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Graphical abstract Abstract

§ 2 Zero waste management program (Masaro) offers a solution to process fruit,
%%o\\/ vegetable, and food waste. They were fermented at 32°C using two types of
S "%J opaque plastic bioreactors with volumes of 60 L (first 14 days of fermentation)
E —! 2 and 120 L (next 14 days of fermentation), respectively. The product of
= “,‘i&‘ = fermentation is a special liquid fertilizer. In this study, the fertilizer is applied to
é ”"*\ | promote the growth and productivity of red chilli plants (Capsicum annuum
S ) L.) for 77 days. The macro and micronutrients in the fertilizer were analyzed
& . e using afomic absorption spectroscopy. The microorganisms and the amino
e | ? acids therein were also characterized. The results inform that 5 mL/L of
2 § = special liquid fertilizer signifies the average height increase and leaves area
_u-% 3 ﬁ ‘i;; enlargement of the chilli plants. The presence of rhizobacteria in the ferfilizer
'5_'.5 £ ‘g ok is responsible for promoting plant growth and enhancing plant productivity.
E‘E o — In addition, this concentration of the fertilizer provides one week earlier of
25 :m L E—F flowering and fruit production, with the highest number of chilli flowers and
%% ;y e é; frun's'reqchlng 28 and 19. Conclgswely, the spemql liquid fertilizer hgs shown
2 d positive impacts on crop production and quality, with lower production costs.
- Ly It is also effective, sustainable, eco-friendly, and can be applied in various

agricultural sectors.
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1.0 INTRODUCTION

Red chilli (Capsicum annuum L.) is considered one of
the major agricultural commodities in Indonesia
because of its high market demand and prices. It
can be immediately cultivated after the harvest
season and also during the dry season due to ifs
ability fo grow in dry conditions [1,2]. However, the
growth of red chilli plant has significant constraints
caused by pests and diseases that hamper its
production [3].

The presence of macro and micronutrients in the
soil is a crucial parameter to obtain high crop
productivity with excellent quality. The macronufrients
include nitrogen, potassium, phosphorous, calcium,
magnesium, and sulfur, while the micronutrients
comprise zinc, iron, manganese, copper, boron, and
sodium [4]. Each nutrient has specific roles in plants,
and the deficiency or excess of these nutrients may
hinder plant growth and decrease crop production
[5]. Therefore, the application of cultivation
techniques that can efficiently supply essential
nutrients required by chilli plants is necessary to
enhance their annual production.

Synthetic fertilizers have been widely implemented
to improve the yield and quality of red chilli. The
supplementation results in a sharp rise in the number
of leaves, number of branches, plant height, and
productivity of chilli plants [6]. Unfortunately, the use
of synthetic fertilizers can alter chemical and
microbiological properties in natural soil ecosystems
[71.

The long-term damages comprise soil
acidification, fungal diversity drops, and bacterial
community structure changes [8]. Synthetic fertilizers
are also known to be pricy compared with organic
fertilizers which can lessen the profits obtained by the
farmers [9]. These issues prompt researchers to look
for organic fertilizers that are more sustainable and
environmentally friendly, with less negative impacts
on the environment.

Organic fertilizers are produced from the
decomposition of food waste, animal manure,
marine-based waste, or agricultural waste [10]. They
can be found in solid or liquid forms that can
significantly improve the nutrient uptake of crops as
well as upgrade the chemical, physical, and
biological properties of soil [11, 12]. Roy et al
infroduced an organic fertilizer from  rural
slaughterhouse waste to cultivate chili. The results
indicate an earlier fruiting period and higher yield [13].

According to the study on soil supplementation
using weed-based organic compost, the fertilizer
positively affects the growth and yield of chilli plants
because of the nutrients in the soil. This freatment also
results in improved microbial activity in the soil [14].
Anggraheni et al. found that chilli plants treated with
compost show the highest growth and vyield
compared with the plants freated with manure

fertilizer [15]. This is due to ameliorated soil fexture and
enriched nufrient contents upon the addition of
organic fertilizers.

Recently, a waste management program (Masaro)
fo tfransform waste info value-added chemicals has
been infroduced [16,17]. At first, the waste is classified
info slow-decaying and fast-decaying wastes. The
slow-decaying waste is transformed info compost in
bio-composter, whereas the fast-decaying waste is
converted into special liquid fertilizer, concentrate,
and solid animal feed in bioreactors.

Preliminary studies on special liquid fertilizers have
shown positive impacts on crop production, quality,
and production rate, with relatively lower production
costs [18]. This technique is considered sustainable and
eco-friendly approach to converting organic waste
info value-added products as well as motivating the
usage of organic fertilizer rather than synthetic ferfilizer.

To the best of our knowledge, this study is the first fo
report soil fertilization using special liquid fertilizer to
escalate the growth and yield of red chilli plants that
can simultaneously suppress environmental issues. In
this study, the effect of the addition of special liquid
fertilizer obtained from the organic waste processed in
the Masaro bioreactors was examined on red chilli
plants.

The feed for special liquid fertilizer production was
organic waste. The growth, flowering, and fruit
production of the red chili plants upon
supplementation with the special liquid fertilizer were
monitored. Subsequently, the macro and
micronutrient contents in the special liquid fertilizer
were measured. Afterwards, pH, carbon contfent,
microorganisms and amino acid contents in the
special liquid fertfilizer were determined.

2.0 MATERIALS AND METHODS

2.1 Raw Materials

Red chilli (Capsicum annuum L.) seeds and goat
manure were obtained from local markets in
Lampung, Indonesia. Organic wastes in the form of
fruit, vegetable, and food wastes were collected
from Institut Teknologi Sumatera (ITERA). Rice husk
was procured from local rice milling in Lampung,
Indonesia.

On the other hand, soil, as planting media, was
obtained from ITERA Botanical Gardens. The soil was
then mixed with food wastes as well as goat manure
and rice husk with a weight ratio of soil: food
waste:goat manure:rice husk 4:3:2:1.

The addition of food waste and goat manure is
believed to boost the providence of organic
macronutrient contents since it contfains nitrate,
ammonia, and phosphate [19]. Besides, rice husk is
added to provide carbon source [20-22] as well as
essential minerals such as silica, sodium, potassium,
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calcium, magnesium, aluminium and phosphor for
soil ameliorant [22-25].

2.2 Production of Special Liquid Fertilizer

Special liquid fertilizer was produced in the system as
depicted in Figure 1. It utilized two types of opaque
plastic bioreactors that were made from High-Density
Polyethylene (HDPE). The first bioreactor (max.
volume of 60 L) fermented organic waste from the
solid phase into slurry. This stage depolymerized
glucose and protein complex molecules from the
substrate.

After the solids were separated, the slurry was fed
to the second bioreactor (max. volume of 120 L)
where fermentation involved the entire liquid phase.

Solid-Slurry
Separator

Fermentation at this stage produced liquid product
that contained amino acids and organic acids
Initially, 8 kg of organic waste (fruit, vegetable, and
food waste) was chopped until it had a fine particle
size of 4-5 mm. It was then poured into the first
bioreactor. Dilute water and proprietary catalyst M1
were then in the mixture until a final volume of 20 L.
The fermentation in the first bioreactor was
performed at 32°C for 14 days.

Afterwards, the slurry from the first bioreactor was
fransferred into the second bioreactor. Dilute water
and proprietary catalyst M2 were subsequently
added until reached 100 L. The fermentation in the
second bioreactor was carried out at 32°C for
another 14 days until liquid fertilizer was obtained as
the final product.

2nd Bjoreactor

—» 15t Bioreactor

Organic Wastes Chopper

Figure 1 Special liquid fertilizer production system

2.3 Chemical and Biological Analysis of Special
Liquid Fertilizer

The special liquid fertilizer was analyzed using atomic
absorption  spectfroscopy (AAS) technique for
assaying its carbon, macronutrient, and micronutrient
contents. The instrument used a Double Beam High
Performance Flame AAS ELICO SL-194 which was
manufactured in India.

Other than that, pH of the ferfilizer was recorded
using a pH meter. The viability of microorganisms
(bacteria and fungi) in the fertilizer was investigated

using manual plating method. Sample was evenly
spread onto the rich-agarous medium in the 85 mm
Petri dish. After incubation for 2 days, isolated
microorganisms on the plate formed visible colonies
and was then counted as colony forming unit per
gram (cfu/g).

Subsequently, the amino acids in the special liquid
ferfilizer sample were characterized using high-
performance liquid chromatography with UV
detection (HPLC-UV). The instrument was Thermo
Scientific ~ Vanquish  Core HPLC  which  was
manufactured in United States. It employed a non-
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polar column. As much as 2.5 mL of sample was
flowed to the column, filtered, and finally injected
info the instrument.

2.4 Applications of Special Liquid Fertilizer on Red
Chilli Plants

The experiment was carried out for 77 days from
March 2023 to May 2023 in ITERA Botanical Gardens,
Way Huwi, Jati Agung, South Lampung. The red chilli
seeds were planted in the soil and placed in a
cylindrical polybag pot with a diameter of 45 cm and
height of 45 cm. Three pots planted with red chilli
plants were prepared to study the effect of the
addition of special liquid fertilizer on the growth of
the plants. The special liquid fertilizer obtained from
the bioreactors was initially diluted using potable
water to produce a concentration of 5.0 mL/L and 7.5
mL/L. Each concentration had a fertilizer spray dose
of 0.8 mL.

The red chili plants grown in the first pot, as a
control, were not added to the special liquid fertilizer.
Meanwhile, the red chili plants cultivated in the
second and third pots were sprayed with 5.0 mL/L and
7.5 mL/L of special liquid fertilizer, respectively. The
fertilizer was sprayed on the surface of the red chilli
leaves and in the planfing media once a week at
10:00 AM.

The parameters monitored during the investigation
were height increase of red chilli plants and leaves
area enlargement as vegetative parameters as well
as number of red chilli flowers and fruits as generative
parameters. All of the vegetative and generative
parameters were measured in triplicate and analysis
of variance (ANOVA) with two-factor replication was
performed to assay its significance.

Apart from that, day and night temperatures at the
chilli planting area were also monitored with a GL-89
digital corona hygro-thermometer. Day temperature

recordings were carried out at 10:00 AM and 14:00 PM
whereas night temperature recordings were
performed at 20:00 PM and 00:00 AM. All recordings
were carried out regularly until the 77t day.

3.0 RESULTS AND DISCUSSION

3.1 Chemical and Biological Analysis of Special
Liquid Fertilizer

The special liquid fertilizer was produced in the
bioreactors using organic wastes as the feedstock.
The characterization results by means of macro and
micronufrient confents are outlined in Table 1. The
macronutrients include organic nifrogen and NPK
(NOs, P20s, and K20) while micronutrients are in the
form of Fe, Mn, Cu, Zn, B, and Mo.

The results present that nutrient confents in the
special liquid ferfilizer met the minimum amount of
nutrient requirement in organic fertilizer [26].
Moreover, the pH of the special liquid fertilizer was
close to neutral conditions, which has exiremely low
possibilities of soil acidification and environmental
damage.

In fertilizer, nitrogen acts as a nutritional factor for
plant growth and development [27]. This element is
essential for the metabolism in plants due to its main
function in protein, nucleic acid, and chlorophyll
formation [28]. On the other hand, phosphorus plays
a vital role in root development, flower formation,
and fruit ripening [29,30].

Furthermore, potassium stimulates stronger stem
and root growth as well as augments resistance to
environmental stresses. This element is also involved in
various physiological and biochemical processes that
can improve crop quality and prevent plant diseases
[31].

Table 1 Macro and micronutrient contents in special liquid fertilizer

Parameter Unit Measured Value Standard Value [24]

C-organic Y AAY 14.25 > 10
pH - 6.93 4-9
Macronutrients:

NPK (NOs + P20s + K20) FoW/V 277 2-6

N-organic ToW /v 9.53 >0.5
Micronutrients:

Fe ppm 120.25 90-900

Mn ppm 28.9 25-500

Cu ppm 30.25 25-500

n ppm 28.5 25-500

B ppm 20.1 12-250

Mo ppm 4.1 2-10

The microorganisms contfent in the special liquid
fertilizer is tabulated in Table 2. The results reveal that
this  ferfilizer contains plant  growth-promoting

rhizobacteria (Azofobacter sp., Pseudomonas sp.,
Bacillus sp., and Lactobacillus sp.) which s
responsible for supplying essential macro and
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micronufrients to plants. The number of these
bacteria is higher than the minimum requirement
number of bacteria in organic fertilizer, which implies
good properties of the fertilizer [26].

Azotobacter sp. has vital roles as plant growth
promoter that can produce minerals and organic
compounds available for plants from unavailable
minerals and organic sources. This species fends fo
intfensify plant growth and productivity, and its
population is greatly affected by the presence of
other microorganisms [32].

Pseudomonas sp. is responsible for plant growth
and disease resistance. These bacteria can also
perform nitrogen fixation, phosphate solubilization,
siderophore formation, and antibiotic production [6].
Bacillus sp. works as an effective biocontrol agent
due to its ability to suppress phytopathogenic fungi
[33]. Other than that, Lactobacillus sp. promotes

seed germination and elongates the plumule [34].

Beyond Rhizobacteria, the presence of nitrogen-
fixing bacteria is important to augment plant
productivity by converting atmospheric nitrogen into
ammonia that plants can absorb  [35]. The
phosphate-solubilizing bacteria also contribute fo
solubilizing phosphorus and potassium, suppressing
pathogen levels, and intensifying plant productivity
via the formation of plant growth regulators [36].

In this fertilizer, fungi are detected in the form of
Trichoderma sp. which act as biocontrol agents
because of their ability to combat pathogens [37].
The levels of pathogens in the special liquid fertilizer
were significantly lower than the maximum allowable
value of pathogen levels in organic fertilizer, which
were not likely to cause any adverse effects on sail
and plants [24].

Table 2 Microorganisms in special liquid fertilizer

Microorganisms Measured Value (cfu/g) Standard Value (cfu/g) [24]

Rhizobacteria: .

Azotobacter sp. 1.06x10

Pseudomonas s 7.38x107 > 1x105

Bacillus sp - 6.75x107 B

N 7

Lactobacillus sp. 4.68x10
Nitfrogen-Fixing Bacteria 6.22x10¢ > 1x105
Phosphate-Solubilizing Bacteria 7.01x103 > 1x105
Cellulolytic Bacteria 3.77%105 > 1x105
Chitinolytic Bacteria 1.63%x105 > 1x10°
Fungi: . s

Trichoderma sp. 2:54x10 2110
Pathogen:

Escherichia coli 1.10x102 <1x1038

Salmonella sp. 3.00x10!

The amino acid contents in the special liquid
fertilizer are summarized in Table 3. Amino acids have
positive effects on plants that can upgrade plant
yield and crop quality. When the amino acids are
sprayed at different stages of plant growth, they
alleviate environmental stress by altering the osmotic
potential of plant fissue which can accelerate
biochemical and physiological processes in the
formation of biomolecules [38]. These compounds
are also responsible for the plant signalling process
and stress response [39].

In detail, different types of amino acids have different
roles in plant growth and development. Chlorophyll
synthesis involves alanine, lysine, and serine.

Phenylalanine and tyrosine help to stimulate root
growth. Aspartic acid, lysine, methionine, and
threonine stimulate plant germination [40]. In the
meantime, proline, hydroxyproline, and lysine
regulate water balance in plants, act as anti-stress
agents, and signify pollen fertility [41].

Serine, tryptophan, and valine are related to the
synthesis of auxin. Alanine and arginine work as virus
and  cold-weather-resistant  compounds [42].
Glutamic acid is useful as a growth stimulator as well
as provider of organic nitrogen and protein synthesis.
Glycine is involved in cell division [43]. Cysteine and
histidine keep a micronutrient from undesirable
reactions in soil [44].

Table 3 Amino acid contents in special liquid fertilizer

Amino Acid Content (ppm) Amino Acid Content (ppm) Amino Acid Content (ppm)
Glycine 402 Histidine 136.06 Serine 830.17
Alanine 338.66 Isoleucine 37.82 Cystine 48.42
Arginine 428.38 Leucine 67.81 Threonine 257.31

Aspartic acid 399.37 Lysine 156.34 Tyrosine 698.74
Glutamic acid 394.11 Methionine 732.20 Tryptophan 16.86
Phenylalanine 614.07 Proline 1071.84 Valine 236.32
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3.2 Vegetative Parameter Results
3.2.1 Height Increase of Red Chilli Plants

The red chilli plants were grown in the planting
media with different freatments. The average height
increase of the red chilli plants was monitored for 77
days, and the results are plotted in Figure 2. It can be
seen that there is a significant difference in the
average height increase of the red chilli plants

Average Height Increase (cm)

freated with special liquid ferfilizer and control as
strengthened by ANOVA results since the Pvawe <
0.05. This is caused by the K element which can
accelerate the height growth of chillies. This is also
supported by research on the effect of K fertilization
on lowland rice growth which tends fo induce plant
heights. It shows that the addition of K augments
grain weight which is reflected by large grain
volumes and higher height of rice plants [45].

OTreated with 7.5 mL/L. OTreated with S mL/L. ® Control (0 mL/L)

B S

Day
AMNOWVA: Two-Factor With Replication
Source of Variation Sum of Square Degree of Freedom  Mean Square  Fovalue Pvalus F epitical
Sample 1.159 10 0.720 181.331 5.780E-44 1.877
Columns 0.198 2 0.090 24910 8.711E-09 3.136
Interaction 1.273 20 0.064 16.034 4.013E-18 1.752
Within 0262 &6 0.004
Total 3.932 o3

Figure 2 Average height increase of red chilli plants monitored for 77 days of plantfing time equipped with ANOVA results [Inserted

figure: Chilli plant at day 14, day 28, day 42, and day 77]

The addition of 5 mL/L of fertilizer gives more
superior performance than 7.5 mL/L because there is
an excess dose of N and P in the soil which impacts
an imbalance of nufrients and growth inhibition.
Similar results were reported by Medeiros et al. on a
morphophysiological study of eggplants flooded
with doses of N and P [46]. Likewise, it is also found
that the interaction between doses of N and P
affects the growth and physiological characteristics
of eggplants in the form of nutrient imbalance.

Nevertheless, in the 7t week (days 43 to 48), the
average height increase in chilli plants reduces
drastically. It happens because of the parasitic
exposure in chilli plants caused by peach aphids
(Myzus persicae) and cotton aphids (Aphis gossypii)
on the underside of leaves and on the top of chilli
plants.

Aphids aftack chilli plants by sucking the fluid

from the leaves and shoofts. Long-term effects cause
the leaves to wrinkle, turn yellowish, twist, and stunt
plant growth [47]. After the pest attack was taken
over, the height increase of the chilli plants slowly
escalated again and even increased with the
exponential pattern.

3.2.2 leaves Area Enlargement

Leaves area enlargement is calculated from the
increase in leaf length and leaf width. These two
parameters are then multiplied and the result is
multiplied again by a factor of 0.73 [48]. This
procedure leads to the production of leaf area
enlargement as presented in Figure 3. The ANOVA
results of leaf area enlargement have Pvae of below
0.05 which reflects that the application of fertilizer
produces a meaningful discrepancy compared to
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those without the use of fertilizer.

A ferfilizer concentration of 5 mL/L gives the
greatest value, the same as found in the height
increase of chilli plant. This is logical because these
two vegetative parameters have similar
characteristics. The optimal amount of nutrients in
fertilizer (in this case = 5 mL/L) induces the
metabolism to produce its own cells. Cell growth
from the vegetative point of view is indicated by
height increase as well as leaves area enlargement.

Interestingly, the pattern of leaves area
enlargement is different from the height increase
pattern. The height increase pattern is exponential,
whereas the pattern for leaves area enlargement
forms a normal distribution curve for all tfreatment
variations (see blue, red, and black curves in Figure
3a).

It should be remembered that aphid attacks only
occur between days 43 to 48. This pest attack causes
the plant height increase to slow down as Figure 2
conveys. It should also be noted that pest attacks do
not reduce the plant height, but reduce the plant

height increase. Once resolved, the rest days follow
the normal growth pattern where the plant height
increase follows exponential again.

This condifion is similar to the pattern of leaves
area enlargement. Pest attacks cause leaves to
shrink and wrinkle because the nutrient fluid is
absorbed by the pest [47]. However, from our
moniforing in this study, the pest has not yet caused
leaves shrinkage because the leaves area
enlargement remains positive. If the leaves area
shrinks or wrinkles, the enlargement value will
definitely be negative.

Although each plant has a different leaves form
and vegetative growth pattern, cumulative leaves
expansion under sunlight actually generally meets a
sigmoidal curve [49]. The results of this study are in
line because the leaves area from day to day
(cumulative mode) follows a sigmoidal curve as in
Figure 3b. In other words, the leaves area
enlargement  (non-cumulative  mode) pattern
certainly follows a normal distribution (Figure 3q).

OTreated with 7.5 mL/L. OTreated with S mL/L = Control (O mL/L)

Average Leaves Area Enlargement
(cm?)

O Treated with 7.5 mL/L

(b)

Sigmoid Curve Pattern

20 +
18 A
16
14
12
10

Average Leaves Area (cm?)

[T S LA ]

Day

—

BoCoanooones




86 Abidin et al. / Jurnal Teknologi (Sciences & Engineering) 86:3 (2024) 79-90

ANOVA: Two-Factor With Replication

Sowrce of Variation  Sum of Square  Degree of Freedom Mean Square  F-value Pvalue F eritical
Sample 46.908 10 4.700 82430  2514E-33 1.977
Columns 1.343 2 0.672 11782 4214E-03 3.136
Interaction 12203 20 0.615 10.780  T.033E-14 1.732
Within 3.763 66 0.057

Total 64.398 a8

Figure 3 Average leaves area enlargement (a) and average leaves area (b) monitored for 77 days of planting time equipped
with ANOVA results [Inserted figure (a): Leaves length at day 14 and day 42; Leaves width at day 14 and day 42]

3.3 Generative Parameter Results
3.3.1 Number of Red Chilli Flowers

The number of chilli flowers for 77 days was observed.
The results reflect that the plants treated with the
special liquid fertilizer have a one-week-earlier
flowering period than control as served in Figure 4.
This phenomenon occurs due to the afttendance of
macro and micronutrients in the soil upon fertilization
that accelerate chilli  flowering. The nutrients
absorbed by the plants are not only used for plant
growth but also for plant flowering, as proven by the
higher number of flowers monitored. The liquid
fertilizer is proven to provide additional NPK to the
plants which is responsible for accelerated plant
flowering [50] and enhanced fruit production [51].
Kumari et al. studied the effect on growth, yield,
and quality of tfomato plants and concluded that
liquid fertilizer from 10% aqueous seaweed extract
promotes earlier flowering periods than control
(without fertilizer). This is due to a diverse range of
bioactive compounds in their fertilizer (e.g., vitamins,

B Treated with 7.5 mL/L
30

25 A
20 ~

15 ~

Number of Flowers

growth regulators, K mineral, P mineral, organic
nitrogen), which assist in preserving the nutrients and
moisture in the soil [52].

In the study carried out by Aluko et al. on NPK
fertilizer implementation on muskmelon (Cucumis
melo L.), the fertilized plants provided an earlier
flowering period than the plants without fertilization.
The number of flowers observed increased with all
freatments and reached a maximum value due to
the contribution of N, P, and K elements in their
fertilizer [53].

From Figure 4, the freatment using fertilizer
provides a meaningful impact on flower number as
evidenced by Pvave < 0.05. Nevertheless, the
alteration of the fertilizer concentration from 5 mL/L
to 7.5 mL/L slightly reduced the number of flowers
(from 28 to 25 on the 56™ day). This is in line with the
phenomenon reported by Ye et al. where too much
N content in fertilizer can inhibit flowering. Although P
and K elements also increase at higher
concentrations and doses of liquid fertilizer, the
effect of these two elements is weaker than the
influence of N [54].

Treated with 5 mL/L  +:Control (0 mL/L)

10_ { l |
5_ | { |
m BRGNS

35 42 49 56 63

Day

70 77
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ANOVA: Two-Factor With Replication

Sowrce of Variation Swm of Square  Degree of Freedom  Mean Square Fovalue Povalue F eritical
Sample 2120 10 43.042 46.337 1263E-11 1977
Columns 4.303 2 0.143 33.5366 4221E-4 3.136
Interaction 4.336 20 0.073 11.730  2.336E-03 1.732
Within 21333 66 0.047

Total 32.374 03

Figure 4 The number of flowers in the red chilli plants monitored for 77 days of planting time

In this study, the first time the plant flowers is af the
5t week of observation (or on the 35" day). The
number of flowers reaches maximum on the 56t day
of observation. During this period, the planting
location experiences a rainy season and the
average temperature is (25.9+1.0)°C during the day
and (19.5+1.4)°C at night.

Afterwards, the number of flowers dropped from
days 56 to 77 because of dry season in May 2023
which led to higher day temperatures at (29.3+1.4)°C
and night temperatures at (25.0£0.7)°C as seen in
Figure 5.

32
=—Day Temperature
Night Temperature

(o] | S ] [ 5]
(=] [3%) Lo (=)} [=-]
1 1 1 1 1

Average Temperature (°C)
&

—_
=)

L T T 1

0 7 14 21 28 35 42 49 56 63 T0 77

Day

Figure 5 Average day and night temperatures monitored
for 77 days of planting time [The arrow indicates increasing
temperature conditions ahead of the dry season, indicated
by the change in color from blue (low temperature) fo red
(high temperature) as well as the direction of the arrow
increasing]

High temperature is the main environmental stress
that sharply upgrades flowering duration and lessens
the number of flowers and pods generated
compared with ambient temperature [55]. Polowick
and Shawney reported that day temperatures of 18-
23°C and night temperatures of 15-18°C resulted in
greater flower numbers of chilli plants (Capsicum
annuum L.) [56]. From another study, temperature
ranges of 18-20°C are necessary to opfimize chilli
plant flowering [57].

3.3.2 Number of Red Chilli Fruits

The number of chilli fruits produced during 77 days of
planting time is shown in Figure 6. The moment when
this plant first bears fruit is 1 week after this plant’s first
flowers, namely on the 42nd day or éth week of
observation. The results also indicate that the plants
freated with the special liquid fertilizer exhibited
earlier fruit production than control. The chilli fruits
start to form one week after the formation of flowers.

Moreover, the addition of special liquid fertilizer
provides a greater number of fruits compared with
no fertilizer treatment. It is strengthened by the
stafistical analysis that Pvawe is below 0.05. The
concentration of 5 mL/L of ferfilizer gives the highest
flower number, i.e. 19 on the 70" day.

This condition is reinforced to become an
optimum concentration of fertilizer for balancing N,
P, and K nutrients [54]. Higher nitrogen concentration
in organic manure liquid fertilizer tends to cause an
imbalance of secondary and micronutrients in the
soil, resulting in low yields [58]. Excessive nifrate in
liguid NPK ferfilizer also leads to poor efficiency of
nufrient usage and lower photosynthetic rate which
not only reduces plant growth but distracts the
flower and fruit development [59]. Besides,
sustainable nutrient management schemes are of
great importance for achieving environmental and
ecological sustainability [60].

The number of fruits from the chilli plants also
remains stagnant after the 63 day and drops after
the 77t day because the plants enter the vegetative
stage. This condition happens because of higher
temperatures during day and night due fo dry
season at that moment (Figure 5), similar to the
cause of the flower drop.

It is in line with the fact that the growth of chilli
plants is strongly related to pollen which is suscepfible
fo slight temperature changes during reproductive
development [61]. Temperatures that are too high or
too low cause pollen infertility which further leads to
sterility of chilli plants [56,62].
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B Treated with 7.5 mL/L
21 ~

18 ~

Number of Fruits

Treated with 5 mL/L  +:Control (0 mL/L)

63 70

m . B
42 49 56

Ig

Day
ANOVA: Two-Factor With Replication
Source of Variation Sum of Square Degree of Freedom Mean Square  Fvalue Pvalue F eritical
Sample 1364 10 1337 50380  131E-11 1.977
Columns 4288 2 0.756 21348 252E4 3.136
Interaction 0.207 20 0.069 20075 LTIEAQS 1.732
Within 0.931 1] 0.103
Total 12.789 a8

Figure é The number of chilli fruits produced in the red chilli plants monitored for 77 days of planting time

4.0 CONCLUSION

In summary, special liquid fertilizer was produced by
Masaro bioreactors using fruit, vegetable, and food
wastes as feed. It has been successfully applied to
stimulate the growth and productivity of red chilli
plants for 77 days. From the results, the addition of
special liquid fertilizer enriches the average height
increase and leaves area enlargement of the red
chilli plants. Under the same spray dose of 0.8 mL of
special liquid fertilizer, the freatment with a
concenfration of 5 mlL/L gives the maximum
productivity of red chilli plants because of balanced
N, P, and K contents. The rectified productivity is also
reinforced by the presence of plant growth-
promoting rhizobacteria, such as Azotobacter sp.,
Pseudomonas sp., Bacillus sp., and Lactobacillus sp.
that provide essential macro and micronutrients for
the red chilli plants. In addition, the special liquid
fertilizer also comprised essential amino acids that
are vital for red chilli plants. Furthermore, the plants
treated with the fertilizer reveal earlier flowering and
fruit production. In contrast, the phenomena of
flower drop and fruit loss are observed due to dry
season which reflects higher temperatures at day

and night. Notwithstanding, fertilization using special
liquid ferfilizer is overall promising and can be applied
in agricultural sectors to enrich crop productivity that
is sustainable and eco-friendly.
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