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Abstract: The declining mangrove vegetation along the Arabian Gulf coast necessitates a thorough 
study for finding out the soil status and for rehabilitating the affected population. In this study, soil 
supporting die back/die off mangrove plants at Al-Jubail area was studied. Field experiments were also 
conducted to determine the success/failure ratio of the germinated seeds in both healthy and damaged 
soils. Obtained results showed that high damage was in the soil of sand mound sites because only 19 % 
of mangrove fresh seeds could germinate in this site, while low damage was recorded in the soil of 
inter-tidal sites where germination rate was about 32%. High decrease in CTMB was noticed at the inter-
tidal sites compared to other damaged sites, while no significant differences were noticed between all 
damaged sites in CAMB, BR and DEA. Compared to controlled conditions, values of all anions were 
significantly high at all studied sites. Values of all major and minor elements at all damaged sites were 
also significantly high compared to controlled conditions. This study concluded that soils with higher 
quality were degraded more rapidly, because they usually need more nutrient input to maintain their 
quality status than those with lower quality. These analyses show that it is of equal importance to 
improve soil quality in degraded locations and to sustain it in high-quality areas. 
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INTRODUCTION 

 
 The mangrove [Avicennia marina (Forsk.) Vierh] 
is the highly adapted plants found in the tropical 
intertidal forest communities or the ecosystem itself[32]. 
Mangrove plants are diverse group of predominantly 
trees, shrubs, palms and ground ferns growing around 
the mean sea level in the marine intertidal zone along 
tropical and subtropical coasts[20]. The ecological 
functions of mangroves as land builder and coastline 
stabilizer are well known[33,38]. It is also known that 
mangroves are highly productive and provide suitable 
habitats, shelter, breeding sites and food source for 
various groups of fish and other coastal wildlife[37]. 
 Huge areas of mangrove forests have been lost 
from Southeast Asia due to population expansion and 
human activities such as wood extraction, conversion to 
aquaculture  and agriculture, salt production, mining 
and     pollution   from   coastal    industrialization    and 
urbanization[19]. The development of aquaculture 
represents a major threat to mangrove ecosystems and 

is generally affecting the characters of the soil of these 
habitats. The damage of soil leads to weaken the growth 
of existing plants[39]. The mangrove forest in Malaysia 
decreased 60% in Philippines, 55% in Thailand, 37% in 
Vietnam and 75% in Sulawesi, Indonesia[26]. An 
estimated 30% of Malaysian mangrove forest has been 
destroyed because of expanding shrimp farms[26].  
 Numerous researchers have conducted field 
surveys, observations and field and laboratory 
experiments to examine the factors influencing 
mangrove soil quality. These factors include: water and 
soil sulfide concentrations[21,25], salinity[5,38], anoxia and 
water logging[37,38], light[34,38], nutrient availability[23,38]; 
and biotic interactions such as site-specific 
competition[4] and predation[11,21,22]. 
 The Soil Quality (SQ) is a minimum dataset 
(MDS) of analytical biological, chemical and physical 
properties of field moist and air-dried soils. 
Assessments of SQ focus on how a soil functions with 
respect to specific land-use, crop-production and 
environmental questions[27]. Researchers have recently 
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begun to focus on the role of SQ in a sustainable 
agriculture [13]. A high quality soil is thought to include 
the elements of efficient biological activity, improved 
soil aggregation, enhanced water holding capacity, 
rapid infiltration, increased nutrients availability, 
extensive rooting depth, increased soil organic matter, 
reduced pesticide leaching and resistance to 
compaction[42]. The soil quality index (SQI) was able to 
classify and compare the functional capacity of soils 
among different stress systems[29]. Also, the SQI clearly 
demonstrated the differences among the soils with 
different biological, chemical and physical properties 
and subjected to different practices[32]. The SQI may be 
useful as a report card to evaluate whether a soil is 
improving, sustaining or degrading in quality[8]. 
 This study is conducted to identify some of the soil 
quality factors present at Al-Jubail Area. We selected 
some soil factors (biological and chemical) as soil 
quality indicators for regional-scale assessment and for 
determining SQI of mangrove soil.  
 

MATERIALS AND METHODS 
 
Study area: The Arabian Gulf region extends from 
Shatt Al-Arab and the coastal lowlands in the north to 
the Strait of Hormus and the high mountains of Oman 
in the south. It is a semi enclosed shallow continental 
water body measuring 1000 km in the length and 
varying in width from a maximum of 340 to a min of 60 
kms. The average depth is about 35 m and maximum is 
100 m. The Gulf is subjected to wide climatic 
fluctuations, with surface water temperatures generally 
ranging from 12°C in winter to >35°C in summer and 
salinity from 28-60 ppt. The Gulf is home to one of the 
world’s largest dugong populations, found off the 
coasts of Saudi Arabia. 
 Al -Jubail area is part of the coast of Saudi Arabia 
in the Arabian Gulf. It encompasses extensive 
mangroves, mudflats and a diverse array of benthic 
habitats including reefs and sea grasses. There are reefs 
which mostly appear as small pinnacles or outcrops and 
as patch reefs between Ras Almishab Saffaniyah and 
Abu Ali and between Abu Ali and Ras Tanura. These 
reefs support coral growth at their extreme northern 
distribution, which are remarkable as they withstand the 
major shifts in temperature and salinity occurring in the 
Gulf. The area is also, an important avifaunal wintering 
site and migratory pathway, with extensive shallow 
water bodies. 
 
Testing mangrove trees status and its soil: Mangrove 
[Avicennia marina (Forsk.) Vierh] trees flourish in sand 
mound, salt flat, shoreline and intertidal sites at Al-

Jubail Area. Die off/die back/healthy mangrove plants 
were counted in three quadrates, each with an area of 
10×10 m2. Hundred fresh seeds of Mangroves were 
sown in the soils of each site and left them for four 
months under all conditions of the Arabian Gulf; and 
then counted the number of germinated seeds in each 
site.  
 
Measurement of soil quality indicators: Soils 
supporting die-off, die-back and healthy plants from 
sand mound, salt flat, shoreline and intertidal sites were 
collected and transferred to laboratory, then it is 
subjected to the biochemical properties, soluble cations 
and anions and major and minor elements of the soil 
were measured as a minimum dataset of soil (MDS) to 
quantify soil quality (SQ).  
 
Biochemical properties: Total microbial biomass 
(CTMB) (M CO2-C m−3) was measured by the carbon 
field index (CFI) method[17,18]. Active microbial 
biomass (CAMB) (M CO2-C m−3) of soil was measured 
by the stimulated basal respiration method[17,40]. Basal 
respiration (BR) (M CO2-C m−3 day−1) was measured as 
the average CO2-evolution of 2 mm sieved non-
amended homogenized soil (unfumigated) after an 
incubation period of 10 days[17]. Arginine 
ammonification (ARG) rate (mM NH4 m−3 h−1) was 
measured by the method of Alef and Kleiner[1]. 
Dehydrogenase enzyme activity (DEA)   (M TPF day−1 
m−3) was determined by the method of Tabatabai[35]. A 
number of metabolic quotients (qR), such as CTMB Corg

−1, 
CAMB Corg

−1 and CAMB CTMB were calculated[17]. The 
specific maintenance respiration rate (qCO2) was 
calculated as mean daily BR CTMB (M CO2-C day−1 
CTMB

−1) by the method of Anderson and Gray[3].  
 
Soluble cations and anions: Soluble cations and 
soluble anions were determined as the method 
described by Richards[30]. 
 
Major and minor elements: Phosphorus in soil was 
determined as available phosphorus in 0.002 NH2SO4 
extracts using Spectro Master model 410, Taiwan. Total 
calcium, magnesium, sodium and potassium were 
determined by Jenway flamephotometer PFP7, 
England. The remaining elements (S, Fe, Mn, Zn, Cu) 
were determined using Perkin Elmer atomic absorption 
3110, USA. 
Mathematical derivation of soil quality index: This 
approach allowed normalization of selected measured 
biological and chemical properties of soil, combined 
together and then averaged into a single integrator of 
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SQ. The description of the inductive additive approach 
that was modified to use for mathematical derivation of 
SQI's from measured soil properties was found in the 
method of Humphreys  and Wilkinson [16].  
 
Statistical analysis: Calculations and statistical 
analysis of MDS-SQ and SQI's were done, using the 
SPSS® BASE 10.0 (SPSS Inc., Chicago, IL) packages. 
SQI were tested using ANOVA. LSD separated means 
at p<0.05 levels was used. Mean separation between 
individual sites as replications.  
 

RESULTS AND DISCUSSION 
 
Healthy/die off/die back mangrove: The percentages 
of healthy, die off and die back plants and germinated 
seeds in the soil supporting mangroves at Al-Jubail 
area, are presented in Table 1. These data showed that 
the number of healthy mangroves per quadrate were 
higher in sand mound, shoreline and intertidal sites than 
salt flat site. Gradual decreases in the number of die off 
plants from sand mound to intertidal sites, while 
another gradual decreases in the number of die back 
plants from intertidal to sand mound sites. High damage 
in the soil of sand mound sites is because only 19% of 
mangrove fresh seed could germinate in this site, while 
low damage was recorded in soil of intertidal sites 
which was about 32%. 
  
Effect of mangrove soil characters on its quality 
indices 
Biochemical properties: Table 2 showed mean values 
of selected biochemical characters as soil quality 

indicators to the soil supporting mangroves at Al-Jubail 
Area. Significant differences are noticed in for all 
biochemical characters of soil between healthy soil 
(control) and different sites (damaged) except qR’s and 
qCO2. High decrease in CTMB was observed at intertidal 
sites compared to other damaged sites, while no 
significant differences between all damaged sites in 
CAMB, BR and DEA. Arginine ammonification enzyme 
activity (ARG) recorded significant difference between 
salt flat and intertidal sites of all damaged soils.  
 Soil quality indices based on selected biochemical 
characters for soils supporting mangroves at Al-Jubail 
Area are given in Table 3. The data showed that 
significant decreases in SQI's (SQIT = Soil quality 
index based on all soil properties, SQI7 = Soil quality 
index based on all soil properties except enzymes, SQI3 
= Soil quality index based on CTMB, CAMB and BR, SQI(3) 
= Soil quality index based on qR’s, SQI2 = Soil quality 
index based on enzymes, SQI1 = Soil quality index 
based on CTMB, SQI(1) = Soil quality index based on 
CAMB) of all damaged sites in comparison with healthy 
soils. The SQI3, SQI1, SQI(1) indicated that less quality 
soils of damaged sites than other calculated indices 
(SQIT, SQI7, SQI(3), SQI2). No significant differences 
between soil quality indices of damaged sites (SQI7, 
SQI3, SQI(3), SQI(1)). The calculated SQI based on CTMB 

and CAMB was the best indictor for soil quality status at 
Al-Jubail Area. 
 
Soluble cations and anions: Data of soluble cations 
and anions (%) as soil quality indicators are presented 
in  Table  4. High  changes  are  recorded  in  all soluble 

 
Table 1: Mean values of percentage numbers of healthy, die off and die back plants and germinated seeds number to the soil supporting 

mangroves at Al-Jubail area, KSA 
Sites % of healthy % of Die off plants/quadrate % of die back plants/quadrate % of germinated seeds/quadrate 
Sand mound 55 35 14 19 
Salt flat 34 25 27 22 
Shoreline 66 10 35 33 
Intertidal 70 4 36 32 
LSDP<0. 5 14 12 7 9 
 
Table 2: Mean values of selected biochemical characters as soil quality indicators to the soil supporting mangroves at Al-Jubail area, KSA. 
 CTMB CAMB qR (%) qR (%) qR (%) BR (M CO2 qCO2 (M CO2 ARG (mM NH4 DEA (M  
Sites (M CO2 m-3) (M CO2 m-3) CTMB CORG

-1 CAMB CORG
-1 CTMB CAMB

-1 d-1 m-3) d-1 CTMB
-1) hr--1 m-3 ) TPF d-1 m-3) 

Control 7.12 3.01 4.12 1.66 38.41 1.42 0.16 21.22 0.15 
Sand mound 3.32 0.88 1.77 0.92 27.98 0.88 0.35 13.00 0.06 
Salt flat 2.56 0.99 1.78 0.92 28.12 0.88 0.36 15.23 0.06 
Shoreline 1.99 0.88 1.66 0.89 27.53 0.86 0.33 10.12 0.05 
Intertidal 1.11 0.88 1.17 0.91 27.99 0.75 0.38 10.05 0.05 
LSDP < 0. 5 0.19 0.12 3.01 0.62 2.11 0.11 0.21 5.12 0.05 
Control site means soil supporting healthy mangrove trees, other sites means soil supporting die off/die back mangrove trees. CTMB = Total 
microbial biomass C, CAMB = Active microbial biomass C, qR = Metabolic quotients, CORG = Total soil organic C, BR = Basal respiration, qCO2 = 
Mean daily BR CTMB

-1, ARG = Arginine ammonification, DEA = Dehydrogenase enzyme activity, hr = Hours, d = day, mM = Milli mole, TPF = 
Triphenyl formazen, LSD = Least significant difference and p = probability 
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Table 3: Mean values of soil quality indices based on selected biochemical characters as soil quality indicators to the soil supporting mangroves 
at Al-Jubail area, KSA 

Sites SQIT SQI7 SQI3 SQI(3) SQI2 SQI1 SQI(1) 
Control 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
Sand mound 0.64 0.65 0.44 0.71 0.61 0.47 0.28 
Salt flat 0.66 0.64 0.38 0.72 0.72 0.36 0.33 
Shoreline 0.57 0.61 0.32 0.71 0.47 0.28 0.28 
Intertidal 0.43 0.59 0.23 0.71 0.51 0.16 0.28 
LSD P < 0. 5 0.14 0.12 0.11 0.19 0.14 0.15 0.07 
Control site means soil supporting healthy mangrove trees, other sites means soil supporting die off/die back mangrove trees. SQIT = Soil quality 
index based on all soil properties, SQI7 = Soil quality index based on all soil properties except enzymes, SQI3 = Soil quality index based on CTMB, 
CAMB and BR, SQI(3) = Soil quality index based on qR’s, SQI2 = Soil quality index based on enzymes, SQI1 = Soil quality index based on CTMB, 
SQI(1) = Soil quality index based on CAMB, LSD = Least significant difference and p = probability 
 
Table 4: Mean values of soluble cations and anions (%) as soil quality indicators to the soil supporting mangroves at Aljubail area, KSA 
 Soluble cations (%)     Soluble anions (%) 
 ------------------------------------------------------------------------------------------- ------------------------------------------------------ 
Sites Ca++ Mg++ K+ Na+ P+++ S++ Cl− SO4

−− CO3
−− HCO3

− 

Control 0.16 0.18 0.16 0.12 0.09 0.12 1.66 0.41 1.42 1.16 
Sand mound 0.31 0.34 0.39 1.91 0.14 0.60 2.82 0.55 2.26 1.36 
Salt flat 0.39 0.34 0.42 1.11 0.14 0.70 2.81 0.92 2.82 1.37 
Shoreline 1.65 0.64 1.43 1.82 1.55 0.70 3.98 2.28 2.44 1.95 
Intertidal 1.41 0.53 1.02 1.56 0.49 0.70 3.32 2.12 2.26 1.55 
LSD P < 0. 5 0.23 0.16 0.27 0.11 0.10 0.21 0.32 0.13 0.16 0.81 
Control site means soil supporting healthy mangrove trees, other sites means soil supporting die off/die back mangrove trees. LSD = Least 
significant difference and p = probability 
 
cations content of all damaged sites except Mg++ and 
S++, while little variations are in soluble anions content 
of all damaged sites except SO4

−−. Significant high 
values of Ca++, Mg++, K+ and P+++ were noticed at 
shoreline and intertidal sites, while the values of Na++ 
and S++ are higher at all damaged sites in comparison 
with controlled conditions. All anions are significantly 
high at all studied sites when compared to controlled 
conditions. 
 Mean values of soil quality indices (soluble cations 
and anions (%) as soil quality indicators to the soil 
supporting mangroves at Al-Jubail Area are listed in 
(Table 5), showed high decrease in soil quality. Based 
on cations and anions content, close values of SQIT 
between sand mound and salt flat and between 
shoreline and intertidal sites were recorded. Significant 
increases in SQI of salt flat based on soluble cations 
content in compared to other damaged sites. Soil 
quality indices recorded higher values at sand mound 
being 68%, salt flat being 23%, salt flat being 11% and 
shoreline sites being 41% between damaged sites, based 
on soluble anions; Ca++, K+ and Na+; Na+ and K+, 
respectively. Soil quality indices based on soluble 
cations and anions (%) showed that SQIT and SQI1* are 
the best soil quality indicators.  
 
Major and minor elements: Analysis of major 
elements   showed  that  Na  and  K  were  the  dominant 
elements followed by Mg, P, Ca and then S, while 
minor  elements  showed  that  Cu was relatively higher  

Table 5: Mean values of soil quality indices based on soluble cations 
and anions (%) as soil quality indicators to the soil 
supporting mangroves at Al-Jubail area, KSA 

Sites SQIT SQIC SQIA SQI3 SQI1 SQI1* 
Control 1.00 1.00 1.00 1.00 1.00 1.00 
Sand mound 0.52 0.22 0.68 0.19 0.03 0.41 
Salt flat 0.49 0.31 0.59 0.23 0.11 0.38 
Shoreline 0.30 0.11 0.44 0.09 0.07 0.11 
Intertidal 0.37 0.15 0.50 0.11 0.08 0.16 
LSDP < 0. 5 0.12 0.05 0.11 0.07 0.03 0.07 
Control site means soil supporting healthy mangrove trees, other sites 
means soil supporting die off/die back mangrove trees. SQIT = Soil 
quality index based on all soil properties, SQIC = Soil quality index 
based on all soil cations, SQIA = Soil quality index based on all soil 
anions, SQI3 = Soil quality index based on Na+, Ca++ and K+, SQI1 = 
Soil quality index based on Na+, SQI1* = Soil quality index based on 
K+, LSD =Least significant difference and p = probability 
 
than Zn followed by Fe and Mn (Table 6). Significant 
increases in all major and minor elements at all 
damaged sites compared to controlled conditions. No 
significant differences of Ca, Mg and S are noticed 
among all damaged sites. Shoreline site exhibited the 
highest values of Na, K and P among all damaged sites. 
Since high variations between damaged sites and 
control, we use them as the best quality indicators. 
 Soil quality indices calculations, based on major 
and minor elements for soils soil supporting mangroves 
at Al-Jubail Area, are given in Table 7. The values of 
SQIT and SQIMJ are similar means no effect of minor 
elements on status of soil quality of mangrove trees. All 
calculated SQI based on all parameters showed that 
high quality of soil supporting mangrove plants are at 
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Table 6:  Mean values of major and minor elements as soil quality indicators to the soil supporting mangroves at Al-Jubail area, KSA 
 Major elements (ppm)     Minor elements (ppm) 
 -------------------------------------------------------------------------------------------- ----------------------------------------------------- 
Sites Ca Mg K Na P S Cu Zn Fe Mn 

Control 1.42 1.11 71.42 42.12 3.01 1.34 0.61 0.11 0.11 0.16 
Sand mound 3.31 4.43 110.11 121.91 3.23 1.66 2.89 1.53 0.86 0.45 
Salt flat 3.33 4.41 182.42 222.11 3.54 1.75 2.91 1.91 1.15 0.52 
Shoreline 3.32 4.45 344.43 232.00 3.95 1.77 3.92 2.18 1.28 0.55 
Intertidal 3.41 4.44 243.12 202.56 3.29 1.78 1.92 1.12 0.99 0.66 
LSD P < 0. 5 0.12 1.11 54.12 20.11 0.12 0.21 22.11 2.44 1.15 0.11 
Control site means soil supporting healthy mangrove trees, other sites means soil supporting die off/die back mangrove trees. 
LSD = Least significant difference and p = Probability 
 
Table 7: Mean values of soil quality indices based on major and 

minor elements as soil quality indicators to the soil 
supporting mangroves at Al-Jubail area, KSA 

Sites SQIT SQIMJ SQIMI SQI3 SQI1 SQI1* 
Control 1.00 1.00 1.00 1.00 1.00 1.00 
Sand mound 0.48 0.48 0.17 0.19 0.35 0.64 
Salt flat 0.29 0.29 0.15 0.12 0.19 0.39 
Shoreline 0.20 0.20 0.14 0.08 0.18 0.21 
Intertidal 0.26 0.26 0.21 0.10 0.21 0.29 
LSD P < 0. 5 0.05 0.05 0.03 0.04 0.05 0.10 
Control site means soil supporting healthy mangrove trees, other sites 
means soil supporting die off/die back mangrove trees. SQIT = Soil 
quality index based on all soil properties, SQIMJ = Soil quality index 
based on all soil cations, SQIMI = Soil quality index based on all soil 
anions, SQI3 = Soil quality index based on Na, Ca and K, SQI1 = Soil 
quality index based on Na, SQI1* = Soil quality index based on K, 
LSD =Least significant difference and p = Probability 
 
sand mound sites, while low quality are recorded at 
shoreline sites. Small variations between all studied 
sites were listed for SQIMI. These data showed that 
SQIT, SQIMJ and SQI1* are the best indicators for soil 
quality. 
 Problems relating to Avicennia marina grown at 
Al-Jubail Area are die off and die back plants, besides 
the non-germinating seeds. These problems may be due 
to continuous threats of land-filling and dredging which 
in turn affect the supply of oxygen to its root system 
and thereby prevent the normal root growth and 
efficient metabolic activity. Zonation patterns appear to 
be present in the mangrove at Al-Jubail. 
Pneumatophore height and density increase 
significantly towards the sea. Tree roots at the seaward 
edge may be oxygen- limited due to the mangrove mud 
being anoxic, where the presence of taller and more 
abundant pneumatophores rising above the mud will 
help transport oxygen to the submerged roots and by 
the development of internal gas transport pathways 
extending throughout the entire root system and 
communicating with the air by means of lenticels or 
other specialized water exuding structures[11]. 

Soil quality is one of the most important factors in 
sustaining the global biosphere and developing 
sustainable agricultural practices[7]. It has been defined 
in several different ways in recent years from view 

points of bioproductivity, sustainability, environmental 
protection, and human and animal health. In this paper, 
soil quality refers to its capacity to meet the need of 
plant growth. Many practices greatly impact the 
direction and degree of soil quality changes in time and 
space. Understanding the effects of these practices on 
soil quality and its indicators has been identified as one 
of the most important goals for modern soil science and 
plant growth [7]. Soils at Al-Jubail Area are subjected to 
long-term damage and might gradually decrease its soil 
quality over the years. Major plants in the shoreline of 
the Arabian Gulf especially mangroves were subjected 
to continuous threats which include land-filling and 
dredging for coastal expansion; destructive fishing 
methods; impacts from tourism, shipping and maritime 
activities, sewage and other pollution discharges. Low 
biological activity (Table 2), high soluble cations and 
anions (Table 4) and major and minor elements (Table 
6) may attribute to both decreased amount of organic 
substrate and the size of microbial biomass in soil[24,41].  
 The lower percentage of active microbial biomass 
is also attributed to low organic amendment in soil and 
high soluble cations and anions and major and minor 
elements under above stresses. The low organic residue 
supply could reflect the low amount of readily available 
C in soil which functions as food and energy sources 
and drives efficient microbial activity[15]. Soil basal 
respiration and ratios of CO2-C Corg

−1 or CO2-C CTMB
−1 

give an indication of the metabolic activity of soil, 
which accounted for the recycling of organic C in 
low[9].  
 The amount of CO2-C respired per unit microbial 
biomass C (qCO2) was large in high oxidative soils 
under these stresses due to low microbial biomass C 
pool and low biological activity[14, 38]. This inferred that 
for a given amount of organic C in soil, proportionally 
more C would be assimilated through microbial 
biomass with the high qCO2 and the soils under stress 
would accumulate less C over time[6]. A high qCO2 was 
reported in less productive soil compared to more 
productive soil[12] and continuous loss of CO2 from soil 
may indicate ecosystem inefficiency, that is, energy 
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loss from the soil system[8]. High ecosystem respiration, 
qCO2 in soil may often result from stress and 
disturbance factors.  
 The physical breakdown of the aggregates due to 
stresses temporarily promotes the interaction between 
microbes and organic C substrates initially protected 
within the macro aggregates[22,38]. This process leads to 
increased microbial oxidation of the organic C and 
subsequently deplete the soil organic C[23]. The data on 
microbial biomass (CTMB, CAMB) and its activities (BR, 
qCO2, ARG and DEA) in these soils are consistent with 
other findings that suggests the need for the 
management practices that could increase the 
proportion of soil organic C through microbial 
biomass[2,14,28].  Consistent relationship between 
microbial biomass and activities in soil with water 
stability of soil particles were observed. This may 
effectively less protective organic C from microbial 
decomposition[31]. From the obtained results (Table 2, 4 
and 6), it is assumed that a low quality in the properties 
of soil of die off/die back mangroves may have been 
related to the decreasing in amount of high quality 
litter, decomposable organic C and efficient C 
assimilation through less beneficial effects of soil active 
microbial biomass. Low litter quality materials have 
been found to decompose and assimilate slower than 
high quality litter materials[20]. 
 

CONCLUSION 
 
 The costal habitat diversity at Al-Jubail Area of 
Saudi Arabian coast of the Arabian Gulf supports 
different mangrove plant populations with various 
characteristics. These characters include die off/die 
back mangrove plants. This means that it is necessary to 
maintain the population of these communities at an 
optimal level.  
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