79

AGRIVITA Journal of Agricultural Science. 2023. 45(1): 79-86

Agrivita

AGRIVITA

Journal of Agricultural Science

www.agrivita.ub.ac.id

Growth and Development Responses of Soybean (Glycine max L.) Under Several
Combinations of Inorganic and Organic Fertilizer
Netty Syam™, Hidrawati", Suraedah Alimuddin?, and Syamsu Rijal?

Y Faculty of Agriculture, Universitas Muslim Indonesia, Makassar, South Sulawesi, Indonesia
2 Program of Undergraduate, Faculty of Agriculture, Universitas Muslim Indonesia, Makassar, South

Sulawesi, Indonesia

ARTICLE INFO

Keywords:

Soybean

Inorganic Fertiliziers
Plant Growth

Plant Production
Edamame

Article History:
Received: September 13, 2022
Accepted: November 7, 2022

*) Corresponding author:
E-mail: netty.said@umi.ac.id

ABSTRACT

One of familiar green soybean, edamame is a vegetable that
popularly chosen by the richest consumer. The reducing inorganic
fertilizers can be realized gradually by transforming the farming from
conventional to organic. Related to transformation, we observed
the suitable combination of inorganic and organic fertilizers for the
edamame growth and production. By a randomized block design,
seven combinations of inorganic fertilizers (150 kg/ha Urea, 150 kg/ha
SP-36, 100 kg/ha KCI) and organic fertilizers (compost) were applied.
Three repeatations was adopted for each treatment and 30 plants
per plot was used. The analysis of variance and Tukey HSD at 5%
error were chosen. Based on the result, the combination of inorganic
fertilizers and compost effect four plant growth and development
variables such as the plant height, the number of leaves, the number
of productive branches, and the time to produce 50% of a flower. The
application of inorganic fertilizers at 50% and 75% combined with
compost 10 t/haincreased the plant height, the number of productive
branches, and the number of leaves. The number of seeded pods
and the pod weight are not affected by all combinations of treatments.

INTRODUCTION

3.5 t/ha, which is higher than ordinary soybeans
(Marwoto, 2007). Innovating cultivation technology,

Edamame (Glycine max (L.) Merril.) is a plant
species that belongs to the vegetable crop (green
soybean vegetable) (Williams Il, Zhang, Fu, & Ross,
2022) and is commonly consumed as a vegetable
and healthy snack in Japan (Guo et al., 2020).
Edamame contains a high nutritional value, rich
in isoflavones which are organic compounds that
are antioxidants and are efficacious in preventing
cancer (Kim, 2021; Williams Il, Zhang, Fu, & Ross,
2022; Yu et al., 2021). The market opportunity for
edamame soybeans is relatively more significant
in exports and locally (Wibowo, Mahardika, Afrizal,
& Udayana, 2020). This soybean can potentially
reduce the volume of imports of raw materials for
animal feed and the food industry in the country.
The productivity of edamame soybeans can reach
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such as providing nutrients or fertilizing, is necessary
to achieve the expected productivity.

The type of fertilizer that is often used in
planting edamame soybeans is inorganic fertilizer.
Edamame soybean farmers mostly use inorganic
fertilizers at high doses of 600 kg/ha (Sudiarti,
Hasbiyati, & Hikamah, 2019). It has exceeded the
threshold recommended by Indonesian National
Standard (SNI), which is 300 kg/ha. The utilization
of inorganic substances in the form of fertilizers
or pesticides surpassing the dose poses a severe
problem. The use of inorganic fertilizers is not only
harmful to agricultural land but also endangers
human health. Most farmers prefer to provide a
high dose of inorganic fertilizer for their crops, and
organic fertilizers are applied to reduce the dosage
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of inorganic fertilizers that are too high (Maswar &
Soelaeman, 2016).

Developing environmentally friendly
agriculture by employing an alternative organic
fertilizer is essential. Organic fertilizers known
by farmers are organic fertilizers in the form of
bokashi, decomposed by microorganisms. Bokashi
increases the binding capacity of sandy soil (light
soil), improves the structure of loamy soil (heavy
soil), increases water holding capacity, drainage
and soil air conditioning, fertilization from artificial
fertilizers, the availability of nutrients, and the
binding capacity of the soil to nutrients (Tong,
Whitehead, & Fawole, 2021). According to other
researchers, giving compost in the form of bokashi
increases plant development and growth, including
the sum of productive branches, the sum of pods,
the number of empty pods, and the weight of seeds
(Faozi, Yudono, Indradewa, & Ma’as, 2018).

Compost or bokashi is expected to be able
to substitute the inorganic fertilizers. Chromolaena
odorata and Lannea coromandaleca are common
materials used to produce bokashi. Chromolaena
odorata contain nitrogen nutrients which are pretty
high (2.65%) and can produce high biomass,
so they can potentially be used as a source of
organic matter (Peniwiratri & Arbiwati, 2022).
Lannea coromandaleca leaves include dry matter
24.492%, crude protein 18.459%, natural fat
1.338%, and crude fiber 23.53%. Javanese wood,
Lannea coromandaleca cortex contains flavonoids,
tannins, and terpenoids (Lubis & Zulfa, 2021). The
study’s objectives are (1) to analyze the effect of
inorganic and organic fertilizers on the growth and
production of edamame soybeans; (2) to obtain
a dose of organic fertilizer that can substitute for
inorganic fertilizers on the development and harvest
of edamame soybeans.

MATERIALS AND METHODS

The research was conducted in Sanrobone
Village, Sanrobone District, Takalar Regency. The
implementation of this research was carried out
from May to August 2020. The materials used were
Edamame Ryokkoh Soybean seeds, Urea fertilizer,
SP-36 fertilizer, and KCI fertilizer, materials for
making bokashi fertilizer (which were made from
Chromolaena odorata and Lannea coromandelica),
a mixture of making bokashi (EM4, husk, bran,
sugar) and water. While the tools used are water

reservoirs, scales, tarpaulins, sacks, Japanese
ropes, machetes, buckets, labels, cutters, flush tools
(spray), hoes, hand tractors, chopping machines,
thermometers, cameras, meters, stationery, ruler.

This research was carried out using the
Randomized Block Design, consisting of seven
combination treatments: compost or bokashi and
inorganic fertilizer (Urea: 150 kg/ha, SP-36: 150
kg/ha, and KCI: 100 kg/ha). Each treatment was
replicated three times; therefore, there were 21
experimental units, and every experimental unit
included 30 plants per plot, so there were 630
plants. The treatment combinations were: (A)
100% inorganic fertilizer (control) per plot; (B) 75%
inorganic fertilizer + compost 10 t/ha (2.2 kg) per
plot; (C) 50% inorganic fertilizer + compost 10 t/
ha (2.2 kg) per plot; (D) 25% inorganic fertilizer +
compost 10 t/ha (2.2 kg) per plot; (E) 75% inorganic
fertilizer + compost 20 t/ha (4.4 kg) per plot; (F) 50%
inorganic fertilizer + compost 20 t/ha (4.4 kg) per
plot; (G) 25% inorganic fertilizer + compost 20 t/ha
(4.4 kg) per plot.

The bokashi or compost was made from
two main organic materials: Chromolaena odorata
and Lannea coromandelica. Additional ingredients
include husks, bran, EM4, and granulated sugar.
The EM4 solution was made by mixing one liter
of EM4 solution, 40 liters of clean water, and 1 kg
of granulated sugar and pouring it on the chopped
organic matter until it reached about 30-40%. The
organic material is then fermented for approximately
three weeks. Plots were made after the land had
been processed. The plots used were 21 plots of 1
m x 2.2 m. The application of compost was carried
out according to the treatment, and after that, one
Edamame seed per planting hole was planted
individually with a spacing of 20 cm x 25 cm. Inorganic
fertilizers were applied to soybean plants twice,
namely at the age of 14 days following planting and
thirty days after planting. Inorganic fertilizers given
for a 100% dose are Urea fertilizer: 150 kg/ha, SP-
36 fertilizer: 150 kg/ha, and KCl fertilizer: 100 kg/ha.
The harvest time for edamame soybeans was 63-68
days after planting. Plant growth and development
variables that were observed were plant height
(cm), leaf count, the sum of productive branches,
time of flower emergence 50% (days), the sum of
pods, weight of planted pods (g), the weight of pods
per plot (g), pod production per hectare (t/ha), fresh
weight of plant parts (g) and the sum of empty pods
(%).
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Data were analyzed by variance (ANOVA)
analysis of RM and Tukey HSD at a 5% error.
Boxplot was chosen to visualize the result of the
analysis. R studio was used as statistical software
to run each analysis.

RESULTS AND DISCUSSION

Based on plant height, the application of 10 t/
ha compost combined with 50% and 75% inorganic
fertilizers showed differences compared to the
control and other treatments at 42 days after planting
(dap). Both applications produced the highest
values based on the plant height variable. On the
other hand, the application of 20 t/ha of compost
combined with 75% inorganic resulted significantly
in the lowest value of plant height (Fig. 1).

As one of the variables related to biomass
production, plant height is affected by the combined
application of organic and inorganic fertilizers
(Maswar & Soelaeman, 2016). The NPK fertilizer
at 50%, mixed with organic fertilizer, increases
biomass production. In addition, combining organic
and inorganic fertilizers also increases the organic
carbon fixation and grain yield of maize and rice

(Ghosh et al., 2022; Maswar & Soelaeman, 2016;
Moe, Moh, Htwe, Kajihara, & Yamakawa, 2019; Roba,
2018). The combination of organic with inorganic
fertilizers as nutrient supply and weed management
significantly improved the rice crop’s 9% biomass
growth, 10% yield, and 7% higher nutrient uptake
(Ghosh et al., 2022). The utilization of organic and
inorganic fertilizers advances productivity without
negative influence on yield quality and remedies
soil fertility than the values achieved by organic or
inorganic fertilizers individually (Roba, 2018).

At 42 days after planting, applying 10 t/ha of
compost combined with 75% and 50%, inorganic
fertilizers provided the highest leaf count. The
utilization of 20 t/ha of compost mixed with 50%
inorganic and 10 t/ha of compost with 25% inorganic
fertilizer is also significantly higher than the control.
The application of 20 t/ha of compost with 75%
inorganic fertilizer is substantially lower than the
control based on the leaf count (Fig. 2). Applying
10 t/ha of compost combined with 50% and 75%
of inorganic fertilizers produced higher productive
branches than the control. Other treatments show
no differences compared to the control (Fig. 3).

641
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Height {cm)

Treatment

Remarks: A (control), B (75% inorganic + 10 t/ha compost), C (50% inorganic + 10 t/ha compost), D (25% inorganic +
10 t/ha compost), E (75% inorganic + 20 t/ha compost), F (50% inorganic + 20 t/ha compost), and G (25% inorganic +

20 t/ha compost)

Fig. 1. Comparison of the average height of the edamame plant (42 days after planting) for each treatment
based on one-way Analysis of variance RM and Tukey HSD 5%
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Remarks: A (control), B (75% inorganic + 10 t/ha compost), C (50% inorganic + 10 t/ha compost), D (25% inorganic +
10 t/ha compost), E (75% inorganic + 20 t/ha compost), F (50% inorganic + 20 t/ha compost), and G (25% inorganic +
20 t/ha compost)

Fig. 2. Comparison of the average leaves of edamame plant for each treatment based on one-way Analysis
of variance RM and Tukey HSD 5% (42 days after planting)
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Remarks: A (control), B (75% inorganic + 10 t/ha compost), C (50% inorganic + 10 t/ha compost), D (25% inorganic +
10 t/ha compost), E (75% inorganic + 20 t/ha compost), F (50% inorganic + 20 t/ha compost), and G (25% inorganic +
20 t/ha compost)

Fig. 3. Comparison of the average productive branches of edamame plant for each treatment based on
one-way Analysis of variance RM and Tukey HSD 5%
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Remarks: A (control), B (75% inorganic + 10 t/ha compost), C (50% inorganic + 10 t/ha compost), D (25% inorganic +
10 t/ha compost), E (75% inorganic + 20 t/ha compost), F (50% inorganic + 20 t/ha compost), and G (25% inorganic +
20 t/ha compost)

Fig. 4. Comparison of the average pod weight of edamame plant for each treatment based on one-way
Analysis of variance RM and Tukey HSD 5%
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Remarks: A (control), B (75% inorganic + 10 t/ha compost), C (50% inorganic + 10 t/ha compost), D (25% inorganic +
10 t/ha compost), E (75% inorganic + 20 t/ha compost), F (50% inorganic + 20 t/ha compost), and G (25% inorganic +
20 t/ha compost)

Fig. 5. Comparison of the average seeded pods of edamame plant for each treatment based on one-way
analysis of variance RM and Tukey HSD 5%



84

Netty Syam et al.. Soybean Responses Under Combined FErtiliZers..................oiiueueiiireeeiieeeieeeee e

The leaf count and the sum of productive
branches are also close to plants’ biomass
production, and combining organic and inorganic
fertilizers increases the leaf count (Maswar &
Soelaeman, 2016; Moe, Moh, Htwe, Kajihara, &
Yamakawa, 2019; Tong, Whitehead, & Fawole,
2021). The leaf is the essential part of the plant that
facilitates photosynthesis. Soybean is categorized
into C3 plant, producing the maximum conversion
efficiency of solarenergy to biomass atapproximately
4.6% at 30°C and 380 ppm atmospheric [CO2]
(Zhu, Long, & Ort, 2008). Amalgamation between

organic and inorganic fertilizers that inoculated
with rhizobia escalated nodulation, shoot biomass,
haulms, harvest index (HI), P agronomic usefulness
(P-AE), as well as rainwater use efficiency (RUE)
(Ulzen et al., 2020).

Based on the pod weight, the application of
20 t/ha of compost combined with 75% inorganic
fertilizer is significantly lower than the 10 t/ha of
compost mixed with 75% inorganic fertilizer. All
treatment combinations in pod weight and seeded
pods are not very different compared to the control
(Fig. 4 and Fig. 5).
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Remarks: A (control), B (75% inorganic + 10 t/ha compost), C (50% inorganic + 10 t/ha compost), D (25% inorganic +
10 t/ha compost), E (75% inorganic + 20 t/ha compost), F (50% inorganic + 20 t/ha compost), and G (25% inorganic +

20 t/ha compost)

Fig. 6. Comparison of the average time to produce 50 percent flower of edamame plant for each treatment
based on one-way Analysis of variance RM and Tukey HSD 5%

Table 1. Summary of organic (compost) and inorganic fertilizers effects on six plant growth and development
variables compared to the control (inorganic fertilizer only), based on ANOVA at 5% error.

Each treatment Plant No. of No. of productive Time to produce No. of seeded Pod
to the control height leaves branches 50% flower pods weight
BtoA + + + 0 0 0
CtoA + + + - 0 0
DtoA 0 + + 0 0 0
EtoA - 0 0 0 0 0
FtoA 0 + 0 0 0 0
GtoA 0 0 0 0 0 0

Remarks: A (control), B (75% inorganic + 10 t/ha com
10 t/ha compost), E (75% inorganic + 20 t/ha compost
20 t/ha compost)

~ O

ost), C (50% inorganic + 10 t/ha compost), D (25% inorganic +
, F (50% inorganic + 20 t/ha compost), and G (25% inorganic +
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The highest combination of organic and
inorganic manures is not related to yield productivity
but tends to increase yield quality. Adding organic
manure with inorganic fertilizer (optimum NPK)
significantly elevated the fruit quality due to grade
fruit chemical composition, such as soluble solids
and reduced sugar (Zhang et al., 2020). Roba
(2018) stated that organic fertilizer remediates
soil’s physical and biological activities; however, the
nutrient content is lower. On the contrary, inorganic
fertilizer provides all necessary nutrients that are
directly reachable for plants (Roba, 2018).

Based on the average time to produce 50%
flowers, using 10 t/ha of compost combined with
50% inorganic fertilizer has the shortest period.
However, it is insignificant compared to the 10 t/
ha of compost combined with 75% and 25% of
inorganic fertilizers, and the application of 20 t/ha
compost with 50% inorganic fertilizer (Fig. 6).

The effect of some organic fertilizers
produced an increase in all vegetative, flowering
and characteristics, plant height 37.18 cm, leaf area
98.90 cm?, leaf count 8.50 leaves per plant, length
of flower stalk 32.68 cm, fresh weight of flower
stalk, and the diameter of the flower stalk 0.91 cm,
the duration of the flowers on the plant 18.56 days
(Altaece & Alsawaf, 2021). At the flowering phase, the
integrated (manure + fertilizer) and manure method
had more N in two pools, indicating removing plant-
available N from the microbial biomass. The short
period of flowering will promote the fruiting stage.
The seed quality of fruit also significantly became
betters with integrated fertilization, with fruit weight
similar to conventional fertilization (Darnaudery,
Fournier, & Léchaudel, 2018).

From six plant growth and development
variables observed in this research, the number of
seeded pods and pod weight showed no differences
between treatments to the control. Four remaining
variables show the differences (Table 1).

A combination of organic and inorganic
fertilizers as a nutrient provides enhanced 9%
biomass growth and 10% rice crop yield with
3-7% higher nutrient uptake (Ghosh et al., 2022).
Furthermore, combining fertilizers increases
productivity without negatively affecting yield quality
(Roba, 2018).

CONCLUSION

This study deduces that combining compost
and inorganic fertilizers affects the plant height, the
sum of leaves, productive branches, and the time to

produce 50% of the flower. The sum of seeded pods
and pod weight is not affected by all combinations
of treatments. The practice of 10 t/ha of compost
combined with 50% inorganic fertilizer produces the
shortest flowering period. At 42 days after planting,
applying 10 t/ha of compost combined with 50%
and 75% of inorganic fertilizers made the higher
productive branches than the control. In addition,
the application of 10 t/ha of compost combined
with 75% and 50% inorganic fertilizers provided the
highest leaf count and plant height.

ACKNOWLEDGEMENT

This research was funded by The Internal
Grant of Universitas Muslim Indonesia (UMI)
in the fiscal year 2020 with number: 207/A.03/
LP2S-UMI/V/2020. The authors thank the Head of
Yayasan Wakaf, the Rector, LP2S, and the Dean of
the Faculty of Agriculture of UMI. The author would
like to express deep gratitude to our colleague,
Hagus Tarno, who has helped with data analysis.

REFERENCES

Altaee, A. H. Y., & Alsawaf, M. D. (2021). Effect of organic
and chemical fertilizers on the growth and
flowering of freesia plant. International Journal of
Agricultural and Statistical Sciences, 17(1), 1059-
1062. Retrieved from https://connectjournals.
com/file_full_text/3457901H_1059-1062.pdf

Darnaudery, M., Fournier, P., & Léchaudel, M. (2018).
Low-input pineapple crops with high quality
fruit: Promising impacts of locally integrated
and organic fertilisation compared to
chemical fertilisers. Experimental Agriculture,
54(2), 286-302. https://doi.org/10.1017/
S0014479716000284

Faozi, K., Yudono, P., Indradewa, D., & Ma’as, A. (2018).
Banana stem bokashi and its effect to increase
soybean yield (Glycine max L. Merrill) in coastal
sands area. Agrotechnology, 7(2), 184. https://
doi.org/10.4172/2168-9881.1000184

Ghosh, D., Brahmachari, K., Skalicky, M., Roy, D.,
Das, A., Sarkar, S., ... Hossain, A. (2022). The
combination of organic and inorganic fertilizers
influence the weed growth, productivity and
soil fertility of monsoon rice. PLoS ONE, 17(1),
e0262586. https://doi.org/10.1371/journal.
pone.0262586

Guo, J., Rahman, A., Mulvaney, M. J., Hossain, M. M.,
Basso, K., Fethiere, R., & Babar, Md. A. (2020).
Evaluation of edamame genotypes suitable for
growing in Florida. Agronomy Journal, 112(2),
693-707. https://doi.org/10.1002/agj2.20136



86

Netty Syam et al.: Soybean Responses Under Combined FErtiliZErs................uueeeuiiiieeieie e

Kim, 1.-S. (2021). Current perspectives on the beneficial
effects of soybean isoflavones and their
metabolites for humans. Antioxidants, 10(7),
1064;. https://doi.org/10.3390/antiox10071064

Lubis, T. D. S., & Zulfa, I. (2021). Antioxidant activity test of
endophyte fungi extract from Kayu Jawa (Lannea
coromandelica (Houtt.) Merr.) roots using dpph
method (2,2-Diphenyl-1-1-Picrylhydrazyl). In
The 1st Muhammadiyah Internasional Public
Health and Medicine Conference “Management
for Tubercolosis Control During Covid 19
Pandemic” (pp. 877-891). Jakarta: University
of  Muhammadiyah  Jakarta.  https://doi.
org/10.53947/miphmp.v1i1.148

Marwoto. (2007). Dukungan pengendalian hama
terpadu dalam program bangkit kedelai.
Iptek  Tanaman  Pangan, 2(1), 79-92.
Retrieved  from  http://repository.pertanian.
go.id/bitstream/handle/123456789/4216/
Dukungan%20percent20Pengendalian%20
percent20Hama%20percent20Terpadu%20
percent20dalam%20percent20Program%20
percent20Bangkit%20percent20Kedelai.

pdf?sequence=1&isAllowed=y

Maswar, & Soelaeman, Y. (2016). Effects of organic
and chemical fertilizer inputs on biomass
production and carbon dynamics in a maize
farming on ultisols. AGRIVITA Journal of
Agricultural Science, 38(2), 133-141. https://doi.

org/10.17503/agrivita.v38i2.594

Moe, K., Moh, S. M., Htwe, A. Z., Kajihara, Y., &
Yamakawa, T. (2019). Effects of integrated
organic and inorganic fertilizers on yield
and growth parameters of rice varieties.
Rice Science, 26(5), 309-318. https://doi.
org/10.1016/j.rsci.2019.08.005

& Arbiwati, D. (2022). Potential of
kirinyuh  (Chromolaena odorata) and cow
manure for available phosphor supply on
sandy beach soil and P uptake by onion (Allium
cepa L.). IOP Conference Series: Earth and
Environmental Science, 1018, 012026. https://
doi.org/10.1088/1755-1315/1018/1/012026

Roba, T. B. (2018). Review on: The effect of mixing
organic and inorganic fertilizer on productivity
and soil fertility. Open Access Library Journal, 5,
1-11. https://doi.org/10.4236/0alib.1104618

Peniwiratri, L.,

Sudiarti, D., Hasbiyati, H., & Hikamah, S. R. (2019).
The effectiveness of biofertilizer on edamame
productivity. /OP Conference Series: Earth and
Environmental Science, 243, 012099. https://
doi.org/10.1088/1755-1315/243/1/012099

Tong, R. C., Whitehead, C. S., & Fawole, O. A. (2021).
Effects of conventional and bokashi hydroponics
on vegetative growth, yield and quality attributes
of bell peppers. Plants, 10(7), 1281. https://doi.
org/10.3390/plants10071281

Ulzen, J., Abaidoo, R. C., Ewusi-Mensah, N., Osei, O.,
Masso, C., & Opoku, A. (2020). Organic manure
improves soybean response to rhizobia inoculant
and p-fertilizer in Northern Ghana. Frontiers in
Agronomy, 2(9), 1-10. Retrieved from https://
cgspace.cgiar.org/handle/10568/111406

Wibowo, Y., Mahardika, N. S., Afrizal, R., & Udayana,
I G. B. (2020). Design of the expert system
for edamame grading using forward chaining
method. Sustainable Environment Agricultural
Science, 4(1), 26-37. https://doi.org/10.22225/
seas.4.1.1686.26-37

Williams Il, M. M., Zhang, B., Fu, X., & Ross, J. (2022).
Editorial:  Everything edamame: Biology,
production, nutrition, sensory and economics.
Frontiers in Plant Science, 13, 976008. Retrieved
from https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC9363820/

Yu, D, Lin, T., Sutton, K., Lord, N., Carneiro, R., Jin, Q.,

. Huang, H. (2021). Chemical compositions

of edamame genotypes grown in different

locations in the US. Frontiers in Sustainable

Food Systems, 5, 1-14. https://doi.org/10.3389/
fsufs.2021.620426

Zhang, M., Sun, D., Niu, Z., Yan, J., Zhou, X., & Kang,
X. (2020). Effects of combined organic/inorganic
fertilizer application on growth, photosynthetic
characteristics, yield and fruit quality of Actinidia
chinesis cv ‘Hongyang'. Global Ecology
and Conservation, 22, e00997. https://doi.
org/10.1016/j.gecco.2020.e00997

Zhu, X.-G., Long, S. P, & Ort, D. R. (2008). What is the
maximum efficiency with which photosynthesis
can convert solar energy into biomass? Current
Opinion in Biotechnology, 19(2), 153-159.
https://doi.org/10.1016/j.copbio.2008.02.004



