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Abstract: This study was designed to evaluate the growth behavior; morphological, chemical and anatomical
of Mesembryanthemum crystallinum L. plants grown under three different habitats; North coast (Sidi Abd El
Rahman area) as a source of wild plants, in addition to Ismailia Governorate (El-Kassasin area) and Giza
Governorate (Experimental farm of Faculty of Agriculture) as sources of cultivated plants. The experiment was
performed over the two successive seasons 2013/2014 and 2014/2015. At North coast, seeds of the grown wild
genotype of M. crystallinum L. were collected at mature stage. Then, these seeds were cultivated at El-Kassasin
and  Giza  areas.  At  the  three  sites,  the  morphological, chemical and anatomical characters were recorded.
The final results revealed that, the cultivated M. crystallinum L. plants at El-Kassasin were the superior in all
mentioned characters and exceeded those of the other two locations.
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INTRODUCTION Mexico,  Chile  and  the  Caribbean  [4]. In its native

Mesembryanthemum crystallinum L. (family after a short (winter) rainy season, followed by
Aizoaceae), the common name is Ice plant. It is an progressive drought stress coupled with increasing
important stress-tolerant halophyte distributed as wild salinity [2]. 
plant in the saline areas of the North coast, Egypt. Not Most species are herbaceous, rarely woody, with
only salinity and drought, but also high temperature, stems growing either erect or prostrate. Leaves are simple,
initiate a complex network of hormonal and transcriptional opposite or alternate and more or less succulent with
responses  leading  to  induction and/or repression of entire margins. Flowers are perfect in most species,
gene expression, including transition from C3 actinomorphic and appear singularly. The fruit is a
photosynthesis to the Crassulacean acid metabolism capsule with one to numerous seeds per cell. The
(CAM) [1]. The plant thrives in coastal area under climatic seedlings (which are also cold-tolerant), must initially
conditions characterized by short, cool, moist winters and develop a critical mass of plant material, with the
long dry summers [2]. The climate in the coastal areas is formation of up to seven pairs of juvenile leaves. The
arid with winter temperature above 10°C and the humidity onset of stress at the end of the rainy season then
(65% - 81%). The annual rainfall ranges between 91.6 to accelerates the developmental shift from juvenile growth
175.2 mm [3]. characterized by large leaves of the primary axis to mature

In terms of ecology and distribution, M. crystallinum growth, characterized by succulent leaves along
is is native to southern and eastern Africa [2]. It is now developing side shoots. M. crystallinum shows five
introduced into Western Australia, around the distinct growth phases during its life cycle; germinating
Mediterranean, along coasts of the western United States, seedlings, juvenile, adult, flowering and seed forming [5].

habitat, the plant germinates and becomes established
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The characteristics of M. crystallinum plant mentioned Recorded Data: Five plants from each replicate of each
above allow the availability to use it as a ground cover site were chosen randomly and scored the following
instead of many typical landscapes which need high characters:
inputs of chemicals, fertilizers, water and maintenance time
and require a lot of energy (human as well as gas- Vegetative and Floral Characters: Through the four
powered) to maintain. So the wild patterns of this species growth stages; seedling, vegetative, blooming and fruit
could be introduced to be cultivated with little watering, setting the following characters were recorded; plant
care and using a different approach to maintenance height (cm), number of leaves/plant, leaf length (cm), leaf
practices. width (cm), root length (cm), number of branches/plant,

Ice plant has many important uses. It has been used fresh and dry weights of shoot (kg), number of
in desalination of salt affecting soil [6]. Leaves and stems flowers/plant and date of flowering (day).
are used raw or cooked as a spinach substitute and
pickled like cucumbers. Also, crushed foliage is a soap Chemical Characters
substitute [7, 8]. M. crystallinum has many biological Preparing   Plant    Extraction:    The    aerial   parts   of
activities  such  as  antioxidant   and   antimicrobial  [9]. M. crystallinum plant were cleaned, air dried in the shade
The species M. crystallinum is characterized by the and then powdered by a laboratory mill. The dried powder
presence of antioxidants enzymes such as ascorbate sample (2g) was left to macerate in 80% methanol in dark
peroxidase, superoxide dis-mutase and catalase [10]. Its for 72 h at room temperature. After extraction the sample
use as medicinal plants is due to the presence of was filtered using Whatman filter paper and the filtrate
secondary metabolites (alkaloids, coumarins, saponins was diluted to 50 ml with 80% methanol in a volumetric
and flavonoids). Leaf juice soothes inflammation of the flask.
mucous membranes of the respiratory or urinary system.
In Europe, the fresh juice has been used to treat water Total Phenolic Content Determination: Total phenolic
retention [11]. content was determined by the Folin-Ciocalteau method

This study aimed to evaluate the vegetative and floral [12].  Aliquots  of  0.5 ml   of   sample  or  standard
behavior, chemical constituents and the anatomical solution (0-500 mg/l) were added to a ten-fold diluted
structure of ice plant (M. crystallinum) as wild genotype Folin-Ciocalteau's reagent (2.5 ml) and 2 ml of 7.5%
when used as cultivated plants in landscape or for sodium  carbonate  solution. The mixture was incubated
medicinal purposes. for 30 min   at   room   temperature   and  measured

MATERIALS AND METHODS phenolic compound was calculated using gallic acid

Study Areas: The present investigation was carried out at acid equivalents per gram of dry weight.
three  locations  with  different  habitats;  North  Coast
(Sidi Abdel Rahman area), Ismailia Governorate Total Flavonoid Content Determination: The total
(Experimental  Farm,  Horticulture   Research   Station  at flavonoid  content  was  determined  according to
El-Kassasin area) and Giza Governorate (Experimental Dewanto  et al.  [13].  Briefly,  aliquots  of  each  sample
Nursery of the Ornamental Horticulture Dept., Faculty of (1.0 ml) were diluted with distilled water (4.0 ml) in a 10 ml
Agriculture, Cairo University) during two seasons; volumetric  flask.  Initially,  5% NaNO  solution (0.3 ml)
2013/2014 and 2014/2015. M. crystallinum plants are was added to each volumetric flask; at 5 min, 10% AlCl
always wild in the North coast. From this area, seeds of (0.3 ml) was added; and at 6 min, 1.0 M Na OH (2 ml) was
the species were collected at mature stage in June to be added. Water (2.4 ml) was then added to the reaction flask
cultivated in the other two areas. In Giza and El Kassasin and mixed well. Absorbance of the reaction mixture was
a plot with hills 30 cm in-between and rows 50 cm in read at 510 nm. The total amount of flavonoids was
between was chosen to carry out the trial. Seeds were calculated using rutin calibration curve. The results were
sown  at  October  of  both  cultivation  seasons. After expressed as mg rutin equivalents per gram of dry weight.
one month from planting, the seedlings were thinned to
one  plant/hill.  The  traditional  recommended soil Antioxidant Activity Assay: The antioxidant activity was
fertilizers and the agricultural procedures were applied. measured using the stable free radical 1, 1-diphenyl-2-
Table (1) show the properties of the different locations picryl hydrazyl (DPPH), according to the method
studied. described by Burda and Oleszek [14].

spectro-photometrically at 765 nm. The total amount of

calibration curve. The results were expressed as mg gallic

2

3
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Table 1: The properties of the studied locations. 
Temperature
--------------------------

Sites Longitude Latitude Max Min Wind speedKm/h Relati. Humidi. % ECdS/m paste CaCO % pH3

Sidi Abd El Rahman 30° 07 N 28° 34 E 23.7-32.6 10.9-17.4 7.3 - 12.5 29.7 - 89.2 12.5-18.6 3.59-6.45 8.15-8.27\ \

Giza Farm 30° 18  N 31° 12 E 29.5-39.8 8.0-17.9 6.4-7.8 21.1-89.9 0.8-1.5 2.68-4.02 7.76-8.05\ \

El- Kassasin 30° 33 N 31° 56 E 27.8-37.6 7.4-15.9 6.5-12.3 25.6-84.8 3.5-6.5 3.15-4.22 7.95-8/.17\ \

Anatomical Studies: Microscopical measurements and studied.  The  maximum  plant  height (31.8 cm) was
the microphotographs of certain histological characters in noticed  in  the  plant  grown under El-Kassasin habitat
transverse sections through the median portion of the and  overcome  those  at North coast by 14.4% (Fig. 2).
main stem and leaf of M. crystallinum plant collected from The cultivated populations of Agave inaequidens clearly
the three different locations before the blooming stage had taller plants with longer stems than the wild
were recorded. populations [18]. Leaf length showed slightly significant

Specimens of 1 cm long and 1 cm were cut from the variation in the three habitats during the first three2

middle portion of the stem and leaf lamina, respectively periods, the leaf length of the plant grown at El-Kassasin
and the microtechnique procedures given by Nassar and site still the superior (14.8 cm), it exceeded the wild plant
El-Sahhar [15] were followed. All specimens were killed at North coast by 17.5% and the cultivated one at Giza by
and fixed for at least 48 hrs in F.A.A. (10 ml Formalin, 5 ml 9.6% (Fig. 2).
Glacial acetic acid, 85 ml Ethyl alcohol 70%). After fixation, The growth behavior of leaf width is quite similar to
specimens were washed in 50% ethyl alcohol and that of plant height, hence the width increased gradually
dehydrated in normal butyl alcohol series before being till the 2  period then increased sharply till the 3  period,
embedded in paraffin wax (m.p. 56-58 ºC). Transverse where the width become constant. Again the leaf width of
sections, which were cut on a rotary microtome to a the plant grown at El-Kassasin site is still significantly
thickness of 20 micron and stained with safranin/light overcome the other plants grown at North coast or at Giza
green before mounting in Canada balsam. Slides were (Fig. 3). This is confirmed by Abd El-Gawad and Shehata
examined (counts and measurements) of different tissues [19] on M. crystallinum plant through the first 12  weeks
using a micrometer eye piece and the photomicrographed of growth period. Moreover, the cultivated populations of
(average of 5 readings for each locations). Agave inaequidens clearly had longer and wider leaves

Statistical Analysis: The experiment layout was Complete with the present result, who stated that the leaf area of the
Randomized Blocks Design (RCBD) with three wild Epimedium pubescens was higher than that of the
replications. Data were recorded on five random plants per cultivated one.
replicate for each site as an average over two seasons. Number of leaves per plant showed significant
Data were statistically analyzed using MSTATE-C difference between the plants grown under the three
software package [16]. The means were compared using locations during the 1  till the 2  period of growth, then
the "Least Significant Difference (L.S.D)" test at the 5% this number increased sharply with highly significant
level, as described by Snedecor and Cochran [17]. difference between locations till the end of growth. At the

RESULTS AND DISCUSSION increased significantly and exceeded that at North coast

Morphological Characters: The vegetative whole plant of in harmony with Quan et al. [20] who stated that the leaf
M. crystallinum L. was shown in Fig. (1). The growth numbers per plant of wild Epimedium pubescens are
parameters studied were illustrated in Figs. (2-5). Plant significantly less than cultivated E. pubescens.
height increased gradually during the early period of Number of branches per plant slightly increased in
growth; seedling stage, then the height increased sharply the plants grown under the three locations in the 1  stage
from  the 2   period;  vegetative growth stage, till the of growth, then this number increased significantly fromnd

beginning of the 3  period; blooming stage, where it the 2  period till the end of 3  period, where the numberrd

showed stable or constant growth as the plant starting become nearly constant (Fig. 4). At the 1  stage of
the seed formation stage. There was a highly significant growth,  the  increment  in  root  length  did  not influence
difference in plant height between the three locations by  the  habitat  variation,  hence  there  was no significant

nd rd

th

than the wild ones [18]. While, Quan et al. [20] disagree

st nd

final stage, number of leaves in the plant at El-Kassasin

by 17.6% and that at Giza by 9.6% (Fig. 3). This result was

st

nd rd

st
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Fig. 1: The whole plant of M. Crystallinum L.
(A) At vegetative stage  (B) At blooming stage

Fig. 2: Growth behavior of plant height and leaf length of M. crystallinum L. plants grown under different habitats
key: 1  stage, seedling stage; 2  stage, vegetative growth stage;  3   stage,  blooming  stage  and  4   stage, fruitst nd rd th

setting stage
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Fig. 3: Growth behavior of leaf width and number of leaves of M. crystallinum L. plants grown under different habitats
key: 1  stage, seedling stage; 2  stage, vegetative growth stage;  3   stage,  blooming  stage  and 4   stage, fruitst nd rd th

setting stage

Fig. 4: Growth behavior of number of branches and root length of M. crystallinum L. plants grown under different
habitats
key: 1  stage, seedling stage; 2  stage, vegetative growth stage; 3  stage, blooming stage and 4  stage, fruitst nd rd th

setting stage
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Fig. 5: Growth behavior of fresh and dry weight of M. crystallinum L. plants grown under different habitats
key: 1  stage, seedling stage; 2  stage, vegetative growth stage; 3  stage, blooming stage and 4  stage, fruitst nd rd th

setting stage

difference between the plants. But in the 3 and 4  stages the plants exhibited the earliest time in date of floweringrd th

of growth the root length increased sharply with highly (145 days) and lowest number of flowers/plant (av. 58)
significant  difference.  The  root  length  of  the  plant at among all the studied locations. The present result is in
El-Kassasin at the 4  stage exceeded those at the 2  stage agreement with Adams et al. [21], who reported that theth nd

by 254.7%, while it exceeded the wild plant at North coast flowering stage of M. crystallinum L. starts rapidly in salt
by 12.9% (Fig. 4). This was in agreement with Quan et al. marsh habitat in response to salt stress.
[20] on Epimedium pubescens.

Fresh and dry weights of the whole plant exhibited Chemical Characters 
significantly difference at the first two stages of growth. Total Phenol and Flavonoid Contents: The values of total
These weights increased with highly significant difference phenol and flavonoid contents in shoots of the cultivated
in the 3  and 4  stages. At El-Kassasin, the plant showed and  wild  plants  of  M. crystallinum are presented inrd th

a highly significant variation against those at North coast, Table  (2).  The  highest  level of total phenol content
where  they  exceeded by 18.6 and 18.2%, respectively (7.080 mg GAE/g dw) and total flavonoid content (1.629
(Fig. 5). M. crystallinum exhibited the same growth mg RE/g dw) were obtained in the cultivated plants under
behavior during the earlier stages [19]. El-Kassasin habitat. The wild plants had the lowest levels

Floral  Characters:  The studied floral characters of the Table (2). The levels of total phenol and flavonoid
M. crystallinum L. plant are illustrated in Fig. (6). It could contents in this study were higher than those mentioned
be notice that the plant grown under the El Kassasin area by Ksouri et al. [22] on Tunisian halophytes, who
had the greatest number of flowers/plant (av.80) and the reported that levels are 1.43 mg GAE/g dw and 0.31 mg
blooming stage started after 181 days. Comparing that to CE/g dw, respectively. The present results were in
the plants grown Giza, there was no significant difference agreement with Su et al. [23] who reported higher
in date of flowering (183 days), while the significant was phytochemical constituents on the cultivated plants of
high in number of flowers /plant (av.68). At North coast, Scutellaria baicalensis than the wild populations.

of total  phenol  and flavonoid contents as shown in
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Fig. 6: Number of flowers/plant and date of flowering of M. crystallinum L. plants grown under different habitats

Table 2: Total phenol and flavonoid contents and antioxidant activity (%) in shoots of the cultivated and wild plants of M. crystallinum L. in three different
habitats

Locations
--------------------------------------------------------------------------------------------------------------------------------------

Characters Sidi Abd El Rahman Giza El-Kassasin
Total phenol content (mg GAE/g) 5.322 6.999 7.080
Total flavonoid content (mg RE/g) 1.126 1.453 1.629
Antioxidant activity % 13.35 20.70 21.39

Antioxidant Activity Assay: The antioxidant activity of El kassasin plants. The decrease in stem diameter of the
the cultivated and wild plants of M. crystallinum is plants of North coast and Giza than those of El-Kassasin
presented in Table (2) and expressed as inhibition could be attributed mainly to the prominent decrease in all
percentage of DPPH free radical. The results showed that included tissues. It is obvious that stem of El-kassasin
the cultivated plants at El-Kassasin had the higher plant exceeded those of the other two sites by 12.4 and
inhibition  percentage  (21.39%)  than  the wild plants 16.3%, respectively. Worthy to note that the mean
(13.35 %). These results were in agreement with Sheena diameter of vascular bundles of the stem of El-kassasin
and Jothi [24]. It is well known that the chemical overcome  those  of the other two sites by 33.3% each.
constituents of medicinal plants, also their biological The thickness of epidermis, cortex, vascular bundles,
activities are influenced by genetic and environmental hydarthodes as well as pith diameter of El-kassasin stem
factors. Differences observed in total phenol and increased those of the other two sites.
flavonoid contents and antioxidant activity of wild and
cultivated plants can be attributed to the different The Leaf: Microscopical measurements of certain leaf
geographical habitats and climatic conditions. characters in transverse sections through the median

portion of the leaf lamina of M. crystallinum plant are
Anatomical Study shown in Table (4) and Fig. (8). It could be distinguish
The Main Stem: It is realized from Table (3) and Fig. (7), that, in the three sites studied, all the leaf measurements
in the three sites studied, the stem of M. crystallinum is of M. crystallinum plant at El-kassasin were exceeded
cylindrical  from  outline  and covered with crystal-like. those  of  the  other  two  sites.  Also,  all leaves have
The density of these crystals was heavy in North coast blade with upper and lower epidermis, but the mesophyll
plants,  followed  by  that  in  Giza,  while  it  is  absent  in do   not    divided    into    palisade   and   spongy  tissues.

Table 3: Measurements (in ) of the stem of M. crystallinum L. plant grown under three different habitats
Stem characters Sidi Abd El Rahman Giza El-Kassasin
Stem diameter 2625 2525 2950
Epidermis thick 25 12.5 25
Cortex thick 250 375 400
Vascular bundles dimension
Length 150 150 200
Width 225 230 300
Pith thick 2250 1600 2750
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Table 4: Measurements (in ) of leaf of M. crystallinum L. plant grown under three different habitats
Leaf characters Sidi Abd El Rahman Giza El-Kassasin
Blade thick. 420 720 950
Mesophyl thick. 370 330 550
Upper epidermis thick. 20 50 50
Lower epidermis thick. 30 50 70
Vascular bundle thick. 120 120 170
Xylem thick. 80 75 120
Phloem thick. 30 20 50
Mid vein thick. 800 1500 1800

Fig. 7: Transverse sections of the main stem of M. crystallinum L. plant grown under three different habitats; (A) Sidi
Abd El Rahman, (B) Giza and (C) El-Kassasin ( X = 100).

The   blade    thickness     of     the     plant     grown   in 41.7% each and the mid vein by 20 and 125%,
El-kassasin  exceeded  those   of   Giza  and  the  North respectively.
coast  by  31.9  and  126.2%.   The  same   trend  was As far as the authors are aware, detailed information
found  with  the  vascular  bundles  and  mid  vein about the anatomical structure of the main stem and leaf
thickness. Hence, at El-kassasin plant, the vascular of M. crystallinum plants grown under the studied
bundle  exceeded  those  of  Giza  and  North coast by habitats are not available in the literature.
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Fig. 8: Transverse sections of leaf blade of M. crystallinum L. plant grown under three different habitats; (A) Sidi Abd
El Rahman, (B) Giza and (C) El-Kassasin (X = 60)
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