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Abstract. Leaf litter is is contains organic substances such as 
carbohydrates, proteins, and nutriens. Litter needs to decompose first so 
that organism and microorganisms can use it. Fungi help play break down 
litter in the environment. Trichoderma sp. 1 is a fungus that plays a role in 
the decomposition process. This study took place between June to 
September 2025 to determine the role of Trichoderma sp. 1, in breaking 
down Rhizophora mucronata leaf litter helps the growth of milkfish (Chanos 
chanos) seeds. 50 grams of the R. mucornata leaf litter was put into 20 litter 
bags. Trichoderma sp. 1 fungus was grown on PDA medium. Fungal agar 
cultures were cut into pieces and then mixed in a test tube with 2.5 ml of 
sterile water. Milkfish seeds were put into cages, with as many as 80 fish. 
Sampling was carried out every 15 days, using eight milkfish and one bag 
containing leaf litter. Measurement of the decomposition rate and the weight 
of the milkfish were carried out seven times. The R. mucronata leaf litter 
decomposed at a rate 16.54 grams/year, and the weight of the milkfish feed 
Trichoderma  sp. 1 was 247.40 grams, while the control weighed 215.60 
grams.  

1 Introduction 
Leaf litter is contains organic substances such as carbohydrates, proteins, and nutriens. 
Ecologically, mangroves release organic matter that supports aquatic life and provides 
habitat and food for wildlife, such as fish and crustaceans [1]. The organic material found 
within mangrove sediments originates from the decomposition of nearby materials like 
mangrove trees and microscopic organisms living on the sediment surface, along with with 
matter brought in by tidal action, such as free-floating algae, marine plants, and large algae. 
The amount each of these factors contributes differs based on the specific mangrove area 
and also between different mangrove areas. Starting with the decomposition process, 
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mangrove litter is an important element that the environment can use to form a food chain. 
According to Friesen  et al. [2], macrobenthos are the first to break down mangrove litter, 
Bacteria and fungi work as decomposers, making enzymes that break apart organic matter 
and turn it into proteins. Litter is mostly made up of carbohydrates, proteins, and nutriens 
[3]. Litter needs to break down first so that organisms can use it. Fungi are very important 
in breaking down leaf litter [4].  

2 Methods 

2.1 Place and time 

This research took place from June to September in the mangrove forest of Belawan 
Sicanang Village, located in Medan Belawan District, and also in the Forest Cultivation 
Laboratory at the Faculty of Forestry, University of North Sumatra. 

2.2 Tools and materials 

Tools used in this study were a hand refractometer, a 40 cm litter bag. x 30 cm, scales, rope 
raffia, sarong hand, analytical balance, glass cup, thread sew, razor blade, needle sew, , tube 
reactions, oven and cameras. The materials used were R. mucronata leaf litter, distilled 
water, types of fungi Trichoderma sp.1, and seeds milkfish. 

2.3 Procedures 

2.3.1 Sampling and placement of R. mucronata 

R. mucronata leaf litter was collected as much as 1000 g of mangrove forest floor in Belawan 
Sicanang. Each 50 grams was put into 20 nylon litter bags that are 40 by 30 centimeters in 
size and have a 1 by 1 milimeter mesh. 

2.3.2 Preparation of the fish cage and distribution of milkfish fry.  

The fish cage measures 3 meters by 3 meters with a depth of 1 to 1.5 meters. The number of 
milkfish fry to be distributed in the cage is 200. 

2.3.3. Application of fungi to litter.  

The fungal isolate used is Trichoderma. sp.1. Fungi that have growth on media PDA is taken 
cut the agar into small pieces that are 5 millimeters long, 5 millimeters wide, and 2 
millimeters high. The agar pieces that are already covered with fungi are next added to the 
test tube. Put 2.5 milliliters of sterile water into the bag to create a suspension smoothly 
evenly over the litter in the bag. 

2.3.4. Placement of litter leaf R. mucronata which has been used for application 
Trichoderma fungi sp.1 in cages. 

Placement of R. mucronata leaf litter that has been treated with a fungal application on pocket 
litter is carried out using the method of hanging the pocket containing the litter. 
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2.3.5. Salinity measurement.  

Salinity measurements were carried out using a hand refractometer for each observation. 

2.3.6. Measuring the development level of milkfish.  

To check how much milkfish has grown, weight them every time observation. 

2.3.7. Collection data.  

Data collection happened after the litter was put into the field at these times: a. Day 15 b. 
Day 30 c. Day 45 d. Day 60 f. Day 75 g. Day 90. h. Day 105. For evvery observation, a single 
litter bag with 50 grams of litter was used. 

2.3.8. Analysis of the rate at which the leaves of R. mucronata decompose.  

The average value of the litter decomposition rate was estimated using this equuation (Olson, 
1963): 

X t = X0 . e -kt   

Ln (Xt /X0 ) = -kt                                                           
 
Information: 
Xt  = dry weight of the litter measured after the time period t (g) 
X0  = initial dry weight of the litter 
e  = constant value of the natural logarithm logarithm (2.72) 
k  = decomposition rate constan of the litter 
t  = duration of observation time interval (days) 

3 Results 

3.1 Decomposition rate of R. mucronata leaf litter 

Decomposition process, which includes the decomposition of litter, can produce organic matter 
that is important for the food chain. This is in accordance with Alongi [5], an important role in 
mangrove forest waters is nutriens contained in plant material are gradually released into the 
surrounding environment. The decomposition rate refers to how quickly litter breaks down 
being broken down by organisms into simpler and more easily decomposed structures. The 
decomposition process begins with the physical breakdown of leaves by organisms such as 
insects and earthworms [6]. Organic materials in the litter will break down into simple forms. 
Based on the calculation using the Olson [7], the decomposition rate constant (k) for R. 
mucronata leaf litter during the for 105 days observation period was estimated 16.54 g per 
year. Data on he dry weight of R. mucronata leaf litter are presented in Figure 1. 

(1) 
(2) 
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Fig. 1. Dry weight of R. mucronata leaf litter after 105 days  

 Based on the data obtained, it is clear that the mass of R. mucronata leaf litter went down 
by day 15, compared to day 30 and slowed down until day 105. This condition is thought to 
be caused by the new litter still containing more nutrients for microorganisms. The highest 
decomposition rate occurs in the early stages, as well as the presence of microorganisms 
fungi help break down different materials found in mangrove leaves [8]. 

3.2 Macrobenthos  

Macrobenthos act as initial decomposers that tear litter into small pieces related to the food web 
in mangrove forests [9]. The four classes of macrobenthos found in the R. mucronata leaf litter 
bags, the data can be seen in Table 1. 

Table 1Number of macrobenthos found in litter bags over 105 days. 

Class Observation Time (Days) Total Average 
15 30 45 60 75 90 105 

Bivalves 8 9 7 5 4 4 3 37 6.16 
Gastropoda 7 8 6 4 3 2 2 30 5 
Polychaeta 7 6 4 4 3 2 2 26 4.33 
Crustacea 8 6 5 3 3 2 2 25 3.5 

Research result show that macrobenthos from class bivalves and oligochaetes play a role 
in the process of decomposition leaf litter R. mucronata. According to Raposeiro et al. [10], 
macrobenthos speed up decomposition litter at the stage end decomposition leaf with eat litter 
that has been conditioned in a way microbes. Macrobenthos breaks down the litter, making it 
easier for the fungus Trichoderma sp.1 to decompose the litter. This is consistent with the 
statement by Wang et al. [11] that macrobenthos plays an important role in accelerating litter 
decomposition.. 

3.3 Salinity 

The concentration of salt in water is called salinity, and is usually expressed in parts per 
thousand (‰) or salt per thousand of water. Mangroves generally have a salinity between 11 
and 25 ‰. Salinity can affect the diversity and number of macrobenthos in water areas, which 
can accelerate the rate of decomposition [12]. The salinity at the research site are presented in 
Table 2.  
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Table 2. Salinity at the research location 

Observation Period (Days) Salinity (‰) 

15 18 

30 18 

45 20 

60 20 

75 18 
90 18 
105 18 

 
Seawater typically has a salinity of 25-35 ppt, while brackish water typically has a salinity 

of 19-20 ppt [13]. Through tree density, which supports increased macrobenthos density, 
salinity indirectly affects macrobenthos density. 

3.4 The role of fungi in litter decomposition 

Trichoderma sp. 1 fungi are the primary decomposers responsible for breaking down the 
leaves from Rhizophora mucronata leaf litter, with high enzymatic ability to break down 
lignin, cellulose, and complex carbohydrates into simple compounds that support the 
ecosystem nutrient cycle. The application of Trichoderma sp. 1 fungi to R. mucronata leaf 
litter successfully increased the decomposition rate to 16.54 grams/year. This is in line with 
Numbere and Camilo [14], who stated that microbes like bacteria and fungi help break down  
mangrove materials and also play a role in changing and moving nutriens around. 

3.5 Milkfish weight growth rate 

The milkfish weight data during 105 days of observation is presented in Figure 2. 

 
Fig. 2. Milkfish weight data for 105 days 

Based on the results of observations of milkfish weight for 105 days of maintenance, it was 
found that the treatment with the application of fungi had a weight of 246.40 g which was much 
higher compared to the control weight which only had a weight of 215.60 g on the 105th day. 
Decomposed leaf litter from the R. mucronata process by fungi becomes a natural food source 
for milkfish that eat detritus. This is in line with the Hussain et al. [15] that the type of milkfish 
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food varies depending on the life stage and habitat, the main type of food consists of benthic 
and planktonic organisms. 

4 Conclusion 
The Trichoderma sp.1 fungi helped break down the leaves of to R. mucronate more quickly. 
The decomposition process happened because of the role played by macrobenthos from the 
classes bivalves, oligochaeta, crustaceans and gastropods that helped break down the litter. 
The application of Trichoderma sp.1 fungi to R. mucronata leaf litter successfully increased 
the decomposition rate to 16.54 grams/year, as well as increasing the weight growth of 
milkfish to 247.40 g, higher than the control which was only 215.60 g after 105 days. 
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