4
\
%EI A International Information and

Engineering Technology Association

International Journal of Design & Nature and Ecodynamics

Vol. 16, No. 3, June, 2021, pp. 327-333

Journal homepage: http://iieta.org/journals/ijdne

Vermicompost Formulation Based on Soybean Husk and Cow Manure on Shallots N

Sri Mursiani Arifah2", Maria Theresia Sri Budiastuti®, Widyatmani Sih Dewi*, Supriyadi*

Check for
updates

! Department of Agriculture Science, Sebelas Maret University, Surakarta 57126, Indonesia

2 Department of Agrotechnology, Faculty of Agriculture University Muhammadiyah of Malang, Malang 65144, Indonesia
3 Department of Agrotechnology, Faculty of Agriculture, Sebelas Maret University, Surakarta 57126, Indonesia

4 Department of Soil Science, Faculty of Agriculture, Sebelas Maret University, Surakarta 57126, Indonesia

Corresponding Author Email: srimursiani64@gmail.com

https://doi.org/10.18280/ijdne.160312

ABSTRACT

Received: 3 May 2021
Accepted: 15 June 2021

Keywords:
organic matter, fertilizer, growth, yield,
Randomized Complete Block Design (RCBD)

Shallot is one of an important vegetable in Indonesia. The yield of the crop is often
constrained by low and unbalanced nutrient supply in the soil. The application of
vermicompost based on soybean husk and cow manure can increased nutrient supply in
the soil. This research aimed to obtain the optimum vermicompost formulation and doses
based on soybean husk and cow manure on shallots. This research is a field that arranged
Randomized Complete Block Design (RCBD) with 1 factor (vermicompost formulation
(V) that consisted 4 doses for each treatment and 3 replication was applied. The treatment
consisted of vermicompost formulation (V): 100% soybean husk, 100% cow manure,
50% soybean husk: 50%: cow manure, 75% soybean husk: 25%: cow manure and 25%
soybean husk: 75%: cow manure. Each treatment consisted of four doses: without
application, 5, 10, 15t. ha'l, so the total treatment was 20 level. Data were analyzed using
the least significant difference (LSD) test. The result indicated that vermicompost
formulation gave significant effect on all of observation parameters on the growth and
yield. The lowest response of shallots occurred in the treatments without vermicompost
application on all formulations, and the highest was in the 100% soybean husk

formulation at a dose of 15 t. ha'l.

1. INTRODUCTION

Shallot is a vegetable that is used as a spice, widely
cultivated in Southeast Asia [1]. The problem of shallots is
largely due to low production. This is related to the decreasing
quality of land due to the continuous use of inorganic
fertilizers, due to increased acidity and environmental
pollution, pest resistance development and food safety decline
[2-4]. Therefore, there needs to be technical action to improve
land conditions with the use of organic fertilizers. The
availability of sufficient organic fertilizers in the soil will
provide energy for microorganism to carry out their activities,
especially in the process of decomposition and mineralization
of organic fertilizers, so that the biological conditions of the
soil can be improved [5, 6]. This condition will further
increase nutrient content, increase water retention, improve
soil structure and texture so that it can stabilize soil aggregates
[7, 8].

Vermicompost was a solid product from vermicomposting,
it could be used as an organic fertilizer. The quality of
vermicompost was better compared to other organic fertilizers,
because it was the result of the degradation of organic waste
which involved interactions between earthworms and
microorganisms [9-11]. The earthworms had enzymes such as
protease, lipase, amylase, cellulose and chitin which would
provide rapid chemical changes to the cellulose material and
protein from waste [12-14]. Vermicompost had a high enough
nutrient content such as nitrate, phosphate, and calcium which
could be exchanged and potassium which could be exchanged
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soluble in forms available for plants [15-19], growth
substances such as humic acid, fulvic acid, other organic acids,
auxins and cytokines [20, 21]. Some active bacteria like
Azotobacter sp., Arobactericum sp. and Rhizobium sp. [22-25],
environmentally friendly because it could revitalize soil
quality [26], become biocontrol for plants, where
vermicompost contains organisms that could control plant
pathogens [27]. The advantage of vermicompost had been
proven in several types of onions [28], tomatoes [29, 30],
strawberries [31], capsicum [32] which were given
vermicompost, where all the results of the study showed better
significance for plant growth and yield.

As stated above, the quality of organic fertilizer including
vermicompost was determined by the raw material used. In
this study, vermicompost used as raw material from soybean
husk and cow manure. Soybean husk was organic waste
obtained from the process of stripping soybeans on several
processed products such as oil, flour, milk, soy sauce, tofu and
tempeh. So far, soybean husk was only used as animal feed,
while on the other hand that basically all organic material
could be used as organic fertilizer, then this waste had the
potential to be used as organic fertilizer. This had been proven
by ref. [33] from the results of the study conducted by
combining soybean husk with papaya, showed a significant
increase in the content of P, K, Ca and Mg and a decrease in
C/N ratio. This indicated that soybean husk was indeed very
potential to be used as organic fertilizer. On the other hand, the
use of soybean husk as raw material in vermicomposting had
not been done much especially in combination with livestock


https://crossmark.crossref.org/dialog/?doi=10.18280/ijdne.160312&domain=pdf

manure.

The choice of cow manure as raw material in combination
with soybean husk was done because cow manure was a type
of manure which in addition to the high diversity of
microorganisms also had the highest fiber content such as
cellulose compared to other livestock manure. This was
indicated by the high C/N ratio that was more than 30. This
condition was actually needed by earthworms as additional
energy so that cow manure was a good substrate if used as a
mixture of media on vermicomposting [34, 35]. Therefore, in
this study, the combination of soybean husk and cow manure
in different proportions was tested to determine the potential
of soybean husk as organic fertilizer on shallots with several
dosage applications.

The purpose of this study was to obtain the optimum dose
of vermicompost formulation made from soybean husk and
cow manure on shallots, so that it could be used as a reference
in the application of local wisdom-based organic fertilizer.
Furthermore, long-term use of inorganic fertilizers could be
replaced with organic fertilizers. This condition aimed to lead
to food security and the environment and to ensure a
sustainable and environmentally friendly agricultural
production process.

2. MATERIAL AND METHOD

The experiment was conducted in the experimental garden
of University Muhammadiyah of Malang, East Java, Indonesia
(550 m above sea level) (Figure 1). The materials were used
include Blue Lancor variety shallots, vermicompost, NPK
fertilizer and pesticides. Randomized Complete Block Design
(RCBD) with one factor and three replications. The treatment

consisted of vermicompost dose (V): 100% soybean husk, 100%

cow manure, 50% soybean husk: 50%: cow manure, 75%
soybean husk: 25%: cow manure and 25% soybean husk: 75%:
cow manure. Each treatment consisted of four doses: without
application of vermicompost, 5 t.ha?, 10 t.hat and 15t. ha' so
the total treatment was 20 level.

Figure 1. Shallot plantation at the experimental garden
(30 days after planting/dap)

Plant preservation included watering and controlling pests,
diseases and weeds. Watering was conducted in the morning
or evening, especially in the early to mid-plant growth, this
was due to coincide with the rainy season, so it was not
conducted. Pest was controlled by spraying pesticides,
selection of pesticides based on the habits of farmers in the
research area, the active ingredient Profenofos 500 g / I, at a
dose of 0.5 to 1 ml/liter of water), whereas spraying of
fungicides (the active ingredient Azoksistrobin dan
Difenokonazol, 0.5-1 ml/liter) was carried out every time after
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rain. Weed control was conducted by spraying pre-growing
herbicides (the active ingredient Fenoksaporp-p-etil, 20 ml/15
liter). In the study conducted, harvesting was at 60 days after
planting.

Growth variable were measured from 10 days after planting
(dap) to 50 dap with intervals of 10 days. It was consisted of
plant height (cm), number of leaves, and number of tillers.
While the observed vyield variables included the number of
bulbs per plant, bulb weight per plant (g), weight of each bulb
(9), and yield (t ha). Furthermore, the data obtained were
analyzed by ANOVA test with the statistical model as follows:

Yij = p+a.j+ti.+6ij

i =V, Va, ... Vg as a treatment (t);
j =1, 11, 1l as replication (r).

Explanation:
Yij: Observation data from treatment to | and replication to j;
wu: General average influence data;
a. j: Group influence data to j;
7i.: Data on the effect of treatment to I;
6ij: Data on the effect of experimental error due to treatment
to i and replication to j.

The data was then processed using Least Significant
Difference (LSD), which served to compare between
treatments, with equation [36]:

JMSs(A)

LSD =qA,a ———=
S

gA,a = q table (a 5%).

MSs(A) = mean square of error.

S = replication.

3. RESULTS AND DISCUSSIONS

3.1 Effect vermicompost formulation based on soybean
husk and cow manure on Shallot’s growth

Based on the analysis of variance (ANOVA), the
formulation of vermicompost doses gave significantly effect
on growth from the age of 20 days after planting (Tables 1, 2,
3). For the variable number of tillers, the measurements were
started at the age of 20 days after planting because at the age
of 10 days after planting no chicks had been formed.

Based on Table 1, the plant height increase significantly at
V4 (100% soybean husk) at a dose of 15 t.ha', while the lowest
was at treatment without application of vermicompost on all
formulations at all measurement ages. Plant height at 20 days
after planting was 37.73 cm, 42.37 cm at 30 days after planting,
52.63 cm at 40 days after planting and 55.73 cm at 50 days
after planting. This plant height was 9.16% higher than the
control and 6.7% higher when compared to the 100% cow
manure formulation at a dose of 15 t.ha™.

The number of leaves showed increase slowly at treatment
without application of vermicompost, while the greatest
number of leaves was shown at V4 (100% soybean husk at a
dose of 15 t.ha™in all measurement ages, namely 29 leaves at
20 days after planting, 39.33 age 30 days after planting, 76.67
age 40 days after planting and 72.67 age 50 days after planting.
The increase in the number of leaves was 24.63% higher than
the control and 18.46% higher than the 100% cow manure



formulation at a dose of 15 t.ha™.

Same as with plant height and number of leaves, the number
of tillers also showed the same trend, which experienced the
highest number of tillers in treatment V4 (100% soybean husk)
at a dose of 15 t.ha' and relatively less number of tillers at
without application of vermicompost. The number of tillers at
the age of 20 was 6.33, 11.33 at the age of 30, and reached
15.67 at the age of 40 and 50 dap. Treatment V4 with a dose
of 15 t / ha showed 21.44% more tillers than control and
15.37% more than 100% cow manure formulation at a dose of
15 t.ha'.

Vermicompost is made from soybean husk and cow manure
with several doses that have been tried to respond to the
growth of shallots. At the beginning of growth (10 dap), the
applied vermicompost had no significant effect on all growth
parameters. This condition is due to the slow release of
vermicompost so that the availability of nutrient for plants
lasts a long time [37]. The availability of nutrients in the soil
is related to the vermicompost overhaul process that occurs.
Nutrient content in raw materials affect the speed of the
process of composting [38]. Vermicompost has a surface that
is wide enough for beneficial microbial activity and produces
humus which functions to increase soil aggregation so that it
can improve the availability of nutrients for plants as well as
increase soil fertility [39] and will further improve plant health
and growth [40]. Low growth occurred in the treatment
without giving vermicompost on all growth parameters at all
ages of observation. This condition is due to a lack of nutrient
supply for plants because plants need nutrients from the
beginning of growth to entering the generative phase,
especially when shallots begin to enter the bulb formation
phase [41].

Table 1. The effect of vermicompost formulation on plant
height variable at several age measurements (days after

planting/dap)
T Plant Height (cm) / age (dap)
20 30 40 50
100% soybean husk (doses t.h?)

Vi(0) 30.17a 3595ab 46.10ab 45.13a
V2(5) 3350ab 39.83ab 48.43ab 49.13ab
V3(10) 36.93ab 40.63ab 46.30ab 52.53 ab
V4(15) 37.73b  4237b 52.63b  55.73b

100% cow manure (doses t.h?)

Vs(0) 29.83a 3317a 4180a 4417a
Ve(5) 31.17ab 36.90ab 4437ab 46.00a
V7(10) 3227ab 37.07ab 46.33ab 47.63ab
Vg(15) 33.00ab 37.17ab 46.67ab 47.97 ab
50% soybean husk: 50% cow manure (doses t.h?)
Vo(0) 31.33ab 38.70ab 46.00ab 49.70 ab
Vio(5) 36.07ab 39.33ab 48.00ab 50.53 ab
V11 (10) 31.37ab 3893ab 47.03ab 48.97ab
Vi2(15) 33.63ab  41.97b 4833ab 51.43ab
75% soybean husk: 25% cow manure (doses t.h?)
Vi3(0) 3023a 3387a 4297a 4350a
Vi4(5) 33.03ab 36.57ab 44.63ab 49.50ab
Vi5(10) 34.23ab 37.73ab 46.33ab 49.93ab
Vi6(15) 30.83ab 40.30ab 51.33b 48.77ab
25% soybean husk: 75% cow manure (doses t.h?)
Vi7(0) 31.27ab 3353a 4150a 46.40a
Vig(5) 34.03ab 37.93ab 4590ab 46.53ab
V19(10) 35.23ab 39.67ab 45.27ab 49.50 ab
V20(15) 35.77ab 38.03ab 47.53ab 51.10ab

LSD 7.322 7.968 9.014 9.188

Notes: The same letters in the same column were not significant difference at
5% LSD test.
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The vegetative growth of shallots measured in this study
included plant height, number of leaves, and number of tillers.
The application of vermicompost with different formulations
and doses showed a different increase in vegetative growth in
shallots. Treatment of 100% soybean husk at a dose of 15 t.ha'
showed an increase in plant height, the number of leaves, and
the number of tillers was the highest compared to other
treatments. Soybean husk which is a waste of beans, basically
contains high enough nitrogen, so that it can be used in the
metabolic processes needed for plant growth, given that
nitrogen is a constituent element of amino acids which is a
protein-forming compound and plays a role in all tissues.
plants, encouraging cell division and high meristematic
activity, also allow plants to have good proliferation and also
inhibition of vermicompost nitrification processes in the soil
[42].

Table 2. The effect of vermicompost formulation on number
of leaves variable at several age measurements (days after

planting/dap)
Number of leaves / age (dap)
Treatment 20 30 20 50
100% soybean husk (doses t.h%)

V1(0) 2233ab 2433a 51.67a 29.33ab
V2 (5) 25.00ab 30.33abc 57.00ab 53.67 abc
V3(10) 25.33ab 31.67abc 70.67ab  68.33c
Vi(15)  29.00b  39.33c  76.67b  72.67c

100% cow manure (doses t.n?)

Vs (0) 1433 a 23.33a 49.33 a 26.67 a
Vs (5) 15.00 a 26.33a 55.67ab 47.33 abc
V7(10) 18.33ab  24.33a 59.33ab 50.00 abc
Vs(15)  19.00ab 28.67abc 61.67ab 52.33 abc

50% soybean husk: 50% cow manure (doses t.h')

Vs (0) 16.33a 23.67 a 52.67a 53.00 abc
V10 (5) 23.00ab 28.00abc 64.33ab 57.67 abc
V11 (10) 23.00ab 34.67abc 65.00ab 65.33c
V12 (15) 23.67ab 38.33c 68.67ab 67.33 C

75% soybean husk: 25% cow manure (doses t.h')

Vi3 (0) 15.67 a 23.33a 55.33ab 49.33abc
V14 (5) 16.67ab 24.00a 65.00ab 61.00 bc
Vs (10) 18.33ab 27.00abc 67.67ab  59.00 bc
V16 (15) 19.67ab 34.00abc  70.00ab  62.67c
25% soybean husk: 75% cow manure (doses t.h')
V17 (0) 15.00a 30.67abc 53.00a 50.00 abc
Vs (5) 19.33ab 32.67abc 59.67ab 54.00 abc
Vi (10) 22.33ab 37.67bc 58.00ab  63.33c
V20 (15)  23.00ab  38.67bc 63.67ab  68.00c
LSD 12.575 11.537 22.830 32.195

Notes: The same letters in the same column were not significant difference at
5% LSD test.

The increase in plant height, the number of leaves, and the
number of tillers of shallots are related to the humus content
excreted by earthworms that contain humic acid. Humic acid
functions in increasing plant growth hormones and symbiosis
with microorganisms that are beneficial in increasing plant
height and leaf number [43]. Besides containing humic acid,
the humus material also functions to increase soil aggregation,
thereby ensuring better aeration. Shallots have relatively short
roots and do not spread, so to get optimal rooting, red onions
need a rooting medium with a balanced aeration capacity and
media water storage [44].

A suitable root medium should generally have an optimal
volume of gas-filled pore space and an adequate level of
oxygen diffusion for respiration needs, will have a positive
impact on the translocation of carbohydrates and other



nutrients to the root area. Furthermore, increasing soil
aggregation will increase the absorption of nutrients by plants.
This is in accordance with the research [42] that giving
vermicompost to shallots can increase plant vegetative growth
because vermicompost has a high nitrate content so that more
nitrogen is available for plants.

3.2 Effect vermicompost formulation based on soybean
husk and cow manure on Shallots Yield

According to Table 4, yield variables including number of
bulb per plant, weight of bulb per plant, weight of each bulb
and yield showed a significant effect on V., treatment (100%
soybean husk) at a dose of 15 t.ha*and treatment relatively less
occurred in the treatment without application of vermicompost
on all formulations. In more detail, the average of all outcome
variables was presented in the following Tables 2 and 3
Number of Bulbs per Plant (NBPP), Weight of Bulbs per Plant
(WBPP) (g), Weight of Each Bulb (WEB) (g), and Yields (Y)
(t.hal) Shallots In Vermicompost Formulation Test Made
from soybean husk and cow manure.

The application of vermicompost with different raw
material formulations and dosages showed different effects on
crop yields. Vermicompost made from 100% raw material
waste from soybean husk at a dose of 15 t ha' gave the highest
yields on the number of bulbs per plant, weight of bulbs per
plant, weight of each bulb, and yields. The number of bulbs
per plant reached 22.22, this number was 11.1% higher than
the control. The weight of bulbs per plant in the formulation
of 100% soybean husk at a dose of 15 t. ha' was 56.11 g, and
when compared to the control treatment the formulation was
14.76% higher. The highest weight of each bulb was 10.16 g,
which was 26.14% higher than the control. Furthermore, the
yield of 13.09 t.ha' was the highest and when compared to the
control, the yield was 14.78% higher.

Table 3. The effect of vermicompost formulation on number
of tillers variable at several age measurements (days after

planting/dap)
Number of tillers / age (dap)
Treatment 20 30 20 =0
100% soybean husk (doses t.h?)
V1(0) 467ab 6.33ab 1267ab 12.67ab
V2 (5) 6.00ab 8.33ab 14.00ab 13.00ab
V3 (10) 6.00ab 9.00ab 1533b 14.33ab
V4 (15) 6.33b 11.33b  1567c 15.67b
100% cow manure (doses t.h?)
Vs (0) 4.00a 6.00 a 10.67a 9.33a
Vs (5) 5.00ab 6.00a 12.33ab 10.67 ab
V7 (10) 533ab 7.33ab 12.00ab 11.33ab
Vs (15) 5.00ab 7.33ab 13.00ab 12.33ab

50% soybean husk: 50% cow manure (doses t.h?)

Vs (0) 4.00a 6.00a 12.33ab 10.33ab
V10 (5) 5.00ab 7.33ab 13.00ab 11.67 ab
V11(10) 5.33ab 8.00ab 13.33ab 13.00ab
V12(15) 567ab 867ab 15.00ab 14.00 ab

75% soybean husk: 25% cow manure (doses t.h%)

V13 (0) 433ab 6.00a 11.33ab 10.33ab
Vu(5) 467ab 6.67ab 13.67ab 13.67ab
Vi5(10) 500ab 7.00ab 14.00ab 14.00 ab
Vis(15)  6.33b  8.33ab 14.67ab 15.33ab
25% soybean husk: 75% cow manure (doses t.h%)
V17 (0) 400a 6.00a 11.00ab 11.33ab
Vs (5) 467ab 7.67ab 12.00ab 12.00ab
Vi9(10) 567ab 833ab 13.00ab 14.33ab
Vo (15)  6.33b 10.67ab 14.00ab 15.33ab
LSD 2121 5.082 4.494 6.331

Notes: The same letters in the same column were not significant difference at
5% LSD test.

Table 4. The effect of vermicompost formulation on yield variable of shallot at several age measurements

T NBPP  WBPP(g) WEB(g) BD(cm) Y (th!)
100% soybean husk (doses t.h?)
V1(0) 9.33a  42.78 abc 595a 2240ab 9.72ab
Vz2(5) 10.22ab  51.67 bc 7.04ab 2359ab 11.93ab
V3(10) 11.17ab  52.72bc 7.18ab 24.12ab 1231lab
V4(15) 10.72 ab 56.11 ¢ 10.16b  27.48b 13.09 b
100% cow manure (doses t.h?)
Vs5(0) 9.78ab 3444 a 5.88a 13.34a 8,04 a
Ve(5) 1051ab 4444abc 6.79ab 21.61ab 10.37 ab
V7(10) 11.28ab 45.00abc 6.78ab 20.67ab  10.50 ab
Vs (15) 12.22b  4722abc  646ab  23.59ab  11.06ab
50% soybean husk: 50% cow manure (doses t.h?)
Vo(0) 9.56ab 37.22abc  7.18ab 19.39ab 8.68ab
Vio(5) 11.1lab 4833abc 6.39ab 19.80ab 10.37ab
V11 (10) 10.22ab 47.22abc  8.18ab 2191ab 11.93ab
V12(15) 10.00ab 47.22abc  7.39ab  2356ab 1231ab
75% soybean husk: 25% cow manure (doses t.h?)
V13 (0) 9.33a  42.78abc 6.02a 226lab 9.98ab
Vi4(5) 10.89ab 4333abc 856ab 22.17ab 10.1lab
Vi15(10) 1056ab 46.11abc  7.50ab 22.70ab 10.76 ab
Vi(15) 10.17ab  46.67abc  7.34ab 26.07b  10.89 ab
25% soybean husk: 75% cow manure (doses t.h?)
Vi7(0) 9.78ab  41.67 abc 5.59 a 1959ab  9.98ab
Vig(5) 10.89ab 43.06abc 8.95ab 22.78ab 10.37ab
V19(10) 10.44ab 4444abc 6.37ab 2391ab 11.02ab
V20 (15) 10.15ab 47.22abc  6.44ab 25.38b  11.02ab
LSD 2.758 16.723 3.847 10.848 4.540

Notes: The same letters in the same column were not significant difference at 5% LSD test
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The application of vermicompost with different raw
material formulations and dosages showed different effects on
crop yields. Vermicompost made from 100% raw material
waste from soybean husk at a dose of 15 t.ha! gave the highest
yields on the number of bulbs per plant, bulbs weight per plant,
weight per bulbs, and yield per hectare. In addition to
containing macronutrients and micronutrients, vermicompost
also contains enzymes such as amylase, lipase, and cellulose
as well as beneficial bacteria such as mycorrhizae [12, 42].
This enzyme continues to break down organic matter in the
soil to release various nutrients and into forms available to
plants, thus affecting the yield of shallots.

The availability of sufficient nutrients in vermicompost
made from 100% raw material soybean husk at a dose of 15
thal, led to increased leaf growth and photosynthesis.
Photosynthesis is highly correlated with the number of leaves
produced, where the more the number of leaves, the more
photosynthesis is produced because photosynthesis is more
effective. The resulting photosynthate is then translocated to
the generative organs (bulbs) [45] in the transitional phase
between the vegetative phase and the generative phase. The
development of bulbs is influenced by the metabolism of
fructan precursors which accumulate as reserve substances [46]
wherein vermicompost, these reserves are represented by
polysaccharides which accumulate from the beginning of bulb
formation and there is a two-fold increase so that there is also
an increase in size, quality and yields. These results are similar
to research conducted by Abolmaaty [47] that the application
of vermicompost increases the yield of onion bulbs.

4. CONCLUSION

The potential of soybean husk as a raw material for making
organic fertilizers has been proven to increase the growth and
yield of shallots. This is evident from the tests that have been
carried out, where in the treatment of 100% soybean husk
formulation at a dose of 15 t.ha! was able to provide an
increase in yields of 14.78% higher than the treatment without
vermicompost.
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