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Abstract

Samples of Citrullus colocynthis shoots were collected from nine stands during two seasons (winter and summer
2015) in two tributaries of Wadi Qena (W. El-Atrash and W. EI-Ghuza) in the Eastern Desert of Egypt. Soil of
these stands was characterized by slight alkalinity and low soil moisture and organic matter percentages. Soil
macronutrients were arranged as Ca>K> Na>CI>S04>Mg>P0O4. However, in C. colocynthis tissues, these nutrients
accumulated in the following order: SO4>K > Ca > Mg > Na> Cl > PO4. The plant chlorophyll contents (Chl. a
and b), their ratio and their stability index (CSI) increased drastically during summer. Shoot accumulated SOg,
PO4 and all cations during summer more than winter, except Cl that was higher during winter. Soluble sugars
(SS) and soluble proteins (SP) increased during summer while total free amino acids were higher during winter.
Data revealed that there were close relationships between the high SO4, K and Ca contents and the hot-dry
conditions and the accumulation of SS and SP on the relatively hot-dry season However, this may be primarily
related to metabolism of drought resistance in such desert plants. Correlations between plant and soil variables
showed important positive relations between soil Ca, Mg and plant Mg and between soil SOswith Ca and Mg of
plant. Spatial distribution of C. colocynthis was the most important factor that controls WC, Na, K, Ca, Mg, ClI,
PO4, CSI a, CSl b, Chl. a and b, Chl. a/b ratio, TAA, =SS and SP. While, the interaction between both factors,
spatial and temporal, could be the promoter.

Keywords: Drought resistance, Plant-environment relations, Chlorophyll, soluble sugar and Nitrogen
metabolism, Citrullus colocynthis L.

Introduction

In the arid and semi-arid deserts, most Mile et al., 2002; Sheded et al., 2006; Sayed et

plants are exposed to water stress due to
extreme soil water deficits. Drought resistance
is a complex trait involving several interacting
properties (Aziz and Khan, 2003; Martnez et
al., 2005; Scholz et al., 2012). The adaptation
in desert plants is due to their ability to
maintain their turgidity and water uptake. The
most important mechanism to maintain the
plant water potential more negative than the
external medium to insure the water uptake is
the ability of plants to accumulate the
inorganic solutes in high quantities inside their
tissues (Kan et al., 2000; Gadallah et al., 2001;

al., 2013).

The plants also tend to accumulate the most
compatible solutes in cytoplasm to balance the
osmotic pressure inside the cells, especially by
increasing their content of organic solutes
(Mile et al., 2002; Sayed et al., 2013).

Wadis are the most widespread ecosystems
in the mountainous desert of the world (Fossati
et al., 1999). The wadi system is an extreme
case of a temporary inundated ecosystem in
which the duration of flooding is shorter than
the dry period (Evenari, 1985). Various
habitats can be identified in a wadi: channels,
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bars, banks, etc. (Abdel Rahman and
Batanouny, 1965). A wadi system embraces all
the biotypes and related biocoenoses found in
arid or hyper arid zones (Fossati et al., 1999;
Salama et al., 2012).

The Egyptian Eastern Desert extends
eastwards from the Nile Valley up to Red Sea.
It is located on an Eocene calcareous
substratum more than 1000 m thick (Said,
1990), at the junction of the Sahara and
Arabian Desert. The origin of wadi courses can
be understood in the context of palaeoclimatic
history.

Citrullus colocynthis (Cucurbitaceae) is a
climber or crawling annual herb native to dry
areas of north Africa, and common throughout
the Sahara including areas of Morocco, Egypt
and Sudan eastward through Iran to India and
other parts of tropical Asia. It is characterized
by fibrous and shallow root system. It was
found that the extract of Citrullus colocynthis
used for many medical purposes (Bendjeddou
et al., 2003; Seger et al., 2005; Nayab et al.,
2006; Qazan et al,. 2007; Daradka et al., 2007;
AL-Ghamdi et al., 2009). It could be used as a
herbal medicine for treatment of diabetes,
oedema, bacterial infection and cancer (Kumar
et al., 2008; Huseini et al., 2009). Mosquito
larvacidal material was isolated from C.
colocynthis by Rahuman et al., (2008).

Ecophysiological studies on elucidated the
usefulness in plant functions and identifying
traits that are adaptive in specific
environmental conditions. Therefore, in this
study we focus on some ecophysiological
aspects of Citrullus plants in lower tributaries
of Wadi Qena, to understand the possibility of
osmotic adjustment as well as the
physiological adaption traits adopted by these
plants to resist drought in desert environment.

Material and methods
Study area

Nine stands were selected in the eastern
tributaries of W. Qena (W. EI-Ghuza and W.
El-Atrash) and geo-referenced using GPS
technique between latitudes of 26° 44" and 26°
57' E and altitudes of 32° 55' and 33° 06' N
with height ranging from 262-382 meters
above sea level. The stands were chosen
according to the presence of C. colocynthis
plants and visited twice during the cold and
hot seasons of 2015.
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Soil sampling and analysis

Soil samples that inhabited by C.
colocynthis were collected from each stand in
triplicates in plastic bags for the laboratory
physical and chemical analyses. Soil
mechanical and chemical analyses were
carried out according to the methods described
by Farrag (2012). The soil fractions; gravels,
coarse sand, fine sand, silt and clay were
expressed as percentage of the original weight
according to Ryan et al. (1996). Water content
(WC%) of the soil samples was estimated on
the dry weight basis. Organic matter (OM%)
content was estimated by ignition at 600 °C
for 3 h. Soil-water extracts (1:5, w:v) were
prepared for the determination of total soluble
salts were estimated as described by Jackson
(1958): TSS = 0.64 x EC mS. Cm x dilution
factor., pH values using a glass electrode pH
meter. Calcium and magnesium determination
were carried out by titration against 0.01 N
EDTA according to Upadhyay and Sharma
(2005), while sodium and potassium were
determined using flame photometer technique
(Williams and Twine, 1960). Available
phosphorus was determined calorimetrically
according to Watanabe and Olsen (1965). In
the meantime, chlorides were carried out by
titration against 0.0LN AgNOs according to
Jackson (1958). Sulphates were determined
by a turbidemetric technique as BaSOs
according to Bardesly and Lancaster (1965).

Plant sampling and analysis

C. colocynthis shoots were collected in
triplicates, placed in plastic bags in the field,
then transferred immediately to the laboratory
for chemical assessments. Known-weight
samples of leaves were used for
photosynthetic pigments (Chlorophyll; Chl.)
extraction and determination according to the
method of Metzner et al. (1965). For
calculation of chlorophyll stability index (CSI)
the ratio (expressed in percentage) between the
chlorophyll content in heated sample to the
fresh sample for chlorophyll a or b calculated
as follows:

(OS] = Content of chlorophyl Lave+ in heated sample 100
T Content of chlorophyl loer in fresh sample
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In previous investigations by Todd and
Basler (1965) and Fanous (1967), they used to
test the heat stability of chlorophyll using
heated extracts rather than heated intact leaves.
Since chlorophyll in extract represents a rather
unnatural condition, El-Sharkawi and Salama
(1977) modified the technique by testing
chlorophyll resistance to heat in intact leaves
instead of the extract.

The bulk of plant shoots dried at 70°C in
known-weight paper bags till reach a constant
dry weight; hence the water content could be
assessed. These oven-dried samples ground
into a fine powder which consequently
extracted in distilled water and assayed for
minerals and metabolites determinations.
Soluble cations (Na, K, Ca and Mg) and
soluble anions (Cl, SOs and PO.) were
estimated as previously mentioned in soil
solution. In the meantime, soluble proteins,
total free amino acids and soluble sugars were
determined calorimetrically in the studied
plant according to procedures described by
Lowry et al. (1951), Lee and Takahashi
(1966) and Dubois et al. (1956), respectively.
The content of each was expressed in mg.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 (r) 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 single factors and their
interactions on the parameters tested included
analysis of variance (F value) and coefficient
of determination (n?). The coefficient of
determination (n?) for each parameter has
been devised as a ratio between sum of
squares to the total sum of squares to evaluate
the relative effect of each single factor and
interaction in contributing to the total
response. SPSS version 20 for windows was
used for all these tests.
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Results
Soil analysis

Silt and sand represent the higher part
among other soil compartments of soil texture
(Fig. 1A). Silt represented by 22.55 % at stand
5 and reached to 87.71% at stand 9 at W. El-
Atrash. Sand came after silt as the lowest value
of sand was recorded as 2.89% at stand 9, and
the highest was 62% at stand 1. On the other
hand, gravel and clay recorded the lowest
percentages. Phosphates were represented in
small quantities (Fig. 1B), and ranged between
0.01 mg.g* dry soil at stand 5 at W. El-Atrash
to 0.06 mg.g™ dry soil at stand 3 at W. El-
Atrash. Chlorides concentration ranged
between 0.13 mg.g™* dry soil (stand 2 of W. El-
Atrash) to 0.95 mg.g* dry soil (stand 8 of W.
El-Ghuza; Fig. 1B).

Sulphates were increased at stand 3 and 8
as 1.32 and 1.27 mg.g* dry soil , while the
lowest value was 0.11 mg.g dry soil recorded
at stand 9 (Figure 1B).

Most of the investigated stands (2, 5, 6, 7,
and 9) had remarkable scarce contents of their
cations, even they totally not reached to 1.5
mg.g? dry soil (Fig. 1C). Comparing the
measured soluble cations showed the notable
receding of Mg within the others and the
predominance of Na, K and Ca. Sodium ranged
between 0.06 to 1 mg.g™* dry soil at stand 2 and
stand 8, respectively. Potassium contents in
these soils ranged between (0.98 mg.g™* dry soil
at stand 8 to 0.10 mg.g! dry soil at stand 2.
Calcium and magnesium showed the same
behavior in most stands. The results of pH (Fig.
1D) showed that, the soil solution was slight
alkaline and ranged between 7.93 at stand 8 and
9.74 at stand 2. Values of soil water content
(WC%; Fig. 1D) were approximately similar
and ranged between 0.01-0.21% while there
were one exceptions in stand 8 (0.65%). Figure
(1E) indicated that organic matter in this study
area was normally distributed between 0.97-
2.03% while there were two extremes in stands
2 and 4 of W. El-Atrash where it reached to
3.78 and 3.12%, respectively. Total soluble
salts were significantly varied among the
stands (Fig. 1E) and highly increased in stands
1 at W. El-Atrash, 3, 4 and 8 (1.74%, 2.58%,
3.43% and 6.37%, respectively). On the other
hand the lowest value was at stand 9 (0.31%)
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Figure 1: Soil characters; A: soil fractions (%), B: Soluble anions (mg.g d.wt.), C: Soluble cations (mg.g™* d.wt.), D:
soil reactions (pH) and E: water content (WC%),organic matter (OM%) and TDS (mg.L™) in soils sampled
from C. colocynthis stands at lower tributaries of W. Qena. Values are means + standered error (error bars),
values with different letters are significantly different (p < 0.05) according to Duncan test
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Plant analysis
Photosynthetic pigments

The contents of chlorophyll (Chl. a, Chl. b);
Chl. (a and b) and Chl. a/Chl. b ratio in
Citrullus colocynthis plants (Fig. 2A) indicated
that total pigment increased during summer
than winter in most stands. The highest content
of total pigments of the collected plants found
in stand 4 (1.41 mg.g* If. f.wt.) in winter, while
in summer found in stand 8 (1.49 mg.g* If.
f.wt.). Chlorophyll a contents and Chlorophyll
b contents during summer were higher than
winter in all stands, except stands 3 and 4
showed the reverse. The highest Chl. aand Chl.
b contents recorded during summer were 1.06
and 0 .47 mg.g If. fwt. in stands 8 and 6,
respectively at W. El-Ghuza. Chlorophyll a
content recorded the lowest value in stand 2
and stand 9 (0.32 mg.g? If. f.wt) at W. EI-
Atrash during winter, while chlorophyll b
recorded the lowest value at stand 9 (0.12 mg.g
LIf. f.wt), also during winter. Chl. a /Chl. b
ratio showed a significant increase during
summer than winter in most stands. It ranged
between 1.42 and 2.98 at stands 6 and 7,
respectively at W. EI-Ghuza during winter,
while during summer ranged between 2.20 to
2.78 at stands 2 and 3 respectively of W. El-
Atrash. Chlorophyll stability index of
chlorophyll a% (CSI a %) and chlorophyll
stability index of chlorophyll b% (CSI b %)
were higher in summer than winter in most
stands (Fig. 2B). In winter, CSl a and CSI b
showed significant increase at stand 9, as
83.47% and 87.63% respectively, also the
minimum value of them were 48.95% of CSl a
and 48.67% of CSI b at stand 3 for each. On the
other hand, during summer the maximum value
of CSI a was 84.33% at stand 8, and the
minimum value was recorded in stand 4 (63.83
%), while CSI b was significant increase in at
stand 2 (87.89%), the minimum value was
recorded in stand 3 (68.01%).

Table (1) revealed the relative contribution
(n?) of single factor (St) had the highest effects
in case of Chl. a, chl. b, Chl. (a + b), Chl. a/b
ratio, CSI a and CSI b while the (Se x St)
interaction had the minor role.

Water content and ionic composition of the
plant cells
The water contents (WC %) of Citrullus
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colocynthis shoots increased during winter than
that of summer in most stands (Fig. 3A).
During winter water content ranged between
58.39 % at stand 1 of W. El-Atrash to 70.90 %
at stand 4 in the same wadi. Meanwhile the
mean maximum water content in summer
season was 68.96 % at stand 8 in W. El-Ghuza
and the mean minimum was 49.72 % at stand 1
of W. El-Atrash. Statistical analysis (Table 1)
indicated that the single factors Se and St as
well as their interaction (Se x St) showed
significant effect on the percentages of water
contents in Citrullus colocynthis shoots. The
effect of the single factor (St) was the highest
on WC and Se x St interaction had minor
effect.

Concentrations of cations and anions except
chloride in Citrullus colocynthis plants were
higher during summer season than winter
season in most stands (Figs. 3A, 3B). The
figure exhibited that the predominance of K,
Ca and SO4 as the major accumulated nutrients
in shoot of the investigated plants and the
lowest was for Na and POs. The cations
contents in the shoots of Citrullus colocynthis
differed between stands, it showed general high
levels mostly at stands 3, 4 and 8. The highest
value of Na appeared at stand 4 (4.09 mg. g*
d.wt) during winter, for K was 10.02 mg. g*
d.wt recorded at stands 4 and 8 during summer.
Ca and Mg were significant increased at stand
3 during summer as (Ca; 8.50 mg. g d.wt. and
Mg; 4.25 mg. g! dwt). The lowest
concentrations of Na and Ca recorded at the
same stand during winter (stand 9), while the
minimum value of K and Mg recorded also
during winter at stands 5 and 7 respectively. ClI
and PO4 were significantly increased during
winter at the same stand (stand 8) of W. EI-
Ghuza (5.44 and 330 mg. g! dwt,
respectively), while highest concentration of
SO4 was 17.67 mg. gt d.wt at stand 9.

The minimum values of Cl, SO4 and PO4 were
1.30, 6.73 and 0.3 mg. g* d.wt at stands 1, 5
and (3 and 6 for PQOg), respectively. Statistical
analysis for data of anions and cations
concentration of the plant shoots (Table 1)
revealed that, the effects of single factors and
their interaction on Cl, SO4 , PO4 , Na, K, Ca
and Mg contents in Citrullus colocynthis were
statistically significant. The effect of St x Se
the most important factor in the case of SO4 (2
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= 0.729) and the effect of single factors was 0.617), Mg (12 = 0.686), Cl (n? = 0.791) and
subsidiary, but the relative contribution (%) of PO4 (n? = 0.507), while interaction (Se x St)
single factor (St) had a very high value in case was the minor factor.
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Figure 2: (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 C. colocynthis in
W. Qena. Values are means + SE. Values with different letters are significantly different (p < 0.05) according
to Duncan test.
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Table 1: Statistical analysis of C. colocynthis water content, chlorophyll, inorganic components and organic
components, showing analysis of variance (F-value) and determination coefficient (n?).

2

Parameters S.0V F n
Se 18.742™ 0.088
WC St 15.459™ 0.582
Se x St 8.768™ 0.330
Se 568.607™" 0.219
Chl. A St 140.87™ 0.433
Se x St 113.208™ 0.348
Se 214.042™ 0.245
Chl.B St 57.069™ 0.520
Se x St 25.696™ 0.234
Se 510.351™ 0.235
Chl. a+b St 122.53™ 0.451
Se x St 85.536™ 0.315
Se 0.395 0.002
Chl. a/b St 17.451™ 0.619
Se x St 10.673™ 0.379
Se 29.296™ 0.094
CSla St 26.94™ 0.690
Se x St 8.454™ 0.216
Se 66.186™ 0.319
CSlb St 10.764™ 0.415
Se x St 6.878™ 0.265
Se 16.861™ 0.209
SS St 4.862™ 0.482
Se x St 3.119™ 0.309
Se 19.121™ 0.058
SP St 25.666™ 0.620
Se x St 13.308™ 0.322
Se 62.645™ 0.078
TFAA St 62.773™ 0.629
Se x St 29.213™ 0.293
Se 3.604 0.004
Na* St 65.469™ 0.574
Se x St 48.097" 0.422
Se 265.926™ 0.182
K* St 119.613™ 0.656
Se x St 29.432™ 0.161
Se 315.375™ 0.236
Ca? St 103.073™ 0.617
Se x St 24.469™ 0.147
Se 73.809™ 0.101
Mg?* St 62.781" 0.686
Se x St 19.483™ 0.213
Se 48.091™ 0.018
Cl St 257.886™ 0.791
Se x St 62.102™ 0.190
Se 9.247" 0.019
SO+ St 15.556™ 0.252
Se x St 44,973 0.729
Se 245" 0.029
POs* St 53.431™ 0.507
Se x St 48.875™" 0.464

**Significant at 0.01 confidence level.
*Significant at 0.05 confidence level
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Figure 3: (A) Water content (%), soluble cell inclusions (B) anions, (C) cations and (D) metabolites of C. colocynthis
shoots collected from east tributaries of W. Qena during both seasons. Values are means + SE. Values with
different letters are significantly different (p < 0.05) according to Duncan test.

Metabolic components

The contents of some soluble metabolic
fractions (soluble sugars (SS), soluble proteins
(SP) and total free amino acids (TFAA) in the
studied plants were illustrated in Fig. (3D). In
comparison with the different estimated

59

metabolites, concentrations of soluble sugars
were generally the highest value of the
investigated plants while total free amino acids
contents were the lowest fraction. Generally,
all of the determined major metabolites were
significantly increased or decreased depending
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upon the distribution during winter and
summer. In The contents of SS and SP in plant
extracts during summer season were higher
than that during winter in most stands (Fig.
3D). The highest soluble sugars and soluble
proteins contents were 90.57 and 43.01 mg.g™*
d. wt. at stands 8 and 6 respectively of W. EI-
Ghuza during summer, while the lowest (65.40
mg.g* d. wt, 25.68 mg.g d. wt., respectively)
was at stands 2 and 9 at wadi El-Atrash.
Generally, the total free amino acids increased
during winter than those of summer in most
stands (Fig. 3D), except in stands 2, 8, and 9.
Total free amino acids ranged between 3.69
mg.g* d. wt.( the lowest value) in summer and
12.29 mg.g* d. wt. (the highest value) in winter
at stands 1 and 6 respectively. The season
variations, locations and their interaction had
highly significant effects on SS, SP and TFAA
in Citrullus colocynthis plants (Table 1). The
role of single factor (St) was the most
important and the role of (Se x St) was the least
one.

Correlations between plants and soil contents

Notably there were correlations (positive or
negative) among of estimated parameters
between soils during winter (Table 2A) more
than summer (Table 2B). The soil organic
matter and clay seem to be non-effective in
cytoplasmic contents of C. colocynthis in
summer and winter. During winter, high
correlation between soil and plant exist (Table
2A). High significant positive correlation
between Ca and Mg of soil with (CI, PO4, Mg,
WC and SP of shoots), also Ca had positive
correlation with plants Ca), SO4 of soil with
(Cl, Mg, WC and SP of plants). PO of soil with
(Ca, Mg, and WC of shoots). TSS with (POg,
Mg, WC and SP of plant), Na of soil with (SP
of shoots), K of soil with (WC, SP, SS, Chl. a,
Chl. b and Chl.(a+b) of plant). CI of soil with
(PO4, SP and SS of plant).WC of soil with
(shoot PO4 and SP). Also there were negative
correlation between soil and plant, gravel with
(Mg and WC of shoots), pH with (Na, SP and
SS of shoots). The plant behavior during
summer was estimated in (Table 2B). The most
important soil variables for the plant cell
inclusions were SO4 which showed significant
positive correlation with shoots ( Ca and Mg),
Cl showed significant positive correlation with
shoots K and Mg and Ca of soil had positive
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significant with plant Mg, and silt had positive
significant on plant Cl. Sand showed negative
correlation with plant CI.

Discussion

The data obtained showed that soil water
content of lower tributaries of wadi Qena was
very low, and it suffers from severe aridity.
Rains fall was rarely, while the presence of
ground water near the surface may raise the
chance for serving perennials. The soil content
of organic matter was low, this may be because
high temperature and the very scattered
vegetation.

The estimated pH values in the soil extract
of different studied stands tended to be slight
alkaline. This slight alkalinity may be due to
the slight increase in TSS values in most
stands. These results were agreed with many
authors  which  described the general
characteristics of soils of arid regions and the
relationships between soil with climate and
vegetation; Zahran and Willis (1992) and El-
Khatib (1993). Such studies indicated that the
soils of arid lands had a low level of organic
matter, alkaline in reaction (pH) at the surface
and had low biological activity.

Total soluble salts were relatively high.
These may be due to the severe aridity and low
moisture content in the desert. Total soluble
salts in the soil were affected by the
evaporation and precipitation rate. The
evaporation process in semi-arid areas causes
the ionic enrichment of ground water, leading
to increase in salinity. High rates of
evaporation lead to salt accumulation in the
unsaturated zone, which can be dissolved by
infiltrating water (Tizro and Voudouris, 2007).
Consequently, TSS of the soil extract of the
studied area was also relatively high. This
reflects the richness of these habitats with
soluble salts.

The soil in the studied stands of Citrullus
colocynthis plants was varied. Silt and sand
represent the highest part among other soil
compartments. Silt will increase the water
catching capacity of the soil and consequently
increases the vegetation density. On the other
hand sand structure of the soil affect the soil
water content and decreased the mean number
of species per stand.



Table 2. Correlation coefficient values (r) between the internal mineral elements in C. colocynthis and their contents in the soil samples in the studied stands in both seasons.
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A- Plant characters in winter

cl S04 PO4 Na K Ca Mg WC SP TFAA SS Chla | Chlb | ChlL.ath | Chl.ab | CSla | CSlb
Gravels -.142- -443- | -242- -227- | -482- | -421- | -821*%* | -T712-* -.476- 0.359 -370- | -.115- | -311- -.156- 0.374 -155- | 0.165
Sand -457- 0.033 | -.299- 0.101 | -549- | 0.119 -.216- -.425- 0.031 0.138 -278- | -.020- | 0.044 0.008 -113- -525- | -.467-
Silt 0.444 0.123 | 0.405 -070- | 0555 | 0.058 0.418 0.532 0.121 -.294- 0.305 0.012 | -.008- -.007- 0.018 0511 | 0.346
Clay -.028- -010- | -.385- 0.34 0431 | -.101- 0.244 0.401 0.07 0.312 0.323 0.248 | 0.426 0.299 -.263- -060- | -.015-
© oM 0.014 -074- | 0.294 0.139 0.146 | 0.507 0.605 0.51 0.3 -314- 0.018 0.207 | 0.208 0.206 -.066- -055- | -.222-
& WC 0.613 -243- | .940%* 0.307 0.017 | 0547 0.597 0.449 749 -.494- 0.272 0.02 | 0225 0.072 -.380- 0.294 | -.091-
g pH -.038- -433- | -184- | -695-* | -287- | -.289- -.365- -.426- -730-% | -063- | -692-* | -398- | -.635- -476- 0.342 0.001 | 0.251
6 TSS 0.63 -018- | .759* 0.514 0.363 | 0.659 667* 725* 907 | -.393- 0.635 0.482 | 0.602 0.524 -.152- 0.075 | -.271-
= Na 0.171 0.204 | 0.481 0.613 0.316 | 0.498 0.391 0.427 816 | -.220- 0.568 0.503 | 0.597 0.547 -.133- -093- | -.370-
n K 0.528 0.088 | 0.483 0.597 0.493 | 0.653 0.609 .765* 893** | -258- 745* 714% | 790* 753* -.030- -165- | -.427-
Ca 739* -067- | .735* 0.389 0.353 | .718* 761* 787* 858** | -474- 0.566 0.441 | 0563 0.479 -.149- 0.029 | -.312-
Mg T77* -030- | .757* 0.272 0.444 | 0579 .706* 776* 723* -.478- 0.557 0.349 | 0.426 0.37 -.083- 0.214 | -.110-
cl 0.576 -.043- | .758* 0.573 0.414 | 0311 0.379 0.598 751* -132- 738* 042 | 0507 0.455 -.088- 0.395 | 0.123
SO, 715* -024- | 0438 0.135 0.3 731* 823%* 714% 678* -567- 0.334 0.296 | 0458 0.336 -.223- -224- | -516-
PO, 0.37 0.169 | 0.162 0.031 0558 | .752% 827%* 791* 0.464 -.582- 0.247 0516 | 0.462 0.502 0.114 -419- | -.606-

B- Plant characters in summer
Gravels -.349- -101- | -.150- -123- | -.288- | -.084- -.240- 0.126 0.123 0.213 -307- | 0.024 | 015 0.065 -.468- -047- | 0173
Sand -849-** | .007- | -.023- 0.387 | -.498- | 0422 -.280- -.328- 0.466 -.656- 0.093 0.027 | 0.083 0.046 -.264- -237- | 0.296
Silt .788* -059- | -.007- -368- | 0.508 | -.306- 0.327 0.226 -.467- 0.461 -011- | -.046- | -.153- -.081- 0.402 0.295 | -.267-
Clay 0.311 0558 | 0.438 0.446 0.083 | -.152- -.041- 0.065 0.161 0.158 0.193 0.081 | 0.177 0.113 -111- -435- | -.252-
" oM 0.061 0.418 | -.084- 0.297 | -.038- | -.209- 0.024 -.184- 0.121 -157- 0.038 | -.240- | -.206- -.232- -.065- -462- | 0.161
§ WC 0.271 0.23 0.246 -280- | 0.306 | 0.361 0.554 0.388 0.219 -.196- 0.529 0.481 | 0.386 0.457 0.042 0.485 | 0.028
§ pH -.048- -003- | -.377- 0.116 | -.483- | -.483- -.031- -.019- -.104- 0.457 -447- | -364- | -224- -323- -.302- -284- | 0.191
s TSS 0.358 0.107 | 0.161 -416- | 0594 | 0501 0.545 0.302 0.202 -.285- 0.48 0.436 | 0.269 0.388 0.284 0.328 | -.308-
O Na 0.045 0.222 | 0.251 -330- | 0.405 | 0.336 0.038 -.063- 0.244 -.403- 0.523 0.458 | 0.294 0.411 0.242 0.262 | -.101-
'g K 0.28 0.095 | 0.134 -368- | 0609 | 0578 0.456 0.181 0.281 -.366- 0.452 0.405 | 0.23 0.354 0.343 0.131 | -471-
Ca 0.38 0.039 | 0.078 -360- | 0545 | 0.594 T27* 0.348 0.228 -.297- 0.449 0379 | 0.214 0.33 0.319 0.272 | -.399-
Mg 0.574 -047- | 0.039 -480- | 0634 | 0.404 719* 0.395 0.01 -.068- 0.342 0.309 | 0.132 0.256 0.397 0.379 | -.421-
cl 0.591 0.096 | 0.274 -.580- 792% | 04173 0.339 0.462 -.074- 0.084 0.325 0.432 0.3 0.395 0.193 0.485 | -.243-
S04 0.214 -018- | 0013 -120- | 0245 | .791* .882%* 0.222 0.381 -435- 0.506 0342 | 018 0.294 0.397 0.137 | -521-
PO4 0.182 0.107 | -.244- -.010- 0.14 0.31 0.478 -.237- 0.236 -.337- 0.239 | -.055- | -.205- -.104- 0.481 -336- | -.464-
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The estimated ions in the soil were
dominated by Ca*?, CI", K*, Na* and SO4?
while POs and Mg*? were less. The high
temperature of the desert increase the rate of
evaporation  which concentrated the soil
solution. The present data were agreed with the
results obtained by Badri et al. (1996).

The plants tend to readjust their internal
osmotic pressure to overcome the external
stresses as salinity or water deficiency to
absorb water, and necessary ions from these
water-nutrients poor soil from two eastern
tributaries of W. Qena, Upper Egypt, in line
with Salama et al. (2012) study on the main
trunk of W. Qena.

To overcome the soil water deficiency, the
plants cells tend to readjust their osmotic
potential to prevent water losses, that can be
achieved by two adaptive strategies, the first
one by accumulation of inorganic ions from the
external, while the second one by synthesis of
compatible solutes as soluble proteins, amino
acids and soluble sugars acting as osmolytes
(Serrano et al., 1999; Du Jinyou et al., 2004;
Sunkar, 2010; Sayed et al., 2013 and Salama et
al., 2015).

The effect of high temperature in summer
and salinity lead to decrease the water content
in the studied plants in summer than winter.
The transpiration rate increases in summer to
avoid the hazard resulted from the high
temperatures. Under the effect of high
temperatures, plant transpiration continued
through cuticle when stomata be closed
(Schreiber, 2001). According to Erdei et al.
(1990) under salinity and drought stress, the
plants tend to reduce their internal water
potential.

Abd El-Maksoud, (1987) and Morsy et al.
(2008) reported that desert plants attained
higher concentrations of chlorophyll and
carotenoids due to their adaptive mechanisms
under dry conditions. In this study, the
photosynthetic pigments and chlorophyll
stability index were greatly increased in the
dry-hot summer. Chlorophyll a/b ratio in C.
colocynthis, always above one at all studied
stands. The Chl. a/b ratio ranged between 1.42
and 2.98 According to Quarmby and Allen
(1989), the two main essential (Chl. a) and
accessory (Chl. b) pigments are normally
present in the ratio of about 3:1. The decreased
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ratio of Chl. a/b in the leaves may be due to an
increase in Chl.b relative to Chl. a, or due to
degradation of Chl. a.

According to Ito et al. (1996), Chl. b is
converted to Chl. a in higher plants as part of a
Chl. a, b inter-conversion cycle which permits
plants to adapt to changing light condition.

Generally, the chlorophyll stability index of
both chlorophyll a and chlorophyll b was
significantly higher in summer than that
estimated in winter. Chlorophyll b was more
stable than Chl a, these results not agreed with
Radwan (2007). The chlorophyll stability
index didn’t decrease beyond 48.7%, this index
reflects how plant pigments can tolerate the
severe high temperatures. So, it can be
considered as a good indicator for desert plants.
The high CSI help the plants to withstand stress
through better availability of chlorophyll. This
leads to increased photosynthetic rate (Madhan
Mohan et al.,, 2000) and more dry matter
production (Sivakumar et al., 2017).

Under drought and salinity conditions the
plants tend to adjust their osmo-regulation to
overcome the external conditions. As
mentioned above, there are two ways to face
the environmental stress. The first is quickly
and depends on the on inorganic solutes (Wyn
Jones and Pritchard, 1989; Lew, 1996).

Data revealed that SO4 were higher than the
other estimated minerals at all collected stands
K* accumulated in the shoots of the studied
plants by large amount (Badri and Hamed,
2000) may be to avoid Na* toxicity, this result
agreed with Sayed et al. (2013). Also Ca
largely accumulated in C. colosynthis, both
Ca?* and K* have also a large responsibility in
this physiological reaction (Maser et al., 2002).
Calcium accumulated are higher than
magnesium in all plants. Salama et al., (2012)
reported that Ochradenus  baccatus
accumulated considerable amounts of Ca?* and
Mg?* under drought stress. Plants accumulate
Na* in the vacuole or exclude it to avoid the
sodium toxicity. According to Wyn Jones
(1981), Na* and CI- are mostly accumulated in
the vacuole which leads to increase in vacuole
osmotic pressure. On the contrary PO4 contents
were lower than other ions. This is may be due
to the rapid incorporation of phosphates in the
plant metabolism, or poverty of the soil with
phosphates.
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The variations in mineral accumulation at
different stands indicated the ability of the
studied plant to regulate the uptake and
accumulation of the elements from the external

source according to their adjustment
requirements. This means that ions are
important in the generation of osmotic

potential in the studied xerophytes plants. The
second trend depends on the accumulation of
organic compatible solutes as soluble sugars,
soluble proteins, and amino acids. This process
needs long time to synthesize the different
organic solutes (Wyn Jones and Pritchard,
1989).

In summer the plants increase their
biological activity. So, they accumulate the
necessary amounts of organic solutes (SS > SP
> TFAA) to maintain the cell turgidity. 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 than in winter
when the prevailing ecological conditions may
be fairly more favorable for such plants. These
results were consistent with what was found by
Salama et al. (2012) on Ochradenus baccatus
in Wadi Qena. On the other hand, in winter the
biological activity will start again and the
accumulated organic solutes will be used
(Salama et al., 2015).

The higher accumulation of SS,
corresponding higher chlorophyll content,
which means the increase in soluble sugars was
the results of higher photosynthetic activities.
The higher soluble sugars concentration may
be an adaptive response which involves
adjustment of osmotic potential that facilitates
the maintenance of favorable water balance.
Soluble proteins contents in the studied plant
were higher than the total free amino acids.
This may be due to enhancement of
incorporation of amino acids into proteins
(Huffaker and Peterson, 1974). Protein
accumulation may be associated with
improved drought tolerance as osmotic
adjustment of C. colocynthis.

Some inorganic solutes contents inside
plants were correlated significantly with their
contents in the soil solution. In summer, only
Mg correlated positively. In winter, the
dependence of plant upon inorganic solutes
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was increased include Ca and Mg, These
correlations reflect the effect of prevailing
environmental condition on the own strategy of
each species to overcome the external stress.

References

Abd EI- Maksoud, KA. 1987.
Ecophysiological and phytochemical studies
on some plants of Salhiya-Ismailia desert area.
Ph.D. Thesis, Botany Department Faculty of
Science, Al- Azhar University Cairo, Egypt.
Abdel Rahman, A.A. & Batanouny, K.H.
1965. The water output of the desert vegetation
in different microhabitats in Wadi Hoff.
Journal of Ecology 53: 267-272.
AL-Ghamdi, F.A., AL-Zahrani, H.S. & al-
Amer, K.H. 2009. Phytosociological studies
of Citrullus colocyanthis L., Growing in
Different Altitudinal Sites in Saudi Arabia.
Pakistan Journal of Biological science 12
(10): 779-785.

Aziz, 1. & Khan, A. 2003. Proline and water
status of some desert shrubs before and after
rain. Pakistan Journal of Botany 35: 902-906.
Badri, M.A. & Hamed, A.l. 2000. Nutrient
value of plants in an extremely arid
environment (wadi Allagi biosphere Reserve,
Egypt). Journal of Arid Environments 44:
347-356.

Badri, M.A.; Pulford, 1.D. and Springuel, I.
(1996). Supply and accumulation of metals in
two Egyptian desert plant species growing on
wadi-fill  deposits.  Journal of Arid
Environments 32: 421-429.

Bardesly, C.E. & Lancaster, J.D. 1965.
Sulfur. In: Black, C.A. ; Evans, D.D.; White,
J.L.; Jnsminger, L.E.; Clark, F.E., eds.
Methods of soil analysis. Part 2. Agronomy.
Series No. 9. Madison, Wiscohsin: American
Society of Agronomy, 1102 — 1116.
Bendjeddou, D., Lalaoui, K. & Satta, D.
2003. Immunostimulating activity of Ancyclus
pyrethrum. Alpinia galangal and Citrullus
colocynthis. Journal of Ethnopharmacol 88:
155-160.

Daradka, H., Almasad, M.M., Qazan, W.S.,
El-Banna, N.M. & Samara, O.H. 2007.
Hypolipidaemic  effects of  Citrullus
colocynthis L. in rabbits. Pakistan Journal of
Biological Science. 10:2768-2771.

Du Jinyou; Xiaoyang, C.; Wei, L.; and
Qiong, G. 2004. Osmoregulation Mechanism



Fawzy Salama et al.

of Drought Stress and Genetic Engineering
Strategies for Improving Drought Resistance
in Plants. Forestry Studies in China 6(2): 56-
62.

Dubois, M., Gillesm, K.A., Hamilton, K.,
Rabers, P.A. & Smith, F. 1956. Colorimetric
method for the determination of sugars and
related substances. Analytical Chemistry 28:
350-356.

El-Khatib, A.A.A. 1993. Ecophysiological
and palynological studies on the vegetation of
the extreme arid part of Egypt. Ph.D. thesis.
Botany Department, Faculty of Science, Assiut
University.

El-Sharkawi, H.M. & Salama, F.M. 1977.
Effects of drought and salinity on some growth
contributing parameters in wheat and barley.
Plant and Soil 46: 423-433.

Erdei, L., Trivedi, K. & Matsumoto, H.
1990. Effect of osmotic and salt stress on the
accumulation of polyamines in varieties
differing in salt and drought tolerance. Journal
of Plant Physiology, 137: 165-168.

Evenari, M. 1 985. Adaptation of plants and
animals to the desert environment. In: Hot
Desert and Arid Shrublands. Eds. Evenari M,

Noy-Meir | , Goodall DW. Amsterdam,
Elsevier.
Fanous, M.A. 1967. Test for Drought

Resistance in Pearl Millet (Pennisetum
typhoideum). Agronomy Journal 59. 4:337-
341.

Farrag, H.F. 2012. Floristic composition and
vegetation-soil relationships in Wadi Al-Argy
of Taif region, Saudi Arabia. International
Research Journal of Plant Sciences, 3(8): 147-
157.

Fossati, J., Pautou, G. & Paul-Peltier, J. 1
999. Water as resource and disturbance for
wadi vegetation in a hyperarid (Wadi Sannur,
Eastern Desert, Egypt). Journal of Arid
Environment. 43: 63-77.

Gadallah, M.A.A., Sayed, S.A. & Salama,
F.M. 2001. Some metabolic aspects of
Zygophyllum coccineum (L. ) growing in
different habitats in Eastern Desert, Egypt.
Bulletin Faculty of Science, Assiut University.
; 30 (I -D): 33-42.

Huffaker, R.C. & Peterson, L.W. 1974.
Protein turnover in plants and possible means
of its regulation. Annals Review of Plant
Physiology 25:363-392.

64

Huseini, H.F., Darvishzadeh, F., Heshmat,
R., Jafariazar, Z., Raza, M. & Larijani, B.
2009. The clinical investigation of Citrullus
colocynthis (L.) schrad fruit in treatment of
type 1 diabetic patients: A randomized, double
blind, placebo-controlled clinical trial.
Ohytother Research., (In Press).

Ito, H.T., Ohtsuka, T. & Tanaka, A. 1996.
Conversion of chlorophyll b to chlorophyll a 7-
hydroxymethyl chlorophyll.  Journal of
Biological Chemistry. 271:475-479.

Jackson, M.L. 1958. "Soil Chemical
Analysis". Printice-Hall, Englewood Cliffs,
New York, pp. 498.

Kan, M.A., Ungar, I.LA. & Showalter, A.H.
2000. The effect of salinity on growth, water
status and ion content of leaf succulent
perennial halophytes, Suaeda fruticosa (L. )
Forssk. Journal of Arid Environment. 45: 73-
84.

Kumar, S., Kumar, D., Saroha, K., Singh, N.
& Vashishta, B. 2008. Antioxidand and free
radical scavenging potential of Citrullus
colocynthis (L.) Schard. Methanolic fruit
extract. Acta Pharmaceutica (Zagreb, Croatia).
58:215-220.

Lee, Y.P. & Takahashi, T. 1966. An
important colorimetric determination of amino
acids with the use of ninhydrine. Analytical
Biochemistry 14: 71-77.

Lew, R.R. 1996. Pressure regulation of the
electrical properties of growing Arabidopsis
thaliana L. root hairs. Plant Physiology,
112:1089-1100.

Lowry, C.H., Rosebrought, N.K., Farr, A.L.
& Randall, R.J. 1951. Protein measurement
with the folin phenol reagent. Journal of
Biological Chemistry 193: 256-275.

Madhan Mohan, M., Lakshmi Narayanan,
S. & lbrahim, S.M. 2000. Chlorophyll
Stability Index (CSI): Its impact on salt
tolerance in rice. Int. Rice Research. Notes, 25:
38-39

Martnez, J., Kinet , J., Bajji, M. & Lutts, S.
2005. NaCl alleviates polyethylene glycol-
induced water stress in the halophyte species
Atriplex halimus L. Journal of Experimental
Botany. 62: 2421 -2431 .

Maser, P., Gierth, M. & Schroeder, J.I.
2002. Molecular mechanisms of potassium and
sodium uptake in plants. Plant and Soil
247:43-54.


http://ejournals.ph/index.php?journal=IRRN&page=article&op=view&path%5B%5D=4460&path%5B%5D=4647
http://ejournals.ph/index.php?journal=IRRN&page=article&op=view&path%5B%5D=4460&path%5B%5D=4647

Some aspects of drought resistance in Citrullus colocynthis L.

Metzner,H.;Rau,H.and Senger,H.1965.
Untersuchungen zur synchronisierbarkeit einzelner
pigment-mangel mutanten von Chlorella. Planta
65:186-194.

Mile, O., Meszaros, J., Verses, S.Z. &
Lakatos, G. 2002. Ecophysiological study on
the salt tolerance of a Pannonia endemism
(Lepidum cressifollum) in inland saline area.
Acta Biology 46: 249-250.

Morsy, A.A., Youssef, A.M., Mosallam,
H.A.M. & Hashem, A.M. 2008. Assessment
of Selected Species along Al-Alamein-
Alexandria International Desert Road, Egypt.
Journal of Applied Sciences Research 4(10):
1276-1284.

Nayab, D., Ali, D., Arshad, N., Malik, A.,
Choudhary, M.I. & Ahmed, Z. 2006.
Cucurbitacin  glucosides from  Citrullus
colocynthis. Natural Product Research, 20:49-
413.

Qazan, W.S., M.M. Almasad & H. Daradka,
2007. Short and long effects of Citrullus
colocynthis L. on reproductive system and
fertility in female Spague-Dawley rats.
Pakistan Journal of Biological Science, 10:
2699-2703.

Quarmby, C. & Allen, S.E. 1989. Organic
constituents, pp. 160-200 in Allen S. E. (ed.),
chemical analysis of ecological materials. (2"
edition). Black well scientific publications,
London.

Radwan,A.A.U.2007.

Plant water relations, stomatal behavior, phot
osynthetic pigments and anatomical
characteristics of Solenostemma arghel (Del.)
Hayne under hyper-
arid environmental conditions. Amer-
Eurasian Journal of Science Research 2:80-92.
Rahuman, A.A., Venkatesan, P. &
Gopalakrishnan, G. 2008. Mosquito
lavacidal activity of oleic and linoleic acids
isolated from Citrullus colocynthis (Linn.)
Schrad. Parasitology Research, 103: 1383-
1390.

Ryan, P.J., McKenzie, N.J., Loughhead, A.
& Ashton, L.J. 1996. New methods for forest
soil surveys. In: Eldridge, K.G. (Ed.).,
Environmental Management: The Role of
Eucalypts and Other Fast Growing Species.
Proceedings of the Joint Australian-Japanese
Workshop Held in Australia, 23rd-27th
October. CSIRO Division of Forestry and

65

Forest  Products. CSIRO
Melbourne.

Said, R. 1990. The Geology of Egypt
Balkema. pp. 734.

Salama, F., Sayed, S. & ABD EL-GELIL, A.
2015.  Ecophysiological  responses  of
Calligonum  polygonoides and Artemisia
judaica plants to severe desert aridity. Turkish
Journal of Botany 39: 253-266.

Salama, F.M., Kamel, M., El-Tayeh, N.A. &
Hammad, S.A. 2012. Vegetation analysis,
phenological patterns and chorological
affinities in Wadi Qena, Eastern Desert, Egypt.
African Journal of Ecology. 50: 1 93-204.
Sayed, S.A., Gadallah, M.A. A. & Salama,
F.M. 2013. Ecophysiological studies on three
desert plants growing in Wadi Natash, Eastern
Desert, Egypt. Journal of Biological Earth
Science 3(1): 35-43.

Scholz, F.G., Bucci, S.J., Arias, N., Meinzer,
F.C. & Goldstein, G. 2012. Osmotic and
elastic adjustments in cold desert shrubs
differing in rooting depth: coping with drought
and subzero temperatures. Oecologia 170:885-
897.

Schreiber, L. 2001. Effect of temperature on
cuticular transpiration of isolated cuticular
membranes and leaf discs. Journal of
Experimental Botany, Vol. 52, No. 362, pp.
1893-1900.

Seger, C., Sturm, S., Mair, M.E., Ellmerer,
E.P. & Stuppner, H. 2005. 1H and 13C NMR
signal assignment of cucurbitacin dervatives
from Citrullus colocynthis (L.) Schrader and
Ecballium elaterium |. ( Cucurbitaceae).
Magnetic Resonance in Chemistry, 43: 489-491.
Serrano, R., Mulet, J.M., Rios, G.,
Marquez, J.A., de Larrinoa, I., Leube, M.P.,
Mendizabal, 1., Pascual-Ahuir, A., Proft,
M., Ros, R. & Montesinos, C. 1999. A
glimpse of the mechanisms of ion homeostasis
during salt stress. Journal of Experimental
Botany, 50: 1023-1036.

Sheded, M.G., Pulford, I.D. & Hamed, A.l.
2006. Presence of mahor and trace elements in
seven medicinal plants growing in the South-
Eastern Desert, Egypt. Journal Arid
Environment, 66: 21 0-21 7.

Sivakumar, R., Nandhitha, G.K. & Nithila,
S. 2017. Impact of Drought on Chlorophyll,
Soluble Protein, Abscisic Acid, Yield and
Quality Characters of Contrasting Genotypes

Publishing,



Fawzy Salama et al.

of Tomato (Solanum lycopersicum). British
Journal of Applied Science and Technology
21(5): 1-10.

Sunkar, R. 2010. Plant Stress Tolerance,
Methods and Protocols. Dordrecht Heidelberg
London: Springer New York, pp 401.

Taiwo, A. A., Osifeso, O., Adepoju, M.A. &
Olawunmi, O.M. 2016. Comparative studies
on the chemical composition and anti-
nutritional contents of the Lagenaria
breviflora and Colocynthis citrullus seeds. Sky
Journal of Food Science . 5(6), pp. 45 —49.
Tizro, AT. & Voudouris, K.S. 2007.
Groundwater quality in the semi-arid region of
the  Chahardouly  basin, West Iran.
International  Journal of Hydrological
processes. Wiley inter Science publication.
DOI: 10.1002/hyp.6893

Todd, G.W. &, Basler, E. 1965. Fate of
various protoplasmic constituents in drought
wheat plants. Phyton. 22: 79-85.

Upadhyay, R.M. & Sharma, N.L. 2005.
Manual of Soil, Plant, Water and Fertilizer
Analysis. New Delhi, Kalyani Publishers.

66

Watanabe, F.S. & Olsen, S.R. 1965. Test of
an ascorbic acid method for determining
phosphorus in water and NaHCO3 extracts
from soil. Soil Science Society of America
Proceedings 29: 677— 678.

Williams, C.H. &Twine, M.E. 1960. Flame
photometric method for sodium, potassium
and calcium. In: Modern Methods of Plant
Analysis (Paech, K. and Tracey, M.V., eds.)
Vol. 5 Springer-Verlag, Berlin. pp. 535.

Wyn Jones, R.G. & Pritchard, J. 1989.
Stresses, membranes and cell walls. In: Plants
under stress: Biochemistry, physiology and
ecology and their application to plant
improvement. Jones H.G., Flowers T.J. and
Jones M.B., (Eds.) Cambridge University
Press, pp: 95-114.

Wyn jones, R.G. 1981. salt tolerance. In:
Physiological Processes Limiting Plant
Productivity. C. B. Johnson (ed.). pp. 271-292.
Butterworths, London.

Zahran, M.A. & Willis, A.J. 1992. The
Vegetation of Egypt. London: Chapman and
Hal



