.308* 67.47* 0.20* 42.85*
Sitosterol (10~7) 0.18* 65.54*% 0.260* 64.58*% 0.16* 40.40*

*Significant increase or decrease at 0.05 LSD
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Table 3: Effect of the used treatments on thickness of epidermis and mesophyll layers (um) for the three cultivars of Lycopersicon esculentum Mill,, plant at vegetative

stage
Cultivar
Fayrouz Azize N23-48
Temperature (°C)  Treatments Leaf thickness  Leaf thickness Leaf thickness Upper epidermis Upper epidermis  Upper epidermis
25 Control 236.96 20.45 273.78 20.45 27130 22.64
Gibberellin (100 ppm) 287.94* 27.84* 264.94* 27.84* 163.42% 17.51%
Sitosterol (10~°) 263.83* 32.92* 27539 32.92*% 174.83* 19.04*
10 Control 212.65 27.20 21471 27.20 252.66 22.20
Gibberellin (100 ppm) 287.03* 29.93* 266.23* 29.93* 352.51* 26.81*
Sitosterol (107°) 294.51* 42.19% 407.72% 42.19% 442.19% 38.37*
45 Control 208.68 23.77 221.90 23.77 191.91 15.59
Gibberellin (100 ppm) 302.01* 29.19* 224.77* 29.19* 267.15* 21.22*%
Sitosterol (107°) 366.07* 22.86 214.59* 22.86 240.06* 33.66*
Cultivar
Fayrouz Azize N23-48
Lower Palisade layer Lower Palisade layer Lower Palisade layer
Temperature (°C)  Treatments epidermis (um)  (um) epidermis (um) (pum) epidermis (um) (pum)
25 Control 22,64 77.95 29.60 101.73 26.01 79.79
Gibberellin (100 ppm) 23.99 94.98* 26.44* 69.92% 16.40% 60.04*
Sitosterol (10~°) 20.25* 94.89* 25.07* 96.35* 21.32*% 68.53*
10 Control 17.51 104.29 19.38 115.66 11.97 182.38
Gibberellin (100 ppm) 21.35% 96.50* 28.48* 105.27*% 15.88* 130.69%
Sitosterol (10~°) 19.10% 120.85* 30.21* 145.34* 39.37* 145.24%
45°C Control 19.12 73.65 19.73 107.74 12.37 28.20
Gibberellin (100 ppm) 24.72% 115.84% 17.33% 97.36* 20.49* 93.37*
Sitosterol (107°) 48.65* 121.83% 20.53 76.52* 22.86* 83.90*
Cultivar
Fayrouz Azize N23-48
Temperature (°C)  Treatments Spongy layer (um) Spongy layer (um) Spongy layer (um)
25 Control 102.25 140.09 122.48
Gibberellin (100 ppm) 135.88* 125.78* 57.69*
Sitosterol (10~°) 102.51 107.72% 73.46*
10 Control 129.58 123.89 73.44
Gibberellin (100 ppm) 123.04* 102.67 182.82*
Sitosterol (10~°) 125.65* 159.71% 146.24*
45 Control 89.91 71.93 130.26
Gibberellin (100 ppm) 138.71% 85.47* 125.06*
Sitosterol (107°) 150.57* 88.52*% 107.67%

*Significant increase or decrease at 0.05 LSD

increase in leaf thickness, lower epidermis thickness,
palisade and spongy layers at 25°C and leaf thickness and
lower epidermis thickness at 10°C; the all anatomical
parameters measured at 45°C of Fayrouz cultivar by
gibberellic acid application, whereas, Azize cultivar
showed significant increase in upper epidermis thickness at
25°C; leaf thickness, lower and upper epidermis thickness at
10°G; leaf thickness, upper epidermis thickness and spongy
layer at 45°C by gibberellic acid application. In addition,
significant increase in leaf thickness, upper and lower
epidermis thickness under 10 and 45°C and spongy layer at
10°C and palisade layer at 45°C of N23-48 cultivar were
observed.

On the other hand, the other anatomical parameters of
three tomato cultivars were significant decrease per
treatments as compared to control. Thickness of cell walls in
epidermis (outer and inner walls) of tomato showed a general
significant increment in response to treatments at low and
high temperature where as compared to controlinall cultivars
(Table 4).

The GA, increased the epidermis cell width and length,
These anatomical changes indicate that salt stress on the
stems of radish may be reduced by growth regulators?®. Foliar
application of GA; caused the changes in the anatomical
structure of date palm leaf (Phoenix dactylifera L.) enhanced
thickness of the cuticle as compared to the control®’.
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Table 4: Effect of the used treatments on thickness of cell walls in epidermis (um) for the three cultivars of Lycopersicon esculentum Mill., leave at vegetative stage

Cultivar
Fayrouz Azize N23-48
Temperature (°C)  Treatments Outer walls Linner walls Outer walls Linner walls Outer walls Linner walls
Upper epidermis
25 Control 154 0.81 1.80 0.824 141 0.60
Gibberellin (100 ppm) 2.46% 1.28* 3.15% 0.96* 1.34* 0.61
Sitosterol (107%) 2.25% 0.98* 2.40* 1.92* 2.94* 1.47%
10 Control 2.12 124 3.70 1.70 1.84 0.84
Gibberellin (100 ppm) 2.47* 1.31 3.48* 1.56* 3.79*% 1.13*
Sitosterol (107°) 3.42% 1.59* 4.21* 3.82* 3.00* 151*
45 Control 3.13 1.02 1.69 0.85 2.66 1.01
Gibberellin (100 ppm) 4.43* 151* 4.70* 1.62* 2.78 0.96
Sitosterol (107°) 4.11* 1.42* 4.45*% 1.87* 4.35% 1.86*
Cultivar
Fayrouz Azize N23-48
Temperature (°C)  Treatments Outer walls Linner walls Outer walls Linner walls Outer walls Linner walls
Lower epidermis
25 Control 132 0.68 1.41 0.93 1.73 0.69
Gibberellin (100 ppm) 2.01* 0.74* 1.49* 0.97* 1.82 0.68
Sitosterol (107°) 2.07* 0.97* 3.00* 1.08* 2.06* 1.26*
10 Control 1.76 0.98 2.18 143 1.67 0.71
Gibberellin (100 ppm) 2.22% 1.17* 3.11* 2.03* 2.21* 0.95*
Sitosterol 3.28*% 1.59* 3.33* 2.35% 2.36* 0.82
45 Control 1.92 0.83 1.41 0.65 2.00 127
Gibberellin (100 ppm) 3.86* 1.66* 3.63* 1.41* 2.88* 127
Sitosterol (107%) 541* 2.15*% 2.96* 2.63* 4.29*% 2.44%

*Significant increase or decrease at 0.05 LSD

Effect of B-sitosterol: Treatment of tomato cultivars with
10~ M B-sitosterol caused a general significantly increase in
(leafthickness and palisade and spongy layers under 25°C; leaf
thickness, lower epidermis thickness and palisade layer under
10°C; all anatomical parameters measured under 45°C of
Fayrouz cultivar), in (leaf thickness and upper epidermis
thickness under 25°C; all measured anatomical parameters
under 10°C; lower epidermis thickness and spongy layer at
45°C of Azize cultivar) and in (leaf thickness, upper and lower
epidermis thickness under 10 and 45°C and spongy layer at
10°Cand palisade layer at 45°C of N23-48 cultivar) compared
with control values (Table 3).

Moreover, this treatment caused a general significant
decrease in (upper and lower epidermis thickness at 25°C;
upper epidermis thickness and spongy layer at 10°C of
Fayrouz cultivar), in (lower epidermis thickness, palisade and
spongy layers at 25°C; leaf thickness, upper epidermis
thickness and palisade layer at 45°C of Azize cultivar) and in
(all measured anatomical parameters at 25°C; palisade layer
at 10°C; spongy layer at 45°C of N23-48 cultivar) as shown
Table 3.

Thickness of cell walls (outer and linner walls) in epidermis
oftomato showed a general significantincrementin response

to 10 M B-sitosterol at low and high temperature as
compared to control values in all cultivars (Table 4).

Stigmasterol increased the thickness of epidermis,
cortex, vascular cylinder and palisade and spongy tissues of
soybean plant®®. Ali et a/>® studied the effects of sitgmasterol
treatments at the concentrations of 100 and 150 ppm when
foliarly sprayed twice to rice plants at leaf tube and tillering
stages. Such favourable effects resulted in increasing leaf
thickness, upper and lower epidermal layers, mesophyll tissue
and dimensions of both main and smaller leaf vascular
bundles. El-Wahed et a/* concluded that, sitosterol had
stimulatory effect in increasing thickness of either the upper
epidermal layer or mesophyll tissue layer and whole leaf
thickness. Sitosterol increased stem diameter/cross section,
thickness of the ground tissue and diameter of the pith cavity.
The response could be due to the growth promoting effect of
brassinosteroid (BR) on cell elongation especially on
meristematic tissue.

Nassar et a/%® found that foliar application with
stigmasterol at concentration of 90 ppm increased the
diameter of the main stem, at its median portion, of flax cv
Sakha-1 by 17.3% more than that of the control. The increase
which was observed in stem diameter, due to foliar
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Fig. 1(a-i): Ultrastructure of mesophyll cell of tomato leaf grown at 25°C (a-c) Control, (d-f) 100 ppm gibberelliic acid and
(g-i) 10> M B-sitosterol. V: Vacuole, CW: Cell wall, CP: Chloroplast, N: Nucleus, NU: Nucleolus, CY: Cytoplasm,
M: Mitochondria, SG: Starch granules, PG: Plastoglobules, GL: Grana lamella

application with 90 ppm stigmasterol, could be attributed
mainly to the prominent increase in all included tissues.
The thickness of epidermis, cortex, fiberous region,
secondary phloem and xylem tissue as well as diameter of
the pith were 5.6, 47.1, 20.2, 14.1, 30.0 and 8.1% more
than those of the control, respectively. Moreover, number
of fiberous bundles/cross section were increased in
treated plants by 9.4% more than those of untreated ones.
The present findings are generally in accordance with
those reported by Ali et a/*® using 100 or 150 ppm
stigmasterol on rice plants as well as by Nassar® using
100 ppm stigmasterol on soybean plants and by Helal and
Gomaa®' using 80 ppm stigmasterol on Egyptian lupine
plants. They recorded favourable anatomical changes in stem

anatomy due to the effect of stigmasterol which induced
prominent increases in most of included tissues for
investigated species.

Change in ultrastructure of the leaves

Effect of temperature stress: Measurements results of
Transmission Electron Microscope (TEM) in mature tomato
leaves of N23-48 cultivar grown under TS showed a general
increase in total volume of cytoplasm, chloroplast,
mitochondria and thickness of cell wall (Table 5), chloroplasts
were biggerand almost spherical with large quantity of starch
granules, plastoglobules and grana lamella loosened in the
leaves under 10°C as compared with 25°C (Fig. 1, 2). While in
the alteration, leaves of the plant that grown under 45°C
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Fig. 2(a-i): Ultrastructure of mesophyll cell of tomato leaf grown at 10°C (a-c) Control, (d-f) 100 ppm gibberellic acid and
(g-i) 10> M B-sitosterol. V: Vacuole, CW: Cell wall, CP: Chloroplast, N: Nucleus, NU: Nucleolus, CY: Cytoplasm,
M: Mitochondria, SG: Starch granules, PG: Plastoglobules, GL: Grana lamella

(Fig. 3), increased number and total volume of chloroplast
with large starch granules and loose structure of grana
lamellae (Fig. 3). Whereas cell volume and cell wall as well as
vacuole were decreased as compared with leaves of those
grown at 25°C (Table 5). High temperature caused an
anatomical changes; include reduced size and damaged
cells$2'7, High temperature considerably affects anatomical
structures not only at the tissue and cellular levels but also at
the sub-cellular level. At the sub-cellular level, main
modifications refer to the shape of chloroplasts, swelling of
stromal lamellae%2.

Recently, Gielwanowska et a/® reported that, the
ultrastructural organization of organelles determines the

response of cells and entire plants to abiotic stress. Metabolic
disruptions induced by environmental factors are manifested
in the ultrastructure of cell organelles. Cellular components
have varied tolerance to low temperature, dehydration and
excessive light exposure. Chloroplasts are the most sensitive
organelles, whereas cell nuclei, mitochondria and peroxisomes
are characterized by greatest stability54.

Zhang et al% reported that, the microstructure of
leaves and ultrastructure of chloroplasts were examined in
tomato (Lycopersicon esculentum L.) plants treated with
elevated temperature. Plants were exposed to 35°C for
30 days after florescence. The plants grown continuously
under 25°C served as controls. The damage of chloroplast
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Fig. 3(a-i): Ultrastructure of mesophyll cell of tomato leaf grown at 45°C (a-c) Control (d-f) 100 ppm gibberellic acid and
(g-i) 10 M B-sitosterol. V: Vacuole, CW: Cell wall, CP: Chloroplast, N: Nucleus, NU: Nucleolus, CY: Cytoplasm,
M: Mitochondria, SG: Starch granules, PG: Plastoglobules, GL: Grana lamella

Table 5: Means of cellular and sub-cellular volume of N23-48 cultivar leaves with treatments as well as control samples

Chloroplast Starch/Chloroplast Mitochondria
Temperature Cell Cellwall  Cytoplasm Nucleus Nucleolus
(°Q) Treatments  volume thickness volume  Vacuole volume volume No. Volume Total volume No. Volume  No. Volume Total volume
25 Control 19592 0.12 32930 162.19 8.563 0.836 5 5.704 28.52 - - 30292 0.876
GA (100 ppm) 337.6*  0.28*  112.92* 2247* 11.09* 1416 10*  6.65% 66.5* 1 0.223 2 0278* 0.556*
Sito (107°) 252.6*  0.14* 99.95% 152.6* 6.674 0.807 12* 5.98* 71.7*% - - 2 0.183* 0.366*
10 Control 21933 0.153 96.426 122.9 2400 - 7 7.84 54.88 3 1.64 30347 1.04
GA (100 ppm) 361.0%  0.27*  152.03* 209.0* 17.54* - 7 889 62.2*% 3 1.62 1*  0.384* 0.384*
Sito (107°) 595.3*  0.36*  124.83* 4705* 12.80* - 10* 5.348 535 1* 039%6* 1* 0.367* 0.367*
45 Control 199.85 0.09 140.72 59.132 10.015 - 9 682 61.38 3 2.51 1 0783 0.783
GA (100 ppm) 301.9*  0.13* 91.691 210.2* 8369* - 11*  5.405 59.45 1* 2.144 2 0.283* 0.566*
Sito (107°) 204.1*  0.25* 110408  93.77* 5.809* - 12* 9.53* 114.3* 1* 244 2 0239 0.487*

*Significant increase or decrease at 0.05 LSD

membrane occurred earlier and was more serious in the  number of lipid droplets increased in chloroplasts. The
plants under elevated temperature. At the same time, the number of starch grains in chloroplasts increased first and
thylakoids were loosely distributed with lesser grana, butthe  then decreased.
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Effectof gibberellin: The cells of leaves treated with 100 ppm
gibberellic acid under 25°C showed significantly increases in
all measurements except number and total volume of
mitochondria which significantly decreased (Table 5) and
chloroplasts with few and small starch as compared with
untreated value (Fig. 1).

After treatments of N23-48 cultivar with GA and LT
significant increases were recorded in volume of cells,
cytoplasm, vacuole, nucleus, chloroplast, mitochondria and
cell wall become more thicker (Fig. 2), as compared with
untreated value (Table 5), these treatment also obtained
paddle shape of mitochondria and cristae were noticed
(Fig. 2). On the other hand, chloroplasts in leaves treated with
GA and HT had few starch grains, plastoglobules and the
lamellar structure was shown to be more clear as compared
with untreated (Fig. 3). Moreover, the volume of cell, vacuole,
thick of cell wall and chloroplast number were increased
significantly, but other measurements (cytoplasm, nucleus,
nucleolus, number and total volume of mitochondria) were
significantly decreased as compared with untreated value
(Table 5).

In this respect GA plays a critical role in controlling and
coordinating cell division, cell expansion and chloroplast
biogenesis through influencing the DELLA protein family in
both dicot and monocot plant species®. The application of
GA; in combination with calcium chloride caused reduced
membrane damage®’. Gibberllic acid causes the increase of
cell division and increase of elastic properties of the cell wall®.
Gibberellicacid applicationinduced ultrastructural changesin
chloroplasts of Marchantia polymorpha. Starch grains
disappeared and membrane development was accompanied
by an increase in granal thickness and length until dense,
parallel arrays of thylakoids extended throughout the
plastid®®.

Effect of sitosterol: Table 5 shows the application of
B-sitosterol alone led to a significantincrease in volume of cell,
cytoplasm, number and total volume of chloroplasts while
volume of vacuole, nucleus, nucleolus, number and volume of
mitochondria were significantly decreased as compared to the
control at 25°C. The B-sitosterol treated in addition to heat
show that ultrastructure measurements significantly varied as
result of the 10~° B-sitosterol with TS application. At 10°C,
general significant increase in ultrastructure measurements;
the chloroplast contained small starch grains and the
thylakoid structure was clear (Fig. 2) and cell wall was thicker
than that of untreated value. Whereas, the plant grown
under 45°C showed changes in ultrastructure with 10~ of
B-sitosterol treatment (Fig. 3), such as significant increase in

1

cell volume, the chloroplast larger and more, arrangement of
grana lamella was clear and parallel, starch content is lower,
mitochondria smaller, the cell wall was thicker and vacuole is
bigger than the untreated value.

In this connection the effect of brassinosteroids BR on
barley leaf cell ultrastructure was examined under salt stress.
Leaf segments were pre-incubated in either BR solution or
water and then incubated in 0.5 M NaCl solution in the
presence or absence of BR. The BR had no effect on the leaf
cell ultrastructure under normal conditions. However,
damages imposed by salt stress on nuclei and chloroplasts
were significantly reduced by BR treatment”.

In support, like the impact of brassinosteroids, sitosterol
included in the administrative capacity of plantimprovement,
influenced quality expression required in cell augmentation
and cell divisio?. Moreover, brassinosteroid as all steroidal
compounds promoted cell wall formation and resulted in
hyperpolarization of cell membranes and accelerated growth
cycle’. Kumar et a/® reported that sitosterol may have a role
in abiotic stress tolerance by enhancing membrane stability.

CONCLUSION

It could be concluded from the above recorded data that,
the used growth substances (GA; or sitosterol) especially
100 ppm and 10> M, respectively, partially enhance the
resistance of the three used tomato cultivars (Fayrouz, Azize
and N23-48) to temperature stress (growing the plant under
10 or 45°C) in addition to improving the vegetative growth of
these used tomato cultivars grown under stress condition and
control one that grown under 25°C. The obtained resistance;
in response to using these safe growth substances could be
due to the changes in the cell wall and plastids structure and
other factors that reflect on more healthy tomato plants with
significantenhancementin the determined vegetative growth
parameters.

ACKNOWLEDGMENTS

Many thanks to Ministry of high education of Libya for
funding this study and Dr. Yousif F. Elsharif, Department of
Vegetables and Floriculture, Faculty of Agriculture, Mansoura
University, Egypt for continuous support and valuable
discussions.

REFERENCES

1.  Golam, F., Z.H. Prodhan, A. Nezhadahmadi and M. Rahman,
2012. Heat tolerance in tomato. Life Sci. J., 9: 1936-1950.



10.

11.

12.

13.

14.

15.

Int. J. Bot, 13 (1): 1-14, 2017

FAOSTAT., 2005. Statistical Databases. Food and Agriculture
Organization of the United Nations Statistic, Rome, Italy.
FAO., 2015. FAOSTAT: Download data. Food and Agriculture
Organization of the United Nations. The Statistics Division,
http://faostat3.fao.org/download/Q/QC/E

Jin, B, L. Wang, J. Wang, K.Z. Jiang and Y. Wang et a/, 2011.
The effect of experimental warming on leaf functional traits,
leaf structure and leaf biochemistry in Arabidopsis thaliana.
BMC Plant Biol., Vol. 11.10.1186/1471-2229-11-35.
Solomon, S, D. Qin, M. Manning, Z. Chen and
M. Marquis et al, 2007. IPCC: Technical Summary. In: Climate
Change: The Physical Science Basis: Working Group |
Contribution to the Fourth Assessment Report of the IPCC,
Solomon, S. (Ed.). Cambridge University Press, Cambridge,
UK., ISBN: 9780521705967.

Thomas, C.D., A. Cameron, R.E. Green, M. Bakkenes and
L.J.Beaumont etal, 2004. Extinction risk from climate change.
Nature, 427: 145-148.

Van Mantgem, P.J., N.L. Stephenson, J.C. Byrne, L.D. Daniels
and J.F. Franklin et a/, 2009. Widespread increase of tree
mortality rates in the western United States. Science,
323:521-524.

De Valpine, P. and J. Harte, 2001. Plant responses to
experimental warming in a montane meadow. Ecology,
82:637-648.

Zhou, X, X. Liu, L.L. Wallace and Y. Luo, 2007. Photosynthetic
andrespiratory acclimation to experimental warming for four
species in a tallgrass prairie ecosystem. J. Integr. Plant Biol.,
49:270-281.

Gunderson, CA., RJ. Norby and S.D. Wullschleger, 2000.
Acclimation of photosynthesis and respiration to simulated
climatic warming in northern and southern populations of
Acer saccharunr. Laboratory and field evidence. Tree
Physiol., 20: 87-96.

Anyia, A.O. and H. Herzog, 2004. Water-use efficiency, leaf
area and leaf gas exchange of cowpeas under mid-season
drought. Eur. J. Agron., 20: 327-3309.

Atkin, O.K,, B.R. Loveys, L.J. Atkinson and T.L. Pons, 2006.

Phenotypic  plasticity and  growth  temperature:
Understanding interspecific  variability. J. Exp. Bot,
57:267-281.

Li, W., Z. Wei, Z. Qiao, Z. Wu, L. Cheng and Y. Wang, 2013.
Proteomics analysis of alfalfa response to heat stress. PloS
One, Vol. 8.10.1371/journal.pone.0082725.

Haque, M.A.,, AKM.A. Hossain and KU. Ahmed, 1999. A
comparative study on the performance of different varieties
of tomato. Il. Varietal response of different seasons and
temperature in respect of yield and yield components.
Bangladesh Hort., 26: 39-45.

Araki, T., M. Kitano and H. Eguchi, 2000. Dynamics of fruit
growth and photoassimilate translocation in tomato
plant (Lycopersicon esculentum Mill.) under controlled
environment. Acta Hortic., 534: 85-92.

12

16.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Koning, A.D., 1994. Development and dry matter distribution
in glasshouse tomato: A quantitative approach. Ph.D. Thesis,
Wageningen Agriculture University.

Wahid, A., S. Gelani, M. Ashraf and M.R. Foolad, 2007. Heat
tolerance in plants: An overview. Env. Exp. Bot., 61: 199-223.
Takeoka, Y., A.A. Mamun, T. Wada and B.P. Kanj, 1992.
Reproductive Adaptation of Rice to Environmental
Stress. Japan Scientific Societies Press, Tokyo, Japan,
ISBN: 9780444986788, pp: 8-10.

Hola, D., J. Kutik, M. Kocova and O. Rothova, 2008.
Low-temperature induced changes in the ultrastructure of
maize mesophyll chloroplasts strongly depend on the chilling
pattern/intensity and considerably differ among inbred and
hybrid genotypes. Photosynthetica, 46: 329-338.

Xin, Z. and J. Browse, 2000. Cold comfort farm: The
acclimation of plants to freezing temperatures. Plant Cell
Environ., 23: 893-902.

Sanghera, S.G., H.S. Wani, W. Hussain and B.N. Singh, 2011.
Engineering cold stress tolerance in crop plants. Curr.
Genomics, 12: 30-43.

Hasanuzzaman, M., K. Nahar and M. Fujita, 2013. Extreme
Temperature Responses, Oxidative Stress and Antioxidant
Defense in Plants. In: Abiotic Stress-Plant Responses and
Applications in Agriculture, Vahdati, K. and C. Leslie (Eds.).
InTech Publisher, Rijeka, Croatia, pp: 169-205.

Hassanein, R.A, H.A. Hashem and RR. Khalil, 2072.
Stigmasterol treatmentincreases salt stress tolerance of faba
bean plants by enhancing antioxidant systems. Plant Omics,
5:476-485.

El-Wahed, A., Z.A. Ali, M.S. Abdel Hady and S.M. Rashad, 2001.
Physiological and anatomical changes on wheat cultivars as
affected by sitosterol. J. Agric. Sci. Mans Univ., 26: 4823-4839.
Sasse, J.M., 2003. Physiological actions of brassinosteroids:
An update. J. Plant Growth Regul., 22: 276-288.
Senthil-Kumar, M. K. Wang and K.S. Mysore, 2013.
AtCYP710A7 gene-mediated stigmasterol production
plays a role in imparting temperature stress
tolerance in Arabidopsis thaliana. Plant Signaling Behav.,
Vol.8.10.4161/psb.23142.

Arnqyvist, L., M. Persson, L. Jonsson, P.C. Dutta and F. Sitbon,
2008. Overexpression of CYP710A1 and CYP710A4 in
transgenic Arabidopsis plants increases the level of
stigmasterol at the expense of sitosterol. Planta, 227:309-317.
Kumar, M.S.S., K. Ali, A. Dahuja and A. Tyagi, 2015. Role of
phytosterols in drought stress tolerance in rice. Plant Physiol.
Biochem., 96: 83-89.

Abu-Muriefah, S.S., 2015. Effect of sitosterol on growth,
metabolism and protein pattern of pepper (Capsicum
annuum L) plants grown under salt stress conditions. Int.
J. Agric. Crop Sci., 8: 94-106.

Vettakkorumakankav, N.N.,, D. Falk, P. Saxena and
R.A. Fletcher, 1999. A crucial role for gibberellins in stress
protection of plants. Plant Cell Physiol., 40: 542-548.



31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Int. J. Bot, 13 (1): 1-14, 2017

McConn, M., RA. Creelman, E. Bell and J.E. Mullet, 1997.
Jasmonate is essential for insect defense in Arabidopsis. Proc.
Nat. Acad. Sci. USA., 94: 5473-5477.

Lehmann, J., R. Atzorn, C. Bruckner, S. Reinbothe, J. Leopold,
C. Wasternack and B. Parthier, 1995. Accumulation of
jasmonate, abscisic acid, specific transcripts and proteins
in osmotically stressed barley leaf segments. Planta,
197:156-162.

Siddiqui, M.H., M.H. Al-Whaibi and M.O. Basalah, 2011.
Interactive effect of calcium and gibberellin on nickel
tolerance in relation to antioxidant systems in 7riticum
aestivum L. Protoplasma, 248: 503-511.

Tuna, AL, C. Kaya, M. Dikilitas and D. Higgs, 2008. The
combined effects of gibberellic acid and salinity on some
antioxidant enzyme activities, plant growth parameters
and nutritional status in maize plants. Environ. Exp. Bot.,
62:1-9.

Maggio, A., G. Barbieri, G. Raimondi and S. De Pascale, 2010.
Contrasting effects of GA; treatments on tomato plants
exposed to increasing salinity. J. Plant Growth Regul.,
29:63-72.

Ritchie, S.W., H.T. Nguyen and A.S. Holaday, 1990. Leaf water
content and gas-exchange parameters of two wheat
genotypes differing in drought resistance. Crop Sci,
30: 105-111.

Pardossi, A., P. Vernieri and F. Tognoni, 1992. Involvement
of abscisic acid in regulating water status in Phaseolus
vulgaris L. during chilling. Plant Physiol., 10: 1243-1250.
Glinska, S. and M. Gapinska, 2013. The effect of
pre-incubation of Afllium cepa L. roots in the ATH-rich
extract on Pb uptake and localization. Protoplasma,
250:601-611.

Snedecor, G.W. and W.G. Cochran, 1989. Statistical Methods.
8th Edn., lowa State University Press, lowa, USA., Pages: 503.
Prasad, P.V.V,, K.J. Boote and L.H. Allen, 2006. Adverse high
temperature effects on pollen viability, seed-set, seed yield
and harvest index of grain-sorghum [Sorghum bicolor (L.)
Moench] are more severe at elevated carbon dioxide due
to higher tissue temperatures. Agric. Forest Meteorol.,
139:237-251.

Angadi, S.V., HW. Cutforth and B.G. McConkey, 2000. Seeding
management to reduce temperature stress in Brassica
species. Proceedings of the Soils and Crops Workshop,
(SCW'00), Saskatchewan, pp: 435-439.

Rashad, E.S.M., M.S.A.A. EI-Wahed and A.A. Amin, 20009. Effect
of B-sitosterol and gibberellic acid on leaf angle, growth,
flowering and biochemical constituents of Marigold
(Calendula officiinalis L). Med. Aromatic Plant Sci.
Biotechnol., 3: 21-27.

Shaddad, M.AK, H.M. Abd El-Samad and D. Mostafa, 2013.
Role of gibberellic acid (GA3) in improving salt stress
tolerance of two wheat cultivars. Int. J. Plant Physiol.
Biochem., 5: 50-57.

13

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Magome, H., S. Yamaguchi, A. Hanada, Y. Kamiya and K. Oda,
2008. The DDF1 transcriptional activator upregulates
expression of a gibberellin deactivating gene, GA20x7, under
high salinity stress in Arabidopsis. Plant J., 56: 613-626.
Achard, P, H. Cheng, L. de Grauwe, J. Decat and
H. Schoutteten et a/, 2006. Integration of plant responses to
environmentally activated phytohormonal signals. Science,
311:91-94.

Hashem, H.A., F.M. Bassuony, R.A. Hassanein, D.M. Baraka and
R.R. Khalil, 2011. Stigmasterol seed treatment alleviates the
drastic effect of NaCl and improves quality and yield in flax
plants. Aust. J. Crop Sci., 5: 1858-1867.

Thussagunpanit, J., K. Jutamanee, L. Kaveeta, W. Chai-Arree,
P. Pankean, S. Homvisasevongsa and A. Suksamrarn, 2015.
Comparative effects of brassinosteroid and brassinosteroid
mimic on improving photosynthesis, lipid peroxidation and
rice seed set under heat stress. J. Plant Growth Regul.,
34:320-331.

Dalio, R.J.D., H.P. Pinheiro, L. Sodek and C.R.B. Haddad, 2011.
The effect of 24-epibrassinolide and clotrimazole on the
adaptation of Cajanus cajan (L) Millsp. to salinity. Acta
Physiol. Plant., 33: 1887-1896.

Yu, J.Q, L.F. Huang, W.H. Hu, Y.H. Zohn, W.H. Mao, S.F.Ye
and S. Nogues, 2004. A role for brassinosteroids in the
regulation of photosynthesisin Cucumis sativus. J. Exp. Bot.,
55:1135-1143.

Shahbaz, M. M. Ashraf and H.U.R. Athar, 2008. Does
exogenous application of 24-epibrassinolide ameliorate salt
induced growth inhibition in wheat (7riticum aestivum L.)?
Plant Growth Regul., 55: 51-64.

Xu, C.Y., A. Salih, O. Ghannoum and D.T. Tissue, 2012. Leaf
structural characteristics are less important than leaf chemical
properties in determining the response of leaf mass per area
and photosynthesis of Fucalyptus saligna to industrial-age
changesin[CO,] and temperature. J. Exp. Bot., 63:5829-5841.
Niinemets, U., A. Lukjanova, M.H. Turnbull and A.D. Sparrow,
2007. Plasticity in mesophyll volume fraction modulates
light-acclimation in needle photosynthesis in two pines. Tree
Physiol., 27: 1137-1151.

Oguchi, R, K. Hikosaka and T. Hirose, 2005. Leaf anatomy as
a constraint for photosynthetic acclimation: Differential
responses in leaf anatomy to increasing growth irradiance
among three deciduous trees.Plant Cell Environ., 28:916-927.
Oguchi, R., K. Hikosaka, T. Hiura and T. Hirose, 2006. Leaf
anatomy and light acclimation in woody seedlings after gap
formation in a cool-temperate deciduous forest. Oecologia,
149: 571-582.

Boese, S.R. and N.P.A. Huner, 1990. Effect of growth
temperature and temperature shifts on spinach leaf
morphology and photosynthesis. ~ Plant  Physiol.,
94:1830-1836.



56.

57.

58.

59.

60.

61.

62.

63.

Int. J. Bot, 13 (1): 1-14, 2017

Cavusogly, K., S.Kilicand K. Kabar, 2008. Effects of some plant
growth regulators on stem anatomy of radish seedlings
grown under saline (NaCl) conditions. Plant, Soil. Environ.,
54:428-433.

Doaigey, A.R., M.H. Al-Whaibi, M.H. Siddiqui, A.A. Al Sahliand
M.E. El-Zaidy, 2013. Effect of GA; and 2,4-D foliar application
on the anatomy of date palm (Phoenix dactylifera L.
seedling leaf. Saudi J. Biol. Sci., 20: 141-147.

Nassar, D., 2004. Effect of stigmasterol on morphological,
anatomical and yield characters of soybean plant [Glycine
max (L.) Merrill]. J. Agric. Sci. Mansoura Univ., 29: 2459-2474.
Ali, ZA, MA. El-Wahed and A. Amin, 2002. Effect of
stigmasterol on growth, productivity and anatomical
structure of rice plants. Egypt. J. Applied Sci., 17: 508-530.
Nassar, D.M.A. E.F.Gomaa, R.M.A.Nassarand F.A. Abdo, 2013.
Influence of foliar spray with stigmasterol on growth,
productivity and its quality and stem anatomy of flax (L/inum
usitatissimum L.). Aust. J. Basic Applied Sci., 7: 763-769.
Helal, S. and E. Gomaa, 2007. Response of Egyptian lupine
plant to treatment with stigmasterol. J. Agric. Sci. Mansoura
Univ., 32: 8315-8331.

Zhang, J.H.,W.D.Huang, Y.P.Liuand Q.H. Pan, 2005. Effects of
temperature acclimation pretreatment on the ultrastructure
of mesophyll cells in young grape plants (Vitis vinifera L. cv.
Jingxiu) under cross temperature stresses. J. Integrative Plant
Biol., 47: 959-970.

Gielwanowska, I, M. Pastorczyk, M. Lisowska, M. Wegrzyn and
R.J. Gorecki, 2014. Cold stress effects on organelle
ultrastructure in polar Caryophyllaceae species. Polish Polar
Res., 35: 627-646.

14

64.

65.

66.

67.

68.

69.

70.

71.

Kratsch, H.A.and R.R. Wise, 2000. The ultrastructure of chilling
stress. Plant Cell Environ., 23: 337-350.

Zhang, J., X.D.Jiang, T.L.Liand X.J. Cao, 2014. Photosynthesis
and ultrastructure of photosynthetic apparatus in tomato
leaves under elevated temperature. Photosynthetica,
52:430-436.

Jiang, X., H.Li, T.Wang, C. Peng, H. Wang, H. Wu and X. Wang,
2012. Gibberellin indirectly promotes chloroplast biogenesis
as a means to maintain the chloroplast population of
expanded cells. Plant J., 72: 768-780.

Khan, M.N., M.H. Siddiqui, F. Mohammad, M. Naeem and
M.M.A. Khan, 2010. Calcium chloride and gibberellic acid
protect linseed (Linum usitatissimum L.) from NaCL stress

by inducing antioxidative defence system and
osmoprotectant accumulation. Acta Physiol. Plant,
32:121-132.

Majidian, N., R. Naderi, A. Khalighi and M. Majidian, 2012.
Effect of growth regulators, gibberellin and banzill adenine
on calla lily, white flower digit. Hortic. Sci. Agric. Sci. Technol.,
8:361-368.

Albertine, KH., N.C. Maravolo and H. Kaustinen, 1976. Effects
of gibberellin and several growth retardants on plastid
ultrastructure in the hepatic Marchantia polymorpha.
Bryologist, 79: 22-34.

Krishna, P., 2003. Brassinosteroid-mediated stress responses.
J. Plant Growth Regul., 22: 289-297.

Clouse, S.D. and J.M. Sasse, 1998. Brassinosteroids: Essential
regulators of plant growth and development. Annu. Rev.
Plant Physiol. Plant Mol. Biol., 49: 427-451.



	IJB.pdf
	Page 1


