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WELVE stands of Aerva javanica shrubs were visited during the winter and summer

seasons of 2015 in two tributaries of WadiQena (Wadi El-Atrash and Wadi El-Ghuza) in
the Egyptian Eastern Desert. Soil analysis showed low contents of soil moisture (SMC) and
organic matter and slight alkalinity. Chlorophyll contents (Chl. a & b) and their ratio increased
significantly during summer season, while their stability index increased during winter. The
contents of Ca and K were high during summer, while PO, and Na were higher during winter.
Soluble sugars and soluble proteins increased during summer while total free amino acids were
higher during winter. It can be concluded that there are close relationships between the high
K, Ca and Cl contents and the hot-dry conditions prevailed in the summer season, and the
accumulation of soluble sugars (SS) and soluble proteins (SP) on the relatively humid-cold
season. Statistical correlations showed important positive relations between soil Na and plant
water content (PWC), chlorophyll parameters, SS and SP. Fortunately, there was negative
relation between soil PO, and the contents of Na and Cl in the shoots. Spatial variations were
the most important factor that controls 4. javanica PWC, Na, K, Ca, CI, PO,, Chl. a and b, SS
and SP. While, Mg, chlorophyll a stability index (CSI a), CSI b and total amino acids (TFAA)
were affected by the variation in both spatial and temporal gradients.

Keywords: Drought resistance, Plant-environment relations, Chlorophyll, Carbon and Nitrogen

metabolism.

Introduction

Wadi Qena (220km long) is one of the most
notable unique features of the Egyptian Eastern
Desert. It runs from north to south (the opposite
direction to the Nile Valley) and debouches at the
city of Qena 600 km south-East of Cairo (Salama
etal., 2012).

Aerva javanica (Amaranthaceae) is an erect
perennial herb widely distributed in the various
parts of the world (Srinivas & Reddy, 2012). It
is native to Africa and also found in some Asian
countries (Boulos, 1999). As a medicinal plant, it
is known as a vital source of to combat a variety
of kidney problems, against bladder and kidney
stones (Mahmood et al., 2011), also for teeth
cleaning, remove acne from the face, and to relief
headache pains (Imran et al., 2009).

Desert plants generally follow two main
strategies to cope with arid conditions. They

tolerate drought through phenological and
physiological traits (Evans et al., 1992). Both
tolerance and avoidance mechanisms enable the
plant to survive drought conditions. Moreover, the
frequency and the severity of the drought periods
add more burdens on plants (Alpert, 2000 and
Otte, 2001). Plants under such conditions regulate
their water status using several tactics viz.,
osmotic adjustment, stomatal aperture, turgor
maintenance, root distribution and leaf canopy
properties (Rhizopoulou et al., 1997). Leaves
developed under drought conditions generally
exhibit small cell size, thick cell walls, small
vacuoles and higher concentration of osmotica
(Crawford, 1989).

Under the subtropical  conditions, the
prevailing drought together with temperature
stress greatly affect the plant functions through
the reduction in stomatal conductance (Hester
& Mendelssohn, 1989) which is associated with
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reduction of water content and the water potentials
of both plant tissues and xylem sap (Bradbury,
1990; Shelden & Sinclair, 2000 and Gulzar &
Khan, 1998). It was also observed that under
water stress, chlorophyll formation was markedly
depressed and there is no linear relationship
between the water content and chlorophyll, and
an inverse relationship between growth and
chlorophyll content (William & Sharon, 1981).

Solutes are known to accumulate with water
stress and to contribute to osmotic adjustments of
non-halophytic mesophytes and xerophytes include
inorganic cations, organic acids, carbohydrates
and free amino acids (Munns et al.,1983).

In Egypt, A. javanica shrubs are commonly
found growing in extreme arid habitats, sandy areas,
flat plains, degraded and disturbed areas, along
road sides and hilly areas. Our field observations
revealed that the plants of A. javanica remain
metabolically active all the year. This activity
might indicate that A. javanica plants are able
to withstand water stress. The aims of this study
were to: (1) Identifysome metabolic activities of A.
Jjavanica, and (2) Assess the role of major edaphic
and climatic parameters (particularly temperature
and air humidity) that are thought to affect the
physiological processes of the species.

Material and Methods

Study area

Twelve stands (Fig. 1) were studied in the
eastern tributaries of Wadi Qena (W. Qena).
Stands 1-8 were located in W. El-Ghuza and
those from 9-12 were in W. El-Atrash (between
26° 50” and 26° 57” E and 33° 01’ and 33° 06’ N).
The elevationso f these stands ranged from 335
to 394 meters above sea level. The stands were
chosen according to the presence of A. javanica
plants and were visited twice during the winter (in
January) and summer (in July) seasons of 2015.

The Eastern desert climate between Qena and
Red Sea is subtropical without a rainy season.
Torrents may occur between October and March
coming westward from the Red Sea Mountains;
the last torrent in this area was in 1996 (Kamel,
2003). Available meteorological data of means
of some climatic factors in the last six years
(2010-2016) showed that temperatures were
ranged between 6.45°C in January and 42.26°C
in August, while the RH% was ranged between
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79.29 % in January and 5.32 % in May. Scanty
rainfall in January, March, October and November
(0.06, 0.12, 0.023 and 0.024 ml, respectively) were
recorded.

Soil sampling and analysis

Three soil samples were collected from the
soil supporting 4. javanica at the root zone level
(about 50cm depth) and placed in plastic bags
for the physical and chemical analyses. The soil
texture was determined using the sieve method; the
amount of each fraction (sand, silt and clay) was
expressed as percentage of the original weight used
(Ryan et al., 1996). Soil moisture content (SMC)
of the soil samples was estimated as percentage of
oven-dry weight. The percentage of organic matter
(OM) was estimated by ignition at 600°C for 3 h.
Soil-water extracts (1:5 weight to volume) were
prepared for the determination of total soluble salts
(TSS), pH and chemical components. Calcium
and magnesium determination were carried out
by titration against 0.01 N EDTA according
to Upadhyay & Sharma (2005), while sodium
and potassium were determined using the flame
photometer (Williams & Twine, 1960). Available
phosphorus (PO,) was determined colorimetrically
according to Watanabe & Olsen (1965). In the
meantime, the content of chloride in the dry soil
was determined by titration against 0.01 N AgNO,
according to Johnson & Ultrich (1959). Sulphates
were determined by the turbidmetric technique as
BaSO, according to Bardesly & Lancaster (1965).

Plant sampling and analysis

Fresh known-weight samples of 4. javanica
leaves (triplicates x 2 seasons) from the median
internodes were used for extracting photosynthetic
pigments (Chlorophyll a and b) according to
Metzner et al. (1965). Chlorophyll stability index
(CSI%) determined according to El-Sharkawi &
Salama (1977) as ratio of chlorophyll content in
heated sample to the fresh sample for chlorophyll a
or b and calculated as follows :

_ Content of chlorophyla"orb in heated sample

(CSD)u- o 100

"~ Content of chlorophylaorvin fresh sample

Reasonable number of shoot branches (about 20
branches) x triplicates (once for each season), dried
at 70°C in known-weight paper bags until reaching
a constant dry weight then water content calculated
according to Stocker (1929) as [(fresh weight-
dry weight)/fresh weight]x100. These oven-dried
samples were ground into fine powder, extracted
in distilled water for 2 h at 90°C, and assayed for
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Fig. 1. Location map with the visited 12 stands.

minerals and metabolites determinations. Soluble
cations (Na, K, Ca and Mg) and soluble anions
(Cl, SO, and PO,) were estimated as previously
mentioned in soil solution. In the meantime; soluble
proteins, total free amino acids and soluble sugars
were determined colourimetrically according to
the procedures described by Lowry et al. (1951),
Lee & Takahashi (1966) and Dubois et al. (1956).
The content of each determination was expressed
inmg.g' d. wt.

Statistical analysis

Analysis of variance was applied using a
general one-way model (ANOVA), Duncan
test was used for comparison between means to
evaluate the effects of changes in locations (stands)
on the parameters tested. Pearson correlation
coefficient () was calculated for assessing the type
of relationship between the spatial variations in
the estimated soil-plant and plant-plant relations.
Statistical inferences necessary to evaluate the
effects and relative role (shares) of each single
factor, and their interactions on the parameters
tested included analysis of variance (F value)
and measure of determination (Eta-squared). Eta-
squared (n?)measures of determinations either
measure the sizes of associations or the sizes
of differences (n?) for each parameter has been
devised as a ratio between X of squares to the
total ¥ of squares in order to evaluate the relative
effect of each single factor and interaction,which
contributes to the total response. SPSS version 20
was used for all these tests.

Results

Soil analysis

The soil mechanical analysis (Fig. 2A)
revealed the predominance of sand and silt
among the other soil-particle components. Sand
percentages varied between stands and ranged
from 0.9% in stand 12 to 54.7% in stand 6, while
silt ranged between 26.14% in stand 7 to 77.50%
in stand 12. On the other hand, gravel and clay
yielded the lowest percentages, yet clay did not
exceed 21.61% (stand 12). Also, there were no
fractions of gravelin stand 12, whileits highest
contents(19.2%) were recorded in stand 3.

Most of the investigated stands (2, 3, 4, 7, 8,
9 and 10) had remarkable low contents of cations
(0.8 mg.g! dry soil; Fig. 2B). The comparison
of the measured soluble cations showed a
notable receding of Mg within the others and
the predominance of Na and K. The contents of
sodium were significantly high in stands 1 and 5
at W. El-Ghuza and 11 and 12 at W. El-Atrash,
while the highest value was recorded in stand 11
(0.42 mg.g!' dry soil). However, the lowest Na
content was recorded in stand 2 of W. El-Ghuza.
The contents of potassium were significantly
high in stands 1, 4, 5, 6 of W. EI-Ghuza and 11
and 12 of W. El-Atrash. Calcium and magnesium
showed the same behavior of potassium in most
stands.The highest values of both Ca and Mg
were in stands 5, 6 and 11.

Egypt. J. Bot. 58, No.2 (2018)



174 FAWZY SALAMA etal.

The soils seemed to be very poor in PO,
(0.01-0.04 mg.g' dry soil), but showed notably
highcontents of Cl and SO, (Fig. 2C). The contents
of chloride were not significantly different among
the different stands. An exception was observed
in stand 11 of W. El-Atrash, where the chloride
content was 0.61 mg.g"' dry soil. There were wide
variations between the different stands regarding
their contents of sulphate, which showed the highest
values in stands 1 and 9 (ranged between 0.42 and
0.77 mg.g! dry soil, respectively).

The results of pH (Fig. 2D) showed that, the soil
solution was alkaline and ranged between 8.02 and
9.48. The soil of W. El-Ghuza (stands 3, 5, 7 and
8) showed the highest significant alkalinity (pH =
9.12-9.48).

Soil water content (SMC) of soil samples in
the stands inhabited by A. javanica plants (Fig.
2E) showed that SMC of the soil samples were
approximately similar and ranged between 0.06-
0.14%, while there were two extremes in stands 7
at W. El-Ghuza (0.4%) and in stand 12 (0.26%; the
maximum) at W. El-Atrash. Organic matter (Fig.
2E) was normally distributed between 0.85-1.47%,
while there were two extremes in stands 11 and 12
where it reached to 2.32 and 2.6%, respectively at
W. El-Atrash.

Total soluble salts were significantly varied
among the stands (Fig. 2E). They were significantly
high in stands 1, 5, 6, and 11 (2.7%, 4.5%, 4% and
6%, respectively). This trend was reversed in stands
7,8,9,and 10 (0.8-1.2%).

Plant analysis

The size measurement of determination (n?)
of single season (Se) and stand (St) as well as
their interaction (Se X St) significantly affected
PWC in A. javanica shoots (Table 1). The role of
location differences (St) was the most important
on PWC,while Se x St interaction showed the least
effect on PWC.

Photosynthetic pigments

During summer, the contents of chlorophyll a
and b were higher than in winter in plants inhabiting
all the study area. An exception was observed in
plants of the stands 3 and 5 in W. El-Ghuza which
showed the reverse trend in case of Chl. b. The
highest contents of Chl. a and Chl.b (1.10 and 0 .89
mg.g" If. f.wt, respectively) were recorded in plants
of the stand 6 of W. El-Ghuza (Fig. 3A). Chlorophyll
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a and chlorophyll b contents attained their lowest
values in the leaves of A. javanica in stands 2 and
3, respectively. Consequently, the summation of the
two green pigments (Chl. a and b) showed the same
behavior with maximum content in plant leaves of
stand 6 (1.98 mg.g! If. f. wt.).

A B Clay @silt @ Sand W Gravels
100 7y —— = e T

Soil tesxture (%)

a
=
-
o
e
L]
=
L]
z

Conc. of Cations mglg dry soil
- kR OR
i ; RRARRARRARA NG
THBHEHERHHHEHE

@)

OpPO4 mso4 md

Conc. of anions mg/g dry soil

S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12

Fig. 2. Soil characters; A: Soil fractions (%), B: Soluble
cations (mg.g'd.wt.), C: Soluble anions (mg.g"
!d.wt.), D: Soil reactions (pH) and E: Water
content (SWC%), organic matter (OM%)
and TSS (mg.L") in soils sampled from A.
Jjavanica stands at lower tributaries of W.
Qena. Values are means = SE. values with
different letters are significantly different (p
<0.05) according to Duncan test.
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Fig. 3. (A) Chlorophyll a (Chl. a), chlorophyll b (Chl. b) contents (mg.g"! leaf f.wt.), total Chl. (a+b) and Chl.
a/b ratio and (B) Chlorophyll a and b stability index for both seasons at different stands inhabited by A.
Jjavanicain W. Qena. Values are means = SE. Values with different letters are significantly different (p <

0.05) according to Duncan test.

Plant water content

During winter months, the plant water contents
(PWC) of the shoots of 4. javanica was higher than
that during summer (Fig. 4A). During winter, PWC
was significantly high in stands of W. El-Ghuza
over the other wadi. Meanwhile during summer;
the maximum PWC was 59.22% in stand 6 and the
minimum was 30.05 % in stand 2.

The ratio of Chl. a/b revealed a significant
increase during summer than winter, except in
stands 1, 2, 6, 7 and 11. It ranged between 1.26 and
3.36 in stands 6 and 5, respectively at W. EI-Ghuza.

The chlorophyll stability index of chlorophyll
a (CSI a%) and the chlorophyll stability index of
chlorophyll b (CSI b%) were higher in winter than

summer in most stands (Fig. 3B). The CSI was
significantly high during winter in plant leaves
of stands 4-10 (85.81% in stand 10). Also, CSI b
was highin plant leaves of stands 10 and 11 (86.90
and 94.59%, respectively) of W. El-Atrash.During
summer, the maximum value of CSI a was 80.82%
in plants of stand 1, where the minimum value was
48.75% in plants of stand 5. Also, CSI b showed
significant high percentagesin plants of stand 10
(89.54%).

Table 1 revealed the high effect of stands (St)
differences on Chl. a, Chl. b and Chl. (a + b) while
the interaction between the two factors, stands (St)
and seasons (Se) was the predominant key factor
that control the differences in Chl. a/b ratio, CSI for
Chl. aand b.
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Javanica shoots collected from east tributaries of W. Qena during both seasons. Values are means + SE.

Fig. 4. (A) Plant water content (PWC%), soluble cell inclusions (B) anions, (C) cations and (D) metabolites of 4.
Values with different letters are significantly different (p < 0.05) according to Duncan test.
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TABLE 1. Statistical analysis of plant water content, inorganic components (anions and cations), chlorophyll
and organic components of A. javanica., showing analysis of variance (F-value) and determination
coefficient (1?). Se = season, St = stand.

S.0.V F 1’
Se 262.871" 0.269
wC St 54.133" 0.61
Se x St 10.736™ 0.121
Se 3066.946™ 0.423
Chl. a St 284.743™ 0.432
Se x St 95.545™ 0.145
Se 249.403™ 0.091
Chl. b St 162.558" 0.653
Se x St 63.848" 0.256
Se 2716.13™ 0.271
Chl. a+b St 508.603" 0.559
Se x St 154.959™ 0.17
Se 22.195™ 0.029
Chl. a/b St 32.02" 0.459
Se x St 35.734™ 0.512
Se 85.413" 0.087
CSla St 27.576™ 0.311
Se x St 53.443™ 0.602
Se 3.302 0.018
CSIb St 7.892" 0.473
Se x St 8.508™ 0.509
Se 95.064™ 0.361
SS St 15.009™ 0.627
Se x St 0.299 0.012
Se 117.751™ 0.262
SP St 28.036™ 0.686
Se x St 2.153" 0.053
Se 308.946™ 0.215
TFAA St 37.948" 0.291
Se x St 64.559" 0.494
Se 88.171" 0.202
Na* St 24.112" 0.607
Se x St 7.628" 0.192
Se 84.926™ 0.094
K* St 57.722™ 0.703
Se x St 16.702* 0.203
Se 23.211" 0.1
Ca* St 17.163™ 0.817
Se x St 1.737 0.083
Se 165.375™ 0.157
Mg** St 33.739™ 0.353
Se x St 46.92™ 0.49
Se 696.591™ 0.321
Cr St 100.963™ 0.511
Se x St 33.239™ 0.168
Se 218.658" 0.123
SO St 65.969" 0.407
Se x St 76.161" 0.47
Se 33.816" 0.083
PO> St 23.393™ 0.635
Se x St 10.39" 0.282

**Significant at 0.01 confidence level.
*Significant at 0.05 confidenc elevel.
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lonic composition of the plant cells

Generally, the determined nutrients (cations
and anions) were significantly increased or
decreased depending upon the distribution during
winter and summer. Figure 3B and 3C illustrated
the predominance of K, Ca and SO, as the major
accumulated nutrients in shoot of the investigated
plants. The lowest contents of elements were Mg
and PO,. In the shoots the trend was K > Ca >
SO, > Na=Cl>PO>Mg.

During summer, the contents of chlorides,
sulphates, potassium, calcium and magnesium in
A. javanica shoots were higher than in winter in
most plants growing stands (Fig. 4B and 4C). On
the contrary, in winter season, the contents of both
sodium and phosphates were higher than those in
summer.

During hot-dry season, Cl and Na were
significantly highin stand 11 of W. El-Atrash,
while the significant high value of SO, was
recorded in plants of stands 1 and 11. Also, the
maximum value of PO, was recordedin plants of
stand 10. Potassium was statistically the highest in
stands 5, 6, 10 and 11 whereas the highest contents
of Ca were recorded in plants of stands 6 and 11.
The content of Mg was the highest in plants of
stand 9, while the lowest values of Na and Cl were
recorded in stand 9. Meanwhile, K, Mg and Ca
were significantly low in plants of stand 2, and the
minimum values of SO, and PO, were in stands 8
and 7, respectively.

The effects of single factors and their
interaction on CI, SO,, PO,, Na, K, Ca and Mg
contents in A. Javanica shrub were statistically
significant (Table 1). The role of St x Se was
the most important factor in the case of Mg and
SO, while the difference in locations (St) was the
highest for CI, PO,, Na, K and Ca.

Metabolic components

The contents of soluble sugars (SS), soluble
proteins (SP) and total free amino acids (TFAA)
were illustrated in Fig. 3D. In comparison with
the different estimated metabolites, contents of
soluble sugars were generally the highest values,
while total free amino acids contents were the
lowest cell metabolic component.

Generally, all of the determined metabolites

were significantly differed depending upon the
distribution of A4. javanica plants in the stands
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investigated during winter and summer. Notably,
plant shoots of stands 5 and 6 (W. El-Ghuza), 11
and 12 (W. El-Atrash) had significant high means
for most of the measured metabolites.

Soluble sugars (SS) and soluble proteins (SP)
contents in plant extracts during summer season
were higher than that during winter (Fig. 4D). The
highest SS and SP contents were 54.77 and 41.93
mg.g! d. wt, respectively in the shoots of plants
growing in stand 6 of W. El-Ghuza, while the
lowest contents (20.25 mg.g' d. wt, 21.06 mg.g
''d. wt., respectively) were in plants growing in
stand 2 and of the same wadi.

Total free amino acids were higher during
winter than in summer (Fig. 4D), except in stands
2,4, and 5. Total free amino acids ranged between
1.11 mg.g"' d. wt. in summer and 8.82 mg.g" d. wt.
the shoots of plants growing in stand 10 in winter.

The majority of variations due to seasons,
locations and their interaction had highly significant
effects on SS, SP and TFAA in 4. javanica shoots
(Table 1). On the contrary, the sizes of the effects
of the interactions of Se % St were very small in
the case of the SS and SP (Table 1). The role of
single factor (St) was dominant in case of SS (n?
=0.627) and SP (n*= 0.686) in corporation to the
interaction of Se x St in this case, for TFAA, the
reverse holds true.

Correlations between plant and soil contents
Interpretation of all possible correlations
between the estimated parameters analyzed in the
shoot tissues of Aerva javanica and the characters
of'its supporting soil in the 12 stands during winter
and summer were shown in Table 2. Notably,
almost the same trend was observed in both
seasons. Some concentrations of mineral ions and
metabolites in the plant tissues were significantly
(positively or negatively) correlated, with the soil
gradients. Generally, A. javanica shoots responded
to most of the soil chemical properties. The soil
organic matter content was the most important
factor which possibly affected the contents of
calcium and chlorophyll a in 4. javanica leaves.
The cations of Na, K, and Ca, and the anion Cl in
the soil appeared to affect the majority of the plant
traits analyzed (Table 2). Moreover, during winter
season, the sulphate content of the soil appeared to
exert no effect on the plant traits analyzed, whereas
the effects due to PO, were only significant in
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two cases, i.€., in the case of Cl and the TFAA.
During the summer season, the PO, of the soil
significantly affected the Cl content in the plant
tissues (the same as in the winter season), as well
as sodium. On the other hand, the total free amino
acids showed negative significant correlations
with soil Mg and TSS. Soil Na, K and CI showed
significant positive correlations with most of the
anions and cations analyzed in the plants, except
Mg.

Discussion

The present investigation aimed to recognize
the effects of variation in locations and seasons
on physico-chemical properties of Aerva javanica
under natural desert conditions. In addition
to assess their capacity to absorb water, and
mineral nutrients from the poor soil of W. Qena
in the Eastern Desert of Egypt. The present
investigation revealed that the physico-chemical
properties of the soil sampled from the 12 stands
in the study area; the soil is silty, alkaline and
had low moisture content. This soil alkalinity
triggers the availability of the soil minerals to the
plants (Abiven et al., 2009). The soil of this study
areawas relatively rich in K, Na, Ca, Mg and Cl
(W. El-Ghuza> W. El-Atrash), while the reverse
hold true with SO, and PO,.

Abd El-Maksoud (1987) and Morsy et al.
(2008) reported that desert plants attained high
contents of chlorophyll and carotenoids under
dry conditions. This agrees with the present study
where there was an increase in the contents of the
photosynthetic pigments during summer.

The mechanisms that may protect drought
tolerant plants from light energy damage as they
wilt are rolling, curling, or folding of leaves,
xanthophyll metabolism, anthocyanin synthesis
and reversible loss of chlorophyll (Alpert, 2000).
According to Quarmby & Allen (1989), the two
main photosynthetic pigments (Chl. a and b) were
normally present in the ratio of about 3:1, while
Chl a/b ratio in this study ranged between 1.3 and
3.4. The decreased ratio of the leaves Chl. a/b in
stands 1 and 2 during summer and 5 and 6 during
winter may be due to an increase in Chl b relative
to Chl a, or due to degradation of Chl a. Previous
studies demonstrated that in higher plants Chl b
is converted to Chl a as part of Chl a and b inter-
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conversion cycle which permits plants to adapt to
changing light conditions (Ito et al., 1996).

This situation was reversed for the chlorophyll
stability index (CSI). The chlorophyll “a” and
“b” stability index was lower in summer than
winter. The present data indicated that chlorophyll
b showed more stability than chlorophyll a in
summer in response to both higher temperature
during summer and the low soil moisture contents.
These observations are in agreement with what was
found by Radwan (2007). Chlorophyll stability is a
function of temperature, and it is found to correlate
with drought tolerance. Chlorophyll stability index
is a measure of integrity of membrane or heat
stability of the pigments under stress conditions
(Kaloyereas, 1958). The CSI is a single parameter
used to measure frost (or) drought resistance of
a plant. Sairam et al. (1996) reported that both
drought stress and temperature stress decreased
membrane stability, chlorophyll content and
chlorophyll stability index. The high chlorophyll
stability indices help the plants to withstand stress
through better availability of chlorophyll. This
leads to increased photosynthetic rate (Mohan
et al., 2000) and more dry matter production
(Sivakumar et al., 2017). Generally, chlorophyll a
and b stability index in this study was higher in
winter than that estimated in summer. The present
data indicated also that chlorophyll a showed
more stability than chlorophyll b in both seasons
in response to both higher temperature levels and
soil moisture depletion.

Osmoregulation is the easier way to overcome
the external biotic and/or abiotic stresses where it
depends on the accumulation of inorganic solutes.
The absorption, excluding or extraction of the
osmo-regulator inorganic ions such as potassium,
sodium, calcium, magnesium and chlorides is
very helpful for readjusting the osmotic gradient
in stressed plants (Kamel, 2008; Sunkar, 2010;
Sayed et al., 2013 and Salama et al.,, 2015). The
second way depends on the accumulation of
organic compatible solutes as soluble proteins,
soluble sugars, and free amino acids. While, this
process needs long time to synthesize the different
organic solutes (Wyn Jones & Pritchard, 1989).
The data of the present study revealed that the
above mentioned mechanisms might occur in
Aerva javanica.

Aerva javanica accumulated high anions
contents especially during summer. This ensures a
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high osmotic pressure to increase the specific heat
of cell sap to overcome desert high temperatures.
A. javanica accumulated more SO, in summer
than in winter. Plants tend to accumulate more
sulfates in dry seasons or habitats to maintain
their succulence and they needed for biosynthesis
of amino acids that contain a thiol (-SH) group
(Salama et al., 2015). Phosphates appeared in
low amounts in 4. javanica may be due to the
rapid incorporation of phosphates into plant
metabolism, or poverty of phosphates in the soil.

Also, the plants in summer increase their
biological activity. So, they accumulate the
necessary amounts of organic solutes (SS >
SP > TFAA) to maintain the cell turgidity in
the live branches. On the other hand, in winter
the biological activity will start again and
the accumulated organic solutes will be used
(Salama et al., 2015). Thus the studied species
are frequently adapted against drought conditions
prevailing in their habitats during summer season,
by accumulation of considerable amounts of
soluble sugars, soluble proteins and amino acids
than in winter when the prevailing ecological
conditions may be fairly more favorable for such
plants. These results agreed with what was found
by Salama et al. (2012) on Ochradenus baccatus
in Wadi Qena.

Some of the xerophytic species may adjust
osmotically to stress by the contribution of nitrogen
metabolites (Rayan & Farghali, 2007). Soluble
protein content in the studied plants increased
significantly during the dry season. The increase
in protein content increases the surface exposed
to binding water, as bound water is correlated to
drought resistance (Jinyou et al., 2004).

The performance of all possible correlations
indicated the importance of organic matter in
improving the plant calcium and chlorophyll
functioning in the plant cell. The soil cations
and anions may stimulate the absorbance of
these ions in the plant body and then synthesis of
metabolic constituents as carbohydrates, which
certainly exert roles in the cell osmoregulation
under drought conditions. Such metabolites might
serve as energetic materials for plants to persist
(i.e., respiratory material) or as raw material for
metabolic processes that enable plants to maintain
a fair rate of growth during the dry season (EI-
Sharkawi, 1977). On the other hand, the increase
in soil sulfates and phosphates might prevent

chlorides absorption, thus they contribute with
the plant escaping from salt stress. Also, the
internal plant water and cations contents seem to
improve the biologically active components (SS,
SP and chlorophyll). In this respect, it is worth
mentioning the importance of potassium as the
key factor for proteins and enzymes biosynthesis
(Malvi, 2011). All these relations were revealed in
this study from the correlations between the plant
and its environment.
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