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ABSTRACT

The study aims to determine the effect of liquid organic fertilizer (LOF) to increase the production of soybean.
The experiment was carried out using a one-factor randomized group design (RGD) with three replications.
The LOF was generated from several types of organic waste, including water hyacinth, banana root, fishbone
and chicken’s eggshell. The treatments were divided into, M0= without LOF (control), M1= LOF water
hyacinth, M2= water hyacinth + banana root; M3= water hyacinth + fishbone; M4 = water hyacinth +
chicken eggshell; M5= water hyacinth + banana root + fishbone; M6= water hyacinth + banana root +
chicken eggshell; M7= water hyacinth + fish bone + chicken eggshell, and M8= water hyacinth + banana
root + fish bone + chicken eggshell. The data were analyzed using analysis of variance. The result showed
that all types of LOF formulation could be used as soybean fertilizer, especially on the increasing of soybean
pods formation, average volume and weight of  dry soybean seeds, number of fertile pods, and decrease
the empty pods formation compared to the control (p < 0.05). Further analysis showed that the soybean
fields could produce the produce from 3.22 tons/ha – 3.99 tons/ha, and it was 42.5% higher than the control
that only produce 1.87 tons/ha. In the future, the organic waste processing into the LOF could be used to
increase the land productivity, prevent land degradation, as well as strive to be a solution in overcoming
the organic waste issue.
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Introduction

Soybean is an annual major crop in the world and
prominent legumes in food security. The increase of
intensity and expansion of soybean cultivation gen-
erate the increase of soybean production, especially
in the dry land (Hasanah et al., 2014). In the global-
ization era, the production technology is the most
essential part in agriculture to increase productivity.
Nowadays, the soybean productivity reaches 2.0
tons/ha in Indonesia, and it is lower than the other
countries.

The soybean become the prominent comodity on
agricultural industry in Indonesia, including to sup-
port the food security. The government provide sev-
eral regulations to increase soybean productivity,
such as the utilization of fertilizer. The previous
study demonstrated that combination of organic
and inorganic fertilizer increase the production of
soybean from 2.0 – 2,5 tons/ha (Kuntyastuti et al.,
2008). It because the utilization of organic fertilizer
increase soil permeability and reduce land depen-
dency on the inorganic fertilizer. Further, it can be
used to be a source of energy for the soil microor-
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ganisms. Another study reported that organic fertil-
izer from Centrosema leaf extract improve the sap-
lings and the plant height of Pennisetum purpureum
(Mukhtar and I Komang, 2015).

Based on its shapes, the organic fertilizer divided
into two types, that is solid and liquid organic fertil-
izer. Herawati et al., (2019a) proved that the formu-
lation of fishbone and eggshell waste as a liquid or-
ganic fertilizer (LOF) increase soybean production
from 22.5% - 32.1% compared to the control. Fur-
ther, because of the organic waste in Indonesia be-
come the major issue, it is necessary to overcome
these problems. This study aims to analyze the ef-
fects of LOF from the various types of organic waste
as the fertilizer for the soybean crop.

Materials and Methods

Time and Place of the Study

The study was conducted from March until July
2018 at the Laboratory of Production, Faculty of Ag-
riculture, University of Wijaya Kusuma Surabaya
and the Experimental Garden of the Mojosari Agri-
cultural Technology Research Institute, Mojokerto.

Research Design

The study was conducted using the randomized
group design  (RGD) with three replication, each.
The groups were divided as follow:
M0= without LOF (control).
M1= LOF from water hyacinth.
M2= LOF from water hyacinth + banana root.
M3= LOF from water hyacinth + fishbones.
M4= LOF from water hyacinth + chicken eggshell.
M5= LOF from water hyacinth + banana root +
fishbone.
M6=LOF from water hyacinth + banana root +
chicken eggshell.
M7= LOF from water hyacinth + fish bone + chicken
eggshell.
M8= LOF from water hyacinth + banana root + fish
bone + chicken eggshell.

Formulation of Liquid Organic Fertilizer (LOF)

All the organic waste was washed and mashed. All
the mashed materials were formulated according to
the groups with 1 :1 of proportion and inserted into
the tube. Zero point five kg of sugar, coconut water,
rice water and fresh water was added and mixed
until it reached 50 l of volume. The LOF tube was

closed and the ventilation was provided using plas-
tic hose. The tube was fermented for 15 days. After
15 days, the mixture was filtered and it ready to
used.

Soybean Cultivation and Soil Preparation

Eighteen m2 × 29 plots of field were prepared as the
cultivation media. The field was prepared by the
construction of drainage channels to remove the
excess water. The field was left for a week under the
direct sunlight.

Planting

Following the soil preparation, the basic fertilizer
(carbamide, TSP, KCl and manure) was added three
days before planting among the rows. Three seeds
were planted inside the hole at the 40 × 15 cm of
area. Further, the LOF was added once a week for
six weeks. The water was given once a day in the
evening. The weeding was conducted to prevent
pests attack.

Harvest and Post-harvest

The harvesting was conducted after the 70% of soy-
bean leaves become yellow and fall and 95% of the
pods have hardened and browned. The yield was
weighed and dried under direct sunlight for three
days.

Data Analysis

The observed parameters were total pods/plants,
number of filled pods/plants, number of empty
pods/plants, dry weight of seeds/plots, dry weight
of seeds/ha and weight of 100 seeds. All those data
were analyzed using analysis of variance using
SPSS version 16 with p value < 0.5.

Results and Discussion

There are significant differences in the number of fill
and empty pods due to the administration of vari-
ous kinds of LOF (p  0.05). Group M8 produced
higher number of fill pods compared to the M0 and
M1. However, M8 did not show any differences
compared to M2, M3, M4, M5, M6, and M7. In addi-
tion, group M5, M6 and M8 showed the lowest
number of empty pods compared to the others.
There is no significantly different regarding the to-
tal pods/plant (p  0.05). The number of fill and
empty pods, and number of total pods expressed on
Table 1.
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This results were similar to the previous study
that demonstrated the utilization of eggshell pow-
der as the fertilizer increase pods length and the
number of pods/plant (Wazir et al., 2018). Another
study reported that 50 mL/liter of LOF improve the
the number of pods, pod’s length and weight com-
pared to the control without LOF (Buton et al., 2019).
It proves that organic waste can be used as the LOF
on the pea comodities, especially soybean. The LOF
increase the production and quality of soyben, it
because of the utilization of LOF increase the soil
nutrient via its ability to penetrate on the soil
(Herawati et al., 2017).

The phosphorus content from the LOF has poten-
tial effects on the soybean. It is supported by the
previous study that demonstrated the high concen-
tration of phosphorus synergictly increase the num-
ber of pods/plant from several species of legumi-
nous plant (Islam et al., 2016). Further, the high con-
centration of potassium inside the LOF significantly
influences on the number of fill and empty pods/
plant (Khanam et al., 2016).

In addition, all treatment groups produced the
higher produce compared to the control. However,
the M8 showed the highest production on the dry
soybean seeds per plot, per ha and per 100 of seeds
(p  0.05). Based on the results, the utilization of LOF
increase the dry seeds production until 42.5% com-
pared to the control (Table 2).

The potential effects of LOF on the soybean pro-
duction is caused by the nitrogen content inside that
promote and accelerate the seeds germination
(Suryantini and Henny, 2015; Ahmad et al., 2017).
The various concentration of nitrogen, phosphorus

and potassium on the soil increase the development
of soybean pods and seed formation as well as the
other species of legume (Perkasa and Utomo, 2016).
Herawati et al., (2019b) described that the organic
waste such as water hyacinth, fishbone, eggshell
and banana root has the average content of nitrogen
(0.12%), phosphorus (0.10%), potassium (0.85%), C/
N ratio (9.4) and the number of microbes at 1.1 × 104

CFU. Further, the existence of bacteria inside the
LOF supports the convertion of nutrient in the soil
into more degradable molecule that promote the
plant growth (Nguyen et al., 2018). The LOF formu-
lation from seaweed promote the cation exchange
capacity (CEC) from 156 to 190 me/100 grams
(Hisani et al., 2015). The high CEC (>20 me/100
grams) inside the LOF potentially increase the ab-
sorption of nutrient among the seed plants, increase
the soil ability to maintain its humidity, and facili-
tate the bacterial growth that generate the loose soil.

The LOF administration on the soybean planting
period produce the higher yield compared to the
control. Based on its analysis showed that the LOF
increase the production from 15% until 42.5% or
from 2.8 tons/ha until 3.99 tons/ha. This study not
only useful as the fertilizer on the plants but also as
the strategy to reduce environmental stress, espe-
cially during post-harvest period and changes in the
weather (rainy to dry season and vice versa)
(Hammed et al., 2019). It is supported by the previ-
ous study that proved the utilization of liquid or-
ganic fertilizer and biopesticides produce heavier
apple than the control (Leksono and Bagyo, 2014).

Table 2. Average dry seeds/plot, dry seeds/ha and per
100 of seeds after LOF administration.

Groups Parameters

Fill Empty Total
pods/plant pods/ pods/
(kg/18 m2) plant (ton) plant (grams)

M0 3.36a 1.87a 10.25a

M1 5.79b 3.22b 10.69b

M2 6.30c 3.50c 10.88c

M3 6.56c 3.64c 11.18c

M4 6.41c 3.54c 10.76c

M5 7.02c 3.90c 11.31c

M6 6.53c 3.62c 11.11c

M7 7.03c 3.91c 11.00c

M8 7.18c 3.99c 11.09c

a,b,c,d,e different superscript on the same column showed
significant differences (p  0.05).

Table 1. Average number of fill and empty pods, and to-
tal pods following the administration of LOF.

Groups Parameters
Fill Empty Total

pods/plant  pods/plant  pods/plant

M0 95.33a 27.07a 122.40a

M1 128.87b 19.67b 148.53a

M2 166.13c 18.00c 184.13a

M3 160.87c 14.33d 175.20a

M4 153.53c 11.60d 165.13a

M5 157.73c 5.87e 163.60a

M6 150.40c 5.13e 155.53a

M7 162.07c 13.27d 175.34a

M8 173.00c 4.47e 177.47a

a,b,c,d,e different superscript on the same column showed
significant differences (p  0.05).
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Conclusion

Based on the results, it can be concluded that water
hyacinth, banana root, fishbone and chicken egg-
shell could be used as the liquid organic fertilizer.
All those liquid organic fertilizer has a potential ef-
fects on the formation of the soybean pods and
seeds volume, increase the number of fill pods and
decrease the number of empty pods. Further, the
liquid organic fertilizer improve the soybean seed
weight, that positively effects on the yield produc-
tion until 42.5%.
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