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Introduction

HYTOGENIC mounds (nebkhas) formed by halophytes are widely distributed in coastal

and desert environments. Such nebkhas provide loci for geochemical and biological
activities that influence ecosystem processes and function. Seasonal variation in soil and
bacterial properties were investigated within the nebkhas under the canopy of Halocnemum
strobilaceum and in the surrounding unvegetated sites at salt marshes of Lake Manzala. The
parameters measured include soil moisture, organic matter, total nitrogen and phosphorus, pH,
electrical conductivity (EC), and bacterial community and enzyme characteristics. Enrichment
ratios for soil salinity and nutrients were evaluated to indicate the salinity and fertility islands
within nebkhas. Soil moisture content showed significant differences between the different
seasons with the highest value in winter (16.55%) at unvegetated control site.Soil electrical
conductivity, total nitrogen and phosphorus had their significantly higher values in nebkhas
during autumn. The enrichment values for the measured soil parameters ranged from 0.31 to 4.09
in the four seasons which indicates a clear accumulation effect for soil nutrients and salts within
the nebkhas under the canopy of H. strobilaceum. Bacterial abundance was consistently higher
in nebkhas through all seasons. Eleven genera of bacteria belong to Firmicutes, Actinobacteria
and proteobacteria phyla were recorded in nebkha and unvegetated sites. These genera varied
in their occurrence between the two locations and the four seasons. It can be concluded that
the formation of nebkhas by halophytic vegetation have noticeable effects on accumulation of
soil salinity and fertility during different seasons that affect bacterial abundance and activity in
coastal environment.
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Soil microorganisms are important members

of terrestrial ecosystems. Microorganisms are

Halophytes are promising plant resources in
aridand coastal zones because they can tolerate
high saline conditions. Such salt-adapted plant
resources are commonly found along coastal
plains(Glenn et al., 1991). In arid and semi-arid
ecosystems, halophytic communities have many
influences on the physical and chemical properties
of rhizosphere soil, litter decomposition, and the
carbon-nitrogen cycle (Han et al., 2007 and Yan
etal., 2010).

sensitive to external environmental changes with
the ability to change the community structure
(White et al., 1979). These microorganisms
are responsible for much of soil organic matter
turn over and drive soil nutrient cycling in most
ecosystems. The relative abundances of microbial
community groups (e.g., fungal and bacterial
groups) can vary along environmental gradients
(Waldrop & Firestone, 2006). Along with this
variation in microbial community composition,
microbial function, as measured through nutrient
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turnover, changes may also occur on a seasonal
basis (DeForest et al., 2009). Previous studies
examining relationship between vegetation
patchiness and microbial communities were
conducted in a forest ecosystem (Pennanen et al.,
2001) or volcanic desert ecosystem (Yoshitake
et al., 2013). However, studies on examining the
bacterial communities and activity associated
with patchiness of halophytic vegetation in an
extreme saline-alkali wet land are rare.

In Egypt, the halophytic vegetation is existing
in two types of salt marshes namely coastal along
the Red Sea and Mediterranean Sea, and inland
in the oases and inland desert (Zahran, 1982;
El-Khouly & Zahran, 2002 and El-Bana, 2000).
The perennial halophytic shrub Halocnemum
strobilaceum (Pall.) Bieb. is among the dominant
arido-active species in the salt marshes of Egypt
including Lake Manzala (Zahran & Willis, 2009
and El-Bana, 2015). H. strobilaceum is an obligate
halophyte that accumulate wind- or water-borne
sediments within and/or around its canopy forming
phytogenic mounds (Nebkhas). Nebkhas improve
soil properties, microclimate and biodiversity by
capturing and preserving soil moisture, nutrients
and propagules (Jackson & Caldwell, 1993; Hesp
& McLachlan, 2000; Dougill & Thomas, 2002
and El-Bana et al., 2002b; 2003; 2007).

In the current study, the impact of nebkhas
formed by H. strobilaceum on soil moisture,
salinity, nutrients, and bacterial abundance and
the soil enzyme activities in different seasons were
evaluated at the salt marshes of Lake Manzala.
Such information will improve our understanding
of the role of halophytic communities in capturing
resources and affecting microbial activity in harsh
arid environments.

Materials and Methods

Study area

Study area is located on the eastern side of
Lake Manzala, near El Manasra Village, on the
road of Damietta- Port Said where three sites
were selected for H. strobilaceum (Fig. 1). Lake
Manzala represents the largest lake in the Nile
Delta with a present area of 700 km?, and average
water depthof 1.0 m (Rasmussen et al., 2009).
It is characterized by an arid climate with hot
summer and mild winter. North (N), North-West
(NW) and South-West (SW) winds together with
El-Khamasin are responsible for the formation
of sand dunes and other land forms of the area
(Zahran & Willis, 2009). It is separated from the
Mediterranean Sea by strip of land that is very
narrow in several places and it is connected with
the sea through Algamil outlet.
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Fig. 1. Location of the study area and sites for sampling Halocnemum strobilaceum nebkhas at the salt marshes

of Lake Manzala. (source © google maps).
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Soil sampling and analysis

Sampling was done seasonally from
autumn 2014 to summer 2015. Soil samples
were collected from two different locations
surrounding three individuals of H. strobilaceum:
soil within nebkhas beneath the canopy (at
about 20-30 cm distance from the main stem)
and from open locations without vegetation (at
150-200 cm outside the canopy) as a control.
At each selected plant individual, soil samples
were collected from the four cardinal directions
to form composite samples by hand auger at 0-20
cm depth.Soil samples were packed carefully in
sterilized polyethylene bags and transported to
the laboratory. Each composite soil sample was
divided into two parts, one for determination of
soil moisture content and bacteriological analysis
and the other stored at 4 °C for chemical analysis.

Soil moisture content has been measured as
the ratio of the mass of water present in sample
to the mass of the sample after it has been dried at
105°C to constant weight (Gardner et al., 2000).
Soil organic matter content was determined by
the rapid wet oxidation method of Walkley &
Black (1934) protocol as modified and described
by Nelson & Sommers (1996). Total nitrogen
was determined using modified Kjeldahl method
(Jackson, 1967). Total phosphorus was measured
using spectrophotometer according to Black et
al. (1965). Soil pH and EC were measured by
intelligent pH meter YK-2001 and Jenway 4510
electrical conductivity meter, respectively, at a
soil/water ratio of 1:5.

Isolation and identification of bacteria

Soil suspension (0.1 mL) was spread onto
Halophilic Nutrient Agar (LMG Medium
220; Atlas, 2010) plates with 3 different
salt concentrations: 3%, 10%, and 20% for
slight, moderate, extreme halophilic bacteria,
respectively  according to  their salinity
requirements, followed by incubation at 30°C.
Isolates were morphologically, physiologically
and biochemically identified at genus level
according to Bergy's Manual of Systematic
Bacteriology edition of vol. 2, 3,4 and 5 (© 2005,
2009, 2010 and 2012 respectively). Gram reaction
of each isolate was studied. The biochemical tests
studied were catalase test, oxidase test (using
MICROBACTTM oxidase detection strips),
Starch hydrolysis, Cellulolyticactivity (Kasana
et al., 2008 and Antony et al., 2009), Acid from
glucose fermentation, Growth on MacConkey

agar medium. Each isolate was tested for growth
at 35°C and on Halophilic Nutrient agar medium
with 0%, 10%, 20% NaCl.

Bacterial abundance

Total bacterial number was determined by
direct counting under epifluorescence microscopy
(Olympus BX53 U-RFL-T) according to Hobbie
et al. (1977). Calculation of the number of cells
per gram of soil was calculated as described by
Polyanskaya et al.(2013).

Soil enzymes

Criteria for choosing enzyme assays were
based on their importance in nutrient cycling and
organic matter decomposition, and simplicity
of the assay (i.e., potential to be adopted by
commercial labs for routine soil testing). Amylase
and Carboxymethylcellulase (CMCase) activities
were detected using UNICO spectrophotometer at
550 nm according to Ross (1966) and Pancholy &
Rice (1973), respectively.

Statistical analysis

The obtained data of soil and bacterial
properties were subjected to analysis of variance
(ANOVA) followed by Scheffe and T-tests to
compare means for significance at the p<0.05
level. Correlation coefficients between soil
parameters and bacterial characteristics were
performed by Pearson correlation coefficients.
All statistical analyses were carried out using
software SPSS for windows (SPSS Inc., Chicago,
IL, USA; Version 16.0).

Results

Soil variables

The overall results of ANOVA analysis
indicated significant differences in the measured
soil properties between the four seasons (F-values,
Table 1). Soil moisture recorded significantly its
highest value in winter (16.55%) at unvegetated
site, however it was 14.55% at the nebkhas under
the canopy (Table 1). In summer, the values
of moisture content were 5.98% and 6.05%
in the soil of nebkhas and outside the canopy,
respectively. Nebkhas at winter season attained
significantly the highest value of organic matter
content (0.84%) compared to their counterparts
in other seasons (Table 1). However, summer
season showed the lowest values of organic
matter contents with 0.39% and 0.31% at nebkha
and unvegetated sites, respectively. The total
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nitrogen and phosphorus had their significantly
higher values (1.2% and 0.43%, respectively) in
nebkhas during autumn. Similarly, the highest
value of electrical conductivity (6.27 mS/cm)

wasin nebkhas during autumn. Soil pH ranged
between 6.58 and 7.93 at nebkhas in summer and
unvegetated sites in autumn.

TABLE 1. Mean values + standard error (second line) of soil properties at different seasons and microhabitats in

Halocnemum strobilaceum community.

Season Autumn Winter Spring Summer F-value

Microhabitat N Unveg. N Unveg. N Unveg. N Unveg.

Moisture (%) 6.48° 5.15% 14.55%  16.55¢ 1143 1296  598° 6.05M 17 29k
0.58 0.61 1.90 0.90 0.81 1.74 0.63 0.44 '

Organic matter
0.56 0.54 0.84¢ 0.40 0.58 0.58™ 0.39¢ 0.31™

(o) 2.28%
0.07 0.04 0.08 0.05 0.06 0.04 0.04 0.08

Total nitrogen . .
1.20 0.841 0.92 0.83% 0.45 0.11% 0.65 0.84!

(%) 5.12%
0.08 0.17 0.08 0.01 0.34 0.00 0.06 0.11

Total phosphorus

0.43¢%4 0.21¢ 0.25¢ 0.26 0.084 0.26 0.21¢ 0.22

(%) 5.21%
0.03 0.04 0.00 0.07 0.01 0.07 0.02 0.00

pH 7.71F 7.93r° 7.17 6.78" 7.33 7.40 6.58f 6.97°

11.31%%*

0.09 0.02 0.24 0.18 0.05 0.08 0.20 0.08

EC (mS/cm) 6.27 5.12 4.47 5.56r 2.72 2.84p 3.428 4268 6.2]F4*
0.95 0.73 0.71 0.13 0.22 0.35 0.02 0.03 '

-Mean values with the same letters are significantly different at p-level < 0.05 according to Scheffe’s test. F-values with *** and * are

significantly different at p < 0.001 and < 0.05, respectively.

-Abbreviations for microhabitats: N, nebkha; Unveg., unvegetated site.

Enrichment ratios for soil variables in the four
seasons

The enrichment ratios for soil variables
differed significantly between the four seasons
(Table 2). The enrichment values for the measured
soil variables ranged from 0.31 to 4.09 in the four

seasons indicating a clear accumulation effect for
soil nutrients and salts in the nebkhas under the
canopy of H. strobilaceum. There were significant
differences in enrichment values for soil moisture
content, total phosphorus and soil salinity (EC)
between the four seasons, with the highest values
being found in the autumn.

TABLE 2. Enrichment ratios (E) of soil variables at the four seasons.

Soil iabl Season F-val P-level
o1l variable Autumn Winter Spring Summer “value eve
Soil moisture 1.26 0.88 0.58 0.99
0.95 0.12 0.47 0.42 11.42 0.001
Organic matter 1.04 2.10 1.40 1.26 1413 0.001
0.75 0.60 0.20 0.32 ' ’
Total nitrogen 1.43 1.11 4.09 0.77 731 <0001
0.47 0.80 1.40 0.25
Total phosphorus 2.05 0.96 0.31 0.95
0.75 0.21 0.04 0.04 465 <0.001
pH 0.97 1.06 0.99 0.94
0.50 0.33 0.43 0.50 085 0.078
EC (mS/cm) 1.22 0.80 0.96 0.80 134 0.004
0.32 0.46 0.31 0.67 ' ’

Values are presented as mean + standard error (second line).
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Soil bacterial characteristics

Overall, 11 genera were identified at
the nebkha and unvegetated sites, with
three phyla (Firmicutes, Actinobacteria and
proteobacteria). Firmicutes phylum is presented
by six genera including Bacillus, Trichococcus,
Listeria, Exiguobacterium, Lactobacillus
and Planomicrobium. Actinobacteria phylum
includes four genera Arthrobacter, Cellulomonas,
Microbacterium and Corynebacterium. However,
the genus Salinivibrio belongs to proteobacteria
phylum. The tested characteristics of these genera
are presented in Table 3. Bacillus, Arthrobacter,
Cellulomonas and Listeria were common at both
locations (nebkhas and unvegetated sites), however
Microbacterium, Corynebacterium, Lactobacillus,
Exiguobacterium and Planomicrobium were
recorded only in nebkhas. These genera showed
seasonal variation in their occurrence (Table 3).
For example, Bacillus was recorded in all seasons;
but Arthrobacter and Listeria were observed in
winter and spring. Furthermore, Microbacterium
and Exiguobacterium were recorded only in
summer season. Similarly, Corynebacterium and
Planomicrobium were collected only in winter
season. Trichococcus spp.' colonies are circular,
off-white, flat, concentric, entire, translucent. Gram
positive, motile and produced acid from glucose
fermentation but didn't produce catalase and
oxidase. Starch and cellulose were not hydrolyzed.
Its growth on medium with 0% concentration
of NaCl was occurred but not at 10% and 20%.
This genus grew at unvegetated sites during
autumn. Genus Salinivibrio was morphologically
characterized with oval, white, flat, smooth, entire,
opaque colony. Gram negative, motile, catalase,
oxidase and acid from glucose fermentation
were recorded. Its growth with pink colonies was
observed on MacConker agar medium as well as
on media with 0, 10 and 20 % of NaCl.

Bacterial total abundance per g fresh soil
showed significant seasonal and spatial variations
(Fig. 2). In all seasons, nebkhas had higher total
bacterial counts compared to unvegetated sites.
The highest total count (1.22 x 10° cells/g) was
recorded in soil of nebkhas during summer
season. A paired T-test showed that there were
significant differences (p<0.05) in the total
bacterial abundance between the two sampling
locations (nebkhas and unvegetated sites) in all
four seasons (Fig. 2). Bacterial abundance was
significantly negative correlated with soil organic
matter content (Table 4).

Soil enzyme activities

Amylase enzyme had its lowest activity
in winter which had the highest activity of
carboxymethylcellulase enzyme (Fig. 3a, b). For
amylase, nebkhas recorded significantly higher
activities in autumn and summer, while it had
lower activities in winter and spring (Fig. 3a).
Carboxymethylcellulase activity of nebkhas was
lower than unvegetated sites only in summer season
only (Fig. 3b). Amylase enzyme was negatively
correlated with soil moisture content at a significant
level (P<0.01). However, Carboxymethylcellulase
enzyme activity showed a significant positive
correlation with organic matter (Table 4).

Discussion

Vegetation types generally alter soil
properties by nutrient cycling and litter
decomposition. Consequently, the community
of soil microorganisms can also be affected by
variations in plant community root exudates
(Sarig & Steinberger, 1994 and Zahran, 1997). In
the current research, the nebkhas of the halophytic
species H. strobilaceum showed variations in soil
variables as well as in bacterial abundance and
activity compared with surrounding unvegetated
sites. Moisture content of soil is crucial for both
plants and microorganisms that rely heavily on
water in soils and water is essential for nutrient
cycle (Yan et al., 2015). It has been documented
that soil moisture content vary in both time and
space, and consequently affect microbial activity
and growth (Kieft et al., 1987). The moisture
content in the soil of unvegetated sites was higher
compared to that of nebkhas of H. strobilaceum.
This could be related to the presence of extensive
root system of this species that deplete moisture
content by evapotranspiration within nebkhas
(Batanouny & Batanouny, 1968 and Batanouny,
2001), and could be also due to the interception
of rain fall by the canopy (Kropfl et al., 2002).
Considering temporal variation in soil moisture
content, the highest values of moisture content
for soil in the nebkhas were in winter while the
lowest values were in summer. These results
are in accordance with the seasonal patterns of
precipitation along the Mediterranean Coast
of Egypt, with rainfall concentrated in winter
while summer is always rainless and with high
temperature and evapotranspiration (Zahran &
Willis, 2009).
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Fig. 2. Seasonal variations in total bacterial counts of soil collected from nebkhas of Halocnemum strobilaceum and
unvegetated sites. Bars with lowercase letters represent significant difference (P<0.05) between the two
sampling locations (nebkha and unvegetated sites).

TABLE 4. Pearson correlations coefficients of soil parameters with bacterial abundance and measured enzyme

activities.

Bacterial Amylase activity CMCase activity
Soil parameter
abundance

Soil moisture -0.42 -091™ 0.49
Total nitrogen -0.57* 0.34 -0.38
Total phosphorus -0.34 0.59%* -0.16
Organic matter -0.62" -0.45 0.63"
pH -0.32 -0.16 0.09
EC -0.50 0.39 -0.04

**: Correlation is significant at the 0.01 level; *: Correlation is significant at the 0.05 level (2-tailed).
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Fig. 3. Seasonal variations in amylase (a) and CMCase (b) enzyme activities of soil collected from nebkhas of
Halocnemum strobilaceum and unvegetated sites. Bars with lower case letters represent significant
difference (P<0.05) between the two sampling locations (nebkha and unvegetated sites).
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Generally, soil salinity as indicated by EC- was
higher in unvegetated sites compared to nebkhas
in all seasons except in autumn. This could be
attributed to the high accumulation of salts within
the vegetative parts of H. strobilaceum (Zahran,
1989 and Zahran & Willis, 2009) that fall on the
soil of nebkhas leading salts accumulation under
the canopy and increasing soil salinity during
autumn (Sarig & Steinberger, 1994). Salinization
can be restricted by leaching of salt from root
zone so that higher salinities were in unvegetated
soil as reported by Shrivastava & Kumar (2014).
The lowest salinities were recorded during the
growing season in spring. This could be related
to the growing season at which H. strobilaceum
absorb large amounts of salts from the soil,
lowering the soil salinity (Zahran & Willis, 2009).

Results reported higher organic matter and
total nitrogen contents in the soil of nebkhas of
H. strobilaceum compared with their unvegetated
surrounding soils. Similar findings were also
reported by El-Bana et al. (2002a, 2003), Li et al.
(2007) and Pool et al. (2013). Such enrichment of
these contents in soil of nebkhas could be related
to the litter accumulation and decomposition of
host plants forming nebkhas and its associated
species as well as trapping of materials during
wind storms (El-Bana et al.,, 2003). Li et al.
(2007) attributed the differences in total nitrogen
and phosphorus due to prolonged microorganism
activity that enabled expanded organic matter
decomposition.

Soil pH showed differences between nebkha
and vegetated sites as well as between different
seasons. Such variations could be attributed to
nature of organic matter, soil moisture content and
decomposition rates of foliage of shrub and annual
species in the different locations and seasons
(Marecar et al., 1999). For example, the breakdown
of accumulated litter and higher microbial activity
in the nebkhas under the canopy, may lead to a
decrease in soil pH (Ladenburger et al., 20006).

Niemi et al. (2005) suggested that the
soil enzyme activities vary seasonally, which
depends on the chemical, physical, and biological
characteristics of the soil. In the current study,
CMCase enzyme was more active in winter.
Previous studies have suggested that the peak of
soil enzyme activity does not always appear in the
season of higher temperature (Sinsabaugh et al.,
1993; Harris & Safford, 1996; Burger & Kelting,

1999 and Criquet et al., 2000). Button (1991)
found that bulk (unvegetated) soil is dominated
by oligotrophic microorganisms with higher
catalytic efficiency as well as rate of dispersion
of enzyme-substrate complexes. This finding is
supporting higher activities of enzymes noticed in
the unvegetated soil.

Amylase enzyme was negatively correlated
with moisture as reported by Zaveri et al. (2016).
This could be due to the compact of soil by soil
moisture. Studies had shown that the compact
soil had significantly lower biomass C (38%
decrease) and lower enzyme activities (decrease
in range from 41-75%) than the uncompacted soil
(Orchard & Cook, 1983 and Dick et al., 1988).
The organic matter and organic carbon content of
soil are accelerated by cellulase, which degrades
cellulose in plant debris to glucose, cellobiose
and  high-molecular-mass  oligosaccharides
(White, 1982). Thus, CMCase enzyme activity
showed a significant positive correlation with
organic matter. It was obvious that total bacterial
counts were significantly higher in nebkha than
unvegetated sites. This might be due to the nature
of root exudates (Zahran, 1997).

Significant negative correlation was found
between organic matter and bacterial abundance.
Visser et al. (1983) reported that bacteria were
enhanced more than fungi and actinomycetes under
low nutrient regimes and other environmental
stresses in disturbed soils in Alberta, Canada.
Yuan et al. (2007) suggested that low soil organic
matter and high salinity in soils may produce an
unsuitable substrate for the development of fungi
and actinomycetes in the microbial biomass. In
contrast, high soil organic matter and low salinity
in soils may favor fungal dominance in microbial
biomass as indicated by high microbial biomass
C to biomass N ratio. Bacterial dominance may
also inhibit the decomposition of complex organic
material in saline soils (Badran, 1994), because
fungi are especially important for the breakdown
of lignin and cellulose in decaying plant residues
(Harper & Lynch, 1985).

Gram-negative bacterial isolates were less
than Gram-positive bacteria as the later can
better tolerate high matric potential than Gram-
negative bacteria because they have stronger
cell walls (Martin et al.,, 1999; Fierer et al.,
2003; Schimel et al., 2007 and Vasileiadis et al.,
2012). Our results revealed obvious difference
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of bacterial composition in different microhabitat
of H. strobilaceum. Bacterial composition clearly
displayed seasonal and spatial varitions. More
genera were discovered in winter than any other
seasons, and some special genera appeared only in
specific season. Specific genera were only detected
at nebkha and this result is compatible with a study
done on rhizosphere of Salicornia sp showing
that the composition of microbial communities
was influenced more by root activity than by soil
composition (Mapelli et al., 2013).

It can be concluded that the formation of nebkhas
by halophytic vegetation have noticeable effects on
accumulation of soil salinity and fertility during
different seasons that affect bacterial abundance
and activity in coastal environment.
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