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Abstract. Indonesia seeks to increase local food resilience and sustainability in
times of uncertainty and crisis such as in pandemics, when there is growing desire
to produce food locally escalates. As such, the government has accelerated home
garden initiatives and diversification for carbohydrate food sources beyond rice
and wheat flour. Garut (Maranta arundinacea L.) is an underutilized carbohydrate
source grown mostly grown wild in rural home gardens. Currently, the adaptation
of Garut for proper home garden practices is not well understood. In this study,
Garut was assessed for light intensity and enrichment with organic fertilizer
integration in home garden conditions. Selected plants with uniform growth were
treated with variations of light intensities and three variations of organic fertilizer
from mixtures of husk, charcoal, rice straw, and cow dung in varying doses. It was
found that light intensity had an effect on the total leaf area as well as the dose of
fertilizer. In stem diameter growth, light intensity between (37.39+14.73) lux to
(13523.036+1184) lux and a fertilizer dose of 150 grams gave optimal results. It is
summarized that home garden-grown Garut is adaptable to a variety of light
intensities while plant growth was further enhanced with organic fertilizer
integration. In addition, the potential of Garut for home garden initiatives and
practices is also highlighted in terms of food sustainability.
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1. Introduction

The interest in Garut, also known as Maranta arundinacea L, has been steadily increasing as
evidenced by recent research [1,2,3]. This heightened interest has prompted calls for greater
utilization as it is underutilized as a carbohydrate source. Its prospect for high-quality starch and
it is competitive with other purposeful flours, offer alternative economical and functional
opportunities for healthy food and nutrition. As the need to produce food locally is becoming
increasingly apparent, especially in times of global upheaval, government initiatives are needed
directly to address this demand. Concurrently, the Indonesian government is supporting local
food sustainability by promoting of home garden projects and practices [4]. This commitment also
additionally aims to accelerate diversification of carbohydrate food sources [5].
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In many different places, both in the wild and under cultivation, Garut has been observed to
grow often alongside other plants in agroforestry systems at different altitudes [6,7] However,
Garut has been growing in various areas of Jember in home gardens without adequate oversight.
To understand the potential benefits of Garut in home gardens, there is a need for proper
management of home garden-grown Garut.

Figure 1. Home grown Garut in pots

Home gardens are planned outdoor space used for growing, displaying, and enjoying plants
and nature. Home gardens are small areas, typically less than 1 hectare, that surround residential
properties and are primarily used by families. During times of crisis local home garden practices
help connect producers and consumers by promoting local produce, allowing direct interaction
between farmers and consumers [8,9]. This not only strengthens the relationship between
producers and consumers but also eliminates the social justice and equity issues that often arise
in the wider production and distribution of food. Improving local food resilience during
unpredictable and crisis periods, such as pandemics and are closely associated with the UN
Sustainable Development Goals (SDGs) [10]. Emphasizing local food production enhances food
sovereignty by empowering communities to have greater control over their food sources and
fostering a more sustainable and equitable food system.

Home garden grown Garut can present some difficulties with regards to plant selection,
growing conditions, fertilizer use, and plant culture methods [11,12]. Managing home garden-
grown Garut could lead to better growth performance and easier maintenance. The adaptability
of the plant and possibility of growing in home gardens were explored by assessing light intensity
and enrichment with organic fertilizer integration. It is well known that using natural materials
or products for crop sanitary treatments, organic fertilizers, green and organic additives, and
wise irrigation water utilization will lessen adverse environmental effects. Groundwater
contamination can arise from the overuse of mineral fertilizers, particularly those containing
nitrogen and potassium. Other important issues brought up include pesticide residues and
groundwater usage. These adaptability of the plant for home gardens can be understood by
planting it in pots or directly in the soil, depending on the size of the home garden.
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2. Method

2.1 Sample preparation

Garuts were obtained from local farmers around Sumber Langon, district of Patrang, Jember, East
Java Indonesia. The sample plants were grown from the arrowroot under sterilized of sand media.
The similarly growth of 45-60 days plant were replanted on the plastic pot which diameter of 20cm
x 15 cm, with one plant of arrowroot. Watering was done in around 3-4 days in every week or
depend on the condition of the dryness of media. The organic fertilizer was made by mixing of
cutting rice straw in about 10-15cm, with charcoal rice husk, Cow manure with composition of
1:1:1 (Figure 2). EM4 was used as activator with addition of sugar for energy source of
microorganism. During the process of making organic fertilizer (OF).

The fermentation process took place in around 35 days for a better fermentation process
Biochar has been introduced for its capacity in increasing soil fertility and increasing agricultural
productivity, and biochar has pushed to mechanism of improving crop growth and nutrient status
[13]. By controlling secondary soil salinization, EM may effectively reduce the amount of chemical
fertilizer applied, improving the agricultural environment and ensuring the sustainable growth of
agriculture [14,15]

2.2 Experimental setting and Measurement

To mimic the home garden, the plants were grown in the plastic with the soil media with the
addition of the OF. The seedling plant were adapted to the environmental condition to have
similarly grow of plant and placed to the setting area. Four level of intensities were used in this
research. Full sun condition, which noted as the lo, I-1, I-2, and [-3. We used paranet to set a lower
intensity, with, i,2 and 3 layers of paranet. The daily of the intensity were measured at time of 7.00,
9.00, 13.00 and 15.00, during the consecutive day for day 1 to day 12, which gave as average of
daily intensity and range the intensity for the 12 days. After recultivation, the intensities then
measure in the same time with the measurement of other indicator growth, in the same time
during the half day.

3. Results and Discussion

3.1 Adaptation of Garut to Intensity

(@) (b) () (d) (e)

Figure 2. Photograph attributed of part material for organic fertilizer (a) rice straw, (b) charcoal rice
husk, (c) cow manure, (d) mixing of material, (e) organic fertilizer

Our firstinitiation of Garut for home garden were to investigate of the adaptability of Garut on early
development, this within 28 days after treatment of the plant. Height of the plant, stem diameter,
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Figure 3. Graph of height with varying level of light and fertilizer of P-1 and P2 (50gr per plant and 150
gr/plant each) and controlled plant P-0 (without addition of organic), during measurement of day 4 to
day 28, in every 4 days measurement.

average total leaves area per plant, and appearance of the plant becoming our first concern for
their early vegetative growth. On the first graph of the height of plant (Figure 3), during the first
two weeks plant has adjusted to their environment of their growth with different respond under
different intensity and organic fertilizer dose. It can be seen that under treatment dose of P2 or
150-gram fertilizer per pot, plant growth was enhanced for plant growth under light intensity of
[-0, I-1, and I-2. While Garut’s height under I-3 have nearly similar value for treatment of P1 and
P2 during day 4 to day 24, and increase for day 28.

[t can be seen that up to 28 days of early vegetative growth increasing height were observed
after day of 16 under treatment of fertilizer of P1 and P2 for plant growth under intensity of I-0
and [-1, compare to controlled plant. Under lower level of I-2 and I-3, the response of increasing
growth under fertilizer doses P-2 have been observed increases during day 8, with have
dramatically increase at day-28. Increase of height of plant also observed at day-28 for fertilizer
doses of P2.

Average total leaves area per plant (Figure 4a) and stem diameter (Figure 4b) both seem have
similarly pattern of adaptation to level of light intensity and dose of organic fertilizer. No different
of value of total leaves area per plant under lower-level intensity I3 for plant growth under
different doses. While there is increasing of both those leaves area and the diameter for plant
growth under fertilizer 150gram/plant under intensity leave of I-0 and I-1. The average total
leaves area per plant were increases for day 28, under intensity of I-0, with the average total leaves
area were in around (173.11 +2.84) cm?2 followed by I-1 of (158.47 * 4.77) cm2, then -3 of
(150.56 + 4.39) cm2 and [-4 of 143.72 + 4.00) cm2 in accordance to ANOVA.

The confirmation of the growth plant data (height, leaves area and stem diameter) was agreed
with the appearance of plant in the photograph of Figure 5 for plant growth under the level of
intensities and doses of fertilizer. In the photograph showed that plant seemed higher, similarly
leaves area and stem diameter. However, plant seemed stronger under intensity of I-0 and I-1. The
number of leaves were similar for the plant during this early vegetative time, however, the leaves
seemed thinner under low level of intensity. During the early vegetative growth of Garut, we have
observed the growth of Garut. We have observed more frequent (in every four days), to have more
precise of the plant under the various level of intensity and the adaptation to organic fertilizer.
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Figure 4. Graph of average total leaves area per plant (a) and stem diameter of Garut plant growth
under with varying level of light fertilizer of P-1 and P2 (50gr per plant and 150 gr/plant each) and
controlled plant P-0 (without addition of organic), during measurement of day 4 to day 28, in every 4
days measurement.

We summarized of our first initiation that Garut plant has Garut is adaptable to a variety of
light intensities, and the organic fertilizer of the level 150gr/plant enhance plant growth. Our
found showed that light-intensity had effect on the total leaf area as well as the dose of fertilizer.
In stem diameter growth, light- intensity between (37.39+14.73) lux to (13523.036+1184) lux
and fertilizer dose of 150 grams gave optimal results. However, Garut have relatively longer
period t have adequate tuberous, and also organic fertilizer some kind of slow released fertilizer,
also we need for clarification for the day after 28 days for longer the vegetative growth.

3.2 Adaptation of Garut

We need to clarify of the adaptive response of the home garden Garut for more details of the
enhancement of organic fertilizer for longer period of vegetative growth. Here we explore for the
growth until day of 56 with measurement fortnightly (each 14 days), with starting day of two
weeks old plants (day -14), with triplicated of replication.
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Plant height and number of leaves have becoming eye catching indicator for visual
appearance of plant (Figure 5). Here our measurement of the extension data for Garut has shown
that in the Figure 6a for height of plant and Figure 6 b for number of leaves. We have found that
the plant growth under P2 have higher of plant in the same growth media. Under lower intensities
of I-2 and I-3 plant have height were increase (Figure 6a), however the plant has the lesser
number of leaves, i.e. 4 to 5 leaves, compared to 7 to 12 leaves for plants under Intensities I-0
with fertilizer of 150gram/plant (Figure 6b). This showed stagnancy of growth leaves of day 28
(Figure 5) to 56 (Figure 6b).

(¢ P00 P1 P2 (d P00 P1 P2

Figure 5. Photograph of plant grown under different level of intensities light of plant grown under
composition doses of P-0 (control plant) and doses of organic fertilizer P-1 (50gr/plant) and P-2
(150gr/plant).
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Figure 6. Graph of height (a), and (b) number of leaves of Garut grown in four different level
intensities and different level of organic fertilizer during measurement of every 14 days, from day 14

to day 56.

While our results show that little contribution of media with the integration of organic
fertilizer to the number of plants for lower intensity such as I-2 and I-3. No increasing of number
of leave for intensities I-2 and [-3. No further increases of leaves number for day 42 and 56, for
plant growth under lower intensities of I-2 and I-3. Our results showed that little increase of the
average total leaves area per plants for Garut growth under intensity of I-2 and I-3, while average
total leaves area was enhanced by the fertilizer of doses P2 under intensity of [-0 and I-1 (Figure
7a). Leaves of plants were getting thinner under lower intensities of [-2 and I-3.
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Figure 7. Graph of average total leaves area (a) and thickness of leaves (b) of Garut grown in four
different level intensities and different level of organic fertilizer during measurement of every 14 days,
from day 14 to day 56.

3.3 Plant Growth - Fresh and Dry weight
Under lower intensities of I-2 and I-3 fresh weight were smaller than the intensity of I-0 and I-1
(Figure 8a) and also for the dry weight of total plant (Figure 8b).

(a) Fresh weight
70,00

60,00
50,00
40,00
30,00
20,00
10,00

0,00

Total Fresh weight (gr)

P-1

1 -2
® Day 14 Day 28 HEDay42 MEDay56

Figure 8a. Graph of Fresh weight of Garut grown in four different level intensities and different level
of organic fertilizer during measurement of every 14 days, from day 14 to day 56
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Figure 8b. Graph of dry weight of Garut grown in four different level intensities and different level of
organic fertilizer during measurement of every 14 days, from day 14 to day 56.

3.4 Environmental Sustainability -pH and Electrical Conductivity

Application of organic fertilizer to the media, increases electrical conductivity (EC) compared to
soil media only (Table 1). From Table 1, can be seen that EC were enhanced by level dose of the
organic fertilizer. Applying organic fertilizer for a longer period of time appears to raise the
EC.When compared to the controlled plant P-0 soil without any organic fertilizer added, the pH of
the soil appeared to drop after applying organic fertilizer (Table 2).

Table 1. Electrical conductivity (EC) for media with enhancement of organic fertilizer

Level Doses of Electrical Conductivity (uS/Cm)
Intensities  Organic
Fertilizer =~ Days 14 28 42 56
I-0 P-0 4.09+0.02 527004 6.12+0.03 7.45%0.24
P-1 6.06+1.07 6.70£0.15 7.22+0.32 8.17+0.07
p-2 6.19+033 6.78+0.10 7.99+0.06 8.76=0.08
I-1 P-0 425+0.14 518x0.03 587+0.05 7.14+0.27
P-1 6.04+1.08 638+030 8.03+0.08 881x0.16
p-2 6.60+0.08 7.65+£0.22 899x0.06 9.78x0.05
[-2 P-0 513+£0.08 6.49+0.16 7.24+0.06 7.82%0.34
P-1 592+125 657026 799x0.01 8.83+0.09
p-2 6.82 + 0.5 7.67+0.09 891+0.07 9.72+0.16
I-3 P-0 473+0.04 580x0.05 7.03£0.09 7.06+0.03
P-1 554+117 6.73+£0.15 7.65+0.03 8.50+0.09
p-2 570+£0.11 6.62+0.06 7.69+0.12 8.84+0.03
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Table 2. pH for media with enhancement of organic fertilizer for growing Garut under different level

of intensities.
Level Doses of pH
Intensities Organic
Fertilizer = Days 14 28 42 56

I-0 P-0 648+0.19 739x0.09 695+0.04 7.04+0.08
P-1 589+0.25 5.70%£0.15 5.69+0.17 5.51+0.14
p-2 553+0.11 6.15+£0.19 5.76+0.08 5.82+0.26

I-1 P-0 691+0.06 7.03+x0.13 7.05x0.14 7.30x0.20
P-1 599+£0.02 584%0.08 599+0.10 6.02 = 0.06
p-2 569+£0.08 6.08+£0.08 5.99+0.06 5.89+0.12

I-2 P-0 6.99+0.07 7.30x0.10 7.01£0.13 7.16 = 0.06
P-1 592+0.08 590x0.12 6.07+0.03 5.89 £ 0.06
p-2 582+0.05 585009 5.88x0.06 5.94+0.10

I-3 P-0 7.14+0.04 7.00x0.06 7.17+0.05 6.99 = 0.10
P-1 554+020 573015 5.59£0.05 5.50 £ 0.09
p-2 550+£0.09 5.62+0.06 5.57+0.06 5.84 +0.03

3.5 Home Garden Initiatives and Practices for the Local food Sustainability
The sustainability growth for the research in the home garden were done in the first our research
on the growth for the diameter and collecting of the results on the daily of growth for the stem
growth during the 28 days of regrowth plant. Following the data growth of Garut, we have seen
that the initiative of bringing plant to home garden could be practices by adapting plant with
requirement of their growth to support their lives. Here the intensity of range of the I-0 and I-1
could possibly for practicing the home garden Garut. However, it should be noted that some
indicator of growth could not be increased by increasing of doses of the organic fertilizer. It
implies that requirement of the level intensity for plants was a crucial factor for home garden
Garut [16]. Thought that Garut has known as the adaptable of lower intensity, it could be noticed
from the result research that intensity as lower as I-2 and I-3 could be burden for further growth
of home garden Garut.

Throughout the results we have seen that fertilizer could increase growth, dose as high as
150 gr/pot of organic fertilizer could increase most of the indicator of growth of Garut under
sufficiently intensity during the vegetative growth. Healthy grow during vegetative phase will
maintain growth for the next phase growth to have a better yield. Organic fertilizer seemed to
lower pH compare to Garut growth without any addition of organic fertilizer (Table 2), while
Organic fertilizer such as Bokashi has been used for years, and application of EM4 could control
secondary soil salinization will improve the agricultural environment and ensure the sustainable
growth of agriculture by reducing the amount of chemical fertilizer application [17]. Organic

10
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fertilizer constituents demonstrated unfavorable impact on leaf counts so plants often use the
nitrogen components that are present in the soil [18].

Organic fertilizer increasing of leaves area of plant in Brasicca napus L also enhance growth,
development, and yield performance. Because its ingredients are easily accessible locally,
producers are advised to utilize organic fertilizer. The application of organic fertilizer gives rise
of sustainable production as well as soil fertility in some plants such as pear-jujube increasing its
growth performances [19]. Garut possesses many phytochemicals, exhibit antioxidant and anti-
microbial activities [20,21]. The cultivation factor had an impact on the properties of arrowroot
flour. The leaves are suitable for the fertilizer as contain of C/N ratio of less than 20 (N=1.28%,
K=1.71%,) MC less than 30% the residue of leaves could be used as the fertilizer, biopolymer and
for industrial application [22]. Like other plants, Garut starch is found in tuber roots and is mostly
stored in the endosperm of the amyloplast in grains [23].

4.Conclusion

Garut is noted for its ability to adapt to lower light intensities, yet it is noticed from the result
research that intensity as lower as I-2 and I-3 could be burden for further growth of home garden
Garut. Organic fertilizer seemed to lower pH compare to Garut growth without any addition of
organic fertilizer while increasing EC With the condition of pH and EC. We have shown that the
environmental sustainability could initiation for a better management of the home garden Garut.
In conclusion, we have adapted of Garut for the purpose of the home garden, we found that the
intensity I-0 and I-1 could be applied to the growth of the home garden Garut, and applicable of
the organic fertilizer of 150 gr per plant could enhance the vegetative growth. In addition, the
potential of Garut for home garden initiatives and practices is also highlighted in terms of food
sustainability
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