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ABSTRACT 

Mangroves play an important role in coastal ecosystems, but their growth is often limited by 

nutrient availability, particularly nitrogen, phosphorus, and potassium (NPK) availability. The 

use of ammonium-based fertilizers can provide additional benefits by accelerating the growth 

of mangrove seedlings. This study examines the influence of various doses of ammonium-based 

NPK fertilizers on the growth of two mangrove species, Rhizophora mucronata and Rhizophora 

stylosa, The study was carried out in two different places with distinct environmental charac-

teristics, Rhizophora mucronata was planted near land, whereas Rhizophora stylosa was 

planted in open areas near the sea. The seedlings received dosages of ammonium-based NPK 

fertilizer. Periodic measurements of growth characteristics, including leaf length, root length, 

plant height, and SPAD (Soil Plant Analysis Development) index, were conducted and tested 

statistically. Rhizophora mucronata responded effectively to ammonium-based fertilizer treat-

ment, increasing plant height, root length, and chlorophyll content at an optimal dose of 0.9 

grams per, although shoot growth decreased. These data show that Rhizophora mucronata is 

more responsive to ammonium- based fertilizer treatments than is Rhizophora stylosa under 

the evaluated environmental conditions, although the fertilizer dosage had no significant effect. 

 

Keywords: Mangrove ecosystems, Seedling growth, Rhizophora mucronate, Rhizophora  

stylosa, Biodiversity conservation, Wetland ecology 

 

ABSTRAK 

Mangrove memainkan peran penting dalam ekosistem pesisir, namun pertumbuhannya sering-

kali terbatas oleh ketersediaan hara, terutama nitrogen, fosfor, dan kalium (NPK). Penggunaan 

pupuk berbasis amonium dapat memberikan manfaat tambahan dalam mempercepat pertum-

buhan bibit mangrove. Penelitian ini berfokus pada pengaruh pemberian beberapa dosis pupuk 

NPK berbasis amonium terhadap pertumbuhan dua spesies mangrove, Rhizophora mucronata 

dan Rhizophora stylosa. Penelitian dilakukan di dua lokasi dengan karakteristik lingkungan 

berbeda, yaitu Rhizophora mucronata ditanam di dekat daratan, sementara Rhizophora stylosa 

ditanam di area terbuka dekat laut. Parameter pertumbuhan diuji secara statistik, seperti tinggi 

tanaman, panjang akar, panjang daun, dan indeks SPAD (Soil Plant Analysis Development) 

diukur secara berkala. Hasil penelitian menunjukkan Rhizophora mucronata memberikan re-

spons positif terhadap pemberian pupuk berbasis amonium dengan peningkatan tinggi tana-

man, panjang akar, dan kadar klorofil pada dosis optimal 0,9 gram per 1,5 Kg berat tanah mes-

kipun terjadi penurunan pada pertumbuhan tajuk. Temuan ini mengindikasikan bahwa  
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Rhizophora mucronata lebih responsif terhadap aplikasi pupuk berbasis amonium dibanding-

kan Rhizophora stylosa dalam kondisi lingkungan uji meskipun pengaruh dosis pupuk tidak 

memberikan pengaruh yang signifikan. 

 

Kata Kunci: Ekosistem Mangrove, Pertumbuhan bibit, Rhizophora mucronata, Rhizophora  

stylosa, Konservasi biodiversitas, Ekologi lahan basah 

 

INTRODUCTION 

 
Mangrove forest ecosystems exist at 

the interface between terrestrial and marine 

environments. This ecosystem is character-

ized by high salinity, strong winds, high tem-

peratures, muddy sediments, tidal fluctua-
tions, and anaerobic soils (Kathiresan and 

Bing- ham 2001). These ecosystems pro-

vide significant environmental and economic 

value to many tropical and subtropical coun-

tries (Hochard et al. 2019). Additionally, 
compared with other ecosystems, man-

groves are well known for their high ability to 

generate biomass. The intensive decompo-

sition of organic matter makes mangroves a 
critical ecological link, serving as a food 

source and nursery for various species such 

as fish, shrimp, and crabs (Imran and Efendi 

2016). 

Mangrove forests play a crucial role in 
carbon sequestration, storing higher carbon 

levels than most other forests do globally 

(Rachmawati et al. 2014). In fact, man-

groves can hold up to three times more car-

bon than terrestrial tropical forests, with sed-
iment layers storing as much as 956 Mg C 

Ha-1 (Kusumaningtyas et al. 2019). By act-

ing as a buffer between land and water eco-

systems, mangroves help filter heavy metal 

pollutants (such as Mn, Fe, Zn, Cu, Cr, Pb, 
and Cd) from terrestrial sources through 

mechanisms such as rhizodegradation, phy-

toextraction, and phytovolatilization. The 

ability of these bacteria to absorb up to 

100% of heavy metals in tropical coastal en-
vironments underscores their importance in 

maintaining environmental quality 

(Piwowarska et al. 2024). 

As an archipelagic nation with exten-

sive coastal areas, Indonesia is home to 
vast mangrove forests. However, these for-

ests have significantly declined. According 

to data from the Indonesian Central Bureau 

of Statistics as of December 2023, the coun-

try’s mangrove ecosystem spans 3.32 mil-

lion hectares, yet the FAO (2007) reported 
that Indonesia has lost approximately 40% 

of its mangrove coverage over the past 30 

years. The primary causes include human 

activities such as agriculture, aquaculture, 

and sand 
mining, which have led to coastal ero-

sion, tidal flooding, and damage to fish and 

shrimp ponds (Karminarsih 2007). One of 

the significant mangrove areas is in Kara-

wang Regency, particularly in Cilamaya We-
tan District (Muarabaru village) and Cila-

maya Kulon District (Desa Sukajaya). These 

areas are predominantly inhabited by Rhi-

zophora mucronata and Rhizophora stylosa 
species. R. mucronata thrives on soft, 

muddy substrates, which are supported by 

the root morphology that penetrates the soil, 

often positioning R. mucronata in terrestrial 

ecosystems. Moreover, R. stylosa grows well 
on sandy substrates, positioning R. stylosa 

in aquatic ecosystems because of its stilled 

root structure and resistance to salinity 

stress. 

To support the sustainability of the 
Rhizophora sp. mangrove ecosystem in 

these areas, optimizing seedling growth is 

essential, particularly by supplying essential 

nutrients such as nitrogen, phosphorus, and 

potassium (NPK) to support vegetative 
growth, root development, and plant health. 

Trisnawati et al. (2017) revealed that a dos-

age of 12 grams per 10 kg of medium re-

sulted in optimal seedling mangrove growth. 

However, further studies on the effective-
ness of NPK-based fertilizers for R. mucro-

nata and R. stylosa are still lacking. Owing 

to the frequent waterlogging in mangrove 

ecosystem, selecting the appropriate nitro-

gen form for NPK fertilizer is especially  
crucial. 

Ammonium ions (NH4+) are the most 

readily absorbed form of nitrogen by man-

grove plants under anaerobic conditions 
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(Reef et al. 2010), where nitrification is inhib-

ited due to the lack of oxygen, affecting 

chemical processes in the soil, including nu-

trient absorption by plants. Additionally, am-

monium not only enhances vegetative 
growth but also supports root development 

in plants exposed to waterlogged conditions. 

With increased root absorption capacity, 

plant growth can be more efficient in term of 

acquiring the necessary nutrients. These 
characteristics make ammonium a more 

suitable form of nitrogen for mangrove eco-

systems. 

A similar study regarding the applica-

tion of NPK fertilizer on mangrove seedlings 
has been conducted by Rahman et al. 

(2020). However, the study did not specifi-

cally focus on ammonium-based NPK ferti-

lizer. Additionally, the research did not in-

clude testing on R. mucronata and R. sty-
losa species. 

`Therefore, research on the response 

of R. mucronata and R. stylosa to The ef-

fectiveness of ammonium based NPK ferti-
lizers in promoting mangrove seedling 

growth must be assessed. This study aimed 

to evaluate the effects of different ammo-

nium based NPK fertilizer dosages on these 

two species and identify which species pre-
sented the best growth response. The re-

sults of this study can serve as a recom-

mended fertilization dosage, particularly for 

the NPK 15-15-15 formula. Furthermore, by 

providing an optimal fertilization dosage, it is 
anticipated that the quality of mangrove 

seedlings will improve, the availability of 

high-quality seedlings will be accelerated, 

and the local community's economy will be 

enhanced. 
 

MATERIALS AND METHODS 

 

Study Area and Setting 

A nursery trial  was conducted from 
January to May 2023  at  the Plantation  Trial  

Unit at Bengkel Mangrove Indonesia, lo-

cated in Muara village, Cilamaya Wetan Dis-

trict, Karawang Regency, with geographic 

coordinates -6.194499, 107.611809. This lo-
cation was chosen for its diverse mangrove 

ecosystems, which encourage research into 

mangrove seedling development by  

examining two species with distinct  

environmental adaptations: Rhizophora mu-

cronata, typically found in landward zones, 

and Rhizophora stylosa, which thrives in 

open coastal areas near the sea. 

 
Materials 

Mud soil collected from the study site 

was used as the primary planting medium. 

The mangrove seedlings were R. mucronata 

and R. stylosa. Ammonium-based NPK fer-
tilizer with a 15-15-15 formulation was ap-

plied for fertilization, while water was used 

for irrigation. 

The equipment involved included 15 × 

10 cm polybags for planting, measuring 
tapes to measure plant height, ovens, SPAD 

meters, plastic bags 30 L, measuring cups, 

cutting tools, and digital scales for weighing 

fertilizer and plant samples. 

 
Methods 

The experimental design was a com-

pletely randomized design (CRD) with four 

treatments and three replicates, resulting in 
12 experimental units for each species. The 

experiment involved different NPK fertilizer 

treatments: P1 = control (no fertilizer); P2= 

0.3 g fertilizer; P3 = 0.6 g fertilizer; P4 = 0.9 

g fertilizer. Each treatment was applied to 
polybag which filled with 1.5 kg of soil. 

The procedures consisted of site prep-

aration, initial soil analysis, medium prepa-

ration, seedling planting, fertilizer treatment, 

and maintenance through watering and 
weeding. The observed parameters included 

plant height, root and shoot length, leaf 

count, and leaf greenness measured with a 

SPAD meter. Data analysis was conducted 

via One Way ANOVA to assess differences 
among the treatments. 

 

RESULTS AND DISCUSSION 

   

The statistical analysis results for Rhi-
zophora mucronata, as displayed in Table 1, 

reveal p-values of 0.8 for root length, 0.93 

for shoot length, 0.72 for SPAD leaf 3, and 

0.7 for SPAD leaf 4. Since all p-values ex-

ceed 0.05, it can be concluded that there are 
no significant differences between the treat-

ments for any of these measured parame-

ters.
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Table1. Statistics Data Analysis of R. Mucronata 

 

Parameter Treatment Mean ± SD P value 

Root Length 

 Control 20.67 ± 3.33 a 

0.8 
 0.3 gr 18.33 ± 4.54 a 

 0.6 gr 19.5 ± 0.90 a 

 0.9 gr 21.25 ± 2.25 a 

Shoot Length 

 Control 74.25 ± 3.54 a 

0.93 
 0.3 gr 71.33 ± 1.01 a 

 0.6 gr 73.5 ± 3.69 a 

 0.9 gr 73.17 ± 0.80 a 

SPAD Leaf 3 

 Control 55.82 ± 1.47 a 

0.72 
 0.3 gr 54.68 ± 1.38 a 

0.6 gr 53.23 ± 4.02 a 

 0.9 gr 57.06 ± 1.53 a 

SPAD Leaf 4 

 Control 55.71 ± 3.20 a 

0.7 
 0.3 gr 54.31 ± 2.29 a 

0.6 gr 55.43 ± 3.77 a 

 0.9 gr 57.38 ± 1.55 a 

 

Table 2. Statistics Data Analysis R. Stylosa 

 

Parameter Treatment Mean ± SD P value 

Root Length 

Control 16.08 ± 3.88 a 

0.77 
 0.3 gr 13.25 ± 1.52 a 

0.6 gr 13.25 ± 4.98 a 

0.9 gr 14.58 ± 2.18 a 

Shoot Length 

 Control 63 ± 3.07 a 

0.7 
 0.3 gr 62.08 ± 1.28 a 

 0.6 gr 60.92 ± 4.19 a 

 0.9 gr 65.38 ± 4.35 a 

SPAD Leaf 3 

Control 51.05 ± 0.93 a 

0.75 
0.3 gr 51.84 ± 4.97 a 

0.6 gr 48.62 ± 4.03 a 

 0.9 gr 50.3 ± 3.67 a 

SPAD Leaf 4 

Control 51.21 ± 1.69 a 

0.63 
 0.3 gr 53.26 ± 3.36 a 

 0.6 gr 51.08 ± 2.74 a 

 0.9 gr 50.98 ± 1.32 a 

 

The data presented in Table 2 display 

the statistical analysis results for Rhi-

zophora stylosa. The p-values recorded 
were 0.77 for root length, 0.7 for shoot 

length, 0.75 for SPAD leaf 3, and 0.63 for 

SPAD leaf 4. All four p-values exceed 0.05, 

suggesting that there are no statistically sig-
nificant differences among the treatments 

for these measured parameters. 

Plant height serves as a critical indica-

tor of vegetative growth, and is often utilized 

for its simplicity in measurement and its  

ability to reflect treatment effects on plant 

development. The species-specific re-

sponses of R. mucronata and R. stylosa to 
ammonium-based NPK fertilizer are pre-

sented in Figures 1 and 2, respectively. In R. 

mucronata, the application of a 0.9 g/Soil 

weight fertilizer resulted in increased seed-
ling height, whereas R. stylosa presented an 

inverse response, with a greater height in-

crease in the control treatment (19.4 cm) 

than in the fertilized treatment, with an aver-

age increase of 18 cm.
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Figure 1. Plant height growth of the mangrove R. mucronata up to 98 days after planting (DAP) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Plant height growth of the mangrove R. stylosa up to 98 days after planting (DAP) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Root length growth (a) and shoot growth (b) of mangrove R. mucronata 
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This differential response between 

species may be attributed to variations in 

root growth dynamics. The data in Figure 3 

indicate that R. mucronata presented an av-

erage root growth of 19.95 cm, notably sur-
passing R. stylosa, which exhibited an aver-

age root growth of 14.32 cm. According to 

Indriyanto (2006), root development signifi-

cantly influences overall plant growth 

rates. In the present study, R. stylosa 
exhibited characteristic stilt root morphology 

with branching potential below ground. The 

limited spatial area for seedling develop-

ment may have impeded optimal root 

growth. 
Root and shoot lengths were also 

evaluated as metrics of the plants ability to 

access and allocate soil nutrients. The man-

grove species R. mucronate presented 

greater root elongation under the 0.9 g ferti-
lizer treatment (Figure 3a), with the root 

length increasing to 21.3 cm compared with 

20.7 cm in the control. In contrast, R. mucro-

nata shoot growth was greatest in the con-

trol treatment (Figure 3b). Mulyani (2006) 

described R. mucronata root systems as 
comprising taproots that branch extensively 

and thicken secondarily, facilitating nutrient 

storage. Ammonium uptake by roots tends 

to stimulate root elongation, acting as an in-

itial adaptive mechanism for survival under 
extreme coastal conditions. This root elon-

gation enhances water and nutrient absorp-

tion while stabilizing seedlings in muddy 

substrates. However, this adaptation can 

suppress shoot growth due to potential am-
monium ion accumulation, which disrupts 

nutrient balance by reducing the uptake of 

calcium (Ca) and magnesium (Mg), thereby 

impeding photosynthesis and shoot expan-

sion (Coleto et al. 2023).

 

 
 

 

 

 

 
 

 

 

 

 
 

Figure 4. Root length growth (a) and shoot growth (b) of mangrove R. stylosa 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. SPAD  
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In contrast to R. mucronata, R. stylosa 

root growth was non-responsive to fertilizer 

treatments (Figure 4a), but shoot elongation 

increased by 2.4 cm at the 0.9 g dose (Figure 

4b). These findings suggest that R. stylosa 
may prioritize structural adaptations in root 

morphology, such as pneumatophores, 

which maintain respiratory function under 

submerged conditions (Alongi 2002). In this 

species, the applied ammonium fertilizer ap-
pears to support shoot development, given 

the critical role of nitrogen in protein and 

chlorophyll biosynthesis (Li and Zhou 2008). 

Study conducted by Rahman et al. (2020) 

demonstrated that increasing the dosage of 
NPK fertilizer positively impacts the growth 

of the mangrove species Excoecaria agal-

locha. 

The chlorophyll content, a reliable in-

dicator of nutrient status, was also meas-
ured to assess the physiological response to 

ammonium-based NPK fertilizer. The data, 

displayed in Figure 5, indicate that R. mu-

cronata seedlings presented no significant 
Compared with that in the control, the 

chlorophyll content in the fourth leaf was rel-

atively greater under fertilized conditions. 

Conversely, chlorophyll levels in R. stylosa 

increased following fertilizer application, 
particularly at the 0.6 g dose. Although 

height and shoot length increased at the 0.9 

g dose, the chlorophyll concentrations in R. 

stylosa were lower than those in the control. 

This observation aligns with the dilution ef-
fect hypothesis (Jarrell and Beverly 1981), 

where rapid growth results in increased 

green tissue mass, but chlorophyll produc-

tion does not increase proportionally, 

thereby causing variation in the chlorophyll 
concentration per unit leaf area. 

Finding of the research highlight the 

importance of ammonium based NPK ferti-

lizer in enhance Rhizophora mucro-

nata growth, offering a cost-effective and 
species-specific strategy for mangrove res-

toration. These findings enable fertilizer 

manufacturers to develop tailored products, 

support sustainable practices, and improve 

ecosystem services, benefiting both envi-
ronmental conservation and local econo-

mies. 

 

 

CONCLUSION 

 

The application of ammonium-based 

NPK fertilizer at the optimal dose of 0.9 

g/polybag resulted in the best growth re-
sponse in R. mucronata, with increases in 

plant height, root length, and chlorophyll 

content, whereas R. stylosa presented a 

weaker response. Overall, R. mucronata ex-

hibited better growth responses to varying 
doses of ammonium-base NPK fertilizer.   

This research provides valuable in-

sights into the use of ammonium-based 

NPK fertilizers for enhancing mangrove 

seedling growth, particularly for R mucro-
nata. While the findings have significant im-

plications for mangrove restoration and ad-

dressing degradation, the study's limitations 

and research gaps highlight the need for fur-

ther investigation into long-term effects, 
broader species coverage, and ecological 

impacts. Addressing these gaps will enable 

the development of more effective and sus-

tainable mangrove restoration strategies. 
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