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Abstract
This study aimed to evaluate the effectiveness of jellyfish chips in promoting the survival and growth of Pinus thunbergii
seedlings in a coastal area based on a five-year field investigation from 2012 to 2016. Seedling survival rate was significantly 
higher in the treatment (96%) than in the control (75%) group in 2012. Furthermore, the height of five-year-old seedlings 
after plantation in 2012 was significantly greater in the treatment (3.41 m) than in the control (2.32 m) group (t=10.151; 
p-value＜0.01). These results revealed that jellyfish chips can improve soil condition by enhancing moisture retention 
during the early growth stages and supplying nutrients to the seedlings over time. Our findings indicated that jellyfish 
chips could be used effectively as an organic fertilizer for growing coastal disaster prevention forests.
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Introduction

In Japan, the importance of the construction of costal 
disaster prevention forest has been consistently emphasized 
for reducing tsunami damage since the Tohoku earthquake 
in 2011 (Sakamoto et al. 2012; Nakamura 2014). The 
Setouchi Region, which is located on the seaward side of 
Matsuyama City in Ehime Prefecture, Japan, is potentially 
vulnerable to a substantial tsunami that could be induced by 
an earthquake in Nankai in the future. To reduce the poten-
tial damage from such a tsunami and assure time for evacu-
ation, local residents have constructed coastal disaster pre-
vention forests along the coast in cooperation with members 

of Matsuyama rotary club since 2012.
To establish these forests, Pinus thunbergii seedlings 

were planted and jellyfish (Nemopilema nomurai, Aurelia 
surita, etc.) chips were applied as a fertilizer. Several pre-
vious studies have demonstrated that jellyfish fertilizer can 
contribute to the enhancement of initial growth of tree seed-
lings by retaining soil moisture and providing nutrients for 
hillside reforestation works in mountainous areas (Kim et 
al. 2012; Damdinsuren 2013; Seo et al. 2014). However, 
few case studies have been reported about the effect of jelly-
fish fertilizer on the vegetation growth in a coastal sandy area.

In the present study, we investigated the effects of jelly-
fish chips on the survival and growth of P. thunbergii seed-
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Fig. 1. Location of the study site.

Fig. 2.  Changes in cumulative survival rate of P. thunbergii seedlings for 
treatment and control groups from March to November 2012.

lings planted for establishing coastal disaster prevention 
forests based on field monitoring for five years.

Materials and Methods

Field monitoring was carried out on the sandy beach of 
Awaikawara in Matsuyama city, Ehime Prefecture, Japan 
(Fig. 1). According to the Matsuyama Local Meteorological 
Office’s weather report for 2012-2016, the mean annual 
precipitation was 1,536 mm as well as the mean monthly 
temperature was 6.1°C to 28.2°C. The area of the study site 
is 1.0 ha and entirely covered with cogongrass (Imperata cy-
lindrica). At the study site, two-year-old P. thunbergii seed-
lings with a height of approximately 30 cm and root-collar 
diameter of 6 cm were planted for establishing coastal dis-
aster prevention forests in March 2012. A total of 100 seed-
lings of P. thunbergii were planted simultaneously into each 
hole having a diameter of 50 cm and a depth of 40 cm in 
rows at intervals of 1.5 m on both sides in either direction. 
Among those seedlings, 80 seedlings were planted with the 
jellyfish fertilizer at the rate of 100 g per one seedling as 
treatment groups, and the remaining 20 seedlings were 
planted without any treatment as control groups. After 
planting, the survival of P. thunbergii seedlings was inves-

tigated on April, May, June, August, and November in the 
first year. The height of P. thunbergii seedlings was meas-
ured annually in November corresponding to the dormant 
period from 2012 to 2016.

Results

Seedling survival

P. thunbergii seedlings begun to die after two and three 
months for control and treatment groups, respectively (Fig. 2). 
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Fig. 3. Changes in mean height of P. thunbergii seedlings for treatment and 
control groups from 2012 to 2016 (error bars represent standard deviation).

Cumulative survival rate of P. thunbergii seedlings was 
lower in the control group (75%) than in the treatment 
group (96%), showing a drastic decrease in the former be-
tween May and August (Fig. 2). After November 2012, it 
was observed that P. thunbergii seedlings showed no addi-
tional mortality in either of the two groups.

Seedling growth

The height growth of P. thunbergii seedlings was faster 
in the treatment group than in control group, and the dif-
ference between the two groups gradually increased with 
time since plantation in 2012 (Fig. 3). In November 2016, 
i.e., five years after the seedlings were planted, mean height 
of P. thunbergii seedlings was 3.41 and 2.32 m for the treat-
ment and control groups, respectively, indicating a sig-
nificant statistical difference at the 99% confidence level 
(t=10.151; p-value＜0.01).

Discussion and Conclusions

The positive contribution of jellyfish chips to seedling 
survival and growth could be explained by soil amendment 
effects, particularly retention of moisture and supply of nu-
trients, as noted by Kim et al. (2012) and Seo et al. (2014). 
It is known that jellyfish chips can absorb water up to seven 
times of their own weight, and that they contain nutrients, 
such as nitrogen (N), phosphorus pentoxide (P2O5), and 

potassium oxide (K2O) (Ezaki et al. 2008). These nutrients 
promote seedling survival, particularly under dry summer 
conditions. Seedling survival was relatively higher owing to 
higher moisture retention in the initial growth stages (Fig. 
2). In addition, the increase in height was promoted by the 
higher supply of nutrients due to decomposition of jellyfish 
chips over time than that in the control group (Fig. 3). 

Our findings suggest that jellyfish chips can be used ef-
fectively as an organic fertilizer to promote the early surviv-
al and growth of P. thunbergii seedlings for the establish-
ment of coastal disaster prevention forests.

Acknowledgements

This research was supported by Basic Science Research 
Program through the National Research Foundation of 
Korea (NRF) funded by the Ministry of Science and ICT 
(No. 2017010181).

References

Damdinsuren E. 2013. The influence of Jellyfish fertilizer on the 
growth of seedling planted in the degraded forest. Ph.D 
dissertation. Kangwon National University, Chuncheon, Korea.

Ezaki T, Kohno S, Edashige Y, Cha DS, Chun KW. 2008. 
Development of the revegetation material using dried jellyfish 
(Nemopilema nomurai) powder. J Jpn Soc Reveget Tech 34: 
195-198. (in Japanese)

Kim YR, Kim SW, Damdinsuren E, Ezaki T, Chun KW. 2012. 
The effect of jellyfish (Nemopilema nomurai) fertilizer on tree 
growth in hillside erosion control works. J For Sci 28: 227-231.

Nakamura K. 2014. The tsunami-damage of seacoast pine forest 
and planting experiment for implementing reforestation. Jpn J 
For Environ 56: 21-26. (in Japanese with English abstract)

Sakamoto T, Niiyajima K, Nakamura K, Kodani E, Hirai K, Saito 
T, Kimura K, Kon J. 2012. Effectiveness of the coastal forest in 
stopping drifts from entering the residential area - A case study 
of the Pinus thunbergii coastal forest in Hachinohe City Aomori 
Prefecture-. J Jpn Soc Coast For 11: 65-70. (in Japanese with 
English abstract)

Seo JI, Kim YR, Otsuki K, Kim SW, Yeom KJ, Yi JS, Ahn YS, 
Ezaki T, Chun KW. 2014. Contributions of jellyfish fertilizer to 
survival and growth of seedlings planted in a recently burned 
forest, Republic of Korea. J Fac Agric Kyushu Univ 59: 
181-189.




