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Abstract. The objective of the study was to assess the effectiveness of P fertilizer reduction and the 
addition of fish pond sludge waste on the growth and yield of soybean crop in peatland. Research used 
Complete Randomized Design factorial with two factors. The first factor was the reduction of P fertilizer 
from the dose of 150 kg.ha-1 consisting of 4 levels, namely P0: 100% (2.944 g/polybag), P1: 75% (2.208 
g/polybag), P2: 50% (1.472 g/polybag), and P3: 25% (0.736 g/polybag). The second factor was the 
addition of fish pond mud waste (L) from the dose of 15 ton.ha-1 consisting of 4 levels, namely L0: 25% 
(73.595 g/polybag), L1: 50% (147.19 g/polybag), L2: 75% (220.78 g/polybag), and L3: 100% (294.38 
g/polybag). Each treatment combination was replicated 3 times to obtain 48 experimental units. The 
results showed that (1) fish pond mud waste was effective to reduce the use of P fertilizer, (2) the 
reduction of P fertilizer up to 50% from recommendation dosage by addition of fish pond sludge waste at 
75% dose of 15 ton/ha was the best combination due to providing the best plant growth and the highest P 
concentration of plant tissue. The highest number of pods and weight of seed obtained in the combination 
were 60.33 pods/plant and 7.30 g/plant, respectively.  

 

1. Introduction 
The soybean crop (Glycine max (L.) is a high-quality 
vegetable-producing plant of high-quality vegetable 
protein, but until now, the domestic soybean 
requirement is highly dependent on imports. Efforts to 
reduce the volume of soybean imports are the extensive 
cultivation system and yield improvement through the 
application of appropriate cultivation technology. 

The conversion of peatlands into agricultural land 
has been increasingly difficult to avoid as a result of 
the food availability fulfillment. Peat swamp forest 
conversion to other land uses comes at a great cost in 
terms of large quantities of greenhouse gas emissions 
[1]. Utilization of peatlands as agricultural land has 
threatened the ecological function of peat as a carbon 
store, because it releases CO2 into the atmosphere, 
which contributes substantially to greenhouse gases.  

Peatland utilization as agricultural land is 
constrained by peat fertility low levels so that 
application of high amount of lime and inorganic 
fertilizer input should be conducted. Substantial 
organic matter decomposition occurs in both oxic and 
anoxic conditions in tropical peat [2]. Rewetting of 
organic soils results in a decrease in CO2 and N2O 
emissions, DOC losses and GHG emissions based on 

the global warming potential but also leads to an 
increase in CH4 emissions [3]. 

Another alternative used as ameliorant as well as 
substitution of the plant nutrient, especially P element 
is fish pond mud waste. Aquaculture activity produced 
significantly N and P affecting not only the quality of 
peatland water, but also the environment as a whole. 
The levels of N and P on fish food and the efficiency 
used by fish affected the amount of these elements 
excreted into the environment [4].The other research 
showed that the nutrient content of P in fish pond 
sludge was very high, ie 309.68 ppm and 6 times 
higher than P in peat soil about 40.93 ppm. 
Furthermore, the combination of fish pond mud 
sediment and peat resulted in a sharp growth of red 
dragon fruit plant in line with the increasing volume of 
sediment pond sludge [5]. Combination of mud and 
fish pond water before planting sweet potato and corn 
may increase the C-organic, N-total, P-Bray, CEC, and 
base content in the soil [6] 

Mud of fish pond is one of aquacultural waste that 
has not been widely used for agricultural activities, 
because farmers have not known the potential nutrient 
content in fish pond mud. However, fish pond mud was 
rich in humid content and feed residues that contained 
lots of nutrients N, P, and K [7]. Therefore, mud of fish 
ponds was potential to be utilized as ameliorant and to 
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substitute inorganic fertilizers, especially P fertilizers 
that may reduce the use of inorganic fertilizers which 
in turn may reduce production costs buying fertilizer 
and lime. In addition, the utilization of fish pond sludge 
waste for crop cultivation was not only proposed at 
improving peatland chemical properties, but also as 
waste management efforts. 

2. Materials and Methods 
The study was conducted from May - September 2016 
in Palangka Raya, Central Kalimantan Province. The 
materials used were varieties of Wilis soybean seeds, 
fish pond mud waste, SP-36 fertilizer, Urea, KCl, and 
Furadan. The equipments used were pH meter, meter, 
ruler, paper label, analytical scale, polybag size 50 cm 
x 50 cm. Complete Randomized Design (CRD) 
factorial with two factors was applied. The first factor 
was the reduction of the dosage of SP-36 (P) from the 
recommended dose of 150 kg/ha, consisting of 4 levels, 
P0: 100% (2.944 g/polybag), P1: 75% (2.208 
g/polybag),  P2: 50% (1.472g/polybag), and P3: 25% 
(0.736 g/polybag). The second factor was the addition 
of fish pond mud (L) from the dose of 15 ton/ha, 
consisting of 4 levels, namely L0: 25% (73.595 
g/polybag), L1: 50% (147.19 g/polybag), L2 : 75% 
(220.78 g/polybag), and L3: 100% (294.38 g/polybag), 
so there were 16 treatment combinations with three 
replications. The data were analyzed using variance 
analysis (F test) at α = 5% and followed by LSD test. 
In all Figures, the same small letters upper each 
column were not significantly different according to 
the LSD test α = 0.05. 

3. Results and Discussion 
3.1. Root Volume 
 
The effect of the interaction between the reduction of P 
fertilizer and the addition of fish pond sludge was 
significantly shown. The volume of soybean roots at 
the lowest dosage of fish pond sludge (25%) at various 
given P fertilizer doses was quite different from that of 
the volume of plant roots given fish pond sludge at 
higher doses (Figure 1). This was closely related to the 
fish pond mud ability to improve the fertility of peat 
chemicals such as increasing pH and increasing the 
amount of nutrients in the planting media. 
Accumulation of fish pond sludge was rich in nutrients 
and organic matter and potentially as ameliorant. 
Porous texture of peat and fine texture and clay from 
fish pond mud may be complement each other in 
improving the physical properties of planting media, so 
that aeration and absorption capacity of water and 
nutrients may be better, which in turn the roots of 
plants may grow well [7]. The combination of P-
fertilizer application at moderate dose (50%) and fish 
pond mud at 75% was able to give the best root 
volume, ie 19.66 mL/plant (Figure 1) 

 
Fig. 1. Root volume 

 
3.2. Shoot Dry Weight  
 
The effect of the interaction between the reduction of P 
fertilizer and the addition of fish pond sludge to the dry 
weight of the shoot was seen (Figure 2).An increase in 
the dry weight of the shoot due to the increase in fish 
pond sludge was caused by the addition of fish pond 
sludge and P fertilizer that caused an increase in supply 
and availability of N and P nutrients. In addition, fish 
pond mud may improve soil physical properties that 
may cause a good impact on the growth and 
development of plant root systems, so that nutrient 
uptake may also increase. Increased nutrient uptake, 
especially N, increased the formation of chlorophyll so 
that the rate of photosynthesis increased and in turn the 
more biomass was produced. The P element was 
needed to activate plant metabolism processes such as 
photosynthesis due to its presence in the ATP used to 
reduce CO2 to carbohydrates, so that increased the 
formation of plant biomass, which was seen with the 
increase in dry weight of the plant shoot. The provision 
of marine sludge was able to increase the growth and 
yield of soybean crops on peat soils [8] 

Plant P concentration was higher with higher doses 
of fish pond sludge given up to 75% of the 15 ton/ha 
doses and the application of P fertilizer at a dose of 
50% of the recommended dose (Figure 3).Application 
of fish pond sludge up to 75% dosage was expected to 
increase the soil P content. This was due to the high 
content of P in fish pond mud. The P content of fish 
pond sludge was 309.68 ppm [5]. In addition to the 
supply of P derived from fish pond sludge, P was also 
added through SP-36 fertilization. Therefore, the 
combination of P at 50% dosage and fish pond sludge 
at 75% dosage was able to increase the availability of P 
soil so that the P concentration in soybean plant tissue 
grown on the combination of treatments showed the 
highest value of 2402.97 ppm or 0.2402%, classified as 
adequate [9] . Phospor absorption by plants was an 
interconnected simultaneous process between P-soil, P 
diffusion flow and plant metabolism [10]. The increase 
of P uptake by soybean plants in combination of 50% P 
treatment and 75% of fish pond sludge was related to 
good root system development. The root of the soybean 
crop with a large root volume on the combination of 
treatments was obtained (Figure 1). The root system 
development, especially hair root growth, was 
influenced by the distribution of nutrients, especially P 
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element. With a good root system development, the 
root ability to reach or obtain nutrients was greater, so 
the absorption and concentration of P on the soybean 
plant tissue were to be better [11] 
 

 
Fig. 2. Shoot dry weight 

3.3.  Plant Tissue P Concentration  

Plant P concentration was higher with higher doses of 
fish pond sludge given up to 75% of the 15 ton/ha 
doses and the application of P fertilizer at a dose of 
50% of the recommended dose (Figure 3). 
Application of fish pond sludge up to 75% dosage was 
expected to increase the soil P content. This was due to 
the high content of P in fish pond mud. The P content 
of fish pond sludge was 309.68 ppm [5]. In addition to 
the supply of P derived from fish pond sludge, P was 
also added through SP-36 fertilization. Therefore, the 
combination of P at 50% dosage and fish pond sludge 
at 75% dosage was able to increase the availability of P 
soil so that the P concentration in soybean plant tissue 
grown on the combination of treatments showed the 
highest value of 2402.97 ppm or 0.2402%, classified as 
adequate [9].  
 

 
Fig 3. Plant tissue P Concentration 

 
Phospor absorption by plants was an 

interconnected simultaneous process between P-soil, P 
diffusion flow and plant metabolism [6]. The increase 
of P uptake by soybean plants in combination of 50% P 
treatment and 75% of fish pond sludge was related to 
good root system development. The root of the soybean 
crop with a large root volume on the combination of 
treatments was obtained (Figure 1). Root system 
development, especially hair root growth, was 
influenced by the distribution of nutrients, especially P 

element. With a good root system development, the 
root ability to reach or obtain nutrients was greater, so 
the absorption and concentration of P on the soybean 
plant tissue were to be better [11]. 

3.4. Number of pods per plant 

The number of pods per plant was more in line with 
higher doses of fish pond sludge given from 25% to 
75% dosage on P fertilizer as much as 50% of 
recommended dosage (Figure 4).Root volume, shoot 
dry weight and P concentration of soybean tissue given 
fish pond sludge increased up to 75% dosage along 
with medium-dose (50% recommended dose) of P 
fertilizer (Figure 1 and  2). It is seemed that this caused 
the growth of soybean crops better and then may 
produce more pods of content. Supply P derived from 
fish pond mud and P fertilizer may increase the 
availability of P-soil. In addition to P element, fish 
pond mud also contained elements of N and K [7]. P 
element may play a role in the formation of plant 
generative organs such as pods. However, the K 
element acted as an activator of various essential 
enzymes in photosynthetic and respiratory reactions 
and functions in photosynthesis translocation. K mud 
of fish pond was relatively high about 1.43 me/100g 
[5].   

The photosynthesis process may run well with the 
fulfillment P and K element, and other nutrients so that 
the photosynthesis result also increased. The 
photosynthesis result was partially transferred to the 
plant generative parts for the pod feeding process so 
that the number of pods per plant increased. The 
highest number of pods was obtained in a combination 
of 75% fish pond mud and 50% of P fertilizer, ie 60.33 
pods. 

 
Fig 4. Number of pods per plant 

3.5. Dry Seed Weight per Plant 

The response of dry seeds of soybean crops to P 
fertilizer application was increase along with the 
increase of fish pond sludge added from 25% dosage 
up to 75% dose (Figure 5). This was due to the 
improvement of physical, chemical and biological 
properties of peat soil coming from fish pond mud. The 
presence of basic cations such as Ca in fish pond mud 
potentially increased the saturation of the peat soil 
base, so that soil pH increased. An increase in soil pH 
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may accelerate the development of microbes in the soil 
that will improve the process of peatland 
decomposition. Use of sludge from sea increased the 
pH of the peat so that it may spur the development of 
bacteria in peat soil causing a decrease C / N ratio of 
peat soil [12].  

An increase in soil pH may also affect the 
availability of other nutrients such as N, P, K, Ca, and 
Mg [13]. The increase of N, P, and K elements due to 
the application of P fertilizer and fish pond sludge 
caused the photosynthesis process to occur smoothly so 
that the photosynthesis may meet the needs of plants 
for growth and development balanced by translocation 
of most photosynthesis result to the generative, so that 
the crop may be improved. Proper supply of nutrients 
may greatly assist plant growth to achieve high yields. 
Soybean plants applied fish pond sludge at 75% dose 
with P fertilizer at moderate dose (50%) showed better 
growth. Plants with good growth may provide a high 
yield, because the result was a manifestation of growth. 
The highest yield of dry seeds per plant in this study 
was obtained on medium dosage of P fertilizer (50%) 
and pond sludge at 75%, ie 7.30 g/plant. 

 

 
Fig 5. Dry seed weight per plant 

 
4 Conclusion and Suggestion 

4.1Conclusion 

1. Fish pond mud waste was effective to reduce the 
use of P fertilizer on soybean cultivation in inland 
peatlands. 

2. The reduction of P fertilizer to 50% of 
recommended dosage by addition of fish pond 
sludge with a dose of 75% was the best 
combination due to producing the best growth: the 
largest root volume and the heaviest dry weight of 
shoot, of 19.66 mL/plant and 8.33 g/plant, 
respectively. 

3. The highest amount of plant tissue P 
concentration,  number of pods and dry seed yield 
per plant was obtained in combination of P-
fertilizer application at moderate dosage (50% 
recommended dosage) and fish pond mud at 75%, 
namely 2402.97 ppm/plant, 60.33 pods/plant and 
7.30 g/plant, respectively. 

4.2. Suggestion 

1. Fish pond mud waste may be used not only as 
ameliorant, but also as alternative material to add 
P nutrient. 

2. For the soybean crop cultivation in the peat soil it 
is advisable to provide P fertilizer with a dosage 
of 50% recommendation dosage along with the 
fish pond mud with 75% of the dose 15 ton/ha, 

3. Further research to study the residual effect of 
fish pond sludge waste should be performed. 
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