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The challenge of finding an optimal supplementation in a pisciponic system is 
due to its nutrient input and nutrient uptake as the main element in the system. 
A good amount of fish without enough nutrients leads to low production of crop 
plants in a pisciponic system. Other than that, it has been reported that the 
pisciponic system that relies exclusively on fish waste to provide nutrients for 
plants have low levels of micronutrients (Ru et al., 2017). Granular fertilization 
is an interesting strategy for nutrition with micronutrients in the pisciponic 
system. Among the micronutrients, Zinc (Zn) and Iron (Fe) are the most frequent 
in the system. A pisciponic system is an integrated farming concept that 
combines fish and hydroponic plant production in a recirculating water system. 
However, finding an optimal supplementation in the pisciponic system is 
challenging due to its nutrient input and nutrient uptake as the main element in 
the system. Therefore, having a good amount of fish with insufficient nutrients 
would lead to low production of crop plants in the pisciponic system. Ru et al. 
(2017) reported that the pisciponic system relies exclusively on fish waste to 
provide nutrients for plants that contain a low level of micronutrients. Granular 
fertilization is, hence, suggested as an interesting strategy for nutrition with 
micronutrients in the pisciponic system, which consist of Zinc (Zn) and Iron (Fe) 
since these elements are frequently lacking in the system. The present study 
aims to investigate the effects of supplementation in the pisciponic system on 
growth performance through granular form application for the plants in the 

pisciponic system. 

The study was conducted at the Aquaculture Experimental Station in Puchong, 
Selangor. The experiment was set up in a greenhouse covered with plastic liner 
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at the bottom. The coated fertilizers were immersed into the beakers containing 
500 ml of distilled water. The immersion times were analyzed for each 3, 6 12, 

18, 24, 30, 36, 42, 48, 54, 60, 66, and 72 hours. Insoluble solids and water were 
then filtered using a filter paper and dried in the oven, followed by the drying 
process to obtain a constant weight before being put in the desiccators. During 
the release test, the distilled water was taken at every 48-hour interval and the 
concentration nutrients were determined from the atomic absorption 
spectrometer. A second experiment was conducted to evaluate the effect of 
selected micronutrients in the pisciponic system. The coated zinc and iron were 
placed in each pot with different treatment levels. Seedlings of pak choi were 
transferred into the pisciponic system 14 days after sowing and harvesting were 
conducted after 30 days.  

The weights of release fertilizers, specifically Zn and Fe were significantly 
decreasing over time. At the lowest concentration, the weights of coated zinc 
and iron were decreasing as time increased. According to Borges et al. (2012), 
the amount of fertilizers supplied would affect the amount of SPAD values and 
the chlorophyll. By referring to the curve results, the Zn fertilizer started to 
drastically decrease its weight at hour 24, whereby the weight decreased 
approximately to 0.002 for every subsequent hour. Meanwhile, Fe fertilizer 
decreased drastically at hour 66, where the weight dropped from 0.10467 to 
0.039. However, the final weights for both fertilizers at hour 72 were about the 
same. The highest chlorophyll contents for pak choi were recorded in the first 
treatment, which is 5 weeks in the pisciponic system. The first treatment of zinc 

and iron showed the highest chlorophyll contents. According to Babaeian et al. 
(2012), chlorophyll formation and photosynthesis need iron for the enzyme 
system and respiration of plants. In conclusion, this work has demonstrated the 
potential of this new slow-release zinc and iron fertilizer of palm stearin. 
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Dunia menghadapi sejumlah masalah serius di mana peningkatan populasi, 
perubahan iklim, kemerosotan tanah dan keselamatan makanan adalah antara 
yang paling penting. Pisciponik adalah sistem peredaran semula yang terdiri 
daripada unsur hidroponik dan akuakultur. Walau bagaimanapun, terdapat 
ketidak seimbangan antara bekalan nutrien oleh keperluan ikan dari tanaman. 
Besi dan zink adalah mikronutrien yang paling penting untuk pertumbuhan ikan 
dan pertumbuhan tanaman dalam sistem pisciponik. Oleh itu, zat besi penting 
untuk tanaman fisiologi untuk fotosintesis dan zink penting untuk peraturan 
pertumbuhan dan peraturan batang. Walau bagaimanapun, dilaporkan bahawa 
sistem pisciponik yang bergantung sepenuhnya pada sisa ikan untuk 
menyediakan nutrien untuk tanaman mempunyai tahap mikronutrien yang 
rendah dan juga laporan mengenai pengurusan dan suplemen besi dan zink 
dalam sistem pisciponic kekurangan. Pembebasan lambat pembajaan adalah 
strategi menarik untuk pemakanan dengan mikronutrien dalam sistem 
picsiponik; di antara mikronutrien, Zink (Zn) dan Besi (Fe) adalah mikronutrien 
yang paling kerap diperlukan untuk memastikan prestasi tanaman yang 
optimum. Menemukan suplemen yang optimum dalam sistem pisciponik sangat 
mencabarkerana input nutrien dan pengambilan nutrien sebagai elemen utama 
dalam sistem pisciponik. Kajian ini bertujuan untuk mengkaji kesan pelepasan 
perlahan zink dan zat besi terhadap prestasi pertumbuhan sistem pisciponik 
menggunakan ikan Lemon fin hybrid pada Brassica chinensis var. chinensis. 
Kajian dilakukan di Stesen Eksperimen Akuakultur di Puchong, Selangor. 
Eksperimen ini dibuat di rumah hijau. Baja yang dilapisi direndam ke dalam bikar 
yang berisi 500 ml air suling. Masa rendaman dianalisis untuk setiap 3, 6 12, 18, 
24, 30, 36, 42, 48, 54, 60, 66 dan 72 jam untuk kadar pembubaran. Kemudian, 
pepejal dan air yang tidak larut disaring menggunakan kertas turas dan 
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dikeringkan di dalam ketuhar diikuti dengan pengeringan untuk mendapatkan 
berat tetap, kemudian dimasukkan ke dalam pengering. Semasa ujian 

pembebasan, air suling diambil setiap selang 48 jam dan nutrien kepekatan 
ditentukan dari spektrometer penyerapan atom. Eksperimen kedua dijalankan 
untuk menilai kesan mikronutrien terpilih dalam sistem pisciponik. Zink dan besi 
yang dilapisi diletakkan di setiap bikar dengan tahap rawatan yang berbeza. 
Anak benih pak choi dipindahkan ke sistem pisciponik 14 hari setelah disemai. 
Penuaian dilakukan selepas 30-35 hari untuk pak choi. Berat baja dibebaskan, 
di mana berat Zn dan Fe menurun dengan ketara dari masa ke masa. Pada 
kepekatan terendah, berat zink dan besi yang dilapisi akan menurun seiring 
bertambahnya waktu. Jumlah baja yang dibekalkan akan mempengaruhi jumlah 
nilai SPAD dan klorofil. Dengan merujuk kepada hasil, baja Zn mulai menurunkan 
berat badan secara drastik pada jam 24, di mana berat badannya turun sekitar 
0,002 untuk setiap jam berikutnya. Sementara baja Fe menurun secara drastik 
pada jam 66, di mana berat badan turun dari 0.10467 hingga 0.039. Walau 
bagaimanapun, berat akhir bagi kedua-dua baja pada jam 72 adalah hampir 
sama. Untuk kajian kedua, hasil menunjukkan bahawa kombinasi baja dalam 
satu aplikasi perlakuan, ini menunjukkan peningkatan klorofil, peningkatan 
diameter daun, berat segar dan kering tanaman dan peningkatan pengambilan 
nutrien N, P, K, Fe dan Zn. Untuk suplemen zink dan zat besi individu dalam 
sistem pisciponic, hasilnya menunjukkan bahawa ia kurang efektif dari segi 
pertumbuhan tanaman dan pengambilan nutrien menunjukkan lebih lambat 
dibandingkan dengan penggunaan besi kombinasi dan zink dalam satu rawatan. 
Dengan menggunakan jumlah baja tambahan yang tepat dalam sistem 
pisciponik, ia dapat meningkatkan kelestarian dan produktiviti sambil 
mengurangkan pelepasan dan kekuatan persekitaran mempromosikan 
penggunaan pisciponik di masa depan untuk keselamatan makanan untuk 
nisbah optimum dalam pengeluaran nutrien dan pengambilan tanaman di setiap 
sistem. Selain itu, ia juga dapat memberikan dan mencapai hasil tertinggi. 
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CHAPTER 1 

1 INTRODUCTION 

1.1 Background 

The aquaculture industry in Malaysia has shown steady growth in production 
outputs and values in the past few years (Estim, Saufie, & Mustafa, 2018). 
Aquaculture is a big scope that covers the rearing of aquatic animals or the 
cultivation of aquatic plants for food (Witus et al., 2016). The combination of 
aquaculture and hydroponics is known as pisciponic, in which enriched nutrients 
recirculating from fish tanks is used for plant growth (Goddek et al., 2015a). 
However, the globe has to be responsible and concerned about how future 

generations will produce more food sustainably.  

In the pisciponic system, nutrients are required for plant growth to support 
efficient recycling. The system provides essential nutrients to the plants. The 
pisciponic system is an environment-friendly and sustainable food production. It 

has been introduced in the country to feed the ever-increasing human 
population and for food security. It has also received attention due to its 
potential in sustaining water quality, reducing water consumption, and supplying 
a marketable vegetable crop. For fish production, the water quality is maintained 
by biofilter and the plants will consume dissolved fish wastes and products of 
microbial activity (Maucieri et al., 2018). 

The world is facing global population growth that exceeds 7.2 billion and is 
projected to increase to 9.7 billion by 2050 with over 85 per cent living in urban 
areas compared to 1990 with only 5 billion people. The world population 
continues to grow exponentially. As the number of people moving to urban areas 

increases, malnutrition, urban poverty, and hunger will also rise (United Nations 
Department of Economic and Social Affairs Population Division, 2017). The 
diminishing of the land area available for food production and unpredicted 
climate change poses significant challenges to farming and food production 
around the globe. Hence, food demand can be increased through a proper 
management practice (Siwar et al., 2013).  

Food security and food production are gaining greater concern both globally and 
in Malaysia. However, urban agriculture offers a solution to attain greater urban 
food security. Moreover,  it can help relink people with their food systems 
(Pollard et al., 2017). As the global population increases, the demand for food 

increases as the fastest growing global population. Likewise, the land for crop 
production also increases. Thus, the alternatives for urban areas are pisciponic 
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and hydroponic systems as they are soilless systems that produce high crop 
plants. It is also crucial that more food is produced so that they can balance 
between increasing human population and food availability (Onada & Ogunola, 
2016; Siwar et al., 2013). 

Today, the world population utilizes an insufficient amount of micronutrients in 
vegetables, particularly robust crops such as leafy greens. Micronutrient 
malnutrition deficiencies are a major public health issue in the growing rural and 
urban areas. In addition, the vegetarian population also requires the 
consumption of micronutrients through plant-based food like green leafy 
vegetables due to limited consumption of animal-based food, which contains 
good sources of readily available iron, zinc, and preformed vitamin A. This 
involves more than two billion people globally. Meanwhile, the estimation of 
micronutrient malnutrition includes iron (Fe) insufficient in over 60% of the 
seven billion people, over 30% with zinc (Zn) insufficient, 30% with iodine 
insufficient, and over 15% with selenium (Se) insufficient (Migliozzi et al., 2015). 
Therefore, research on supplementary zinc and iron in plants is needed as part 
of the solution to overcome micronutrient deficiency in vegetables. 

Fertilizers are chemical substances added to soil to increase crop yields and are 
crucial for plants to grow healthily. It has also become necessary in agriculture 
to use various techniques to increase food production and food demand such as 
increasing the productivity of fertilizers and minimizing costs. Maximized crop 
yields can be attained by enhancing nutrient efficiency and reducing 
environmental pollution; innovative research is also needed to develop efficient 

fertilizers for plants to consume enough nutrients. Efficient production systems 
are important as the elements of nutrition or fertilization can lead to the 
physiological process of plants (Ahl & Mahmoud, 2010). 

Plants need macronutrients and micronutrients, which are vital for their growth. 
Macronutrients are the chemical or substances needed in large amounts than 
micronutrients such as carbon (C), hydrogen (H), oxygen (O), nitrogen (N), 
potassium (K), calcium (Ca), magnesium (Mg), and sulphur (S). However, 
micronutrients are chemical elements or any substance required in trace, 
minuscule amounts for the proper growth and development of living organisms 
such as boron (B), chlorine (Cl), copper (Cu), iron (Fe), manganese (Mn), 
molybdenum (Mo), and zinc (Zn) (Goddek et al., 2015a). Micronutrients are vital 
for living organisms and many cases have shown a serious deficiency disease 
due to inadequate supply of minor plant food elements. However, they can be 
toxic to the soil or water if the elements are supplied in high quantities (Bakhsh, 
2005; Connor, 1941).  

Zinc and iron are essential micronutrients in plants. Zinc (Zn) is needed by plants 
for growth hormone production and internode elongation. Zinc contains both 
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beneficial and toxic effects on plant cells. Zinc also plays a key role in the cell 
membrane systems. The lack of zinc can reduce growth, tolerance to stress, and 
chlorophyll (Lohry, 2007; Schulze & Ludewig, 2015). Zinc (Zn), iron (Fe), and 
manganese (Mn) are the most frequently deficient micronutrients and are 
recommended to be added as supplements to the system for plant performance. 
Evidently, the level of nutrients in conventional hydroponics is higher than in the 
pisciponic system (Nozz et al., 2018). To establish the system and prevent huge 
costs due to the leaching of nutrients and large volumes of nutrient solutions, 
this study investigates the effectiveness of using stearin as a coat for zinc chelate 

and iron chelate in the system. The lack of zinc and iron in plants is one of the 
major limitations in food production. Even though zinc is broadly used as a 
fertilizer, the methods are desirable for a specific cropping system to be efficient 
and economical. The lack of zinc and iron can be complemented through the 
application of slow-release fertilizers to avoid leaching (Shete et al., 2015). Zinc 
deficiencies can cause stunting growth, reduced number of tillers, chlorosis, tiny 
leaves, increased crop maturity duration, and low-quality harvest products. Zinc 
also plays a part in the basic cellular functions in living organisms to improve the 
human immune system. Insufficient intake causes hair and memory loss and 
weakness in body muscles. Several authors have reported that the combination 
of fish and plants should be consistent with the nutrient uptake by plants 
(Rakocy et al., 2006). 

The challenge of finding an optimal supplementation in the pisciponic system is 
apparent because there is no specific study about the rate of fertilizers to be 
applied in the system. According to the United Nations 2020, nutrient runoff 
from the soil or water has affected the land ecosystem. However, organic 
farming ways are not the only example of sustainable nutrient management. 
The leaching of nutrients can also be managed by the right amount of fertilizers 
and slow-release fertilizers in the pisciponic system to avoid leaching into the 
environment and water eutrophication. A good amount of fish without sufficient 
nutrients may lead to low nutrient absorption and the production of crop plants 
in the pisciponic system. Other than that, it has also been reported that the 
pisciponic system relies exclusively on fish waste to provide nutrients for plants 
with low levels of micronutrients (Ru et al., 2017). 

However, there is a paucity of information and research on the supplementation 
of zinc chelate and iron chelate in granular form to be absorbed in water and 
effectively alleviate nutrient insufficient in crop plants (Roosta & Hamidpour, 

2013). Therefore, the objective of this study is to investigate the effects of 
selected micronutrients mineral composition on crop plants in the pisciponic 
system in granular form. 

Various technologies have been suggested to feature slow coated fertilizers of 

enhanced efficiency fertilizers (EEFs) throughout the couple decades. In spite of 
previous efforts, there is no proper method to approach the nutrient release 
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patterns and fertilizer release patterns as well as material performance in this 
context. Thus, the study was conducted to determine the effect of micronutrient 
fertilizers in the pisciponic system using coated zinc chelate and iron chelated. 
According to Delaine (2019), experimental studies on the pisciponic system with 
insufficient nutrients can promote plant growth. However, not many studies are 
available on coated fertilizers in the pisciponic system. According to Roosta and 
Hamidpour (2011), the fish waste to provide nutrients are lacking in the 
pisciponic system and the composition of fish feed in the feed pellet is enough 
for the fish and for the fish to grow but not compulsory for plant growth. The 

requirement for the total iron, potassium, calcium, and zinc needed for plant 
production is not the same for fish. As a result, the lack of these micronutrients 
may occur and can be troublesome in the system.  

Therefore, it is important to understand the effects of the slow release of zinc 
and iron supplementations on growth performance in the pisciponic system 
using lemon fin barb hybrids with Brassica rapa var. chinensis and Metha 
piperita. This also includes the ways to improve and increase production and 
decrease costs. Accordingly, the objectives of this study are addressed as 
follows: 
 

1) To study the slow-release process using stearin as a coat for zinc and 
iron. 

2) To study growth performance in the pisciponic system. 
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