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Abstract. Avicennia marina is a mangrove species that can be found on the
coast of Indonesia, specifically in Lampung province. The aim of this study
was to investigate the relationship between Avicennia marina nutrients in
natural mangroves. This study was conducted in the coast of Pesawaran,
Lampung, Indonesia in December 2023. Nutrient sampling included leaves,
roots, and sediment in the Avicennia marina mangrove area. The statistical
analysis used the principal component analysis (PCA) approach. The
nutrients analyzed were nitrogen (N), phosphorus (P), zinc (Z), magnesium
(Mg), and iron (Fe) in the leaves, roots, and sediment. The results of this
study revealed the eigenvalues and loading factors of the nutrient variables.
The main factor (F1) presented 99.78% of the variable data where each
variables contributed not significantly different. The main to the least
variables were Mg (0.47), Fe (-0.46), N (0.43), Zn (-0.43), and P (0.42). The
negative values of Fe and Zn variables indicated a negative correlation with
Mg, N, and P. If the Fe and Zn values increase, then the Mg, N, and P values
will be the opposite.

1 Introduction

Mangroves are coastal plants that have important roles and can be easily found along the
coast of Indonesia, one of which is in the Pesawaran area, Lampung Province. Mangroves
also provide various benefits, including serving as a food source for marine biota, carbon
storage [1-3], and climate change mitigation [4]. Mangroves can optimally grow and develop
with the support of soil conditions that are influenced by the frequency of inundation of the
mangrove ecosystem from the ebb and flow of sea water [5]. The high nutrients found in
sediment can also affect the growth and productivity of mangroves [6]. Limited nutrients also
have an impact and influence the height and productivity of mangroves [7].

The presence of nitrogen and phosphorus can be beneficial and stimulate primary
productivity in the mangrove ecosystem [8]. Important nutrient elements consisting of N, P,
and K can also be utilized by organisms in the mangrove ecosystem for growth and
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reproduction [9]. Therefore, the limited content of N and P entering the mangrove ecosystem
causes mangroves to become stressed [10]. The hydrological process in the mangrove
ecosystem is very necessary to maintain the sustainability and effectiveness of the N, P and
K cycles in the mangrove area.

The nutrient content value is influenced by key factors, both biotic and abiotic, and these
two factors affect the availability of N in sediment [5]. Leaf litter decomposition has a key
factor in contributing to nutrient distribution with the support of microbial activity [11] and
tannin content [12,13]. N and P have an impact on the quality of mangrove litter [14], and
nutrient accumulation also has an impact on ecosystem services [15,16]. The aim of this study
was to determine the relationship between nutrients in leaves, roots, and sediment in the
mangrove Avicennia marina.

2 Materials and methods

2.1 Location and time of research

This research was conducted in the mangrove area in Pesawaran subdistrict, Lampung,
Indonesia. Field data collection was conducted on the Avicennia marina mangrove in
December 2023. The research site was geographically located at 5° 20 0°” —5° 50° 0°” South
latitude and 104° 55° 0°> — 105° 20’ 0°” East longitude.
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Fig. 1. Research location in Pesawaran, Lampung Province, Indonesia.
2.2 Data collection

The collected data in this study were trace elements (N, P, Mg, Fe, and Zn) and environmental
parameters. Nutrient sample such as nitrogen and phosphorus were determined using UV-
Vis spectrophotometer (Brand: Perkin Elmer). Meanwhile zinc, magnesium, and iron
contents were determined using Atomic absorption spectroscopy (AAS, Brand: Perkin
Elmer). Nutrient samples collection was carried out on sediment, roots, and leaves of
Avicennia marina mangrove. Nutrients in sediment were obtained by using a 47.46 mm wide
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PVC pipe with a depth of 30 cm. Root samples were taken close to the sediment, and leaf
samples were taken on green leaves (medium).

2.3 Data analysis

The method used to analyze nutrient data in mangrove sediment, roots, and leaves was
principal component analysis (PCA). PCA shows the variability of nutrient data.

3 Results and discussion

Fig. 2 shows the N and P contents found in leaves, roots, and sediment. The N and P contents
showed that leaves had a higher content than roots and sediment. The highest N content was
leaves > roots > sediment, the same as P content that leaves > roots and sediment. These
findings indicated that the N and P contents found in leaves play important roles in supporting
the growth sustainability and development of the mangrove ecosystem in the supply of
nutrients. Total N can increase due to environmental factors such as rainfall and water
movement cycles [17]. Previous research also reported that the higher rate of decomposition
resulted in the higher N content in A. marina mangrove [18].
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Fig. 2. N and P contents in leaves, roots, and sediment of the A. marina.

Fig. 3 shows the Mg content in leaves, roots, and sediment of A. marina. The highest Mg
content was found in the leaves of A. marina mangrove compared to roots and sediment. The
Mg content was highest in leaves, followed by roots and sediment. These results indicated
that leaves have an important role in the Mg cycle in A. marina mangrove.
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Fig. 3. Fe, Zn, and Mg contents in the leaves, roots and sediment of 4. marina.
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Fig. 3 shows the Fe and Zn contents in leaves, roots and sediment of A. marina. The content
of both Fe and Zn in the sediment was higher than in the leaves and roots. The highest
contents of both Fe and Zn were the same, i.e., in sediment > leaves > roots. The highest ratio
of Fe content was found in the sediment compared to Zn. The highest nutrient content was
found in Zn compared to Fe, and this also had similarities with the Zn content in the roots
which was also higher than Fe in the roots. Stem and leaf transport systems as central to
understanding the integrated growth responses to variation in salinity from fresh- to seawater
condition [19].The high content of Fe and Zn in sediment of A. marina in this study is in
agreement with the highest content found in the Red Sea, i.e., Fe in sediment (8939.38 +
312.63 mg/kg) and in leaves (1464.55 = 1.05 mg/kg) of A. marina in Read Sea [20]. The
differences in nutrient composition and dynamics are not only influenced by the plant's ability
to absorb nutrients but are also affected by the abiotic components of the environment or
habitat of the mangrove 4. marina such as salinity, sediment size, tidal, ph, and mangrove
location. In this study, the abiotic conditions during nutrient measurement included pH
(6.2+0.6), salinity (21.3 £0 PSU), temperature (310 °C), and total dissolved sediment (283
+129 ppm) (Fig. 4).
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Fig. 4. Water quality in mangrove condition.

Fig. 5 shows the correlation of each variable. The matrix shows that Mg, N, and P, as well as
Fe and Zn, are positively correlated. However, Mg, N, and P are negatively correlated with
Fe and Zn, in which Mg and Fe show the highest negative correlation value that means an
inverse relationship.
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Fig. 5. Distribution of variables in the leaves (1), roots (2), and sediment (3) of 4. marina.

Table 1. Results of eigenvalues PCA factor of variables.

F1 F2 F3 F4 F5
Standard 1.8475448 0.086054185 | 1.651983e-08 | 9.856010e-09 | 0
deviation
Proportion 0.9978352 0.002164776 | 7.977741e-17 | 2.839692¢-17 | 0
of Variance
Cumulative | 0.9978352 1.000000000 | 1.000000e+00 | 1.000000e+00 | 1
Proportion

The main factor (F1) presents 99.78% of the variable data where each variable provides
a contribution that is not significantly different (Table 1). The main variables to the least are
shown by Mg (0.47), Fe (-0.46), N (0.43), Zn (-0.43), and P (0.42) (Table 2). The negative
values of P and Zn variables indicated a negative correlation with Mg, N, and P. When the
values of Fe and Zn increase, the values of Mg, N, and P will be the opposite. Meanwhile, N,
Mg, Zn are negatively correlated with P and Fe.The PCA results revealed that the main factor
1 is able to describe the data diversity. The contribution of each variable to the main factor
(F1). The results showed that variables with the largest to smallest contributions to F1 are
Mg, Fe, N, Zn, and P, respectively.

The PCA results of variables in leaves, roots, and sediment showed that leaves were
influenced by Mg, N, P, Fe, and Zn. Mangrove roots were affected by Mg, N, P, while
sediment was influenced by Fe, Zn, Mg, N, and P. The leaf organ of the mangrove has the
highest contribution to the soil. Nitrogen is also found as the highest content in A. marina
[28]. A. marina has the ability to have excess nitrogen in the growth process compared to
other mangroves such as Ceriops tagal [7].
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Table 2. Results of loading factor of variables.

Variables F1 F2 F3 F4 F5

N 0.4380436 0.4184226 0.79563830 | 0.00000000 | 0.00000000

P 0.4247835 0.4806870 -0.48665836 | -0.55658167 | -0.20464466
Mg 0.4742825 0.1711890 -0.35114675 | 0.78382196 | 0.08983038

Fe -0.4632119 | 0.4444311 0.02129988 | 0.27476425 | -0.71551846
Zn -0.4337829 | 0.6058365 -0.07978481 | 0.01856291 0.66187944

Fig. 6 showed the correlation every nutrient. The result showed that N, P and Mg had
high correlation (value = 1). The presence of N and P content in the roots decreases with
increasing soil depth [21]. The concentration of N in the mangrove ecosystem has different
values due to the presence of different mangrove species, ages, nutrients, and sediment
characteristics [22]. Phosphorus also describes the reflection of the influence of roots and soil
[23]. Phosphorus availability can be significantly increased in mangrove forests by the
presence of arbuscular mycorrhizal fungi and phosphate-solubilizing bacteria [24, 25]. A4.
marina provides high P and shows a high presence of bacteria with a strong root-soil-
phosphobacterial association [26].
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Fig. 6. Correlation matrix of nutrient variables.

The understanding of nutrients dynamics influenced by abiotic components has not been
discussed in this study and will be analyzed further in the future. Related studies have been
conducted by several researchers [27,28 ,29]. However, they have not specifically focused
on a particular species, especially 4. marina, at the root, sediment, and leaf levels. This topic
can serve as an interesting area for future research to gain a comprehensive understanding of
nutrient dynamics in mangroves.
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4 Conclusion

The PCA results in this study revealed that A. marina leaves were affected by Mg, N, P, Fe,
and Zn. The A. marina roots were affected by Mg, N, P, while sediment was affected by Fe,
Zn, Mg, N, and P.

Acknowledgement

The first author expresses gratitude to the Oceanography Research Center for allowing and
facilitating the World Class University (WCU) program at the Faculty of Fisheries and
Marine Sciences, Diponegoro University, 2024. This research was funded by World Class
University (WCU) Diponegoro University, 2024 with Number: 296/UN7.A/HK//1X?72024.

References

1. H. Almahasheer, C.M. Duarte, X. Irigoien, Nutrient limitation in central Red Sea
mangroves. Front. Mar. Sci. 3,271 (2016), https://doi.org/10.3389/fmars.2016.00271.

2. A. Wirasatriya, Mangrove above-ground biomass and carbon stock in the Karimunjawa-
Kemujan Islands estimated from unmanned aerial vehicle-imagery. Sustain. 14(706),
1-15 (2022) https://doi.org/10.3390/su14020706

3. D. Ariyanto, D. Pringgenies, Carbon sequestration rate in sediment mangroves from
natural and rehabilitated mangroves. Glob. J. Environ. Sci. Manag. 10(4), 1951-1960
(2024) https://doi.org/10.22034/gjesm.2024.04

4. P Taillardat, B.S. Thompson, M. Garneau, K. Trottier, D.A. Friess, Climate change
mitigation potential of wetlands and the cost-effectiveness of their restoration. Inferface
Focus 10, 20190129 (2020) https://doi.org/10.1098/rsfs.2019.0129

5. R.Reef, I.C. Feller, C.E. Lovelock, Nutrition of mangroves. Tree Physiol. 30(9), 1148—
1160 (2010) https://doi.org/10.1093/treephys/tpq048

6. S. Ouyang, W. Xiang, L. Chen, Variations in soil carbon, nitrogen, phosphorus, and
stoichiometry along forest succession in southern China. Biogeosciences Discuss. 1-27
(2017)

7. G. Naidoo, Differential effects of nitrogen and phosphorus enrichment on growth of
dwarf  Avicennia marina mangroves. Aquat. Bot. 90, 184-190 (2009)
https://doi.org/10.1016/j.aquabot.2008.10.001

8. C.E. Lovelock, Mangrove growth in New Zealand estuaries: The role of nutrient
enrichment at sites with contrasting rates of sedimentation. Oecologia 153, 633-641
(2007) https://doi.org/10.1007/s00442-007-0750-y.

9. LN. Kumar, P.R. Sajish, R.N. Kumar, G. Basil, V. Shailendra, Nutrient dynamics in an
Avicennia marina (Forsk.) Vierh., mangrove forest in Vamleshwar, Gujarat, India. Not.
Sci. Biol. 3(1), 51-56 (2011) https://doi.org/10.15835/nsb315594.

10. M.O. Aljahdali, A.B. Alhassan, Z. Zhang, Environmental factors causing stress in
Avicennia marina mangrove in Rabigh Lagoon along the Red Sea: Based on a multi-
approach study. Front. Mar. Sci. 8, 1-12 (2021)
https://doi.org/10.3389/fmars.2021.646993.

11. T. Lang, Dynamics of tannin variations in mangrove leaf litter decomposition and their
effects on environmental nitrogen and microbial activity, Sci. Total Environ. 908,
168150 (2024) https://doi.org/10.1016/j.scitotenv.2023.168150



https://doi.org/10.3389/fmars.2016.00271
https://doi.org/10.3390/su14020706
https://doi.org/10.22034/gjesm.2024.04
https://doi.org/10.1098/rsfs.2019.0129
https://doi.org/10.1093/treephys/tpq048
https://doi.org/10.1016/j.aquabot.2008.10.001
https://doi.org/10.1007/s00442-007-0750-y
https://doi.org/10.15835/nsb315594
https://doi.org/10.3389/fmars.2021.646993
https://doi.org/10.1016/j.scitotenv.2023.168150

BIO Web of Conferences 156, 02012 (2025) https://doi.org/10.1051/bioconf/202515602012
ICFAES 2024

12. N. Maie, O. Pisani, R. Jaffe, Mangrove tannins in aquatic ecosystems: Their fate and
possible influence on dissolved organic carbon and nitrogen cycling, Limnol. Oceanogr.
53(1), 160-171 (2008)

13. D. Ariyanto, H. Gunawan, D. Puspitasari, S.S. Ningsih, A. Jayanegara, Hamim,
Identification of the chemical profile of Rhizophora mucronata mangrove green leaves
from the eastern coast of Asahan, North Sumatra, Indonesia. Plant Arch. 19(2), 4045—
4049 (2019)

14. L.T. Simpson, C.E. Lovelock, J.A. Cherry, I.C. Feller, Short-lived effects of nutrient
enrichment on Avicennia germinans decomposition in a saltmarsh-mangrove ecotone,
Estuar. Coast. Shelf'Sci. 235, 106598 (2020) https://doi.org/10.1016/j.ecss.2020.106598

15. L.M. Brander, Ecosystem service values for mangroves in Southeast Asia: A meta-
analysis and value transfer application, Ecosyst. Serv. 1, 62-69 (2012)
https://doi.org/10.1016/j.ecoser.2012.06.003

16. D.M. Alongi, Carbon cycling and storage in mangrove forests, Ann. Rev. Mar. Sci. 6,
195-219 (2014). https://doi.org/10.1146/annurev-marine-010213-135020.

17. K. Terada, Rainfall induced water and nutrient fluxes at a mangrove estuary, Mar:
Environ. Res. 179, 105674 (2022). https://doi.org/10.1016/j.marenvres.2022.105674.

18. H. Zhou, S. Wei, Q. Zeng, L. Zhang, N.F. Tam, Y. Lin, Nutrient and caloric dynamics
in Avicennia marina leaves at different developmental and decay stages in Zhangjiang
River Estuary, China, Estuar.  Coast. Shelf Sci. 87, 21-26 (2010)
https://doi.org/10.1016/j.ecss.2009.12.005.

19. H.T. Nguyen, D.E. Stanton, N. Schmitz, G.D. Farquhar, M.C. Ball, Growth responses
of the mangrove Avicennia marina to salinity: Development and function of shoot
hydraulic systems require saline conditions, Ann. Bot. 115, 397-407 (2015)
https://doi.org/10.1093/a0b/mcu257

20. M.O. Aljahdali, A.B. Alhassan, Ecological risk assessment of heavy metal
contamination in mangrove habitats, using biochemical markers and pollution indices:
A case study of Avicennia marina L. in the Rabigh lagoon, Saudi J. Biol. Sci. 27(4),
1174-1184 (2020) https://doi.org/10.1016/1.8jbs.2020.02.004

21. J.Chen, Y. Huang, G. Chen, H. Zhu, Y. Qiu, Y. Ye, Effect of site elevation and soil depth
on the biomass and carbon, nitrogen, and phosphorus stocks of roots in planted Kandelia
obovata mangrove forests, Restor. Ecol. 31(3), 1-16 (2023)
https://doi.org/10.1111/rec.13712

22. D.M. Alongi, Nitrogen cycling and mass balance in the world’s mangrove forests,
Nitrogen (Switzerland) 1, 167—189 (2020). https://doi.org/10.3390/nitrogen1020014

23. M. Luetal., Stoichiometric variation in soil carbon, nitrogen, and phosphorus following
cropland conversion to forest in Southwest China, Forests 13(8), 1-13 (2022)
https://doi.org/10.3390/f13081155

24. S. Das, T.K. Jana, T.K. De, Vertical profile of phosphatase activity in the Sundarban
mangrove forest, North East Coast of Bay of Bengal, India, Geomicrobiol. J. 31(8),
716-725 (2014) https://doi.org/10.1080/01490451.2013.866705

25. X. Xie, B. Weng, B. Cai, Y. Dong, C. Yan, Effects of arbuscular mycorrhizal inoculation
and phosphorus supply on the growth and nutrient uptake of Kandelia obovata (Sheue,
Liu & Yong) seedlings in autoclaved soil, Appl. Soil Ecol. 75, 162—171 (2014)
https://doi.org/10.1016/j.aps0il.2013.11.009

26. B.C. Behera, Phosphate solubilization and acid phosphatase activity of Serratia sp.
isolated from mangrove soil of Mahanadi River Delta, Odisha, India, J. Genet. Eng.
Biotechnol. 15(1), 169-178 (2017) https://doi.org/10.1016/j.jgeb.2017.01.003



https://doi.org/10.1016/j.ecss.2020.106598
https://doi.org/10.1016/j.ecoser.2012.06.003
https://doi.org/10.1146/annurev-marine-010213-135020
https://doi.org/10.1016/j.marenvres.2022.105674
https://doi.org/10.1016/j.ecss.2009.12.005
https://doi.org/10.1093/aob/mcu257
https://doi.org/10.1016/j.sjbs.2020.02.004
https://doi.org/10.1111/rec.13712
https://doi.org/10.3390/f13081155
https://doi.org/10.1080/01490451.2013.866705
https://doi.org/10.1016/j.apsoil.2013.11.009
https://doi.org/10.1016/j.jgeb.2017.01.003

BIO Web of Conferences 156, 02012 (2025) https://doi.org/10.1051/bioconf/202515602012
ICFAES 2024

27. D.M. Alongi, Macro-and micronutrient cycling and crucial linkages to geochemical
processes in mangrove ecosystems, J. Mar. Sci. Eng. 9(5), 456 (2021)

28. S. Dookie, S. Jaikishun, A.A. Ansari, Soil and water relations in mangrove ecosystems
in Guyana, Geol. Ecol. Landscapes 8(3), 445-469 (2024)

29. R.Ray, S.K. Mandal, A.G. Gonzélez, O.S. Pokrovsky, T.K. Jana, Storage and recycling
of major and trace element in mangroves, Sci. Total Environ. 780, 146379 (2021)





