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Abstract 

The purpose of this study was to determine the interaction of plasma radiation on the growth rate and the 
number of leaves in several species of mangrove. A factorial complete randomized design was used with 12 
treatments and 3 replications. The first factor was the duration of plasma radiation, with values of 0 minutes, 
30 minutes, and 60 minutes. The second factor was the species of mangrove, which included Rhizopora 
stylosa, Rhizopora mucronata, Creriops tagal, and Bruguera sp. The parameters observed and recorded were 
growth rate and the number of leaves. The results showed that plasma radiation was able to increase the 
growth rate in R. mucronata species while not affecting the number of leaves. Plasma radiation for 60 
minutes met the nitrogen requirements of the plants. This study concluded that corona incandescent plasma 
radiation can increase the mangrove growth rate, especially in R. mucronata species. 
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Introduction 

Mangroves are woody plants that grow between 
the land and the sea in tropical and sub-tropical 
climates. Mangroves require high salinity, high 
waves, strong winds, high temperatures, and mud 
(Kathiresan and Bingham, 2001; Castro et al., 
2014; Alongi, 2018). These plants supply a variety 
of ecosystem and socioeconomic requirements 
such as nutrient cycles, soil composition, 
ecotourism, carbon (C) storage, and wood 
production (Mardiyarso et al., 2015). 

Biologically, mangroves are the most productive 
ecosystems and serve many ecological functions, 
such as a place for feeding (feeding ground), 

spawning ground, or breeding ground (nursery for 
various types of shrimp, fish, and other marine 
biota. In addition, mangroves also play a role in 
maintaining water quality because they have an 
excellent ability to absorb pollutants (Srikanth et 
al., 2016). Mangrove plants develop a distinctive 
and sturdy root system as a form of adaptation to 
their environment (Basyuni et al., 2018), to 
prevent erosion in coastal areas and rising 
seawater (Polidoro et al., 2010; Wahyudi et al., 
2012; Basyuni et al., 2018). Mangroves play a role 
in ecosystem conservation by repairing the 
damage caused by land conversion activities as an 
aquaculture area (Vo et al., 2013; Salampessy et 
al., 2014; Roziqin, 2017). 

Indonesia has the largest mangrove forest in the 
world, which comprises 23% of the global 
mangrove ecosystem (Arif et al., 2017). However, 
the forest is decreasing due to urbanization, 
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pollution, and overexploitation (Leung, 2015). 
Mangroves in Indonesia have been exploited since 
1800, and as a result, more than 70% of 
Indonesia's original mangrove areas have been 
lost due to overdevelopment activities in the 
coastal area (Ilman et al., 2016; Rizal et al., 2018). 
Conservation has been used to solve this issue and 
is often performed by local people, governments, 
or international agreements (Romanach et al., 
2018). Mangrove land restoration is one of the 
conservation activities carried out by the 
government (Fereira and Lacerda, 2016). A new 
conservation issue is that propagules can be 
carried away by waves and require more time to 
grow and that propagules can be harmed by 
disease (Islam and Gnauck, 2009; Tonne et al., 
2016). 

Mangrove growth and production are limited by 
the availability of macro and micronutrients, such 
as nitrogen (Alongi, 2011). The nitrogen must be 
concentrated and available in large quantities for 
the growth process and should not be too little or 
excessive (Bown et al., 2010; Fageria and Moreira, 
2011; De Giorgio and Fornaro, 2012). The 
requirements of the growth process must be 
considered (Lewis et al., 2019). The largest source 
of nitrogen is free air. As much as 80% of the 
composition of air consists of nitrogen (Jain and 
Singh, 2008). 

Corona incandescent radiation technology is often 
applied to increase the nitrogen ions in mangrove 
propagules. The use of plasma radiation 
technology has been reported to increase 
propagule germination and plant growth (Ito et al., 
2018). Corona incandescent discharges occur due 
to the presence of field electrons, which shoot 
nitrogen ions into the propagules so that they 
affect the stroke. Corona glow discharge is self-
sustained, which is the process of generating a 
current in a neutral fluid between two high-
voltage electrodes, so that a plasma is formed 
around one of the electrodes and the ions 
produced in the process are used as charge 
carriers to the other electrode (Susan et al., 2016). 
Hence, the present study was aimed to determine 
the interaction effect of plasma radiation on the 
growth rate and the number of leaves in several 
species of mangrove. 

 

Materials and Methods 

Sampling location and collection 

This research was carried out in June and July 
2019, and sampling was carried out in the 
mangrove forest area of Karimunjawa Island, 
Jepara, Central Java, Indonesia. The coordination 
of the sampling location was 5°49'36.4"S, 
110°28'03.9" E. Mangroves belonging to the 
species Rhizophora stylosa, Rhizophora 
mucronata, Creriops tagal, and Bruguiera sp. were 
collected. Sampling was performed by taking a 
mature propagule from the environment. The 
ripened propagules were collected using a cutting 
tool and placed in water to keep them fresh. 

Research design 

The research design was a factorial completely 
randomized design (FCRD) with 20 treatments and 
three replications. The completely randomized 
design was chosen due to the flexibility of 
treatment and replication number with simple 
statistical analysis. There were two factors: the 
first factor was corona incandescent plasma 
radiation duration and the second was mangrove 
species. Each type had 15 propagules, which were 
grouped into three groups. The groups consisted 
of the control group (A), 30 minutes radiation (B), 
and 60 minutes radiation (C). Plasma technology 
for growth stimulation was used to irradiate four 
samples with different species of Mangrove 
plants, namely Rhizophora stylosa (RS), 
Rhizophora mucronata (RM), Creriops tagal (CT), 
and Bruguera sp. (B).  

Fifteen mangrove propagules were selected for 
each species based on the measurement of their 
weight and height. Propagules were sorted by 
their morphological appearance and uniformity. 
According to Mustofa (2018), good propagules are 
mature, healthy, fresh, and free from pests and 
disease.  

Plasma radiation 

The propagules were irradiated by plasma light for 
0, 15, or 30 minutes. For each radiation treatment, 
there were 5 propagules per species. Samples 
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were placed near field electrodes with a 
transverse propagule position. The distance from 
the growing point to the plasma reactor was 5 cm. 
According to the research by Ariyanti et al. (2020), 
the plasma technology reactor system for growth 
stimulation uses a DC high-voltage generator 
system and a field point configuration electrode 
system. The distance between the point electrode 
and the field electrode where the propagule was 
positioned was 3 cm. 

Planting and observation 

The corona glow treatment was done in Plasma 
Laboratory, Department of Physic, Diponegoro 
University, Semarang. The observation of 
mangrove propagules development was 
conducted in Greenhouse of Department of 
Biology, Diponegoro University, Semarang. All the 
mangrove propagules were planted in planting 
media in pots with 100% peat soil. Seven days 
later, the observation began. The parameters 
observed were the growth rate in the form of 
plant height per day for 35 days and the number 
of leaves on each plant. The number of leaves was 
calculated at the final observation day. The growth 
rate was calculated using the following equation: 

Gr = 
h2 - h1

t2 - t1
 

Gr = growth rate 

h1 = plant height at first observation  

h2 = plant height at final observation  

t1 = first observation (day) 

t2 = final observation (day)  

 Data analysis 

The data were processed using Microsoft Excel. 
The percentage of growth and the number of 
leaves obtained were processed using Microsoft 
Excel. The other results were analyzed using SPSS 
(95% significance level). The types of analyses 
used were a one-way ANOVA and the univariate 
general linear model. 

Result  

The interaction between corona incandescent 
plasma radiation and mangrove species showed 
an effect on the growth rate (Table 1). The 
interaction that produced the most rapid growth 

Table 1 
Mangrove growth rate 

Species 
 

Plasma Radiation 
Mean (cm/day) 

A B C 

RM 1.28abc 1.33a 1.21abcd 1.27a 

RS 1.17bcd 1.076d 1.31ab 1.18b 

CT 0.82e 1.18abcd 1.22abcd 1.06c 

B 1.07d 1.18abcd 1.21abcd 1.18b 

Mean 1.10b 1.19a 1.24a (+) 

Numbers followed by the same letter show the effect that is not significantly different between treatments based on DMRT test 
at 95% confidence level. The sign “–“indicates no interaction between factors. 

 
Table 2 
The effect of plasma radiation and mangrove species on the number of mangrove leaves 

Treatment Number of Leaves 

Radiation 

A 2.995 b 

B 3.165 a 

C 2.747 c 

Mangrove 

Species 

RM 2.000 d 

RS 2.663 b 

CT 2.330 c 

Br 4.883 a 

Numbers followed by the same letter show the effect that is not significantly different between treatments based on DMRT test 
at 95% confidence level. The sign “–“ indicates no interaction between factors. 
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(1.33 cm/day), was the RMB treatment (30 
minutes of radiation, R. mucronata species).  

There was no statistical effect of the interaction 
between corona incandescent plasma radiation 
and mangrove species on the number of 
mangrove leaves (Table 2). The mangrove species 
factor showed a significantly different effect. The 
species that had the highest number of leaves was 
Burguiera sp and the lowest number was Ceriops 
tagal (Fig. I).  

Discussion 

Plasma radiation can supply the nitrogen 
requirements for the growth process of mangrove 
plants. This is indicated by the acceleration of 
growth rates in mangrove propagules. Nitrogen is 
a determining nutrient for plant growth and 
productivity (Razaq et al., 2017). It increases the 
growth of hypocotyl biomass so that it will 
accelerate the emergence of buds (Cui et al., 2017; 
Shiau et al., 2017). In addition, the availability of 
nitrogen increases maximal stem growth (Alongi, 
2011). Increasing stem growth increases the rate 
of plant growth every day. R. mucronata 
experienced an increase in the growth rate of 1.33 
cm/day or an increase of 62.19% compared with 
the growth rate of C. tagal. According to Robert et 

al. (2016), the roots of R. mucronata show faster 
growth than those of C. tagal. 

R. sylosa and Bruguera sp. did not show any 
significant difference in growth rate for the 15-
minute and 30-minute radiation treatments. 
Observations for the 30 minutes of radiation 
showed an increase in the growth rate of each 
species compared with the control treatment. 
According to Fridman (2008), nitrogen ions 
produced by corona incandescent discharge are in 
the form of N2

+, N+, and N* ions. These positively 
charged nitrogen ions are attracted by negative 
fields/negative electrodes (field electrodes), so 
nitrogen ions are deposited on samples placed on 
negative electrodes, and they increase the 
nitrogen content of the sample. According to 
Nucifera et al. (2016), the influence of plasma 
administration on the growth of black soybean in 
the 30-minute radiation treatment was higher 
than the control requirements. 

Corona's incandescent radiation technology is 
capable of fulfilling the nitrogen requirements of 
mangroves. Nitrogen in the original habitat of 
mangrove plants is low due to the high salinity 
(Kao et al., 2001; Rodriguez et al., 2015). Nutrient 
limitations may be due to competition between 
mangroves and the high bacteria levels in the soil 

 
Fig. I. Number of mangroves leaves after plasma radiation in different time 
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(Alongi, 2010). The addition of nitrogen through 
plasma technology can balance nitrogen 
absorption and nitrogen depletion due to several 
factors. According to Shiau et al. (2017), an 
increase in nitrogen will balance the absorption of 
nitrogen. Thus, the expenditure of nitrogen 
efficiently results from a decrease in nitrogen in 
the estuary region. 

Plasma radiation is quite effective in supplying the 
requirements of mangrove seed nutrients while 
accelerating the growth of propagules. During 
plasma radiation, gas or nitrogen ion diffusion 
occurs in the mangrove propagule substrate. 
Statistical analysis showed no interaction between 
plasma radiation factors, but there was an effect 
on the single factor of mangrove species. The 
single factor of plasma radiation did not show an 
effect on the number of leaves. The results 
showed that mangroves with Bruguiera sp. had 
the highest number of leaves compared with the 
other mangrove species. Leaf formation occurs 
because of cell division in the apical meristem of 
the terminal and lateral buds that periodically 
produce reserves of new cells that form leaves. 
The number of leaves affects the quantity of light 
absorption and the rate of photosynthesis. 

Nitrogen stimulates leaf formation and gives a 
dark green color to plants (Jahan, 2016). The 
addition of nitrogen encourages the formation of 
active photosynthetic pigments by increasing the 
amount of stromal and thylakoid proteins and 
increasing the formation of chloroplasts during 
leaf growth (Teixeira et al., 2011). Plasma 
radiation may only play a role during the initial 
growth of mangroves in the formation of roots and 
the growth of mangrove stems. Nitrogen is 
required for the initial process of mangrove 
growth because mangrove carbohydrate reserves 

for the growth process are relatively low during 
the propagule phase. According to Lea and Miflin 
(2018), nitrogen is diverted from asparagine 
glutamine as long as plants lack carbohydrates and 
have nitrogen content. The process carried out is 
the metabolic process of asparagine synthase in 
anabolic reactions and asparaginase in catabolic 
reactions. 

The sustainability of mangroves in a forest area 
depends on seedlings, and seedling growth is 
influenced by environmental factors. Lack of 
water in the environment during the dry season 
causes plants to lack water during the nursery 
process. Bruguiera sp. mangrove seedlings are 
mangrove fruits that have separated hypocotyl 
parts so they have leafy plumules, and include 
mangrove species that grow on land with a salinity 
level close to that of freshwater (Lechthaler et al., 
2016). 

Conclusion 

Corona incandescent plasma radiation can 
increase the mangrove growth rate, especially in 
R. mucronata species. However, plasma radiation 
had no statistically significant effect on the 
number of leaves. Plasma radiation for 60 minutes 
produced the best yield, indicating fulfillment of 
the nitrogen requirements, especially during the 
hypocotyl formation process and stem growth. 
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