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production increases are characterized by good
coffee plant growth. One indicator is maximum
leaf growth as a place for photosynthesis.
Utilization of rhizosphere bacteria can be an
alternative to increase the number of soil
bacterial colonies so that the mineralization and
decomposition processes of soil organic matter
are maximized and plants can be optimally
nourished. This research was conducted using
the factorial CRD (Complete Randomized
Design) method consisting of 2 factors, 16
treatments, 2 replications. The treatment of seed
immersion time with the addition of endophytic
bacterial suspension consisted of: BO: without
immersion, B1: 6.5 hours; B1: 7.5 hours; B3:
8.5 hours. The addition of endophytic bacterial
microcapsules consisted of 10: 0 grams ; I1: 5
grams; 12: 10 grams; 13: 15 grams. The data
obtained were analyzed using analysis of
variance. The results of the analysis of variance
were continued with Duncan's multiple range
test . Based on the results of observations of the
number of leaves in treatment 13 (11.13
strands). For the leaf area parameter, the highest
number was found in treatment B312 ( 26.21
cm?2). Rhizosphere bacteria from the soil of the
eruption of Mount Sinabung are effective in
stimulating the growth of Arabica coffee leaf
shoots ( Coffea arabica L.). Encapsulation of
rhizosphere bacteria as a biofertilizer is very
effective in maintaining and increasing the
potential of rhizosphere bacteria when applied
to plants.
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INTRODUCTION

As one of the largest coffee producing countries in the world after Colombia, Brazil
and Vietnam, coffee production in Indonesia reaches 600,000 tons per year, where more
than 80% is produced from plantations managed by the community. Coffee ranks fourth
after wood, rubber and palm oil as a foreign exchange earner from high agricultural
commodity exports in the Indonesian economy. Coffee can be used as a raw material for

the food, beverage and cosmetic industries (Pertiwi and Ardian, 2016).
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Coffee is one of the sources of foreign exchange for Indonesia and plays an
important role in the development of the plantation industry. In the span of 20 years, the
area and production of coffee plantations in Indonesia, especially people's coffee
plantations, have experienced very significant development. In 1980, the area and
production of people's coffee plantations were each amounting to 663 thousand hectares
and 276 thousand tons, and in 2009 there was an increase in the area and production of
1,241 million hectares and 676 thousand tons respectively ( Directorate General of
Plantations , 2010).

According to Najiyati and Danarti (1997), there are three types of coffee groups
known in Indonesia (namely Arabica coffee, Robusta coffee and Liberica coffee . The
coffee groups known to have economic value and are traded commercially are Arabica
and Robusta coffee. Robusta coffee ( Coffea canephora pierre ) is currently the type of
coffee that dominates coffee plantations in Indonesia because it has important factors that
other types of coffee do not have. These factors include resistant to leaf rust disease, its
production is higher than other types of coffee and the price of robusta coffee is not much
different from Arabica coffee on the market (Yaninta Ginting et al., 2024)

Nutrients are very important for coffee plants. However, acidic conditions with a
pH below 5.5 cause nutrients such as P, K, N, Ca, S, Mg to be unavailable in the soil.
(Wasito et al., 2023). Phosphate (P) is one of the important nutrients needed in large
quantities for the growth and development of Arabica coffee plants (Coffea arabica L.).
However, the availability of phosphate in the soil is often limited (trapped) by the metal
nutrient Iron (Fe) due to the acidic pH which causes Phosphate (P) not to be fully absorbed
by plants (Supriadi et al. et al., 2018)

Evaluation of soil fertility and quality can be measured using microbes as natural
bioindicators . Microbes that have the highest quantity in the soil are bacteria (Suharjono
& Yuliatin, 2022) , so the presence of bacteria can be used as a bioindicator of soil health.
Rhizosphere bacteria that are around plant roots contribute significantly to increasing soil
fertility and plant productivity. The use of rhizosphere bacteria can be used as an
alternative to increase the number of soil bacterial colonies so that the mineralization and
decomposition processes of soil organic matter are maximized and plants can be
optimally nourished, known as PGPR (Moncada et et al., 2021).

The association of PGPR bacteria in plants can produce phytohormones and
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secondary metabolites needed for plant growth and protection. The phytohormones
produced are Indole Acetic Acid (IAA) by rhizosphere bacteria is found in almost all
types of plants (Suharjono & Yuliatin, 2022). The estimated rhizosphere bacteria produce
80% of TAA, almost 98% of which comes from the PGPR strain (Arruda et al., 2013).
The presence of PGPR in plant roots causes PGPR to live in colonies near or on the
surface of plant roots (Youssef , 2016). With this potential, PGPR bacteria can be
developed as a solution to overcome the decline in coffee productivity in UBF (Sajar et

al., 2024).

RESEARCH METHODS

This study was conducted using the factorial CRD (Complete Randomized Design)
method consisting of 2 factors, 16 treatments, 2 replications. The treatment of seed
immersion time with the addition of endophytic bacterial suspension consisted of: BO:
without immersion, B1: 6.5 hours; Bl: 7.5 hours; B3: 8.5 hours. The addition of
endophytic bacterial microcapsules consisted of 10: 0 grams ; I1: 5 grams; 12: 10 grams;
I3: 15 grams. The data obtained were analyzed using analysis of variance. The results of
the analysis of variance were continued with Duncan's multiple range test.
Isolation Bacteria Rhizosphere

Soil taken from area rhizosphere plant around the slopes of Mount Sinabung.. Soil
taken on depth 5-10 cm then put in bottle has been sterilized and brought to laboratory.
As many as 1 gram sample soil entered into the 9 ml solution NaCl 0.85%. Sample vortex
during 10 minutes furthermore dilution is carried out glow until dilution 10-6. Each as
much as 100 p 1 the diluted suspension is grown with Pour Plate Method using NA media.
Bacterial cultivation was carried out in duplicate. The results of the pour plate was
incubated for 24 hours.
Preparation and Sterilization of Planting Media

The planting media uses topsoil, rice husks and chicken manure with ratio
50%:25%:25%. All media are mixed and put into polybags. Polybags are taped first
before being put into the autoclave, then sterilized for 10 hours. The sterilized planting
media is immediately taken to a greenhouse that has been sterilized by spraying 0.4%

formalin.
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Seed Immersion with Endophytic Bacteria Suspension
Endophytic bacteria solution was done by adding 10 ml of 0.9% NaCl solution in 1
petri dish, stirred using a triangular stirring rod. Coffee beans were soaked for 6.5 hours,
7.5 hours and 8.5 hours in a container lined with aluminum foil to keep it sterile.
Microcapsules Producing From Rhizosphere Bacteria As Biofertilizer
A total of 14.7 g of CaCl2 was dissolved in a measuring flask with 1000 ml of
distilled water and stirred homogeneously. Sterilize the solution using an autoclave at
121°C for 15 minutes. Insert a sterile alginate solution containing endophytic bacterial
suspension into the needle and insert it into a 0.IM CaCl2 solution. The formed
microcapsules were left for 1 hour. To remove CaCl2 residues, the microcapsules were
filtered and rinsed with distilled water (Panichikkal et al., 2021).
Observation Parameters
The parameters observed in this study were the number of leaves (strands) and leaf

area (cm?). Observation data were taken once a month.

RESULTS AND DISCUSSION
Total Leaves (Strands)

Observation of the number of leaves was carried out at the age of 2, 3, 4, 5, months
after planting (MAP). Based on the results of observations and analysis of variance, it is
known that the treatment of immersion with endophytic bacterial suspension on total
leaves of coffee plants (Coffea arabica L.) did not have a significant effect on total leaves
(strands),

In the treatment, there was a significant effect on the treatment of endophytic
bacterial microcapsules on. The effect of interaction between variations in the immersion
of endophytic bacterial suspensions and the provision of endophytic bacterial
microcapsules had a significant effect on 3 MAP and 4 MAP. The results of the Duncan
distance test are shown in following table.

Table 1. Total leaves of Coffea arabica L. by microcapsules addition

Treatment Average Total Leaves (strands)
Immersion Treatment (B) | 2" MAP 34MAP | 4"MAP | 5" MAP
B0 = 0 Hours 27540 5.50 <€ 6.509° | 7.75°%4
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Bl = 6.5 Hours 4.00 *A 6.50 °BC | 11.00°A | 12.882%A
B2 = 7.5 Hours 4,13 ®AB | 7503AB | g 134 | 10,5034
B3 = 8.5 Hours 5.25PAB 8.50%A | 10.25%B | g§754

Microcapsule Addition (I)

10 = 0 grams 42534 7.0084 8.50%A | 9.00%*

I1 =10 grams 43824 7.25%4 9.383A | 97534
12 =15 grams 3.50%4 6.75%4 9.50*A | 10.00 24
13 =20 gr 4.0044 7.0084 9.502A | 11.132A

Leaf Area (cm?)

Leaf area was observed at 3 months after planting (MAP). Based on the results of
observations and variance analysis, it is known that the treatment of soaking coffee leaf
area (Coffea arabica L.) gave a significantly different effect on leaf area at 5 MAP and
gave a significantly different effect on the microcapsule addition treatment at 5 MAP.
The results of the Duncan distance test are shown in following table.

Table 2. Leaf area of Coffea arabica L. by microcapsules addition

Treatment Leaf Area
B0I0 18.32%4
BOI1 20.2824
BOI2 21.19 5B
BOI3 20.52 06
B110 19.651¢
BI1I1 19.61 ¢
B112 22.66
B113 24,52 feEF
B2I0 25.35 ¢DEF
B2I1 23,03 deCDE
B2I2 22,10 9eCDE
B213 21 cdeBCDE
B310 20.09 ¢deBCD
B3I1 24,67 bedeBCD
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B3I2 26.2] bedBCD
B3I3 24,79 beBC
BOIO 18.3284
BOI1 20.28 °B
BOI2 21.1924
BOI3 20.5234
B110 19.6524
B1I1 19.61 *A
BII2 22.66 9P
B113 24,52 aAbBeC
B2I0 25.3505B

DISCUSSION
Total Leaves (Strands)

Observations on the number of leaves show the total growth of coffee plant leaves
(Coffea arabica L.) in the immersion treatment had the highest data at 5 MAP in the B1
treatment (12.88 strands) and the lowest in the total leaves of the coffee plant in the BO
treatment (7.75 strands). The treatment of adding microcapsules had the highest data at 5
MAP in the I3 treatment (11.13 strands) and the lowest in the I0 treatment (9.00 strands).
These results are better compared to other studies using organic fertilizer with green tea
liquid waste of 3.92 strands and 3.23 strands. strands without treatment (Muningsih &
Ciptadi, 2019). Another study used coffee fluff and Azotobacter sp. compost. the total
leafyield was 3.10 strands in the F1 treatment (70% topsoil + 30% tea fluff compost) and
at 3 ml Azotobacter sp. the total leaf yield was 2.47 strands at 16 MST (Dewi &
Woulansari, 2023). In previous research (Afiati & Purnamasari, 2019), the number of
leaves of purple egg plants aged 28 days after plant showed that rhizospher bacteria with
a dose of 40 ml were higher than rhizosphere with a smaller dose. The increase in the
number of leaves is greatly influenced by the nitrogen nutrient element which plays a role
in the composition of chlorophyll and cell turgidity as well as the increase in the number

of leaves (Lubis et al., 2020)
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Leaf Area (cm2)

Observations of the leaf area of tea plants at the age of 90 days after plant show the
leaf area of coffee (Coffea arabica L.) in the immersion treatment had the highest leaf
area at the age of 5 BST in the B313 treatment (25.35 cm2) and the lowest leaf area in the
B113 treatment (11.74 cm2). The results of the microcapsule addition treatment , the
highest coffee leaf area at the age of 5 MAP was in the I3 treatment (20.74 cm2) and the
lowest in the 10 treatment (16.75 cm?2). Research (Afiati & Purnamasari, 2019) on purple
egg plants with the addition of 40 ml of rhizosphere suspension had a higher leaf area at
all observation ages. It could be because the provision of rhizosphere bacteria will ensure
that nutrient needs are met, such as N, especially in the leaves. Nitrogen is a primary
macro element which is the main component of various compounds in plant tissue. Plants
that grow must contain nitrogen in the formation of new cells. Research (Tangapo, 2020)
reported that endophytic bacteria can increase plant growth by providing nutrients for
plants such as nitrogen, phosphate and other minerals and producing growth hormones
such as ethylene , auxin and cytokinin. (Setiawan et al., 2023).

Among the treatments tested, inoculation with a mixture of BF4 (Bacillus
atrophaeus RC36, Paenibacillus polymyxa 28/3, Pseudomonas fluorescens 51/2) and BF6
(Bacillus subtilis 39/3, Bacillus subtilis RC63, Pseudomonas fluorescens 53/6)
bioformulations increased the leaf area of coffee plants, chlorophyll and anthocyanin
(ACI) content of coffee plants significantly different compared to the control (Cakmakci
et etal., 2018).

CONCLUSION

a. Rhizosphere bacteria from the soil eruption of Mount Sinabung were effective in
stimulating the growth of arabica coffee leaf (Coffea arabica L.)

b. Observation of the total leaves in treatment I3 (11.13 strands). For the leaf area
parameter, the highest number was in treatment B312 (26.21 cm?).

c. Rhizosphere bacteria as a biofertilizer was very effective in maintaining and

increasing the potential of rhizosphere bacteria when applied to plants.
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