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Heterotrophic Marine Bacteria Attached to Leaves of Avicennia marina L.
Along the Qatari Coast {(Arabia Gulf)
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Abstract: Total wviable heterotrophic aercbic marine bacteria attached to the leaves of Awvicennia marina L. from tvwo sites of a
mangrowve forest along the Qatari Coast did not showe significant differences betwween sites. Maximum counts wwere recorded
in both sites during September and October 1998 and loweest during May and April for site 1 and 2 respectively. Of the &
bacterial groups studied, proteclytic bacterial counts in both sites wvere slightly higher then cellulohytic, amylolyic and lipohytic
bacteria. Cellulolytic counts were rather prominent in site 2 during July 1898 to February 1895, Howwewver, spore formers weere
wery lowy in both sites. The attached bacterial abundance and densities are correlated with counts in sea wwater of the mangrove
sites. These bacterial wariations may be related to atmospheric and leaf temperatures and probable inhibiting substances released
by the plant leaves. The concept that only small part of the microbial community is active at any given time appears to be

inviting in such cases.
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Introduction

Irvisible activity in the mangrove ecosysterm could be estimated
by just scooping fewy grams of mangrowe scil or surrounding
weaters and examining it microscopically  (Mahasneh, 2001s;
O Gradhy gt &, 1998; Rivera-Monroy et &, 1835). One weould be
amazed to find greater than 10° bacterial cell per gram of sail,
which keeps the systern in equilibrium if not disturbed (M orita,
1888; Luge and Snedsker, 1978). The indigenous marine bacteria
help breaking dowen all leaf litter and other sources of nutrients
[Twiilley, 188E) In marine environments, most of the weater in
mangroves comes from the sea. Little fresh weater may come from
rainfall if there are no rivers. The presence of any individoal
mangrove species within the forest iz reliant on  seweral
environmental factors including  salinity, nutrient  awvailability,
atmospheric and wyater termperatures, oxygen and probably weawve
energy (Day er i, 18998; O'Grady et a/., 1998). Unfortunately for
a long time, the ecological importance of mangrowve wwas not
recognized (Miller, 1872). These plants live within diverse
communities in the intertidal zone of tropical to subtropical coast,
rivers, estuaries, bawys and carbonate sediments around reef
associated islands (MoQuinness, 13771 The mangrowve groveth is
essential to sustain life of other organisms in the system including
macre and micreorganisms [(Mahasneh, Z0010) In mangrowve
ecosystern nothing is wwasted, nutrient rich leawves are biodegraded
by bacteria and fungi or eaten by organisms living on the forest
floors (Wafar er al, 1987). “iable marine plants secrete varying
photosynthates that are used by heterotrophic marine bacteria
attached to different parts of the plant (Sieburth, 187%; Klug,
1880). Mangrowve leaves are not an exception and they provide a
large surface area for the attachment of diverse flora and fauna
wwhich may be consumed by other marine life [Ogden, 1880;
Wahbeh and Mahasneh, 1984; Mahasneh and Al-Sayed, 18971, The
extent of bacterial colonization and attachment to macrophyte
surfaces has been studied parthy (Harbeorne, 1277, Mahasneh,
20001, Reviews of literature indicates scarcity of published
infermation on the abundance and seasonal distribution of certain
marine bacteria associated with Awicennia maring leaves all over
and specialty in the Arabian Gulf region. Hence, the distribution and
abundance of some bacteria attached to A, manna leaves as
affected by some envirenmental factors are presented in this
stuchy. The bacterial group composition and seasonal variations are
also studied.

Materials and Methods

Study sites and sample collection: Avicennia marina L. leaves
samples vvere collected from twwo different sites, Al-Khor site 1 and
Dakhira site 2.

Site 1 is located at a mangrove (A, manng] forest in the inter-tidal
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Fig. 1: Map of Qatar showeing the study site 1 Al&heor and site 2
Dakhira

zone near Ras-Aldatbach (Fig. 1). The neighbouring terrestrial area
is covered with halophytic plants and Sabkhas. The site floor is
rather sandy sediment with abundant fragments of shells with no
cbvious anaerchiosis of scil. Site 2 (Dakhiral located at a mangrove
forest at about 7 km north of site 1 (Fig. 1]. The site floor is
sloppy gray sediment characterized by anaercbiosis activity
exemplified by scil blackening. The site exhibits lowwer density of
A mering trees compared to site 1, but it is in the wicinity of
Dakhira towa. The neighbouring terrestrial area is heawvily coverad
wiith halophytes.

Composite sarmples of A. maring leaves were collected monthly in
sterile sampling bags and wwere placed in an ice box and were
transported to the laboratory within 2-3 h of collection for
anabysis.

Bacteriological analysis and culture conditions: For bacterial
analysis A, merine leaves [1 gl were vwashed with ses water to
rermove free bacteria. The rinsed leaves sample wwas cut into small
pieces using sterile scissors and weere then aseptically transferred
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into 9 ml of sterile aged sea water, shaken vigorously using a
vortex mixer and appropriate serial dilutions were prepared in
order to be plated into suitable marine agar plates to enumerate
the attached marine bacteria.

For bacterial spores determination, leaf samples vwere heated at
BO°C for 20 min and samples vvere then plated into suitable plates
of marine agar plates {Difco, USA). Bacterial counts vvere then
carried out using the media, temperatures and incubation times
listed belowy:

al] Marine agar (Difco, USA) plates for total viable marine
bacteria and spore formers

b}  Marine agar plates supplemented with 2% (w/v] cellulose to
enumerate cellulase preducers

c) Marine agar plates supplemented with 2% skimmed milk to
detect bacterial colonies producing the protease enzyme

d} Marine agar plates supplemented with 2% (w/v] starch to
detect amylase producers

e} Marine agar plates with added 2% (v/v) tween BO to detect

lipase producers.

All samples were plated in duplicates at least, incubated at
30£1°C for 2-4 days and numbers were then recorded. Results
of enumeration are reported as cfu. g~' of leaves on weight bases.
All culture media were prepared in accordance with the directions
of the manufacturers.

Environmental parameters: Water and atmospheric temperature
were recorded manually using a portable thermometer. pH was
determined in the laboratory using a digital pH-meter, salinity was
measured using a temperature compensated salinometer
{Cambridge Instruments Inc., Buffalo, USA).

Analysis of variance was applied to the overall bacterial groups

Results and Discussion

Bacteria attached to surfaces of A. marina leaves: At both sites
Al-Khor 1 and Dakhira 2, annual mean atmospheric, water
temperatures varied seasonally, hovvever salinity and pH values did
not vary significantly between sites to the extend of affecting
bacterial numbers attached to A. marina leaves (Table 1). Total
bacterial counts per gram wet leaf weight varied between 107 in
May 1999 to 3.4x10° in October 1998. Numbers for the other
months ranged between 1.2x10° to 7.4x10°. No significant
changes wvvere observed, howvever, maximum counts wvere
recorded during November and January i.e. towards late fall to
winter season (Tables 1, 2). Wahbeh and Mahasneh (1984}
studying bacteria attached to leaves of sea-grass reported highest
densities of total heterotrophic aerobic bacteria during summer
which coincided with highest productivity of the grass and
numbers vwere higher averaging between 11x10° to 10°.

For protease, amylase, cellulase, lipase producing bacteria, the
maximum number per gram wweight of A. marina leaves wvere
recorded in October 1998 and ranged between 2.1x10° for
protease producers to 3.4x10° for total counts and they followed
closely related pattern of distribution, showing no defined
seasonal pattern except the increase which appeared during
October 1998 (Tables 2, 3). These bacterial counts fall within lower
ranges reported for other species of macrophytes including some
sea-grasses (Mazure and Field, 1980; Newell, 1981; Shiba and
Taga, 1980). Wallberg ef al. (1999) reported higher bacterial counts
and primary production during rainy season in a tropical coastal
ecosystem. Spore forming bacteria attached to A. marina leaves
in this study were low 10?2 to 107 per gram of wet weight with no
regular or seasonal pattern (Table 2). These numbers compare vvell
with spore-forming bacterial numbers in the open water of the
same site (Mahasneh, 2000, 2001a,b} and Dakhira site 2 of the

mean values recorded in different sites using the SPSS5. same study (Table 4). The level of microbial colonization of
Table 1: Study sites and some environmental parameters

Site and location Water depth (m) Water temp. (°C) Atmospheric temp. (°C) Salinity (g L") Water pH
Al-Khor (1) 1.5 26.4+2.68 31.35+2.95 48 +3.45 7.8+0.18
25° 40 OON {20-35) (18-45) (42-60) (7.8-8.2)

51° 36 85E

Dakhira (2) 1.5 27.25+2.65 30.20+1.75 41.5+£1.62 7.81+0.31
25° 54 32N {21-34) (20-43) (41-50) (7.8-8.25)
51° 35 00E

Table 2: Distribution of different bacteria (cfu. g'1) of A.marian leaves at Al-Khor site 1 and Dakhira site 2. Annual log means +5D for the period June

1998 to May 1999

Bacteria
Site Tota Amy Celu Prot Lipa Spor
Ak-Khor 1 5.44+0.77 5.0+0.86 5.1+0.83 4.76+0.85 492+0.87 293+£0.73
(3.3-6.56) (3.08-6.41) (3.08-6.38) (3-6.62) (3.4-6.49) (2-4.34)
Dakhira 2 5.55+0.76 50+0.73 5.26 +0.75 5.0+0.81 4.51+0.85 3.19+0.53
(3.9-6.72) (4.20-6.59) {4.15-5.26) (4-6.34) (2.68-6.38) (2.3-4.34)
Numbers in brackets indicate minimum and maximum numbers recorded during the study
Table 3: Bacterial counts {X10° g~' wet weight) attached to A. marina laves from Al-Khor site 1 at different sampling dates
Type of Bacteria Jun. Jul. Sept. Oct. Nov. Dec.
1998
Tota 6.7+0.12 7.4+0.10 0.17+0.04 134.0+0.21 2.2+0.01 7.1+0.34
Amy 0.205+0.01 5.2+0.35 1.7+0.12 25.0+£0.42 0.28+0.15 0.35+£0.05
Celu 0.18+0.06 0.65+0.10 4.5+0.16 25.0+£0.42 1.55+0.08 3.0+0.18
Prot 7.65+0.35 7.4+0.48 0.12+0.05 21.0+0.95 0.16 +0.06 0.12
Lipa 2.0+0.11 8.1+0.62 2.3+0.18 30.0+0.85 0.46+0.28 0.03+£0.01
Spor 0.21+0.02 0.07£0.002 0.01+£0.31 0.001+0.001 0.005+ 0.0001 0.001+£0.001
1999 Jan. Feb. Mar. Apr. May
Tota 12.0+0.51 1.35+0.12 2.95+0.1 1.6+0.3 0.03+0.01
Amy 3.0£0.21 25x0.18 0.012+0.01 3.5+£0.02 1.20+£0.1
Celu 5.0+£0.50 0.021+0.08 1.7£0.22 1.55+0.02 1.35+£0.08
Prot 5.5+0.25 0.69+0.17 3.6+0.18 1.25+0.1 0.02+0.01
Lipa 0.37+0.02 0.33+0.12 3.8+0.17 1.3+0.10 0.05+0.01
Spor 0.005 +0.001 0.05+0.001 0.4+0.001 0.03+0.002 0.06+0.004

Total bacterial counts (Tota), producers of amylase {Amy), cellulase (Cellu), protease {Prot), lipase (Lipa) and spore formers {Spor}
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Table 4: Bacterial counts (10° g~' wet vweight) attached to A. marina leaves from Dakhira site 2 at different sampling dates (Means + 5.D)

Type of Bacteria Jun. Jul. Sept. Oct. Nov. Dec.

1998

Tota 0.82x0.12 35.00+1.3 48.00+1.5 3.50£0.25 4.40+0.42 6.15+0.65
Ay 0.21+£0.02 375018 0.34+£0.13 0.49+0.08 1.05+0.03 0.24+0.02
Celu 24.00+3.8 46.00+6.85 0.32+£0.05 4.60+0.33 3.80=0.28 0.25+0.04
Prot 0.22+0.03 21.00+£0.42 0.16 £0.02 2.90+0.14 0.95+0.08 0.11+£0.02
Lipa 5.3+0.52 13.00+1.24 0.24+0.04 0.93x0.18 1.50+0.25 0.19+0.1
Spor 0.21+£0.01 0.05+0.01 0.02+0.02 0.02+0.01 0.001+0.001 0.004+0.002
1999 Jan. Feb. Mar. Apr. May

Tota 8.70+0.71 6.80+5.5 1.30+0.10 0.89+0.11 0.12+0.02

Ay 285+0.12 9.10+2.36 0.89+0.09 1.50+0.17 0.16+0.03

Celu 7.90+0.78 5.90+0.58 1.20£0.17 0.64+0.06 0.14+0.01

Prot 4.90+0.72 9.50+0.82 0.19+0.03 2.00+0.90 0.15+0.02

Lipa 0.34+£0.001 0.05+0.001 0.32+0.02 2.60+1.10 0.22+0.03

Spo 0.01+0.003 0.01+0.0 0.03+01 0.00+0.0 0.01+0.002

Table 5: Percentage group compaosition of bacteria attached to been reported in several marine plants (McMillan ef af., 1980].

leaves of A. marina in Al-Khor [site 1) and Dakhira [site
2) based on annual log means of cfu. g’
Percentage composition

Bacterial groups site 1 site 2
Amylolytic 21.6 21.7
Cellulolytic 23.2 23.4
Proteolytic 21.2 21.7
Lipolytic 21.8 19.6
Spore formers 12.8 13.6

surfaces of marine plants appears to be at least partially regulated
by antifouling substances as polyphenocls, tannins and other
inhibitory substances which have been reported in certain marine
plants (Conover and Sieburth, 1964; McMillan et al., 1980].
Harborne {1977} reported that flavancids, phenclic compounds
and tannins are vvater soluble and could be antagoenistic to
microbial attachment and invasion of marine plants and A. marina
would not be an exception and this require further investigation.
Bacterial overall abundance and seascnal distribution of Dakhira
site 2 leaf surfaces of A. marina did not differ significantly from
that in Al-Khor site 1. Maximum total bacterial counts were
recorded in September 1998 and reached 4.8 x 10° while minimum
numbers vvere recorded during June 1998 and April 1999 (Tables
3, 4). Cellulase, amylase and protease producing bacteria appeared
to be slightly higher than other bacterial counts during the study
period [Table 4}. This trend had been cbserved earlier in sea-water
of the study sites (Mahasneh, 2000}. Unique to A. marina leaves
of Dakhira site 2 is the rather increased counts of cellulase
producing bacteria during the period July 1998 to February 1999
{Table 4); no immediate explanation could be provided from these
results. Howvever, highly significant correlations (P < 0.05) have
been cobserved between amylolytic group (r=0.82), cellulolytic
{r =0.89], proteolytic (r=0.75} and total counts in site 1 and the
same trend more or less was observed for Dakhira site 2. No
correlations were observed for spore formers in both sites. The
concept that only small part of the microbial community is active
at any given time appears to be inviting in such cases (Parkes
et al., 1984].

Table 5 presents the group composition of the bacteria studied
based on the annual mean counts. Cellulase preducing bacteria
were rather dominant through out the study period in both sites
1 and 2. However, slightly significant differences (P < 0.0b6) were
observed betvween these groups and protease preducers in one
hand and spore formers in the other hand both within the site and
between the two sites. Generally, Dakhira site 2 appears to exhibit
rather higher percentages of cellulase, protease producers as well
as higher spore forming bacteria. Harborne {1977) and Tomlinson
(1980) indicated that the extent of bacterial attachment to the
surfaces of marine plants is thought to be linked to the antifouling
substances such as poly phenols, flavons and tannins which have
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Wahbeh and Mahasneh {1984) and Bovven {1980} did not rule out
the effect of factors related to microbial competition and microbial
antagonistic interactions. This could be understood if amylolytic
and proteolytic ability of bacteria is linked in most instances to
their ability to produce certain antibiotics (Mahasneh, 1977].
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