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Microbially-driven nitrogen cycle in mangrove ecosystems

LU Faman', HONG Yiguo?, SUN Wei'", WEI Mingken', WU Jiapeng®
1 College of Biology and Food Engineering, Guangdong University of Petrochemical Technology, Maoming 525000,
Guangdong, China
2 Institute of Environmental Research at Greater Bay, Key Laboratory for Water Quality and Conservation of the
Pearl River Delta, Ministry of Education, Guangzhou University, Guangzhou 510006, Guangdong, China
Abstract: Nitrogen cycle driven by microorganisms plays an important role in the material cycle,
purification of external pollutants, and maintenance of ecosystem balance in the mangrove ecosystems.
Compared with other natural ecosystems, mangrove which inhabits in coastal saline or brackish water,
boasts multiple nitrogen cycle processes and diverse related microorganisms which are affected and
regulated by complex environmental factors. This study summarized the properties and characteristics
of mangrove soil and reviewed the main nitrogen cycle processes driven by microorganisms in
mangrove ecosystems, such as nitrogen fixation, nitrogen mineralization, nitrification, anaerobic
ammonia oxidation, denitrification and dissimilatory nitrate reduction to ammonium. In addition, we
discussed the coupling process of nitrogen cycle and other cycles. Finally, we analyzed the influence of
environmental factors such as pH, salinity, season, crab activity, and mangrove species on the nitrogen
cycle and the related microbial abundance and diversity in the mangrove ecosystems. This review is

expected to serve as a reference for the protection and restoration of mangrove ecosystems.

Keywords: mangrove; microorganisms; nitrogen cycle; coupling process; environmental factors
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Figure 1 Flow chart of main nitrogen cycle driven by mangrove microorganisms (6111 SOM: soil organic

matter; BNF: biological nitrogen fixation; DNRA: dissimilatory nitrate reduction to ammonium; comammox:
complete ammonia oxidation; AOB: ammonia oxidizing bacteria; AOA: ammonia oxidizing archaea; NOB:

nitrite oxidizing bacteria.
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Table 1 New nitrogen-fixing bacteria found in mangrove forests during 2010-2021

Species Names Positions Time References
Mangrovibacter plantissponsor MSSRF40" Pichavaram mangrove forest in India 2010 [32]
Marinobacterium mangrovicola Gal22" Rhizophora mangle mangrove 2014 [33]

Mangrovibacterium

SCSIO N0430" Bailu Park mangrove, Sanya, on the south coast of 2014 [34]

diazotrophicum China

Draconibacterium mangrovi GM2-18" Luoyang mangrove, Quanzhou Bay, China 2020 [35]
Maribellus sediminis GM1-28 Luoyang mangrove, Quanzhou, China 2020 [36]
Vibrio ziniensis ZWAL4003"  Purple Mud mangrove in Zhangzhou, China 2021 [37]
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Table 2 Environmental factors and results of nitrogen cycling in mangroves

Environmental factors Variation trends Results References
Salinity Increasing salinity within a  Nitrogen removal rates decreased. [66]
certain range The activity of denitrifying enzymes and the number of [72]
denitrifying bacteria reduced.
Nitrification was inhibited. [72]
DNRA process was enhanced. [73]
- Nitrogen-fixing bacteria tolerate a certain degree of [27]
salt.
Season Summer (rainy season) Nitrite reductase gene-nirS and nitrate reductase [6]

gene-narG showed high absolute abundance.
AOB plays a leading role in nitrification. [48]

Abundance of dominant genus Scalindua in anammox [56]
bacteria decreased significantly.

- Denitrification: spring>summer>autumn. [74]
- DNRA process: summer>autumn>spring. [74]
Winter (dry season) AOA plays a leading role in nitrification. [48]
Crab activities Cave digging behavior (cave AOA and AOB genes showed high abundance in [75]

dwelling)

sediments around crab holes.

Nitrification was promoted.
Mineralization of organic nitrogen in sediments was [76]
accelerated around crab holes.

N, fixation was inhibited.

Tree species and age of Mature mangrove forest
mangrove Different mangrove species
Temperature High temperature (35 °C)

Tide -

Nitrogen fixation was promoted.

[77-78]
[26,78]

Microbes involved in nitrogen cycling were selected.  [79]
Fixed rate of nitrogen was low. [78]

The DNRA rate on the coast of mangrove beach was [74]

higher than that on the coast.

Ebbing tide

The proportions of NH,*-N and DON increased, while [11]

the proportions of NO; -N and NO, -N decreased,
which was opposite during the flood period.

Organic matters

High concentration of PBDEs The growth of anammox bacteria was limited. [80]

@ 9

indicates no specific variation trend.
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Figure 2 Mangrove crabs and their burrowing activities
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1. A: crab cave of mudflat on the edge of mangrove

in Gaoqgiao Town, Zhanjiang, China. B: mud-covered crabs and their caves in Qatar mangroves. C: mangrove
crabs and their caves in Gaoqiao Town, Zhanjiang, China. D: mud-covered crabs in Qatar mangroves.
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