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Abstract

Indonesia is a major producer of spices in the world. Bangle is one of the
traditional medicines that some people have heard has beneficial effects on
the body. Although the bangle has a lot to offer in terms of content and
advantages, there is still a huge gap in market demand, which is caused by
the cultivation method's shortcomings. One way to boost the bangle plant's
productivity is to provide manure. The goal of this study was to establish the
ideal manure dosage for bangle plant growth, rhizome yield, and secondary
metabolic antioxidant content. The study employed a Randomized Block
Design (RAK), with one treatment consisting of organic fertilizer in the form
of cow and chicken manure, and the levels were divided into seven, namely
PO (control), P1 (cow manure 20 tons/ha), P2 (cow manure 40 tons/ha), P3
(cow manure 60 tons/ha), P4 (chicken manure 20 tons/ha), P5 (40 tons/ha of
chicken manure), and P6 (60 tons/ha of chicken manure), and then repeat four
times. Data analysis in the form of qualitative and quantitative data. DMRT
level 5% is further tested quantitatively using analysis of variance, while
qualitative data is collected using the descriptive method. The study's findings
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indicate that a cow manure dose of 60 tons/ha is the best dose for plant
growth, as measured by an average height increase of 42.78 cm, an increase
in the number of leaves (116.65 pieces), and an increase in the number of
tillers (14.45 pieces) at 18 weeks after planting. A dose of 60 tons/ha of
chicken manure produced the best root length of 41.03 cm. The highest dry
and wet weight yields, of about 179.75 g and 822 g, respectively, came from
the rhizome weight of cow manure at a dose of 60 tons/ha. The highest
secondary metabolic levels in each parameter are found in dry rhizomes
(phenolic 202.79mg/L, flavonoid 181.91mg/L, and tannin 5406.33mg/L), and
wet rhizomes (phenolic 178.56mg/L, flavonoid 104.39mg/L) with the highest
tannin compound at around 4144.83mg/L in chicken manure dose of 40
tons/ha. According to the antioxidant results, providing chicken manure at a
dose of 60 tons/ha resulted in very strong antioxidant results in each of the
wet and dry rhizomes, which were respectively 9.52 ppm and 8.06 ppm.

Keywords: organic fertilizer, bangle, secondary metabolism

Mengutip artikel ini: Palupi, NP., Kesumaningwati, R., Subeki, Mujiono, K., Sofian, Paramita, S dan
Arung, ET., 2022. Pengaruh perlakuan tingkat kemiringan lahan dan pengolahan tanah terhadap
pertumbuhan dan hasil tanaman bangle (Zingiber montanum). Journal of Degraded and Mining Lands

Management.

Introduction

One of the biggest producers of spices
worldwide is Indonesia. Bangle is a traditional
medicine that some people believe has beneficial
properties for the body. Bangle (Zingiber
montanum), a Zingiberaceae family member, has
long been wused in traditional medicine
(Noviyanto et al., 2020). Bangle rhizome is
aromatic, which distinguishes it from other
Zingiberaceae family members. Bangle, in its
physical form, is similar to other spices in the
Zingiberaceae family (Fernandarisky et al.,
2020). The bangle is rich in saponins, flavonoids,
phenolic compounds, essential oils, tannins,
steroids, triterpenoids, antioxidants, vitamin C,
vitamin E, and carotene. According to research,
Bangle rhizome extract has pharmacological
activity as an antibacterial, laxative, pancreatic
lipase inhibitor, and protects cells from oxidative
stress caused by H,O, (Noviyanto et al., 2020).

Due to insufficient fertilization, pest
control, soil management, and other cultivation
techniques,  bangle  rhizome  production
frequently experiences a significant gap between
the maximum and minimum yields or is said to
frequently experience erratic fluctuations in
yields. there aren't enough references on growing
this plant. Bangle cultivation can yield fresh
rhizomes weighing 10-20 tons per acre (Evizal,
2013). One very important cultivation technique
is fertilization.

Other than its primary function as a stem,
the rhizome may serve other purposes, the most

common of which is to serve as a storage site for
certain  metabolism  (metabolic) products.
Metabolic products can be used as drugs in some
cases, but their content is sometimes uncertain
and tends to be lower. Temperature, nutrition,
water availability, and CO2 levels in the
atmosphere are all factors that can influence
secondary metabolic levels (Amelia, 2015). The
availability of complete and balanced nutrients
that can be absorbed by plants is a factor that
influences plant growth and production
(Dewanto et al., 2017)

Giving the bangle plant organic fertilizer
is one way to boost its own productivity. Organic
fertilizers can be in the form of solid or liquid
fertilizers made from dead plants, animal dung,
animal parts, or other organic wastes that have
undergone an engineering process. They can also
be enriched with microorganisms or minerals
(Permentan, 2011). Manure is one of the most
commonly used organic fertilizers. Manure is
processed livestock manure that is applied to
agricultural land in order to improve soil fertility
and structure. The nutrients in manure vary
depending on the source.

According to Hartatik (2015), cow
manure contains N (6 kg/ton), P (1.5 kg/ton), K
(3 kag/ton), Ca (1.2 kg/ton), Mg (1 kg/ton), and S
(0.9 kg/ton). Chicken manure itself contains N
(15 kg/ton), P (7 kgl/ton), K (8.9 kg/ton), Ca (3
kg/ton), Mg (8.8 kg/ton) and S (0.3 kg/ton).
Animal manure contains a lot of nitrogen as well
as metallic minerals like magnesium, potassium,
and calcium. The primary benefit of manure is
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that it preserves the physical structure of the soil,
allowing roots to grow properly, as well as
supporting the biological and chemical properties
of the soil (Melsasail et al., 2019). Therefore, the
purpose of fertilization is to replenish lost
nutrients and increase the amount of nutrients
available to plants, thereby increasing plant
quality and quantity.

Method

Place and Time

The study was conducted from
September 2021 to March 2022, lasting about 5
months. The research location was in the
experimental garden of Mulawarman University
Teluk Dalam, L2, Tenggarong Sebrang, East
Kalimantan.  The second place is in the
Laboratory of Post-Harvest and Packaging of
Agricultural Products, Faculty of Agriculture,
Mulawarman University.

Research Design

The study was designed using a
Randomized Block Design (RAK), with one
treatment using organic fertilizer in the form of
cow and chicken manure. The levels were then
divided into 7 groups, with PO, P1, P2, P3, P4,
P5, and P6 each receiving a different dose of each
type of manure. The treatment was then repeated
four times.

The following dosages are used:

Py : Control (without fertilizer)

P, :20 ton/ha of cow manure

P : 40 ton/ha of cow manure

P3: 60 ton/ha of cow manure

P4: 20 ton/ha of chicken manure

Ps: 40 ton/ha of chicken manure

Ps : 60 ton/ha of chicken manure
The plot has a length of 6 m and a width of 1 m.
Planting one seed per planting hole results in a
spacing of approximately 50 x 100 cm. To
prevent waterlogging and seedling rot, seedlings
are planted in ditches with good drainage. In
order to facilitate landfilling later, planting is
done in the trench.

Data Analysis

Observed data include: an increase in plant
height; an increase in the number of leaves; an
increase in the number of tillers; an increase in
root length; an increase in the wet and dry
weights of rhizomes; and an increase in
secondary metabolic and antioxidant levels. Data
will be collected every three weeks at 3, 6, 9, 12,
15, and 18 MST for height, additional number of
leaves, and number of tillers. After the plants
were harvested, wet weight, dry weight, root
length, secondary metabolic, and antioxidant
levels were measured. The analysis of variance
(ANOVA) was used with a 5% confidence level.
If the variance is obtained and the results show

that each treatment in each group is significantly
different from each other, a 5% level DMRT test
will be performed.

The results of the secondary metabolic level
identification and antioxidant activity tests were
analyzed qualitatively  using  descriptive
methods. Comparing phytochemical compound
levels in each treatment based on secondary
metabolism levels. Antioxidant activity is
assessed by comparing the IC50 values in each
treatment. We used spectrophotometry methode
for all of paramater of secondary metabolic level
test.

Results and Discussion

Result

According to the results of an analysis of
variance with an ANOVA table at the 5% level,
the treatment of giving organic fertilizer in the
form of chicken and cow manure is significantly
different for height increase, number of tillers,
the number of leaves increased, root length, wet
weight of rhizomes, and dry weight of plant
rhizomes. Only root length was affected
significantly.

Plant growth

Table (1) shows that when the plant is about 6
weeks old, a cow manure dose of 60 tons/ha
produces the best results (on average about 26.16
cm), followed by chicken manure doses of 60
tons/ha, chicken 40 tons/ha, and cattle 40 tons/ha.
In comparison to the previous week, the plant's
age 9 weeks after planting showed a very rapid
increase in plant height. At 9 mst, the best dose
was 40 tons/ha of chicken manure with an
average addition of about 32.45 cm. The best
results were obtained at week 12, with a cow
manure dose of 60 tons/ha yielding an average
yield of 37.24 cm. Cow manure at 20 tons/ha and
chicken manure at 20 tons/ha did not produce
significantly different results than the control.
The best dose at week 15 after planting was 60
tons/ha of cow manure, with an average depth of
40.47 cm, and 38.38 cm of chicken manure. Cow
manure provided the highest dose, with an
average of 42.78 cm at week 18 after planting.

Number of Tillers

Table (2) shows that the highest number of tillers
were found at a dose of 60 tons/ha of chicken
manure, with an average of 1.65 at 6 weeks after
planting. At the age of 9 mst, a control with an
average tiller of about 2.55 produced results that
were not significantly different from chicken
manure 20 tons/ha. The best application this
week is 60 tons’/ha of cow manure with an
average of 4.15 tillers. At 12 mst, the effect of
manure treatment revealed that the best dose was
40 tons/ha chicken manure, with an average of
6.65. This best dose did not differ significantly
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between chickens and cows manure at 60 tons/ha
or chickens manure at 20 tons/ha. Cow and
chicken manure at a dose of 60 tons/ha at 15 mst
produced the highest yields, with cow yields of
9.50 and chicken yields of 9.00, respectively. At
18 weeks, the control did not differ significantly
from the cow manure doses of 20 and 40 tons/ha.
The highest dose was in cow manure at 60
tons/ha with an average of 14.45 tillers and
chicken manure at 60 tons/ha with an average of
13.37 tillers.

Number of Leaves

Table (3) shows that after 6 weeks of treatment
with a dose of 20 tons/ha of chicken manure, the
results were not statistically significantly
different from the control but significantly
different from those other than the control. The
best dose of cow manure, 60 tons/ha, was
produced at 9 weeks of turbidity, with an average
increase in the number of leaves of 37.95 strands.
At 12 weeks, the control showed no significant
difference from cow manure 20 and 40 tons/ha,
as well as chicken manure 20 and 40 tons/ha.
Cow manure 60 tons/ha with an average of 52.80
strands provided the best dose at 12 mst. The
highest dose was found in cow manure at a rate
of 60 tons/ha in week 15, with an average of
84.55. Cow manure 60 tons/ha with an average
of 116.65 strands in the 18th week produced the
best results with a significant difference from the
control, but chicken manure 60 tons/ha with an
average increase in the number of leaves 105.80.

Root length wet weight and Rhizome dry weight

Table (4) shows that the lowest yield in cow
manure is 20 tons/ha with an average root length
of 24.36 cm. The control yielded results that were
not statistically different from cow and chicken
manure at 20 tons/ha, as well as the highest dose.
This result indicates that applying different doses
of manure had no effect on the root length of the
bangle plant in all treatments.

The chicken manure 20 tons/ha dosage of bangle
rhizome had the lowest wet weight, with an
average weight of 392.35g. While the control
yielded results that were not significantly
different from 20 tons/ha of cow and chicken
manure as well as 40 tons/ha of chicken and
cattle, the results from 40 tons/ha of chicken and
cows also did not differ significantly from those
from 60 tons/ha of chicken manure. Ha. Cow
manure yielded the highest yield of 60 tons/ha
with an average wet weight of rhizome of
822.00g and produced statistically significant
differences for all treatments.

The lowest dry weight of bangle rhizome was
shown by cow and chicken manure at a dose of
20 tons/ha, respectively 86.00g of cow manure
and 78.25g of chicken manure. This result
showed a lower weight compared to the control,
with an average of 93.75g. The control yielded
statistically insignificantly different results than
chicken manure 20 and 40 tons/ha, cattle 20 and
40 tons/ha, and chicken 60 tons/ha, but yielded
significantly different results than the best dose.
The best dose is 60 tons/ha of cow manure with
an average dry weight of 179.75g of rhizomes,
followed by 60 tons/ha of chicken manure with
an average of 135.75g

Table 1. Effect of Cow and Chicken Manure on Rhizome Height (in cm).

Weeks after Planting (MST)

Manure Treatment

(ton/ha) 6 9 12 15 18

Control 11,38 a 18,61 a 24,68 a 20,41 a 18,82 a
Cow 20 ton/ha 17,46 b 20,26 ab 25,44 a 24,02 ab 28,51 b
Cow 40 ton/ha 20,51 ¢ 27,95 b 29,81 ab 35,57 cd 37,19¢c
Cow 60 ton/ha 26,16 31,18 b 37,24 c 40,47 d 42,78 ¢
Chicken 20 ton/ha 17,36 b 27,21b 30,16 abc 29,15 be 28,82 b
Chicken 40 ton/ha 22,84 cd 32,45b 34,83 bc 37,61 cd 36,37 ¢
Chicken 60 ton/ha 25,68 de 32,17 b 36,84 bc 38,38 d 39,22 c

Table 2. Effect of Cow and Chicken Manure on Rhizome number of tillers (in weeks)
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Manure Treatment

Weeks after Planting (MST)

(ton/ha) 6 9 12 15 18
Control 0,8a 2,55a 3,95a 5,80 a 8,60 a
Cow 20 ton/ha 0,7b 3,45b 5,20b 6,60 a 10,40 ab
Cow 40 ton/ha 1,7 ac 3,40b 5,05 ab 7,35 ab 1155b
Cow 60 ton/ha 16¢ 4,15b 6,10 bc 9,50 c 14,45d
Chicken 20 ton/ha 1,3 bc 3,35ab 5,70 bc 7,40 ab 11,05b
Chicken 40 ton/ha 15c¢ 4,00 b 6,65c¢ 8,45 bc 12,15 bc
Chicken 60 ton/ha 1,65c 3,75 b 6,05 bc 9,00 c 13,70 cd
Table 3. Effect of Cow and Chicken Manure on number of Rhizome Leaves (in weeks)
Manure Treatment Weeks after Planting (MST)
(ton/ha) 6 9 12 15 18
Control 4,70 a 19,60 a 35,80 a 52,25 a 77,55 a
Cow 20 ton/ha 555 a 25,00 ab 41,05 ab 55,65 a 83,80 a
Cow 40 ton/ha 9,65 b 28,25 abc 42,70 abc 66,00 ab 95,35 ab
Cow 60 ton/ha 10,05 b 37,95¢ 52,80 ¢ 84,55 ¢ 116,65 c
Chicken 20 ton/ha 9,20 b 26,00 ab 40,25 ab 56,85 a 81,75 a
Chicken 40 ton/ha 9,65 b 30,90 bc 43,25 abc 67,05 bc 91,35 ab
11,05 b 30,45 abc 50,75 bc 79,55 bc 105,80 bc

Chicken 60 ton/ha

Table 4. Effect of Cow and Chicken Manure on Root Length and Rhizome Weight (in 18 week)

Manure Treatment
(ton/ha)

Root Length (cm)

Rhizome wet weight (g)

Rhizome dry weight (g)

Control

Cow 20 ton/ha
Cow 40 ton/ha
Cow 60 ton/ha
Chicken 20 ton/ha
Chicken 40 ton/ha
Chicken 60 ton/ha

31,90 ab
24,36 a
35,36 b
36,50 b
33,20 ab
38,95 b
41,03 b

415,25 ab
444,75 ab
530,00 bc
822,00 d
393,25a
487,50 abc
618,75 ¢

93,75 ab
86,00 a
119,00 ab
179,75 c
78,25 a
99,75 ab
134,75 bc

Notes: Based on Duncan's multiple-distance further test (DMRT) at a 5% significance level, values in the same columns
that are followed by the same letter do not differ significantly.

Table 5. Secondary Metabolic Levels in Bangle Rhizome in Each Treatment (mg/L).
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Level (mg/L)

Condition Treatment

Phenolic Flavonoid Tanin
Control 31,64 23,08 2034,83
Cow 20 ton/ha 43,18 41,55 2991,50
Cow 40 ton/ha 77,03 64,30 3151,50
Fresh Cow 60 ton/ha 86,90 71,14 3198,17
Chicken 20 ton/ha 97,67 74,79 4086,50
Chicken 40 ton/ha 107,54 78,71 4144.,83
Chicken 60 ton/ha 178,56 104,39 3861,33
Control 124,97 38,44 1932,33
Cow 20 ton/ha 133,56 67,23 2504,00
Cow 40 ton/ha 148,44 68,76 3034,83
Dry Cow 60 ton/ha 181,38 99,43 4734,67
Chicken 20 ton/ha 175,23 120,06 4903,00
Chicken 40 ton/ha 198,69 156,10 5088,00
Chicken 60 ton/ha 202,79 181,91 5406,33

Note: The number followed by yellow denotes the best outcome in each observation variable for the flavonoid test, tannin
test, and phenolic test results.

Tabel 6. Antioxidant based on IC50 value

Fertilizer Dose ton/ha

Antioxidant (IC50) |
(mg/L) Control Cow Chicken
20 40 60 20 40 60
Fresh Rhizome 53.58 48.55 47.36 47.14 32.73 27.42 9.52
Dry Rhizome 40.91 38.30 34.78 34.46 24.41 14.05 8.06

Note: The smaller the 1C50 value, the stronger the antioxidant
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Secondary metabolic level

In accordance with the findings of the secondary
metabolism test, the rhizome of the bangle plant
contained phenolic, flavonoid, and tannin-containing
active substances, and also steroid, alkaloid, terpenoid
qualitatively. Different levels of the compounds involved
in this secondary metabolism are evident in each fertilizer
application. The results are shown in table (5). Different
concentrations were produced by the concentration of
active substances in the bangle rhizome. The
aforementioned data demonstrate that, despite using the
same amount of fertilizer, the active compound content of
the bangle rhizome is highest when the rhizome is dry
(low moisture content) as opposed to when the rhizome is
still fresh.

The amount of chicken manure that produces the highest
phenolic content in the rhizome under wet and dry
conditions, correspondingly around 178.56 mg/L and
202.79 mg/L, is 60 tons/ha. A dose of 60 tons/ha of
chicken manure also provides higher levels of active
flavonoids and tannins than other doses. When compared
to the fertilizer treatment, the control had the lowest active

compound content. When treated with cow manure,
yields are lower than when treated with chicken manure
at the same dose.

Antioxidant

Antioxidant analysis of bangle rhizomes in table (6),
using several samples based on manure dose and fresh
and dry rhizome condition. ICso value was obtained,
which describes how well the sample can capture free
radicals. The dose of 60 tons/ha of chicken manure was
found to have the lowest I1Csq value in the fresh sample,
with a value of 9.52 ppm, while the control had the
highest value, with an 1Csq value of 53.58 ppm in fresh
rhizome conditions.

The same quality was obtained when dry rhizome
conditions were used for the analysis; specifically, the
dose of 60 tons/ha of chicken manure produced the lowest
1Cs value and the largest control. The plant's antioxidants
are more potent the lower the ICsp value. Cow manure is
always treated with an ICs value higher than chicken
manure.

Discussion
Plant Height
Increasein Plant Height
45
40 control
T 35 —
2 30 — e _/ cow 20 ton/ha
—
% 25 — — cow 40 ton/ha
2 20 — cow 60 tonv'ha
515 —— chicken 20 ton/ha
Q
= 10 —— chicken 40 ton/ha
5
o = chicken 60 ton/ha
6 9 12 15 18

weeks after planting (MST)

According to the table 1, the average increase in plant
height starting at 6,9,12,15, and 18 WAP produced mixed
results that tended to fluctuate. At the age of 6 weeks, the
treatment without fertilizer (control) continued to grow
until week 12 when it reached its peak with an average
height increase of about 24.68 cm, before adding less
height the following week. In comparison to other
treatments, the results from the fertilizer-free treatment
had the lowest graph. In order for a plant to grow,
nutrients must be obtained from the soil by the roots
through their root hairs (Sudewi et al., 2022). Organic
matter affects plant growth by influencing the physical,
chemical, and biological properties of the soil ( Anwar,
2013). The more organic matter provided, the faster the
plant will grow. Compared to chicken manure, cow
manure typically produces better results. According to

(Hartatik et al., 2015) cow manure contains N (6 kg/ton),
P (1.5 kg/ton), K (3.0 kg/ton), Ca (1.2 kg/ton), Mg (1.0
kg/ton), and S (0.9 kg/ton), and these nutrients can
support the growth of Bangle plants, which have a long
harvest period. Cow manure's graph tends to rise with
each observation.

Chicken manure at all levels showed a significant increase
at 9 weeks after planting, but at 12 weeks the increase in
plant height slightly decreased in plant height. In chicken
manure at a level of 20 tons/ha, the height increase was
averaged at 30.16 cm after 12 weeks and decreased the
following week. High nitrogen elements are found in
chicken manure. Although the amount of nitrogen plants
require is always higher than that of other nutrients, a
deficiency or excess can hinder and disrupt plant growth
(Raja et al., 2021). After planting, the growth rate of the
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bangle plant accelerated between 2 and 5 months. As
plants get older, their growth rate for height starts to slow
down (Rosita et al., 2005).

According to some research, applying chicken manure
always results in the best plant response in the first
growing season. This is because chicken manure
decomposes relatively quickly and has enough nutrients
compared to other manures of the same weight (Hartatik
et al., 2015). The graph shows that chicken manure tends
to increase quickly at 6, 9, and 12 weeks of age, then
declines as plant age increases. Large-scale application of
chicken manure is thought to be less effective because the
nutrients will exhaust quickly.

The same result was also shown by chicken manure at a
dose of 40 tons/ha which decreased the addition of plant
height, the maximum height increase at this dose was at
15 weeks with an average height increase of 37.61 cm.
When compared to the other two doses of chicken
manure, the results for the 60 ton/ha level of chicken
manure were a little bit different. A graph that increases
over the course of 18 weeks can be used to demonstrate
this, but the increase in plant height is typically not too
different from the previous week. Even though cow
manure at a dose of 40 tons/ha initially produced fewer
yields than chicken manure at a dose of 40 tons/ha, at the
end of the observation at 18 weeks the increase in height
was more apparent and might even have exceeded that of
chicken manure at a dose of 40 tons/ha, which caused a
decrease in plant height.

The addition of cow manure improves the physical
properties of the soil. Improved soil physical

characteristics include things like increased permeability,
total pore space, aggregate stability, volume weight,
texture, color, temperature, and others (Sudewi et al.,
2022). A dose of 60 tons/ha of chicken and cow manure
has the tendency to produce steady, dependable results.
Cow manure doses of 60 tons/ha tend to yield less than
chicken manure doses of 40 and 60 tons/ha from the start
of planting until the plant is 9 weeks old, but the yields
increase the following week.

The plant's need for nutrients grows as it ages. If the
nutrient requirements are not met and the nutrients are not
readily available, plants may experience nutrient deficits
at specific times. According to Rosita et al. (2005),
bangle plants absorb N (0.06 - 3.07 g), P (0.01 - 0.53 g),
and K at 2 to 10 months after planting in the canopy (0.10
to 2.25 g). N is the nutrient that is most required in the
plant canopy itself. The primary nutrient for plants,
nitrogen, is typically essential for the development and
expansion of vegetative parts of plants, such as leaves,
stems, and roots (Purba et al., 2021). A sufficient supply
of plant N is indicated by high photosynthetic activity,
good vegetative growth, and dark green plant colors
(Nurhayati, 2021).

Due to the individual characteristics of each animal,
which are influenced by the type of feed and the animal's
age, each manure contains a different mix of nutrients
(Nurjanah et al., 2020). Because each treatment dose of
fertilizer has a different nutrient content, they all produce
different yields and have different recommended doses.
Due to their movement with crop yields, surface runoff,
erosion, or evaporation, nutrients in the soil will gradually
decrease over time (Lawenga et al., 2015).

Number of Tillers

Number of Tillers
16
14
12 control
1o cow 20 ton/ha
é 8 cow 40 ton‘ha
= 6 cow 60 ton/ha
4 ——— chicken 20 ton/ha
2 ——— chicken 40 ton/ha
0 - —— chicken 60 ton/ha
6 9 12 15 18

Weeks after planting (MST)

The table of the total number of tillers from each level
reveals results that increase with plant aging and are
influenced by the quantity of fertilizer applied, as shown
in the figure below. Plants without fertilizer developed
more tillers every week, but the growth was typically
modest. This slight increase resulted from the fact that

during the initial stages of planting, the products of
photosynthesis were utilized for the vegetative
development of plants.

In comparison to manure application, treatment without
fertilizer produced the lowest yield. The graph above
makes it easy to see that there was a noticeable increase
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at plants that were 18 WAP of age. A plant needs nutrients
for its physiological processes during growth and
development. Plant growth and production will be subpar
due to a lack of nutrients (Purba et al., 2021).

Functions of organic matter as a biological buffer so that
the soil can supply plants with a balanced amount of
nutrients (Hartatik et al., 2015). Loosening the topsoil,
increasing water absorption and storage, and boosting soil
fertility are all important functions of manure (Yulianto et
al., 2021). A sudden rise in the number of tillers can result
from the ease with which new shoots can emerge from
loose, moist soil.

At the start of planting, there were typically fewer and
nearly identical numbers of tillers in each treatment. The
nutrients in this fertilizer are not readily available to
plants, which is the cause of the slow plant growth at the
Number of Leaves

start of the planting period. The extent of these materials'
mineralization or decomposition has a significant impact
on the nutrients' availability. Manure's low nutrient
availability is partially caused by the presence of N, P, and
other elements in complex compounds that are
challenging to decompose (Hartatik et al., 2015).

At 6 mst, all treatments tended to be similar and the
differences between the tillers in each treatment tended to
be minimal. Although cow manure at a dose of 60 tons/ha
is the best dose with an average number of tillers of 14.45
tillers, chicken manure typically produces better results
than cow manure at the same dose. In comparison to other
manure doses, chicken manure 40 tons/ha at 12 mst
produced the best results with 6.65 tillers.

Number of Leaves

Number of Leaves

control

cow 20 ton/ha
cow 40 ton‘ha

cow 60 ton/ha

chicken 20 ton/ha
———chicken 40 ton/ha
———chicken 60 ton/ha

WeekS after planting (MST)

An increasing number of leaves are produced each week
as a result of the weekly application of cow and chicken
manure. The table 3 shows that at about 12 weeks of age,
the number of leaves increases significantly. Every week,
the increase varies depending on the treatment. The
number of leaves significantly increased with a dose of 60
tons/ha of cow manure, averaging 15-37 leaves every
three weeks. The number of similar-looking leaves tends
to increase when manure is applied in the same amount.
Both cow and chicken manure at a dose of 20 tons/ha and
chicken and cow manure at a dose of 40 tons/ha produced
nearly identical results during planting.

In addition to the nutrients that plant’s needs, manure also
contains humic, fulvic acids, growth hormones, and other
substances that promote plant growth and increase
nutrient uptake by plants (Hartatik et al., 2015). The
amount of photosynthesis is influenced by the number of
leaves present, and plants with more leaves may produce
heavier and bigger rhizomes as a result.

The number of leaves added is also affected by the
number of shoots and plant height. The number of leaves
will increase as the plant ages and grows taller, produces
more leaves on a single stem, and produces more tillers.

The nutrients required for plant growth are present in
sufficient amounts in manure. The related observation
variables will be impacted by the food's growth quality
and planting age.

In relation to the addition of the number of leaves, the
most influential element is N. In comparison to other
nutrients, nitrogen is required in sufficient amounts for
plant growth. N makes up 40-50% of the dry weight of
protoplasm, the living component of plants (Nurhayati,
2021). Since protein is the source of all plant enzymes,
nitrogen participates in all enzymatic processes in plants.
Additionally, nitrogen is one of the constituent elements
of chlorophyll, the primary component of chloroplasts,
and it contributes to improving the quality and quantity of
the dry matter produced (Dr. Vladimir, 2021).

Fertilizer use and the amount of nutrients in the soil have
a significant impact on how plants grow and develop.
Nutrient uptake is restricted by nutrients in a minimum
state (Purba et al., 2021). In terms of the addition of
leaves, the treatment of plants without fertilizer differs
significantly enough for each observation. In comparison
to other treatments, plants without fertilizer produce the
lowest yield.
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The results of the lowest root length were cow manure
dose of 20 tons/ha with an average root length of about
24.36 cm and lower than the control. With an average root
length of 41.03 cm, chicken manure had the longest roots.
When plants respond to water shortages by reducing the
rate of transpiration in order to conserve water, the roots
play a crucial role (Torey et al., 2013). Plant roots have a
significant impact on overall plant growth and
development. The failure of the root function will result
in a complete change in the plant for the top (Nurhayati,
2021).

Manure has the ability to bind water in the soil. Because
the soil around the roots in the deeper layers is still moist,
the roots will continue to grow. Maximizing exposure to
groundwater will encourage the growth of roots (Torey et
al., 2013). Plant roots directly respond to the physical
characteristics of the soil (Lawenga et al., 2015).

The table's data, which was derived from root length in
chicken manure, generally produces better results than
cow manure. The use of this fertilizer can loosen the soil,
increase aeration, and increase the soil's capacity to hold
water, all of which can improve the physical properties of
the soil (Raja et al., 2021). Additionally, organic matter
has the ability to control soil temperature, slow down
phosphorus fixation, increase soil cation exchange
capacity, and lessen the leaching of nutrients like
potassium, calcium, and magnesium (Guimaraes et al.,
2019). Another environmental factor that has been shown
to affect the nitrate absorption process is the temperature
around the roots (Dr. Vladimir, 2021).

The initial analysis of the soil revealed that the soil's pH
ranged from 3.86 to 4.86. Al elements are common in
excessively acidic soil, and they can poison plants and
bind phosphorus (P). Low pH soil can hinder plant growth
by preventing the roots from properly absorbing nutrients.
Giving chicken manure up to 5-25 tons/ha, as
demonstrated by Tufaill et al. (2014), shows that manure
can raise the pH of soil from 5.0 to 5.8-6.4. By raising

pH, Al in exchangeable form will be reduced and
nutrients will become more available to plants.

Nutrient uptake on the roots of bangle plants at 2-10
months after planting was as follows: N (0.01 - 0.52 g), P
(0.002 - 0.15 g), and K (0.02 to 0.82 g) (Rosita et al.,
2005). It was discovered that the roots of the bangle plant
had more K buildup than N and P. K is primarily used to
aid in the synthesis of proteins and carbohydrates. In the
face of drought, illness, and pests, potassium gives plants
strength (Purba et al., 2021). Organic fertilizers can help
the soil's physical and chemical composition, which will
facilitate root development. Up until the soil reaches its
critical water potential, plant roots expand into moist soil
and draw water (Solichatun et al., 2005). The looseness
of the soil can promote root development. Strong roots
will make it simpler for plants to absorb nutrients and
water

Rhizome Wet Weight

Plant biomass is a common parameter used to study plant
growth. The fresh weight of the plant describes the water
and moisture content of the plant. The plant will weigh
more when wet the more fertile it is (Supandi, 2021).
When plant nutrient requirements are met, yields will be
optimal (Purba et al., 2021). The rhizome of the bangle
plant is the part that is most advantageous for cultivation.
One could also argue that this rhizome's wet weight is a
crucial factor in determining how well bangle plant
cultivation is going. The cultivation method is better and
more productive the more weight of the wet rhizome that
can be obtained.

Rosita (2005) found that giving 250 kg/ha of urea, 250
kg/ha of SP36, 250 kg/ha of KCI, and 20 tons/ha of
manure resulted in a fresh bangle rhizome weight of
311.39 g/plant 5 months after planting. According to the
results of the application of organic fertilizers, at the age
of 18 weeks, cow manure at a dose of 60 tons/ha produced
the highest wet weight of rhizomes, averaging about 822
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grams/plant, and chicken manure at a dose of 20 tons/ha
produced the lowest wet weight of rhizomes, an average
of 393.25 g/plant. Manure increases crop yield and quality
while also enhancing the chemistry, physical
characteristics, and biological properties of the soil (Seker
etal., 2011). The graph below demonstrates that the yield
of fresh rhizomes increases with increasing manure
dosage.

Hasil It is impossible to separate the good physical
qualities of the soil from the yield of this fairly large plant.
The physical condition of the soil must support plant
growth in addition to a supply of nutrients that is adequate
and balanced ( Lawenga et al., 2015). These soil
aggregates will keep the soil in a loose condition (Anwar,
2013). Cow manure will enhance the physical
characteristics of the soil. Improved soil physical
characteristics include things like increased permeability,
total pore space, aggregate stability, volume weight,
texture, color, temperature, and others (Sudewi et al.,
2022).

Intensive tillage affects the physical properties of the soil.
Low organic matter soils will have more severe damage
to the soil's structure (Anwar, 2013). When the soil does
not receive enough water and becomes dense and hard,
soil damage is evident. Plant rhizomes won't be able to
grow or spread out in compacted or hard soil. The ability
to maintain loose soil conditions that are difficult to
harden or compact increases with the amount of organic
matter added.

Additionally, manure helps to improve soil structure,
cation exchange capacity, and water resistance. Giving
manure has the indirect effect of making it simpler to keep
water in the soil (Yuliana et al., 2015). Since water
availability plays a significant role in plant growth, water
frequently restricts the growth and development of
cultivated plants.

The plants will experience drought conditions if there is
not enough water in the soil. Due to decreased primary
metabolism, reduced leaf area, and decreased
photosynthetic activity, drought stress can lower plant
productivity (biomass). Smaller leaves grow as a result of
a lack of water during the vegetative stage, which can
reduce light absorption. Lack of water also inhibits the
synthesis of chlorophyll and some enzymes, such as nitate
reductase, from working (Solichatun et al., 2005).

Organic substances in the soil may have physiological
effects on plant growth that are direct or indirect (Syaiful
Anwar, 2013). Compared to other types of manure,
chicken manure contains a fair amount of P. This is due
to the fact that chicken manure contains feed (Sudewi et
al., 2022). Phosphorus aids in the growth of plant roots,
photosynthesis, transfer respiration, cell division, and
growth (Supandi, 2021). The number of cells increases
more quickly when they divide quickly, which causes the
rhizome to grow larger.

Rhizome

Weight (g)
g

control cow 40

ton/ha

cow 20
ton/ha

0 I- I- I. I. I- I- I-

chicken 20
ton/ha

chicken 40
ton/ha

chicken 60
ton/ha

cow 60
ton/ha

Dose Manure (ton/ha)

m wet Rhizome (g)

Rhizome Dry Weight

The relationship between plant growth and the quantity
and concentration of mineral nutrients in plant tissues is
known as dry weight (Purba et al., 2021). Dry weight
reflects plant nutritional status because it is affected by
the rate of photosynthesis and respiration in each
treatment. Based on the collected data, it was determined
that applying chicken and cow manure at a dose of 20
tons/ha resulted in lower dry weight yields than the
control. Additionally, the results from the 40 tons/ha

m dry Rhizome (g)

manure dose were not significantly different from the
control. Additionally, the results from the 40 tons/ha
manure dose were not significantly different from the
control. Many nutrients, such as N, P, and K, build up in
the canopy when the bangle plant is between 2 and 7 BST,
according to Rosita et al (2005). This is the active
vegetative formation stage.

Cow manure at a dose of 60 tons/ha demonstrated
different results and produced significantly better
outcomes than other doses and types of manure. The
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amount and timing of fertilizer applied can have an
impact on crop yields, among other things. Organic matter
plays a crucial role in soil health because it can create
stable soil aggregates, increase soil fertility, and serve as
a source of energy for organisms (Nurjanah et al., 2020).

Based on earlier studies on dry matter production and
nutrient content in Bangle plant tissue, the N, P, and K
amounts of nutrient uptake in dry rhizomes of Bangle
plants aged 2 to 10 months were N (0.01 to 4.89 g), P
(0.002 to 1, 04 g), and K (0.01 to 2.34 g), respectively
(Rosita et al., 2005). It is clear that as plants get older,
they are able to absorb an increasing amount of N, P, and
K nutrients. As can be seen, N is the nutrient that has
accumulated in the rhizome in the greatest amounts.

The application of manure enhances the chemical,
physical, and biological properties of the soil increase
crop yield, and improves crop quality (Yolcu, Turan, et
al., 2011). High organic matter soils have beneficial
microorganisms that encourage the breakdown of organic
matter and release inorganic nutrients that are then
available for plant uptake (Seker, et al., 2011). Organic
fertilizers can help to create ideal conditions in the soil for
microorganisms that are beneficial to plants.

Chicken manure is an organic fertilizer with high nitrogen
content, despite not being the best dose for bangle
rhizome weight yield. As they ensure the best nutrient
management for plants, such fertilizers should be used
promptly to partially replace chemical fertilizers
(Guimardes et al., 2019).

Secondary metabolic levels (phenolic compounds, flavonoids and tannins)
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The results of laboratory analysis found that the positive
bangle rhizome contains compounds in the form of
phenolics, tannins and flavonoids. These findings are
consistent with Amalia et al (2021), which found that the
Bangle plant contains secondary metabolism in the form
of alkaloids, phenolic compounds, flavonoids, saponins,

100.00
. |
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Dry Rhizome

= flavonoid

and triterpenoids. These compounds respond differently
to the concentration of organic fertilizer applied with cow
and chicken manure. The graph above shows the
outcomes of these phytochemicals.
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According to the graph above, the amount of tannin
compounds will increase as manure dosage rises. As can
be seen, just like with chicken manure, cow manure with
three doses of 20, 40, and 60 tons always increased the
tannin concentration in the rhizome as the dose increased.
When compared to cow manure, applying chicken
manure produces significantly better results. It is evident
that using 20 tons/ha (P4) of chicken manure instead of
60 tons/ha (P4) of cow manure resulted in a higher
concentration (P3).

Dry rhizomes produced a higher concentration of tannins
than fresh rhizomes, which produced different results
regarding tannin concentration. The concentration of
tannins in fresh rhizomes increased non-significantly with
the addition of a dose of cow manure, whereas the
concentration of tannin compounds in fresh rhizomes
decreased with an increase in the dose of cow manure. In
comparison to the use of manure in fresh and dry
rhizomes, the control provided the lowest tannin
concentration.

Tannins are chemical substances that have an astringent
and bitter flavor. These substances act as controlling
substances in plant metabolism as well as important
defenses against herbivores and pests that prey on plants
(Julianto, 2019). Tannins are metabolically active
substances with multiple uses, including as astringents,
antibacterial agents for treating diarrhea, and
antioxidants. Leather tanning is another industrial
application for tannins (Amelia, 2015). Tanad acid is the
type of tannin substance present in bangle plants.
Diarrhea can be effectively treated with tannic acid.
Additionally, tannic acid exhibits antimicrobial,
antienzymatic, antioxidant, and antimutagenic properties
(Hidjrawan Yusi, 2018)

In addition to increasing the fertilizer dose, applying
organic fertilizer in the form of cow and chicken manure
resulted in an increase in phenolic compounds and
flavonoids. When compared to when the rhizome was
fresh, the dry rhizome had a higher concentration of
phenolic and flavonoid compounds. The content of active
compounds in the simplicia is impacted by the drying
process. Antioxidant activity is influenced by the total
phenolic and flavonoid content (Amelia, 2015). Given
that fresh samples are more prone to damage and
experience a quicker loss in quality than dry samples, it is
advised to use dry samples instead of fresh samples
(Julianto, 2019).

The highest phenolic and flavonoid concentrations were
found in both fresh and dry rhizomes when chicken

manure was applied at a dose of 60 tons/ha. The highest
dose of cow manure, 60 tons/ha, resulted in phenolic
compound concentrations of 86.90 mg/L in fresh rhizome
and 181.38 mg/L in dry rhizome, while flavonoids were
71.14 mg/L in fresh rhizome and 99.43 mg/L in dry
rhizome. Compared to chicken manure at the same dose,
this result is smaller. A dose of 60 tons/ha of chicken
manure resulted in phenolic compound concentrations in
fresh rhizome of 178.56 mg/L and dry rhizome of 202.79
mg/L, while fresh rhizome flavonoids were 104.39 mg/L
and dry rhizome flavonoids were 181.91 mg/L. In
comparison to treatments with organic fertilizers,
treatments without fertilizer produced lower phenolic and
flavonoid concentrations.

In plants, flavonoids serve as pigments for the flowers,
fruits, and roots, as well as occasionally as growth
regulators and disease resistance (Julianto, 2019).
Catechins are one class of flavonoid compounds present
in bangle rhizomes (catechins). Catechins have
antioxidant properties, and because they can stop the
growth of viruses, bacteria, tumors, and fungi, they can
also get rid of rotten and rancid odors (Aprilliza AM et
al.,, 2021). Phenolic compounds are compounds that
plants make in response to environmental stress. Phenolic
compounds protect DNA from dimerization and damage
by blocking UV-B rays and cell death (Hanin & Pratiwi,
2017). Gallic acid is the type of phenolic compound found
in bangle rhizome. Gallic acid serves as an antibacterial,
antiviral, analgesic, and antioxidant in medicine (Junaidi
& Anwar, 2018).

The application of chicken manure resulted in a higher
concentration of secondary metabolism because it had a
relatively higher P nutrient content than other manures
(Simanungkali et al., 2006). Phosphorus can be found in
DNA, RNA, and the parts of nucleotides that provide
metabolic energy (like ATP). The process of
photosynthesis depends heavily on phosphorus. Stunted
growth is one of phosphorus deficiency's signs (Khairuna,
2019). The amount of P,Os in cow manure is 0.2%,
compared to 1.3% in chicken manure (Simanungkali et
al., 2006). The concentration of secondary metabolism in
the form of tannins, phenolic compounds, and flavonoids
is influenced by the difference in the P nutrient content
between these 2 types of manure. Environmental factors
affect the levels of flavonoids and other phenolic
compounds in plants, which vary among parts, tissues,
and ages of plants. These include air temperature, nutrient
availability, water availability, and atmospheric CO2
concentrations (Amelia, 2015).

Antioxsidants
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the fertilizer
dose increases. A concentration known as ICsp is capable of reducing 50% of DPPH free radicals. The greater the
antioxidant activity, the lower the 1Cs value (Widyasanti et al., 2016). Antioxidants are compounds that can
absorb or neutralize free radicals, thereby preventing certain diseases caused by free radicals (Parwata, 2016).

The treatment of cow manure, as shown in the graph, results in lower yields than chicken manure. The antioxidant
activity of the dried rhizome samples was higher than that of the fresh rhizomes. The highest antioxidant activity
was produced by cow manure at a dose of 60 tons/ha, with an 1Cso value of 9.52 ppm for fresh rhizome and 8.6
ppm for dry rhizome. At a dose of 20 tons/ha in both fresh and dry rhizome conditions, cow manure had a lower
1Cso value than chicken manure. For fresh rhizomes, the treatment without fertilizer produced an 1Cso value of
around 53.58 ppm, and for dry rhizomes, it was around 40.91 ppm.

Widyasari et. al (2016) claim that the antioxidant activity in bangle rhizome is incredibly powerful. Wartano et.
al (2016) classified antioxidants into five groups based on their 1Csq values: 50 very strong, 50-100 strong, 101-
250 moderate, 251-500 weak, and >501 inactive (Wartono et al., 2021). Except for the treatment without fertilizer
in wet rhizome conditions, the 1Cs value in bangle rhizome in all treatments gave a value of 50 and included a
very potent antioxidant. The high secondary metabolic compounds found in the bangle rhizome are inextricably
linked to the high antioxidant activity. Secondary plant metabolites like flavonoids and phenolics play a part in
antioxidant activity. More phenolic compounds will have a higher level of antioxidant activity (Amelia, 2015).

Conclusion

A cow manure dose of 60 tons/ha is the best dose for plant growth, with an average height increase of
42.78 cm, an increase in the number of leaves of 116.65 pieces, and an increase in the number of tillers of 14.45.
A dose of 60 tons/ha of chicken manure produced the best root length of 41.03 cm.

The weight of the rhizomes revealed that the application of cow manure at a dose of 60 tons/ha resulted in
the highest yields of dry weight and wet weight, which were about 179.75 g and 822 g, respectively.

A chicken manure dose of 60 tons/ha results in the highest secondary metabolic rate in each parameter,
including dry rhizome (phenolic 202.79mg/L, flavonoid 181.91mg/L, and tannin 5406.33mg/L) and wet rhizome
(phenolic 178.56mg/L, flavonoid 104.39mg/L), while a chicken manure dose of 40 tons/ha results in the highest
tannin Giving chicken manure at a dose of 60 tons/ha produced very strong antioxidant results at 9.52 ppm wet
rhizome and 8.06 ppm dry rhizome, according to the antioxidant results.
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1. This manuscript only deals with the agronomic aspects of Zingiber montanum, not soil
management (the effect of adding organic fertilizer on soil properties) -> is the soil used in this
study considered degraded soil? What is the soil type used in this study?.

2. For this manuscript to fit within the scope of this journal (the management of degraded land/soil
and management of mining land/soil), the authors have to make adjustments by adding data on
the soil properties affected by the application of cow and chicken manures, which in turn
affects plant growth and yield. The effects of organic fertilizers on soil properties should be
discussed accordingly,

3. The rationale behind this study is unclear. What was the problem to be solved? Zingiber
montanum production (agronomic aspects) or soil management aspects?

4. Methods are trivial (not presented in detail)

Please be careful in using tenses; when describing Methods and Results, you should use the past
tense. The present tense is appropriate for accepted facts, such as the background information
presented in the Introduction. In addition, you may use the present tense when you discuss your
results and conclusions

Recommendation: revisions and adjustments are required; a substantial amount of work is necessary
to raise this manuscript to a standard research article

The impact of organic fertilizer on the growth, rhizome yield, and
secondary metabolite levels of Zingiber montanum grown on degraded soils
- soil types? (Ultisols? Inceptisols?)
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Abstract

Indonesia is a major producer of spices in the world. Bangle (the local name of Zingiber montanum) is one of the
traditional medicines that some people have heard has beneficial effects on the body. Although the bangle has a
lot to offer in terms of content and advantages, there is still a huge gap in market demand, which is caused by the
cultivation method's shortcomings. One way to boost the bangle plant's productivity is to provide manure. The
goal of this study was to establish the ideal manure dosage for bangle plant growth, rhizome yield, and secondary
metabolic antioxidant content. The study employed a Randomized Block Design (RAK), with one treatment
consisting of organic fertilizer in the form of cow manure and chicken manure, and the levels were divided into
seven, namely PO (control), P1 (cow manure 20 t/ha), P2 (cow manure 40 tons/ha), P3 (cow manure 60 tons/ha),
P4 (chicken manure 20 t/ha), P5 (40 t/ha of chicken manure), and P6 (60 t/ha of chicken manure), and then
repeated four times. Results of this study indicated that a cow manure dose of 60 t/ha is the best dose for plant
growth, as measured by an average height increase of 42.78 cm, an increase in the number of leaves (116.65
pieces), and an increase in the number of tillers (14.45 pieces) at 18 weeks after planting. A dose of 60 t/ha of
chicken manure produced the best root length of 41.03 cm. The highest dry and wet weight yields, of about 179.75
g and 822 g, respectively, came from the rhizome weight of cow manure at a dose of 60 t/ha. The highest secondary

Open Access


mailto:nurulpuspita2908@gmail.com
mailto:nurulpuspita2908@gmail.com

metabolic levels in each parameter were found in dry rhizomes (phenolic 202.79 mg/L, flavonoid 181.91 mg/L,
and tannin 5406.33 mg/L), and wet rhizomes (phenolic 178.56 mg/L, flavonoid 104.39 mg/L) with the highest
tannin compound at around 4144.83mg/L in chicken manure dose of 40 t/ha. According to the antioxidant results,
providing chicken manure at a dose of 60 t/ha resulted in very strong antioxidant results in each of the wet and
dry rhizomes, which were respectively 9.52 ppm and 8.06 ppm.

Keywords: organic fertilizer, bangle, secondary metabolism

Introduction = in this section, the existing problems of the soils used for growing Zingiber must
be described

One of the biggest producers of spices worldwide is Indonesia. Bangle (the local name of Zingiber montanum) is
a traditional medicine that some people believe has beneficial properties for the body. Bangle (Zingiber
montanum), a Zingiberaceae family member, has long been used in traditional medicine (Noviyanto et al., 2020).
Bangle rhizome is aromatic, which distinguishes it from other Zingiberaceae family members. Bangle, in its
physical form, is similar to other spices in the Zingiberaceae family (Fernandarisky et al., 2020). The bangle is
rich in saponins, flavonoids, phenolic compounds, essential oils, tannins, steroids, triterpenoids, antioxidants,
vitamin C, vitamin E, and carotene. According to Noviyanto et al. (2020), Bangle rhizome extract has
pharmacological activity as an antibacterial, laxative, pancreatic lipase inhibitor, and protects cells from oxidative
stress caused by H,0O5.

Due to insufficient fertilization, pest control, soil management, and other cultivation techniques, bangle rhizome
production frequently experiences a significant gap between the maximum and minimum yields or is said to
frequently experience erratic fluctuations in yields. There are not enough references for growing this plant. Bangle
cultivation can yield fresh rhizomes weighing 10-20 tons per acre (Evizal, 2013). One very important cultivation
technique is fertilization.

Other than its primary function as a stem, the rhizome may serve other purposes, the most common of which is to
serve as a storage site for certain metabolism (metabolic) products. Metabolic products can be used as drugs in
some cases, but their content is sometimes uncertain and tends to be lower. Temperature, nutrition, water
availability, and CO; levels in the atmosphere are all factors that can influence secondary metabolic levels
(Amelia, 2015). The availability of complete and balanced nutrients that can be absorbed by plants is a factor that
influences plant growth and production (Dewanto et al., 2017)

Giving the bangle plant organic fertilizer is one way to boost its own productivity. Organic fertilizers can be in
the form of solid or liquid fertilizers made from dead plants, animal dung, animal parts, or other organic wastes
that have undergone an engineering process. They can also be enriched with microorganisms or minerals
(Permentan, 2011). Manure is one of the most commonly used organic fertilizers. Manure is processed livestock
manure that is applied to agricultural land in order to improve soil fertility and structure. The nutrients in manure
vary depending on the source.

According to Hartatik (2015), cow manure contains N (6 kg/t), P (1.5 kg/t), K (3 kg/t), Ca (1.2 kg/t), Mg (1 kg/t),
and S (0.9 kg/t). Chicken manure itself contains N (15 kg/t), P (7 kg/t), K (8.9 kg/t), Ca (3 kg/t), Mg (8.8 kg/t) and
S (0.3 kg/t). Animal manure contains a lot of nitrogen as well as metallic minerals like magnesium, potassium,
and calcium. The primary benefit of manure is that it preserves the physical structure of the soil, allowing roots
to grow properly, as well as supporting the biological and chemical properties of the soil (Melsasail et al., 2019).
Therefore, the purpose of fertilization is to replenish lost nutrients and increase the amount of nutrients available
to plants, thereby increasing plant quality and quantity.

Matarials and Methods
Place and Time

The study was conducted from September 2021 to March 2022, lasting about 5 months. The research location was
in the experimental field of Mulawarman University Teluk Dalam, L2, Tenggarong Sebrang, East Kalimantan.
The second place is in the Laboratory of Post-Harvest and Packaging of Agricultural Products, Faculty of
Agriculture, Mulawarman University.

Research Design

The study was designed using a randomized block design with one treatment factor using organic fertilizer in the
form of cow and chicken manure. The levels were then divided into 7 groups, with PO, P1, P2, P3, P4, P5, and P6
each receiving a different dose of each type of manure. Each treatment was repeated four times.

The following dosages were used:

Po : Control (without fertilizer)
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P1:20 t cow manure /ha

P2: 40t cow manure /ha

P3: 60 t cow manure /ha

P4: 20 t chicken manure /ha

Ps: 40 t chicken manure /ha

Ps: 60 t chicken manure /ha

The plot had a length of 6 m and a width of 1 m. Planting one seed per planting hole results in a spacing of
approximately 50 x 100 cm. To prevent waterlogging and seedling rot, seedlings are planted in ditches with good
drainage. In order to facilitate landfilling later, planting is done in the trench. - characteristics of materials
used for this study (soil, cow manure and chicken manure) have to be presented in this Materials and
Methods section, as their characteristics are very important to support the discussion

Data Analysis

Plant height, number of leaves, and number of tillers were measured at 3, 6, 9, 12, 15, and 18 WAP (weeks after
planting). After the plants were harvested, fresh weight, dry weight, root length, secondary metabolic, and
antioxidant levels were measured. The data obtained were subjected to the analysis of variance (ANOVA) with a
5% confidence level, followed by a 5% level DMRT (Duncan Multiple Range Test) to detect significant
differences among treatments .. The results of the secondary metabolic level identification and antioxidant activity
tests were analyzed qualitatively using the descriptive method. Comparing phytochemical compound levels in
each treatment was based on secondary metabolism levels. Antioxidant activity was assessed by comparing the
IC50 values in each treatment. A spectrophotometry method was used for all of the parameters of the secondary
metabolic level test.

Results

The results of an analysis of variance (ANOVA) at a 5% level showed that the treatments of giving organic
fertilizers in the form of chicken and cow manure gave significant differences in plant height, number of tillers,
number of leaves, root length, fresh weight of rhizomes, and dry weight of rhizomes. Only root length that was
not affected significantly by the treatments.

Plant growth

Table 1 shows that when the plant was about 6 weeks old, the application of cow manure at a dose of 60 t/ha
produced the best plant growth (26.16 cm), followed by chicken manure at a dose of 60 t/ha, chicken manure of
40 ts/ha, and cow manure of 40 t/ha. In comparison to the previous week, the plant's age 9 weeks after planting
showed a very rapid increase in plant height. At 9 weeks after planting , the best dose was 40 t/ha of chicken
manure with an average plant height addition of about 32.45 cm. The best results were obtained at week 12, with
a cow manure at a dose of 60 ts/ha that yielded an average plant height of 37.24 cm. The application of cow
manure at a dose of 20 t/ha and chicken manure at a dose of 20 t/ha did not produce significantly different plant
height from the control. The best dose at 15 weeks after planting was 60 t cow manure /ha , with an average plan
height of 40.47 cm, and 38.38 cm of chicken manure. The highest dose of cow manure yielded an average plant
height of 42.78 cm at 18 weeks after planting.

Number of Tillers

Table 2 shows that the highest number of tillers was found at a dose of 60 t/ha of chicken manure, with an average
of 1.65 tillers at 6 weeks after planting. At the age of 9 weeks after planting , a control with an average of about
2.55 tillers produced number of tillers that were not significantly different from chicken manure 20 t/ha. The best
application was 60 t/ha of cow manure with an average of 4.15 tillers. At 12 weeks after planting , the effect of
manure treatment revealed that the best dose was 40 t/ha chicken manure, with an average of 6.65 tillers. This
best dose did not differ significantly between chickens and cows manure at 60 t/ha or chickens manure at 20 t/ha.
Cow and chicken manure at a dose of 60 t/ha at 15 weeks after planting produced the highest yields, with cow
manure yielded 9.50 tillers and chicken yielded 9.00 tillers, respectively. At 18 weeks, the control did not differ
significantly from the cow manure doses of 20 and 40 t/ha. The highest number of tillers was observed for the
treatment of cow manure at 60 t/ha with an average of 14.45 tillers and chicken manure at 60 t/ha with an average
of 13.37 tillers.

Number of Leaves

Table 3 shows that after 6 weeks of treatment with a dose of 20 t chicken manure /ha , the number of leaves were
not statistically significantly different from the control but significantly different from other treatments. The best
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dose of 60 t/ha cow manure, was produced at around 9 weeks, with an average increase in the number of leaves
of 37.95 leaves. At 12 weeks, the control showed no significant difference from cow manure of 20 and 40 t/ha,
as well as chicken manure of 20 and 40 t/ha. Cow manure of 60 t/ha with an average of 52.80 leaves provided
the best dose at 12 weeks after planting . The highest dose was found in cow manure at a rate of 60 t/ha in week
15, with an average of 84.55 leaves. The application of 60 t/ha cow manure produced the largest number of leaves
of 116.65 leaves in the 18th week, that significantly difference from the control. However, the application of 60
t/ha chicken manure increased the number of leaves by 105.80 leaves.

Rhizome root length, wet weight and dry weight

Table 4 shows that the lowest root length of 24.36 cm was obtained by the application of 20 t/ha cow manure .
The control yielded root length that was not statistically different from that yielded by the application of 20 t/ha
cow and chicken manure as well as the highest dose. This result indicates that applying different doses of manure
had no effect on the root length of the bangle plant.

The chicken manure dosage of 20 t/ha yielded the lowest bangle rhizome fresh weight of 392.35 g. While the
control yielded fresh weightthat was not significantly different from 20 t/ha and 40 t/hacow and chicken manure.
The fresh weight of the bangle rhizome due to the application of 40 t/ha chicken and cow manure also did not
differ significantly from those from 60 t/ha chicken manure. The treatment of 60 t/ha cow manure yielded the
highest rhizome fresh weight of 822.00 g that was significantly for all treatments.

The lowest dry weight of bangle rhizome was shown by the cow and chicken manure treatment at a dose of 20
t/ha, respectively 86.00 g for cow manure treatment and 78.25 g for chicken manure treatment. These values were
lower than that of the control, with an average of 93.75 g. The control yielded statistically insignificantly different
rhizome dry weight with chicken manure at 20 and 40 t/ha, cow manure at 20 and 40 ts/ha, and chicken manure
at 60 t/ha, but yielded significantly different rhizome dry weight r with the best dose of 60 t/ha cow manure with
an average rhizome dry weight of 179.75 g, followed by 60 t chicken manure /ha with an average rhizome dry
weight of 135.75 g

Table 1. Effect of Cow and Chicken Manure on Rhizome Height (in cm) = Tables have to be presented in
Word format (generated from Excel format), not in JPEG format, as JPEG format cannot be edited.

Weeks after Planting (MST)

Manure Treatment

(ton/ha) 6 9 12 15 18

Control 11,38 a 18,61 a 24,68 a 20,41 a 18,82 a
Cow 20 ton/ha 17,46 b 20,26 ab 25,44 a 24,02 ab 28,51 b
Cow 40 ton/ha 2051 ¢ 27,95 b 29,81 ab 35,57 cd 37,19¢
Cow 60 ton/ha 26,16 e 31,18 b 37,24 c 40,47 d 42,78 c
Chicken 20 ton/ha 17,36 b 27,21b 30,16 abc 29,15 be 28,82 b
Chicken 40 ton/ha 22,84 cd 32,45b 34,83 bc 37,61 cd 36,37 ¢
Chicken 60 ton/ha 25,68 de 32,17 b 36,84 bc 38,38 d 39,22 c

ton/ha is abbreviated to t/ha

Table 2. Effect of Cow and Chicken Manure on Rhizome number of tillers (in weeks) - Tables have to be
presented in Word format (generated from Excel format), not in JPEG format, as JPEG format cannot be edited.

Weeks after Planting (MST)

Manure Treatment

(ton/ha) 6 9 12 15 18
Control 0.8a 2,55a 3,95a 5,80 a 8,60 a
Cow 20 ton/ha 0,7b 3,45b 520b 6,60 a 10,40 ab
Cow 40 ton/ha 1,7 ac 3,40 b 5,05 ab 7,35 ab 11,55 b
Cow 60 ton/ha 16¢c 4,15b 6,10 bc 9,50 ¢ 14,45d
Chicken 20 ton/ha 1,3 bc 3,35ab 5,70 bc 7,40 ab 11,05b
Chicken 40 ton/ha 15c 400b 6,65¢C 8,45 bc 12,15 bc
Chicken 60 ton/ha 1,65c 3,75 b 6,05 bc 9,00 ¢ 13,70 cd

Table 3. Effect of Cow and Chicken Manure on number of Rhizome Leaves (in weeks) > Tables have to be
presented in Word format (generated from Excel format), not in JPEG format, as JPEG format cannot be edited.
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Manure Treatment

Weeks after Planting (MST)

(ton/ha) 6 9 12 15 18
Control 4,70 a 19,60 a 35,80 a 52,25a 77,55 a
Cow 20 ton/ha 555 a 25,00 ab 41,05 ab 55,65 a 83,80 a
Cow 40 ton/ha 9,65 b 28,25 abc 42,70 abc 66,00 ab 95,35 ab
Cow 60 ton/ha 10,05 b 37,95¢ 52,80 ¢ 84,55 ¢ 116,65 ¢
Chicken 20 ton/ha 920 b 26,00 ab 40,25 ab 56,85 a 81,75 a
Chicken 40 ton/ha 9,65 b 30,90 bc 43,25 abc 67,05 bc 91,35 ab
11,05 b 30,45 abc 50,75 bc 79,55 bc 105,80 bc

Chicken 60 ton/ha

Table 4. Effect of Cow and Chicken Manure on Root Length and Rhizome Weight (in 18 week) > Tables have
to be presented in Word format (generated from Excel format), not in JPEG format, as JPEG format cannot be

edited.

Manure Treatment
(ton/ha)

Root Length (cm)

Rhizome wet weight (g)

Rhizome dry weight (g)

Control

Cow 20 ton/ha
Cow 40 ton/ha
Cow 60 ton/ha
Chicken 20 ton/ha
Chicken 40 ton/ha
Chicken 60 ton/ha

31,90 ab
24,36 a
35,36 b
36,50 b
33,20 ab
38,95 b
41,03 b

415,25 ab
444,75 ab
530,00 bc
822,00d
393,25 a
487,50 abc
618,75 ¢

93,75 ab
86,00 a
119,00 ab
179,75 ¢
78,25 a
99,75 ab
134,75 be

Notes: Based on Duncan Multiple Range Tast (DMRT) at a 5% significance level, values in the same columns
that are followed by the same letter do not differ significantly.

Table 5. Secondary Metabolic Levels in Bangle Rhizome in Each Treatment (mg/L). > Tables have to be
presented in Word format (generated from Excel format), not in JPEG format, as JPEG format cannot be edited.

Level (mg/L)

Condition Treatment Phenolic Flavonoid Tanin
Control 31,64 23,08 2034,83
Cow 20 ton/ha 43,18 41,55 2991,50
Cow 40 ton/ha 77,03 64,30 3151,50

Fresh Cow 60 ton/ha 86,90 71,14 3198,17
Chicken 20 ton/ha 97,67 74,79 4086,50
Chicken 40 ton/ha 107,54 78,71 4144,83
Chicken 60 ton/ha 178,56 104,39 3861,33
Control 124,97 38,44 1932,33
Cow 20 ton/ha 133,56 67,23 2504,00
Cow 40 ton/ha 148,44 68,76 3034,83

Dry Cow 60 ton/ha 181,38 99,43 4734,67
Chicken 20 ton/ha 175,23 120,06 4903,00
Chicken 40 ton/ha 198,69 156,10 5088,00
Chicken 60 ton/ha 202,79 181,91 5406,33

Note: The number followed by yellow denotes the best outcome in each observation variable for the flavonoid,
tannin, and phenolic contents.
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Tabel 6. Antioxidant based on IC50 value-> Tables have to be presented in Word format (generated from Excel
format), not in JPEG format, as JPEG format cannot be edited.

Fertilizer Dose ton/ha

Antioxidant (1C50)

(mg/L) Control Cow Chicken
20 40 60 20 40 60
Fresh Rhizome 53.58 48.55 47.36 47.14 32.73 27.42 9.52
Dry Rhizome 40.91 38.30 34.78 34.46 24.41 14.05 8.06

Note: The smaller the IC50 value, the stronger the antioxidant

Secondary metabolic level

In accordance with the findings of the secondary metabolism test, the rhizome of the bangle plant contained
phenolic, flavonoid, and tannin-containing active substances, and also steroids, alkaloids, and terpenoids
qualitatively. Different levels of the compounds involved in this secondary metabolism are evident in each organic
fertilizer application (Table 5). Different concentrations were produced by the concentration of active substances
in the bangle rhizome. The data mentioned above demonstrated that, despite using the same amount of fertilizer,
the active compound content of the bangle rhizome was highest when the rhizome was dry (low moisture content)
as opposed to when the rhizome was still fresh. The amount of chicken manure that produced the highest phenolic
content in the rhizome under fresh and dry conditions, correspondingly around 178.56 mg/L and 202.79 mg/L,
was 60 t/ha. A dose of 60 t/ha of chicken manure also yielded higher levels of active flavonoids and tannins than
other doses. When compared to the fertilizer treatment, the control had the lowest active compound content. When
treated with cow manure, yields were lower than when treated with chicken manure at the same dose.

Antioxidant

Results of antioxidant analysis of bangle rhizomes using several samples based on manure dose and fresh and dry
rhizome condition are shown Table 6. ICsq value obtained described how well the sample captured free radicals.
The dose of 60 t chicken manure s/ha was found to have the lowest I1Csq value of 9.52 ppm in the fresh sample, ,
while the control had the highest I1Cso value of 53.58 ppm in fresh rhizome conditions. The same quality was
obtained when dry rhizome conditions were used for the analysis; specifically, the dose of 60 t chicken manure
/ha chicken manure produced the lowest ICso value and the largest was in the control. The plant's antioxidants are
more potent the lower the ICsq value. Cow manure is always treated with an 1Cso value higher than chicken manure.]

Discussion
Plant Height

According to the Table 1, the average increase in plant height starting at 6,9,12,15, and 18 WAP tended to
fluctuate. At the age of 6 weeks, the treatment without fertilizer (control) continued to grow until week 12 when
it reached its peak with an average height increase of about 24.68 cm, before the delining height at the following
weeks.. In order for a plant to grow, nutrients must be obtained from the soil by the roots through their root hairs
(Sudewi et al., 2022). Organic matter affects plant growth by influencing the physical, chemical, and biological
properties of the soil ( Anwar, 2013). The more organic matter is provided, the faster the plant will grow.
Compared to chicken manure, cow manure typically produces better plant growth . According to ((Hartatik et al.
(2015), cow manure contain N (6 kg/t), P (1.5 kg/t), K (3.0 kg/t), Ca (1.2 kg/t), Mg (1.0 kg/t), and S (0.9 kg/t),
and these nutrients can support the growth of Bangle plants, which have a long harvest period.
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Increasein Plant Height
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weeks after planting (MST)

The application of chicken manure at all levels significantly increased plant height at 9 weeks after planting, but
at 12 weeks, the plant height slightly decreased. In the 20 t/ha chichen manure treatment, the plant height was in
average of 30.16 cm at 12 weeks after planting and decreased in the following weeks. High nitrogen elements
are found in chicken manure - how many %°?. Although the amount of nitrogen required by plants is always
higher than other nutrients, a deficiency or excess of nitrogen can hinder and disrupt plant growth (Raja et al.,
2021). After planting, the growth rate of the bangle plant accelerated between 2 and 5 months. As plants get older,
their growth rate for height starts to slow down (Rosita et al., 2005).

According to Hartatik et al. (2015), applying chicken manure always results in the best plant response in the first
growing season. This is because chicken manure decomposes relatively quickly and has enough nutrients
compared to other manures of the same weight. Table 1 shows that the application of chicken manure tended to
increase plant height rapidly at 6, 9, and 12 weeks of age, then declined as plant age increased. Large-scale
application of chicken manure is thought to be less effective because the nutrients will exhaust quickly.

The same result was also shown by the application of chicken manure at a dose of 40 t/ha which decreased the
plant height, the maximum height increase at this dose was at 15 weeks with an average height increase of 37.61
cm. When compared to the other two doses of chicken manure, the plant height for the 60 t/ha chicken manure
was different. The plant height increase over 18 weeks demonstrates this, but the increase in plant height was
typically not too different from the previous weeks. Even though the application of cow manure at a dose of 40
t/ha initially produced less yields than that produced by the application of chicken manure at a dose of 40 t/ha, at
the end of the observation at 18 weeks the increase in height was more apparent and might even have exceeded
that of the chicken manure at a dose of 40 t/ha, which caused a decrease in plant height.

The addition of cow manure improves soil permeability, total pore space, aggregate stability, bulk density, texture,
color, and temperature (Sudewi et al., 2022). A dose of 60 t/ha of chicken and cow manure had the tendency to
produce steady, dependable results. The application of cow manure at a dose of 60 t/ha tended to yield less than
chicken manure at doses of 40 and 60 t/ha from the start of planting until the plant was 9 weeks old, but the yields
increased in the following weeks.

The plant's need for nutrients grows as it ages. If the nutrient requirements are not met and the nutrients are not
readily available, plants may experience nutrient deficits at specific times. According to Rosita et al. (2005),
bangle plants absorb N (0.06 - 3.07 g), P (0.01 - 0.53 g), and K (0.10 to 2.25 g) at 2 to 10 months after planting in
the canopy. N is the nutrient that is most required in the plant canopy itself. The primary nutrient for plants,
nitrogen, is typically essential for the development and expansion of vegetative parts of plants, such as leaves,
stems, and roots (Purba et al., 2021). A sufficient supply of plant N is indicated by high photosynthetic activity,
good vegetative growth, and dark green plant colors (Nurhayati, 2021).

Due to the individual characteristics of each animal, which are influenced by the type of feed and the animal's
age, each manure contains a different mix of nutrients (Nurjanah et al., 2020). Because each treatment dose of
fertilizer has a different nutrient content, they all produce different yields and have different recommended doses.
Due to their movement with crop yields, surface runoff, erosion, or evaporation, nutrients in the soil will gradually
decrease over time (Lawenga et al., 2015).

Number of Tillers

The table of the total number of tillers from each level reveals results that increase with plant aging and are
influenced by the quantity of fertilizer applied, as shown in Table 2 . Plants without fertilizer developed more
tillers every week, but the growth was typically modest. This slight increase resulted from the fact that during the
initial stages of planting, the products of photosynthesis were utilized for the vegetative development of plants.
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In comparison to manure application, treatment without fertilizer produced the lowest yield. Data presented in
Table 2 show that there was a noticeable increase in the number of tillers at 18 WAP of age. A plant needs
nutrients for its physiological processes during growth and development. Plant growth and production will be
subpar due to a lack of nutrients (Purba et al., 2021).

Functions of organic matter as a biological buffer so that the soil can supply plants with a balanced amount of
nutrients (Hartatik et al., 2015). Loosening the topsoil, increasing water absorption and storage, and boosting soil
fertility are all important functions of manure (Yulianto et al., 2021). A sudden rise in the number of tillers can
result from the ease with which new shoots can emerge from loose, moist soil.

At the start of planting, there were typically fewer and nearly identical numbers of tillers in each treatment. The
nutrients in this fertilizer are not readily available to plants, which is the cause of the slow plant growth at the start
of the planting period. The extent of these materials' mineralization or decomposition has a significant impact on
the nutrients' availability. Manure's low nutrient availability is partially caused by the presence of N, P, and other
elements in complex compounds that are challenging to decompose (Hartatik et al., 2015).

At 6 weeks after planting, all treatments tended to be similar and the differences between the tillers in each
treatment tended to be minimal. Although cow manure at a dose of 60 t/ha was the best dose with an average
number of tillers of 14.45 tillers, chicken manure typically produced better results than cow manure at the same
dose. In comparison to other manure doses, chicken manure 40 t/ha at 12 weeks after planting produced the best
results with 6.65 tillers.

Number of Leaves

An increasing number of leaves are produced each week as a result of the weekly application of cow and chicken
manure. Table 3 show that at about 12 weeks of age, the number of leaves increased significantly. Every week,
the increase varied depending on the treatment. The number of leaves significantly increased with a dose of 60
t/ha of cow manure, averaging 15-37 leaves every three weeks. Similarly, the number of leaves tended to increase
when manure was applied in the same amount. Both cow and chicken manure at a dose of 20 t/ha and 40 t/ha
produced a nearly identical number of leaves during plant growth .
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In addition to the nutrients that plant’s needs, manure also contains humic, fulvic acids, growth hormones, and
other substances that promote plant growth and increase nutrient uptake by plants (Hartatik et al., 2015). The
amount of photosynthesis is influenced by the number of leaves present, and plants with more leaves may produce
heavier and bigger rhizomes as a result.

The number of leaves added is also affected by the number of shoots and plant height. The number of leaves will
increase as the plant ages and grows taller, produces more leaves on a single stem, and produces more tillers. The
nutrients required for plant growth are present in sufficient amounts in manure. The related observation variables
will be impacted by the food's growth quality and planting age.

In relation to the addition of the number of leaves, the most influential element is N. In comparison to other
nutrients, nitrogen is required in sufficient amounts for plant growth. N makes up 40-50% of the dry weight of
protoplasm, the living component of plants (Nurhayati, 2021). Since protein is the source of all plant enzymes,
nitrogen participates in all enzymatic processes in plants. Additionally, nitrogen is one of the constituent elements
of chlorophyll, the primary component of chloroplasts, and it contributes to improving the quality and quantity of
the dry matter produced ( Vladimir, 2021).--> this reference cannot be traced electronically

Fertilizer use and the amount of nutrients in the soil have a significant impact on how plants grow and develop.
Nutrient uptake is restricted by nutrients in a minimum state (Purba et al., 2021). In terms of the addition of leaves,
the treatment of plants without fertilizer differs significantly enough for each observation. In comparison to other
treatments, plants without fertilizer produce the lowest yield.

Root Length

The lowest root length was observed for the cow manure dose of 20 ts/ha treatment with an average root length
of about 24.36 cm which was lower than the control. With an average root length of 41.03 cm, the application of
chicken manure yielded the longest roots. When plants respond to water shortages by reducing the rate of
transpiration to conserve water, the roots play a crucial role (Torey et al., 2013). Plant roots have a significant
impact on overall plant growth and development. The failure of the root function will result in a complete change
in the plant for the top (Nurhayati, 2021).

Root

p0 pl p2 p3 p4 p5s p6

Dose Manure (ton/ha)

Length (cm)
=R NN W W s S
o oV o ;o uv;Lou;

Open Access

Commented [Ir6]: Data presented in this Figure (graph) seem
similar to that shown in Table 3; please choose one presentation only,
Table or Figure (graph), not both

If you prefer using Figures (graphs), the graphs should be presented
in editable formats generated from Excel files

Commented [Ir7]: Data presented in this Figure (graph) seem
similar to that shown in Table 4; please choose one presentation only,
Table or Figure (graph), not both

If you prefer using Figures (graphs), the graphs should be presented
in editable formats generated from Excel files




Manure can bind water in the soil. Because the soil around the roots in the deeper layers is still moist, the roots
will continue to grow. Maximizing exposure to groundwater will encourage the growth of roots (Torey et al.,
2013). Plant roots directly respond to the physical characteristics of the soil (Lawenga et al., 2015).

Data presented in Table 4 show that the application of chicken manure yielded better root length than cow manure.
The use of organic fertilizers can loosen the soil, increase aeration, and increase the soil's capacity to hold water,
all of which can improve the physical properties of the soil (Raja et al., 2021). Additionally, organic matter has
the ability to control soil temperature, slow down phosphorus fixation, increase soil cation exchange capacity, and
lessen the leaching of nutrients like potassium, calcium, and magnesium (Guimardes et al., 2019). Another
environmental factor that has been shown to affect the nitrate absorption process is the temperature around the
roots ( Vladimir, 2021). - this reference cannot be traced; please replace it with others

The initial analysis of the soil revealed that the pH ranged from 3.86 to 4.86. Al is common excessively in acidic
soil, and it can poison plants and bind phosphorus (P). Low pH soil can hinder plant growth by preventing the
roots from properly absorbing nutrients. Giving chicken manure up to 5-25 t/ha, as demonstrated by Tufaill et al.
(2014), could raise the pH of soil from 5.0 to 5.8-6.4. By raising pH, Al in the exchangeable form will be reduced,
and nutrients will become more available to plants.

According to Rosita et al. (2005), nutrient uptake on the roots of bangle plants at 2-10 months after planting was
as follows: N (0.01 - 0.52 g), P (0.002 - 0.15 g), and K (0.02 to 0.82 g). It was discovered that the roots of the
bangle plant had more K buildup than N and P. K is primarily used to aid in the synthesis of proteins and
carbohydrates. In the face of drought, illness, and pests, potassium gives plants strength (Purba et al., 2021).
Organic fertilizers can help the soil's physical and chemical composition, which will facilitate root development.
Up until the soil reaches its critical water potential, plant roots expand into moist soil and draw water (Solichatun
et al., 2005). The looseness of the soil can promote root development. Strong roots will make it simpler for plants
to absorb nutrients and water

Rhizome fresh Weight

Plant biomass is a common parameter used to study plant growth. The fresh weight of the plant describes the
water and moisture content of the plant. The plant will weigh more when wet the more fertile it is (Supandi, 2021).
When plant nutrient requirements are met, yields will be optimal (Purba et al., 2021). The rhizome of the bangle
plant is the part that is most advantageous for cultivation. One could also argue that this rhizome's fresh weight is
a crucial factor in determining how well bangle plant cultivation is going. The cultivation method is better and
more productive the more weight of the wet rhizome can be obtained.

Rosita (2005) found that giving 250 kg/ha of urea, 250 kg/ha of SP36, 250 kg/ha of KCI, and 20 tons/ha of manure
resulted in a fresh bangle rhizome weight of 311.39 g/plant 5 months after planting. According to the results of
the application of the organic fertilizers at the age of 18 weeks, cow manure at a dose of 60 t/ha produced the
highest fresh weight of rhizomes, averaging 822 g/plant, and chicken manure at a dose of 20 t/ha produced the
lowest fresh weight of rhizomes, averaging 393.25 g/plant. Manure increases crop yield and quality while also
enhancing the chemistry, physical characteristics, and biological properties of the soil (Seker et al., 2011). Data
presented in Table 4 demonstrate that the yield of fresh weight of rhizomes increased with increasing manure
dosage.

The physical condition of the soil must support plant growth in addition to a supply of adequate and balanced
nutrients ( Lawenga et al., 2015). These soil aggregates will keep the soil in a loose condition (Anwar, 2013).
Cow manure will enhance the physical characteristics of the soil. Improved soil physical characteristics include
things like increased permeability, total pore space, aggregate stability, bulk density, texture, color, and
temperature (Sudewi et al., 2022).

Intensive tillage affects the physical properties of the soil. Low organic matter soils will have more severe damage
to the soil's structure (Anwar, 2013). When the soil does not receive enough water and becomes dense and hard,
soil damage is evident. Plant rhizomes will not be able to grow or spread out in compacted or hard soil. The
ability to maintain loose soil conditions that are difficult to harden or compact increases with the amount of organic
matter added.

Additionally, manure helps to improve soil structure, cation exchange capacity, and water resistance. Giving
manure has the indirect effect of making it simpler to keep water in the soil (Yuliana et al., 2015). Since water
availability plays a significant role in plant growth, water frequently restricts the growth and development of
cultivated plants.

The plants will experience drought conditions if there is not enough water in the soil. Due to decreased primary
metabolism, reduced leaf area, and decreased photosynthetic activity, drought stress can lower plant productivity
(biomass). Smaller leaves grow as a result of a lack of water during the vegetative stage, which can reduce light
absorption. Lack of water also inhibits the synthesis of chlorophyll and some enzymes, such as nitate reductase,
from working (Solichatun et al., 2005).

Organic substances in the soil may have physiological effects on plant growth that are direct or indirect (Syaiful
Anwar, 2013). Compared to other types of manure, chicken manure contains a fair amount of P. This is due to the
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fact that chicken manure contains feed (Sudewi et al., 2022). Phosphorus aids in the growth of plant roots,
photosynthesis, transfer respiration, cell division, and growth (Supandi, 2021). The number of cells increases more
quickly when they divide quickly, which causes the rhizome to grow larger.

Rhizome
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Rhizome Dry Weight

The relationship between plant growth and the quantity and concentration of mineral nutrients in plant tissues is
known as dry weight (Purba et al., 2021). Dry weight reflects a plant nutritional status because it is affected by
the rate of photosynthesis and respiration in each treatment. Based on the collected data, it was determined that
applying chicken and cow manure at a dose of 20 t/ha resulted in lower dry weight yields than the control.
Additionally, the results from the application of 40 t/ha manure dose were not significantly different from the
control. Many nutrients, such as N, P, and K, build up in the canopy when the bangle plant is between 2 and 7
months after planting to (Rosita et al.,2005). This is the active vegetative formation stage.

The application od cow manure at a dose of 60 t/ha demonstrated different results and produced significantly
better outcomes than other doses of chicken manure. The amount and timing of fertilizer applied can impact crop
yields, among other things. Organic matter plays a crucial role in soil health because it can create stable soil
aggregates, increase soil fertility, and serve as a source of energy for organisms (Nurjanah et al., 2020).

Rosita et al. (2005), reported that the N, P, and K amounts of nutrient uptake in dry rhizomes of Bangle plants
aged 2 to 10 months were N (0.01 to 4.89 g), P (0.002 to 1.04 g), and K (0.01 to 2.34 g), respectively. It is clear
that as plants get older, they are able to absorb an increasing amount of N, P, and K nutrients. As can be seen, N
is the nutrient that has accumulated in the rhizome in the greatest amounts.

The application of manure enhances the chemical, physical, and biological properties of the soil, increase crop
yield, and improves crop quality (Yolcu, Turan et al., 2011). High organic matter soils have beneficial
microorganisms that encourage the breakdown of organic matter and release inorganic nutrients that are then
available for plant uptake (Seker et al., 2011). Organic fertilizers can help to create ideal conditions in the soil for
microorganisms that are beneficial to plants.

Chicken manure is an organic fertilizer with high nitrogen content, despite not being the best dose for bangle
rhizome weight yield. As they ensure the best nutrient management for plants, such fertilizers should be used
promptly to partially replace chemical fertilizers (Guimaraes et al., 2019).

Secondary metabolic levels (phenolic compounds, flavonoids and tannins)

The results of laboratory analysis found that the positive bangle rhizome contains compounds in the form of
phenolics, tannins and flavonoids. These findings are consistent with Amalia et al, (2021), which found that the
Bangle plant contains secondary metabolism in the form of alkaloids, phenolic compounds, flavonoids, saponins,
and triterpenoids. These compounds respond differently to the concentration of organic fertilizer applied in the
form of cow and chicken manures. Table 5 shows the outcomes of these phytochemicals.

According to Table 5, the amount of tannin compounds increased as manure dosage rose. The application of
chicken manure or cow manure with three doses of 20, 40, and 60 t always increased the tannin concentration in
the rhizome as the dose increased. When compared to cow manure, applying chicken manure produced
significantly better results. It is evident that using 20 t/ha of chicken manure instead of 60 t/ha of cow manure
resulted in a higher tannin concentration .

Dry rhizomes produced a higher concentration of tannins than fresh rhizomes, which produced different results
regarding tannin concentration. The concentration of tannins in fresh rhizomes increased non-significantly with
the addition of cow manure, whereas the concentration of tannin compounds in fresh rhizomes decreased with the
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increase in the dose of cow manure. In comparison to the use of manure that increased fresh and dry rhizomes,
the control provided the lowest tannin concentration.
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Tannins are chemical substances that have an astringent and bitter flavor. These substances act as controlling
substances in plant metabolism as well as important defenses against herbivores and pests that prey on plants
(Julianto, 2019). Tannins are metabolically active substances with multiple uses, including as astringents,
antibacterial agents for treating diarrhea, and antioxidants. Leather tanning is another industrial application for
tannins (Amelia, 2015). Tanad acid is the type of tannin substance present in bangle plants. Diarrhea can be
effectively treated with tannic acid. Additionally, tannic acid exhibits antimicrobial, antienzymatic, antioxidant,
and antimutagenic properties (Hidjrawan Yusi, 2018)

In addition to increasing the fertilizer dose, applying organic fertilizer in the form of cow and chicken manure
resulted in an increase in phenolic compounds and flavonoids. When compared to when the rhizome was fresh,
the dry rhizome had a higher concentration of phenolic and flavonoid compounds. The content of active
compounds in the simplicia is impacted by the drying process. Antioxidant activity is influenced by the total
phenolic and flavonoid content (Amelia, 2015). Given that fresh samples are more prone to damage and
experience a quicker loss in quality than dry samples, it is advised to use dry samples instead of fresh samples
(Julianto, 2019).

The highest phenolic and flavonoid concentrations were found in both fresh and dry rhizomes when chicken
manure was applied at a dose of 60 t/ha. The application of the highest dose of cow manure of 60 t/ha, resulted in
phenolic compound concentrations of 86.90 mg/L in the fresh rhizome and 181.38 mg/L in the dry rhizome, while
flavonoids were 71.14 mg/L in fresh rhizome and 99.43 mg/L in dry rhizome. Compared to chicken manure at the
same dose, this result is smaller. A dose of 60 t/ha of chicken manure resulted in phenolic compound
concentrations in the fresh rhizome of 178.56 mg/L and dry rhizome of 202.79 mg/L, while fresh rhizome
flavonoids were 104.39 mg/L and dry rhizome flavonoids were 181.91 mg/L. In comparison to treatments with
organic fertilizers, treatments without fertilizer produced lower phenolic and flavonoid concentrations.

In plants, flavonoids serve as pigments for the flowers, fruits, and roots, as well as occasionally as growth
regulators and disease resistance (Julianto, 2019). Catechins are one class of flavonoid compounds present in
bangle rhizomes (catechins). Catechins have antioxidant properties, and because they can stop the growth of
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viruses, bacteria, tumors, and fungi, they can also get rid of rotten and rancid odors (Aprilliza et al., 2021).
Phenolic compounds are compounds that plants make in response to environmental stress. Phenolic compounds
protect DNA from dimerization and damage by blocking UV-B rays and cell death (Hanin and Pratiwi, 2017).
Gallic acid is the type of phenolic compound found in bangle rhizome. Gallic acid serves as an antibacterial,
antiviral, analgesic, and antioxidant in medicine (Junaidi and Anwar, 2018).

The application of chicken manure resulted in a higher concentration of secondary metabolism because it had a
relatively higher P nutrient content than other manures (Simanungkali et al., 2006). Phosphorus can be found in
DNA, RNA, and the parts of nucleotides that provide metabolic energy (like ATP). The process of photosynthesis
depends heavily on phosphorus. Stunted growth is one of phosphorus deficiency's signs (Khairuna, 2019). The
amount of P,0s in cow manure is 0.2%, compared to 1.3% in chicken manure (Simanungkali et al., 2006). The
concentration of secondary metabolism in the form of tannins, phenolic compounds, and flavonoids is influenced
by the difference in the P nutrient content between these two types of manures. Environmental factors affect the
levels of flavonoids and other phenolic compounds in plants, which vary among parts, tissues, and ages of plants.
These include air temperature, nutrient availability, water availability, and atmospheric CO, concentrations
(Amelia, 2015).

Antioxidants

The antioxidant activity analysis produced different ICsq values depending on the type of organic fertilizer used
(Table 6). The ICso decreased as the fertilizer dose increased. A concentration known as ICspis capable of reducing
50% of DPPH free radicals. The greater the antioxidant activity, the lower the ICso value (Widyasanti et al., 2016).
Antioxidants are compounds that can absorb or neutralize free radicals, thereby preventing certain diseases caused
by free radicals (Parwata, 2016).
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The treatments of cow manure, as shown in Table 6 resulted in lower yields than chicken manure. The antioxidant
activity of the dried rhizome samples was higher than that of the fresh rhizomes. The highest antioxidant activity
was produced by cow manure at a dose of 60 t/ha, with an 1Cso value of 9.52 ppm for fresh rhizome and 8.6 ppm
for dry rhizome. At a dose of 20 t/ha in both fresh and dry rhizome conditions, cow manure had a lower 1Cso value
than chicken manure. For fresh rhizomes, the treatment without fertilizer produced an 1Cs value of around 53.58
ppm, and for dry rhizomes, it was around 40.91 ppm.

Widyasari et al. (2016) claimed that the antioxidant activity in bangle rhizomes is incredibly powerful. Wartano
et AL.(2016) classified antioxidants into five groups based on their ICso values: 50 very strong, 50-100 strong, 101-
250 moderate, 251-500 weak, and >501 inactive . Except for the treatment without fertilizer in fresh rhizome
conditions, the 1Cso value in bangle rhizome in all treatments gave a value of 50 and included a very potent
antioxidant. The high secondary metabolic compounds found in the bangle rhizome are inextricably linked to the
high antioxidant activity. Secondary plant metabolites like flavonoids and phenolics play a part in antioxidant
activity. More phenolic compounds will have a higher level of antioxidant activity (Amelia, 2015).

Conclusion

A cow manure dose of 60 t/ha is the best dose for plant growth, with an average height increase of 42.78 cm, an
increase in the number of leaves of 116.65 pieces, and an increase in the number of tillers of 14.45. A dose of 60
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t/ha of chicken manure produced the best root length of 41.03 cm. The weight of the rhizomes revealed that the
application of cow manure at a dose of 60 t/ha resulted in the highest yields of dry weight and wet weight, which
were about 179.75 g and 822 g, respectively. A chicken manure dose of 60 t/ha results in the highest secondary
metabolic rate in each parameter, including dry rhizome (phenolic 202.79mg/L, flavonoid 181.91mg/L, and tannin
5406.33mg/L) and wet rhizome (phenolic 178.56mg/L, flavonoid 104.39mg/L), while a chicken manure dose of
40 t/ha results in the highest tannin Giving chicken manure at a dose of 60 t/ha produced very strong antioxidant
results at 9.52 ppm wet rhizome and 8.06 ppm dry rhizome, according to the antioxidant results.
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the bangle rhizome are inextricably linked to the high antioxidant activity, Secondary plant metabolites like
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compounds in the simplicia is impacted by the drying process. Autioxidant activity is infiuenced by the total ' | Deleted: adose of
| phenolic and flavonoid content (Rajkumari & Sanstombi, 2020)., 2
The highest phenolic and flavonoid concentrations were found in both fresh and dry rhizomes when Jonovo eyzen
chicken mamure was applied at a dose of 60 yha, The application of the highest dose of cow manure of, 60 yha,
resulted in pl compound concentrations of 86,90 mg/L in the fresh rhizome and 181,38 mg/L in the dry Deleted: an R
rhisome, while flsvoooids were 71,18 L. i fresh hisoene snd 99,43 me/L i ey rhiscune, Compared to
‘ chicken manure at the same dose, this result is smaller. A dose of 60 Yha of chicken manure resulted in phsnolic lenovo ryzen o
concentrations in the fresh rhizome of 178.56 mg/L and dry rhizome of 202.79 mg/L. while fresh Deleted: in
thizome flavonoids were 104.39 mg/l and dry rhizome flavonoids were 181.91 mg/L. In comparison to
treatments with organic fertilizers, freatments without fertlizer produced lowsr phenolic and flavonoid - a8
bismmomnttsh [ lenove ryzen
o plants. Savenosds serve s pigments for the flowers, fuis, and roots. 3 wel s occasionally as growth 3 Do prescated i this Figure (graph) seem s () b
| li etal, 2018). Catech class of present in
bangle rhizomes (catechins). Catel ant dant properties. and because they can stop the growth of 2 B lenovo ryzen
| viruses, bacteria. tumors, and fungi. they can also get rid of rotten and raneid odors (senura_2019). Ph J i B
opounds are compounds that Pt meke in vespomse 10 Svironmental stress. Phenolie com(lmlradx prrmr Dta premente] i hin Figure (paph) somm o
| DhA from dimerization and damage by blocking UV-B rays and cell death (Takshak &and Agrawa, 2019,
Gallic acid is the type of phenolic comspound found in bmgle rhizome. Gallic acid serves as an aumndmaL HP 145 o©
| antiviral, analgesic, and antioxidant in medicine (Shrinet et al, 2021). Deleted: =
appliation of chicken manure resulted in a higher concentration of secondary metabolism because it g
| had a relatively higher P utrient coatent than other mamuses | 2030y iy Phosphorus can be found in HP 14s
DNA, RNA, and the purts of mucleotides tht provide umbom cucrgy (ke ATP). The prosess of 2
Stoukd s signs (de B | Fonmstted: Fout: (Defaolt) Times New Roman, 10 pt @
2013), The concentration of secondary metabolism in the i oﬂmn ns. phenolis compounds, and flavonoids
is infloenced by the difference in the P nutrient content between these Jwo types of manures. Environmentsl HP 145 v
factors affect the levels of flavonoils and other phenolis compounds in plants, which vary among parts, tissues, 225 | Fomnatied: Foot: (Default) Times New Roman, 10 pt :
and ages of plants. These include air temperature. nutrient availability. water availability, and atmospheric CO o
concentrations (Asbsaf et al, 018). { WP 145 3
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results regarding tannin concentration. The concemtration of 1 fresh mwmes increased non- Delsted: (P4)
significantly with the addition of cow manure, whereas o
decreased with the jnerense in the dose of cow manure. In comparison 1o the use of manure " increased, fresh lenovo ryzen
sy izones, e sonrs rovkdedth owsst i sonscnrti e
are chemical substances that have an astringent and bitter flaver. These substances set as 4
contollng seetzices i plact tetabolim s well 3 portant defemis agsint brbivores . pess hal prey
| on plants {Tike, 2015). Tanains are metabolically active substances with multiple nses, including as astringents, lenova ryzen (o)
antibacterial agents for treating diarthea. and antioxidants. Leather tanning is another industrial application for Deleted: (P4)
scid i the typs of tanain substance preseat in bangle plaats, Diarrhes can be affctively trssted
with tannie acid. Additionally, unm( acid exhibits antoxidmt, and st T -]
| propertes, Deleted: (P3)
L addition o increasing o el dov, applying erganic fertilizer in the form of cow and chicken ®
‘manure resulted in an increase in phenalis componnds and flrvensids. When compared to when the rhizome was
fresh, the dry rhizome had a hugher concentration of phenolic and flavonoid compounds. The coatent of active lenova ryzen
compounds in the simplicia is impacted by the drying process. Antioxidant activity s influenced by the toral Delesed: 1 dose of .
| ulu: and flavonoid content Ul-ulmnuln & Sanatomb, 20200, £
highest phenolis and wons were found in boih fresh and dry rhizomes when =L =
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better outcomes than other doses f
crop yields, among other things. Organic matter plays a crucial role in soil health because it can create stable 5o
aggregates, increase soil fertility, and serve as a source of energy for organisms,

application of manure enhances the chemical, physical. and biological properties of the soil, increase
crop yield, and improves crop quality (D &t al. 2026, High organic matter soils have beneficial
microorganisms that encourage the breakdown of organic matter and release inorganic nutrients that are they
available for plant uptake, Organic fertilizers can help to create ideal conditions in the soil for mieroorganisms g

chicken masure, The amoual and tianing of fertiizer applied can pact lenovo ryzen

Deleted: ons

lenovo ryzen
Deleted: wet

9 7N

that are beneficial to plants (Dt e ., 2032) Chicken manure is an organic fertilizer with high nitrogen content,
despite not being the best dose for bangle rhizome weight yiekl. As they ensure the best nutrient management for
plants. such fertlizers should be used promptly to partially replace chemical fertilizers (de Atauio Guimaraes et
al,2019).
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The results of laboratory analysis found that the positive bangle rhizome contains compounds in the form of e

. tannins and flavonoids. These compounds respond differently to the concentration of organic fertilizer
applied jn_the form_of cow and chicken manures. According to Table 13, the amount of tannin compounds

increased as manure dosagsfoss. JThe applisation of shicken manure o5 cow manure with three doses of 20, 40,
and 60 talways increased the tannin concentration in the rhizome as the dose increased. When compared to cor
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pore space, aggregate stabilty, bulk density, texture, color, and femperaturs Aghsde, 2021).
Intensive tillage affects the physical properties of the soil. Low organic mater soils will have more severe s 2
damage to the soif's structure (Musphy, 2015). When the soil does not receive enough water and becomes dens it
and hard, soil damage is evident. Plant thizomes, will not be able to grow or spread out in compacted or hard soil Fonnatted: Highlight R
The ability to maintain loose soil conditions that are difficult to hasden or compact increases with the smount of
o

organic matter added. Additionally, manure helps to improve soil structure, cation exchange capacity. and water HP 145
resistance, Giving manure has the indirect effect of making it simpler to keep water in the soil Delesed: 21

lenovo ryzen 8

stress can lower plant productivity (biomass). Smaller leaves grow as a result of a Deleted: wet

vegeuive stage. which can reduce light sbsorption. Lack of water also inhibits the synthesis of chlorophyll and 73
e enzymes, such as nitate reductase, from working al,,2020) lenovo ryzen

Organic substances in the soil may have physiological effects on plant growth that are direct or indirec

(Basilio et 3}, 2013). Compared to other types of manure, chicken manure contains a fair amount of P. This is Dier et

due 10 the fact that chicken mamre contains feed 200, Phoghorsaide i i grouth ol o

photosynthesis, transfer respiration. cell division, and growth (Malliotra st al, 2018). The number of cells HP 145 ©
s Eare ety whoa (it ik which satte thashizome 1 grow g Delete:
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Dry weight reflects a plant nutritional status because it is affected by the rae of photosynthesis and respiration in
each reatment. Based on the collected data. it was detemined that applying chicken and cow manure at a dose
Vha manure dose were not significantly difierent from the control. This is the active vegetative formation stage.
The application of cow masure at a dose of 60 Yha demonstrated different results and produced significantly
better outcomes than other doses of chicken manure. The amount and timing of fertilizer applied can  impact oo
crop yields, amon other things. Organic matter pinys » crucial ole n soil health besanse it can create stabe so
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development. Up until the soil reaches its critical water potential, plant roots expand into moist soil and draw
water [Sisouvanl, et al., 2021). The looseness of the soil can prowmote root development. Strong roots will make | (| o+ a8
it simpler for plants to absorb nutrients and water "
Deleted: 08
Rhizome fresh Weight o
Plant biomass is a common parameter used to study plant growth, When plat nutrient requirements are met, lenovo ryzen
yiekds will be optimal (Linisits, 201%). The rhizome of the bangle plant is the part that is most advantageous for SR 1
cultivation. One could also argue that this rhizome's fresh weight is a crucial factor in determining how well
bangle plant cultivation is going. The cultivation method is better and mors productive the more weight of the aia ©
et hizomn a0 b obsioed. Acordin tthe et of e polcation of thesepae fenizry s he spe of 13,4 a
u«h cow manure at a dose of 60 Yha produced the highest fresh weight of rhizomes. l\mgmgx /i Deleted: The fresh weight of the plant describes the « ()
at a dose of the lowest fresh weight of rhizomes,  averaging 393.25 g le =
i e crop yield and quality while also enhancing the chemistry, physical characteristics. and HP 145
biological properties of the soil (Ma et al., 2021L). Data presented in Table 11 demonstrate, that the yield of fresh ‘ N < % =
weight of rhizomes jncreased with increasing manure dosage. ;The physical condition of the soil must support Foemfteck Fout: (Dickusk). Thnen Now Rommar, 10 p (=) @
plant growth in addition to a supply of adequate and _balanced nutrsents { El-Ramad, etal.. 2015). These soil
aggregates will keep the soil in a loose condition (Musphy, 2019). Cow mamure will enl.\.nu:e ng pdlysml HP 145 *; .
characteristics of the soil. Improved soil physical ics inchude Ihln;;. iy, total Deleted: Purbactal, *
pore space, aggregate stability,  bulk density. texture, color, and temperatur de, 202 5
Intensive tillage affects the physical properties of the soil. Low mglnx matter soils will have more severe HP 145 s
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The Jowest root length was observed for the cow manure dose of 20 tha treatment with an average root length of HP 145 &
ver than the control. With an average root length of 41.03 cm. the application of Dottt 2
chicken manure yiekled the longest roots. When plants respond to water shortages by reducing the rate of
transpiration §o conserve water, the roots play a crucial role (Sousor, et al., 201%). Plant roots have a significant DA
impact on overall plaat growth and development. The failure of the root function will result in a complete change R
| im the plant for the tog, Manure ,cn bind water in the soil. Because the soil around the roots in the deeper layers Deleted: 3
isstill i thecooo will ot ¥ G Maximizing exposure to groundvater will s the growth of o
roo, Plant respond to fthe soil (Jisng et al, 2 lenovo ryzen %
e T R T M SRR A g Euﬂmm.m;m <o 3 s
manure. The use of prganic fertilizers can loosen the soil, increase acration, and increase the soil's capacity 8
hold water. all of which can improve the physical properties of the soil (Shaji et al.. 2021). Additionally. organic
matter has the ability to control soil temperature, slow down phosphorus fixation. increase soil cation exchange lenovo ryzen
capacity, and lessen the leaching of nutrients like potassivm. calcium, and magnesivm (Baghbani- A, et al. Deleted: + &
Another_environmental factor that has been shown to affect the nitrate absorption process is th
temperature sround the roots fenervn rymn
= Deleted: imcremses
o
lenovo ryzen
Deleted: varies
According to Rosita et al (2005). spiest uptake on the roots of bangle plants st 2-10 moaths afis =]
planting was as follows: N (0.01 -0.15 g), and K (0.02 to 052 g), It was discovered that the S
1o0ts of the bangle plant had more K u dup 'Iw\\ and P. K is primarily used to aid inthe synthesis of proteins @
and carbohydrates. In the face of drought, illness, and pests, potassium gives plants s (Hasanuzzaman gt Deleted: cas.
al, 2018). Organic fertlizers can help the soil's physical and chemsical composition, which will facilitate root n
i lenovo ryzen il
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Gos Of 60 YA of cow manure, averaging 13-/ leaves every three weeks. Similarly. Jlie number of jeaves {1 | &
‘ ¢ended to increase when manure gxas applied in the same amouat. Both cow and chicken manure at a dose of 20
& outh, Jn addition to the nutrients ‘ lenovo ryzen

that plant’s needs, mamure also contains humic, fulvic acids, growth bormones, and other substaces that = | Deleted: mst
| promote plant growth and increase nutrient uptake by plats [Canellas et al. 2015). The amount of =

photosynthesis is influenced by the number of leaves present, and plants with more leaves may produce heavier
| and bigger rhizomes 3s a result. The number of leaves added is also affected by the number of shoots and plant

height. The munber of leaves will increase as the plant ages and grows taller, produces more leaves on a single

stem. and produces more tillers, The nutrients required for plant growth are present in sufficient amounts in
‘ manure. The related observation varisbles will be impacted by the food's growth quality and planting ag

lenovo ryzen
‘ Deleted: oas
lenovo ryzen
oo
L lehl\nﬂ 10 the addition of the nuunber of leaves, the most influential element is N. In comparison to other
trogen is required in sufficient amounts for plant growth. N makes up 40-50% of the dry weight of
| p(mophsm, the living component of plces (K hatl, 2018). Since protein is the source of all plant lenovo ryzen
enzymes. nitrogen participates in all enzymatic processes i plants. Additionally, mitrogen is one of the = | Deleted: produces
conmitent clements of hiorophyl), the iy componert of shlowptats, et cotrictes o inprovig the
| quality and quantity of the dry matter produced (i st al, 2020}, Fertilizer use and the amount of nutrients in lenovo ryzen
the soil have a significant impact on how plints grow and develop. Nutrient uptake is restricted by putrients in 3 = ‘
| munimum state (Purba et al, 2021), Tn terms of the addiion of leaves, the treatment of plants without fertilizer
differs significantly enough for cach observation. In comparison to other treatments, plants without fertilizer
produce the lowest yield. J
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Root Length
The Jowest oot mmh was observed for the cow manure dose of 20 (ha treatment with an average root length of HP 145
about 24,36 cm wh Jower than the control. With an average root lenath of 41.03 cm, the application of Deleted:

chicken manuse 4 the longest roots. Whea plnts respond to water shortages by reducing the rate of
u tion lay a crucial et al., 2017, Plant roots have a significant
impact on overall plant growth and development. The failure of the root function will result in a complete change
| in the plant for the tos, Manuse, can bind water in the soil. Becanse the soil around the roots in the deeper layers
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At the stast of planting. there were typically fewer and nearly identical nubers of tillers in esch trestment.
The nutrients in this fertilizer are not readily available to plants, which is the cause of the slow plant growth at DHANCUSEE
the start of the planting period. The extent of these materials’ mineralization or decomposition has a significant
impact on the nutrsents’ availability. Manure's low nutrsent availability s partially caused by the presence of N. P. Deleted: 1
and other elements in complex compounds that are challenging to decompose (Cui et al., 2022). At 6 weeks after
‘planting. all treatments tendex to be similar and the differences between the tillers in cach treatment tended to be HP 145
minimal. Although cow manure at  dose of 60 the best dose with an average number of tillers of 14.43 Yot "
tillrs, chicken manure typicall grodused beter resuts than cow manre at the same dose. In comgarison o | | ghih |
ber ha at 12 gvecks after planting produc with 6,65 tllers.
HP 145
Number of Leaves ‘ D s
An increasing number of leaves are produced each week a5 a result of the weekly tppl-:khm of cow and
chicken manure. Table. igmm, that at about 12 weeks of age, the number of leaves jncreased significantly. © | Hp 14
Every week, the increase yaried depending on the treatment. The mumber of leaves si xpnﬁwmb increased with a ‘ D
dose of 60 Yha of cow manure, averaging 15-37 leaves every three w«ks Similasly. jhe mumber of Jeaves
4ended 10 increase when manure sas applied in the same amount. Both cow and chicken manire ot a dose of 20
Vha and 40 yha produced a nearly identical mumber of leaves , during plnm growth, Jin addition to the mutrients lenovo ryzen

that plant's needs. manure also contains humic. fulvic acids. growth hormones. nwl Mlm substances that Deleted: mst
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| by (Camellas et al The amount of
photosynthesis is influenced by the number of leaves present, and plants with more v ‘may produce heavier = | 1nrun rvren E
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Abstract

Acid upland soil in Indonesia has a potential for agricultural development but it has constraints low of organic C
, N, P and available P as well as the soil chemical properties have been degraded. The use of manure was an
alternative to improve land productivity and crop yields. The objective of the study was to examine the effects of
manure on chemical properties of ultisols, yield and secondary metabolic of zingiber montanum. The experiment
was carried out at Research Laboratory Teluk Dalam in 2022 using randomized completely block design. The
treatments are consisting of organic fertilizer in the form of cow and chicken manure, and the levels were namely
PO (control), P1 (cow manure 20 t/ha), P2 (cow manure 40 to/ha), P3 (cow manure 60 t/ha), P4 (chicken manure
20 t/ha), P5 (chicken manure 40 t/ha), and P6 (chicken manure 60 t/ha), and then repeated four times in 7 times
of incubations. The results showed that the application of manure improved soil chemical characteristics and
affected the yield of zingiber montanum. The addition of chicken manure 60 t/ha has the effect of increasing N
and P of soil and cow manure 60 t/ha has the effect of increasing CEC of soil. And indicated that a cow manure
dose of 60 t/hais the best dose for plant growth, as measured by an average height increase of 42.78 cm, an
increase in the number of leaves (116.65 pieces), and an increase in the number of tillers (14.45 pieces) at 18
weeks after planting. A dose of 60 t/ha of chicken manure produced the best root length of 41.03 cm. The highest
dry and wet weight yields, of about 179.75 g and 822 g, respectively, came from the rhizome weight of cow
manure at a dose of 60 t/ha. The highest secondary metabolic levels in each parameter were found in dry rhizomes
(phenolic 202.79 mg/L, flavonoid 181.91 mg/L, and tannin 5406.33 mg/L), and wet rhizomes (phenolic 178.56
mg/L, flavonoid 104.39 mg/L) with the highest tannin compound at around 4144.83mg/L in chicken manure dose
of 40 t/ha. According to the antioxidant results, providing chicken manure at a dose of 60 t/ha resulted in very
strong antioxidant results in each of the wet and dry rhizomes, which were respectively 9.52 ppm and 8.06 ppm.

Keywords: degraded soil, manure , soil chemical, ultisols
Introduction = in this section, the existing problems of the soils used for growing Zingiber must be
described

Ultisols is a very acid soil with soil pH ranges from 4.2 to 4.3, due to the relatively high rainfall (> 2,000 mm
year-1), the soil bases such as Ca, Mg, K and Na cations are released and quickly leached from the soil. With
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liming and fertilization being common solutions to overcome this problem (Purwanto, et.al, 2020) however,
studies on Ultisol as zingiber growing media are still rare. Ultisols, in contrast, show younger characteristics,
containing expandable 2:1 clay minerals. They contribute to higher CEC and the dominance of AP* for
exchangeable sites, resulting in lower soil pH. Thus, it is well known that soil acidity can inhibit nitrification
(Shibata et al. 2017). Ultisols commonly have low base saturation, acidic soil reactions, and elevated Al3+
saturations. However, a distinct Ultisol is found in East Kalimantan with extremely high aluminum saturation,
could cause severe toxicity to the plant. Al3+ competition potentially enhances the desorption and leaching
process of nutrient cations from the soil exchange complex, also hampering their absorption in the plant root area
(Singh et al., 2017; Jaiswal et al., 2018; Zhao and Shen, 2018). Low pH exacerbates that effect by increasing the
micronutrients/trace elements availability (e.g., Fe, Mn, Cu, and Zn), which is potentially toxic for plants. This
condition, combined with other soil properties, may lead to nutrient deficiency, resulting in limited plant growth
and development and a decline of plant productivity (Bojérquez-Quintal et al., 2017). Beside of nutrient
deficiencies, the upland ultisols soil contains low organic matter, high soil bulk density (BD), low of total pores
space, soil permeability and available water. Animal manure as an organic matter source plays a vital role in
improving soil properties, the quality that is crucial in mitigating the adverse effect of chemical fertilizer and
combating land degradation. Animal manure application demonstrated positive effects on Ultisols physical,
chemical, and biological properties, particularly in alleviating soil acidity and Al toxicity (Zhou et al., 2013; Ngo
et al., 2014; Ch’ng et al., 2015; Peng et al., 2016; Shi et al., 2019; Ye et al., 2019), a valuable source of key
nutrients including nitrogen (N), phosphorus (P), and potassium (K) as well as certain micronutrients. Adding
manure to soil impacts the chemical aspect of soil quality. Manure increases plant productivity, soil organic matter
and structure, water infiltration and holding capacity, and over time, can reduce sediment loss and erosion with
application and incorporation into soils, which also had advantageous effects on plant growth and development
(Masmoudi et al., 2018; Pandey et al., 2021). Zingiber montanum (Syns: Amomum cassumunar (Roxb.)
Donn, Amomum montanum J. Konig, Amomum xanthorhiza Roxb. ex Steud., Cassumunar
roxburghii Colla, Jaegera montana (J. Konig) Giseke, Zingiber anthorrhiza Horan., Zingiber
cassumunar Roxb., Zingiber cassumunar var. palamauense Haines, Zingiber
cassumunar var. subglabrum Thwaites, Zingiber cliffordiae Andrews, Zingiber luridum Salisb., Zingiber
montanum (J. Kdnig ex Retz.) Theilade, Zingiber purpureum Roscoe, Zingiber
purpureum var. palamauense (Haines) K.K. Khanna, Zingiber xantorrhizon Steud.) (WFO, 2021) is commonly
known as “Banada” in Bangladesh, “Phlai” in Thailand, “Jangliadrak™ in India, and “Bangle” in Malaysia. It is
reported to be native to Southeast Asia and has been extensively planted in Thailand, Malaysia, and Indonesia
(Hassan et al, 2019). The rhizomes of this plant are used in traditional medicines for the treatment of constipation,
dyspepsia, gastritis, stomach bloating and stomach-ache. Various parts of Z. montanum are used in Thailand as
daily diet (Lim, 2016), while the rhizome is used in the as vermifuge in Malaysia, and applied for abscesses, colic,
diarrhea, fever and intestinal disorders. In Northeast India, the rhizome paste was reported to be used in the
treatment of dyspepsia and stomach bloating (Anasamy, 2013). Mineral nutrients applied basally or through foliar
application, enhance the plant productivity and could be used as tools to ameliorate the quality of herbal medicines.
As far as fertilizers are concerned judicious use of manure as a fertilizer is more important. Soil nutrients
deficiencies can result in poor root systems, weak stalks or stems, slow growth (Moore et al, 2020) such as alfalfa
and grasses. To reduce the problems of N, P, K deficiency for plant and poor of soil fertility acid upland soil, the
application of manure are necessary (Navarette, 2015). The purposes of study were to examine the management
of ultisols productivity through the use of manure and ultisols chemical properties, and zingiber yields.

Materials and Methods
Place and Time

The experiment was conducted at the Experimental Farm of Mulawarman University Teluk Dalam, East
Kalimantan in from September 2021 to March 2022, lasting about 5 months. The second place is in the Soil
Laboratory and Laboratory of Post-Harvest and Packaging of Agricultural Products, Faculty of Agriculture,
Mulawarman University.

Research Design

The experiment was arranged in a randomized completely block design with 3 replications with one treatment
factor using organic fertilizer in the form of cow and chicken manure. The levels were then divided into 7 groups,
with PO, P1, P2, P3, P4, P5, and P6 each receiving a different dose of each type of manure. Each treatment was
repeated four times. The following dosages were used: Po : Control (without fertilizer), P; : 20t cow manure /ha,
P2 : 40 t cow manure /ha, P3: 60 t cow manure /ha, P4: 20 t chicken manure /ha, Ps : 40 t chicken manure /ha, Ps:
60 t chicken manure /ha. The manure was applied by evenly broadcast according to the treatment, and then mixed
with soil in 15-20 cm depth using hand hoes. The plot had a length of 6 m and a width of 1 m. Planting one crop
per planting hole results in a spacing of approximately 50 x 100 cm. To prevent waterlogging and seedling rot,
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seedlings are planted in ditches with good drainage. In order to facilitate landfilling later, planting is done in the
trench. Non-factorial Completely Randomized Design (CRD) is as follows:

Yij = p+ i+ &ij.

Where:

Yij = The observed value in the i-th treatment and j-th repetition,

W = General mean value,

11 = Effect of i-th treatment,

¢ij = Effect of error (error) in the i-th treatment experiment and j-th repetition.

The parameters measured in this study were soil chemical properties, cow manure and chicken manure including
soil and manure pH using the electrometric method, organic C (%) using the Walkley and Black method, N-total
(%) using the Kjeldahl method, C/N using the C-organic and N divisor method. -total, P-available (ppm) by the
Bray Il method, Cation Exchange Capacity or CEC (me/100) using the leaching method with 1IN ammonium
acetate pH 7. Plant height, number of leaves, and number of tillers were measured at 3, 6, 9, 12, 15, and 18 WAP
(weeks after planting). After the plants were harvested, fresh weight, dry weight, root length, secondary metabolic,
and antioxidant levels were measured.

Laboratory measurement

Soil analyses were carried out in the Soil Science Laboratory, Faculty of Agriculture, Mulawarman University.
The initial soil examination soil reaction was determined using soil to water mixture of 1:1. Organic carbon was
extracted using the Walkey and Black method. Total N was extracted using the Kjeldahl method. Exchangeable
aluminum was extracted using KCI 1 N. Cation base, and cation exchangeable capacity/CEC were extracted using
an ammonium acetate (NH4OAc) solution pH 7.0. Clay to CEC ratio/CCR was calculated by dividing CEC by
clay percentage. Since the observed soil pH was acidic, the ECEC was applied as the CEC reference for calculating
the base and individual saturation.

Data Analysis

Soil data’s were analyzed descriptively while the crop data’s were analyzed using the SAS Systems for Linier
Models, v.6.12 for windows (Ramon et al. 1992). Data were analyzed by analysis of variance and followed by
Duncan Multiple Range Test (DMRT) at 5% significance level. The financial effectiveness of each treatment was
calculated by input-output farming and B/C ratio. The data obtained were subjected to the analysis of variance
(ANOVA) with a 5% confidence level, followed by a 5% level DMRT (Duncan Multiple Range Test) to detect
significant differences among treatments .. The results of the secondary metabolic level identification and
antioxidant activity tests were analyzed qualitatively using the descriptive method. Comparing phytochemical
compound levels in each treatment was based on secondary metabolism levels. Antioxidant activity was assessed
by comparing the IC50 values in each treatment. A spectrophotometry method was used for all of the parameters
of the secondary metabolic level test.

Results

Manure Quality

The results of manure analysis (Table 1) showed that the organic C content was relatively high (29.55%) for cow
manure and 40.51% for chicken manure, the water contents was characterized at moderate level (72,9% and
60.63% respectifely). N total are about 2,08% for cow manure and 1,37% for chicken manure, with C/N ratio
14,21 and 29,57 respectively. The manure contained some micro elements required by plant. Therefore, the
quality of manure used in this study was high. Manure could improve soil chemical and physical properties
effectively, and the plant growth was affected by the maturity of manure (Cai et al, 2019). Animal manure contains
a lot of nitrogen as well as metallic minerals like magnesium, potassium, and calcium. The primary benefit of
manure is that it preserves the physical structure of the soil, allowing roots to grow properly, as well as supporting
the biological and chemical properties of the soil (Melsasail et al., 2019). Therefore, the purpose of fertilization
is to replenish lost nutrients and increase the amount of nutrients available to plants, thereby increasing plant
quality and quantity by gradually release nutrients into the soil solution and maintain nutrient balance for healthy
growth of crop plants. They also act as an effective energy source of soil microbes which in turn improve soil
structure and crop growth (Shaji et al. 2020).

Tabel 1. Chemical Characteristic of manure

Manure chemical properties
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pH C (%) N (%) C/N P (ppm) water content (%)

Cow 6,5 29,55 2,08 14,21 0,17 72,9

Chicken 6,4 40,51 1,37 29,57 0,67 60,63

As a function of soil chemistry, organic manure could provide some of soil CEC that was important to hold a
given inorganic fertilizers and soil buffering capacity, so that the crops could avoid from the pressure of soil
acidity (Shi et al, 2019). The use of organic materials increased the availability of some nutrients and improved
the efficiency of P absorption by crops because in the process of organic matters decomposition humic acid and
fulfat acid (polyelectrolite) were produced that had an ability to bind Al and Fe in the soil (Al-Juthery et al, 2021).
To eliminate P fixation in the soil, the active anion of organic manure formed a chelate bond with Si-Al-OOCR
(Alofan). The higher the carboxyl and fenolic compounds in organic matters the higher the ability of organic
matters to realease AIHPO4 bonds so the P nutrient became more available for plant (Ch’ng et al 2014; Asap et
al, 2018; Maru et al, 2020). By increasing of organic matter contents in the soil, the N total and N mineralization,
soluble P, exchangeable K, N uptake by plants and soil water content could be increased (Kafeel et al, 2023).

Soil Chemical Properties
The effect of manure to the soil chemical properties shows on Table 2, that the initial soil pH (before planting) is
5,62 and increased until 4,21 after manure applications. A significant decrease in soil acidity was obtained due to

the addition of chicken manure 60 t/ha.

Table 2. Soil Chemical Properties (pH) After Manure Treatment

Manure Treatments chemical properties
pH
week incubation 0 3 6 9 12 15 18
control 5,62 5,62 5,62 5,61 5,62 5,62 5,62
cow 20 t/ha 6,4 6,2 6 5,80 5,7 5,7 5,6
cow 40 t/ha 6,5 6,4 6,3 5,9 5,7 5,5 5,4
cow 60 t/ha 6,8 6,6 6,4 6,6 6,2 6 5,8
chicken 20 t/ha 5,83 5,6 54 5 4,83 4,7 4,51
chicken 40 t/ha 6,04 6 5,8 5,04 4,74 4,9 4,8
chicken 60 t/ha 6,08 5,43 5,08 4,76 4,77 4,08 4,21

The addition of manure has an effect on reducing soil organic C at all levels of addition of manure. A significant
decrease in organic C occurred with the addition of chicken manure 20 t/ha as shown in Table 3. In soil
ecosystems, C-organic is an important component that influences soil properties to support plant growth, namely
as a source of energy for soil organisms and a trigger for nutrient availability for plants (Qiu et al 2018).

Table 3. Soil Chemical Properties (Organic C) After Manure Treatment

Manure Treatments chemical properties
Organic C (%)
week incubation 0 3 6 9 12 15 18
control 0,18 0,18 0,18 0,18 0,18 0,18 0,17
cow 20 t/ha 0,83 0,8 0,78 0,64 0,56 0,46 0,4
cow 40 t/ha 1,31 1,27 1,2 1,19 1,08 1,07 1,01
cow 60 t/ha 14 1,37 1,35 1,32 1,31 1,31 1,3
chicken 20 t/ha 0,36 0,33 0,32 0,3 0,27 0,21 0,18
chicken 40 t/ha 0,42 0,42 0,41 0,38 0,35 0,31 0,26
chicken 60 t/ha 0,98 0,98 0,95 0,92 0,87 0,8 0,78
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Application of all levels of manure resulted in an increase in the N content in Ultisol soil as shown in Table 4.
The best increase in N content in Ultisol was obtained due to the addition of chicken manure 60 t/ha.

Table 4. Soil Chemical Properties (Organic N) After Manure Treatment

Manure Treatments chemical properties
N (%)
week incubation 0 3 6 9 12 15 18
control 0,14 0,14 0,14 0,14 0,14 0,15 0,14
cow 20 t/ha 0,08 0,1 0,15 0,16 0,18 0,19 0,19
cow 40 t/ha 0,11 0,11 0,12 0,17 0,19 0,19 0,21
cow 60 t/ha 0,13 0,15 0,16 0,16 0,17 0,19 0,23
chicken 20 t/ha 0,18 0,18 0,19 0,19 0,2 0,21 0,21
chicken 40 t/ha 0,2 0,21 0,22 0,3 0,32 0,33 0,35
chicken 60 t/ha 0,2 0,22 0,32 0,35 0,36 0,37 0,38

The C/N ratio of organic matter is the ratio between the amount of elemental carbon (C) to the amount of elemental
nitrogen (N) presented in an organic matter. Good manure must have a C/N ratio <20 (Macias-Corral et al 2019).
From this study it can be seen that the C/N of soil organics ranged from 2,00 to 11,91 and decreased to 2,05 after
18 weeks of incubation (Table 5)

Table 5. Soil Chemical Properties (C/N) After Manure Treatment

Manure Treatments chemical properties
CIN
week incubation 0 3 6 9 12 15 18
control 1,29 1,29 1,29 1,29 1,29 1,20 1,21
cow 20 t/ha 10,38 8,00 5,20 4,00 3,11 2,42 2,11
cow 40 t/ha 11,91 11,55 10,00 7,00 5,68 5,63 4,81
cow 60 t/ha 10,77 9,13 8,44 8,25 7,71 6,89 5,65
chicken 20 t/ha 2,00 1,83 1,68 1,58 1,35 1,00 0,86
chicken 40 t/ha 2,10 2,00 1,86 1,27 1,09 0,94 0,74
chicken 60 t/ha 4,90 4,45 2,97 2,63 2,42 2,16 2,05

Manure input at all application levels has an effect in the form of increasing the P content in the soil along with
the increase in incubation time. The highest increase in P in the soil was obtained due to the addition of chicken
manure 60 t/ha as shown in Table 6.

Table 6. Soil Chemical Properties (available P) After Manure Treatment

Manure Treatments chemical properties
P (ppm)
week incubation 0 3 6 9 12 15 18
control 10,52 10,52 10,52 10,52 10,51 10,52 10,52
cow 20 t/ha 0,35 0,36 0,36 0,37 0,37 0,38 0,38
cow 40 t/ha 04 0,4 0,42 0,43 0,44 0,45 0,45
cow 60 t/ha 0,44 0,44 0,45 0,47 0,48 0,48 0,49
chicken 20 t/ha 12,78 12,78 12,8 12,81 12,9 12,92 12,93
chicken 40 t/ha 13,42 13,44 13,47 13,48 13,49 13,49 13,5
chicken 60 t/ha 15,68 15,68 15,68 15,69 15,7 15,72 15,73

The results of this study indicate that the addition of all levels of manure applications provides an increase in
cation exchange capacity. The highest increase in cation exchange capacity was obtained due to the addition of
cow manure 60 t/ha as shown on Table 7. Cation exchange in the soil occurs due to the presence of a negative
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charge from the soil colloid which adsorbs cations in an exchangeable form (Meetei et al. 2020). Soils with high
CEC are able to absorb and provide nutrients better than soils with low CEC. Because these elements are in the
soil adsorption complex, these nutrients are not easily lost or washed away by water. Mineralization of soil
organic fractions provides limited supplies of N, S, and micronutrients, while mineral dissolution and
surface exchange reactions resupply P, K, Ca, Mg, and micronutrients. Nutrient mobility in soil influences
ion transport to plant roots, evaluation of nutrient availability to plants, and ultimately nutrient management
decisions (Havlin, 2020).

Table 7. Soil Chemical Properties (CEC) After Manure Treatment

Manure Treatments chemical properties
CEC (me/100g)
week incubation 0 3 6 9 12 15 18
control 14,33 14,33 14,32 14,33 14,34 14,33 14,33
cow 20 t/ha 19,15 19,15 19,17 19,17 19,18 19,18 19,19
cow 40 t/ha 19,35 19,36 19,36 19,37 19,37 19,38 19,38
cow 60 t/ha 20,45 20,45 20,46 20,5 20,51 20,55 20,56
chicken 20 t/ha 18,32 18,32 18,33 18,34 18,37 18,38 18,4
chicken 40 t/ha 18,38 18,38 18,4 18,41 18,43 18,44 18,45
chicken 60 t/ha 19 19, 12 19,14 19,15 19,18 19, 20 19, 22

The nutrient added to the soil with low CEC could not be held and easily lost. This condition was reflected to the
increasing of soil organic C contents in the treatment with manure application and it did not increase significantly
in the treatment without manure application, vice versa. The results of an analysis of variance (ANOVA) at a 5%
level showed that the treatments of giving organic fertilizers in the form of chicken and cow manure gave
significant differences in plant height, number of tillers, number of leaves, root length, fresh weight of rhizomes,
and dry weight of rhizomes. Only root length that was not affected significantly by the treatments. For growing
Zingiber, N, P, and K play as an essensial component.

Plant growth

Table 8 shows that when the plant was about 6 weeks old, the application of cow manure at a dose of 60 t/ha
produced the best plant growth (26.16 cm), followed by chicken manure at a dose of 60 t/ha, chicken manure of
40 ts/ha, and cow manure of 40 t/ha. In comparison to the previous week, the plant's age 9 weeks after planting
showed a very rapid increase in plant height. At 9 weeks after planting , the best dose was 40 t/ha of chicken
manure with an average plant height addition of about 32.45 cm. The best results were obtained at week 12, with
a cow manure at a dose of 60 ts/ha that yielded an average plant height of 37.24 cm. The application of cow
manure at a dose of 20 t/ha and chicken manure at a dose of 20 t/ha did not produce significantly different plant
height from the control. The best dose at 15 weeks after planting was 60 t cow manure /ha , with an average plan
height of 40.47 cm, and 38.38 cm of chicken manure. The highest dose of cow manure yielded an average plant
height of 42.78 cm at 18 weeks after planting.

Number of Tillers

Table 9 shows that the highest number of tillers was found at a dose of 60 t/ha of chicken manure, with an average
of 1.65 tillers at 6 weeks after planting. At the age of 9 weeks after planting , a control with an average of about
2.55 tillers produced number of tillers that were not significantly different from chicken manure 20 t/ha. The best
application was 60 t/ha of cow manure with an average of 4.15 tillers. At 12 weeks after planting , the effect of
manure treatment revealed that the best dose was 40 t/ha chicken manure, with an average of 6.65 tillers. This
best dose did not differ significantly between chickens and cows manure at 60 t/ha or chickens manure at 20 t/ha.
Cow and chicken manure at a dose of 60 t/ha at 15 weeks after planting produced the highest yields, with cow
manure yielded 9.50 tillers and chicken yielded 9.00 tillers, respectively. At 18 weeks, the control did not differ
significantly from the cow manure doses of 20 and 40 t/ha. The highest number of tillers was observed for the
treatment of cow manure at 60 t/ha with an average of 14.45 tillers and chicken manure at 60 t/ha with an average
of 13.37 tillers.

Number of Leaves
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Table 10 shows that after 6 weeks of treatment with a dose of 20 t chicken manure /ha , the number of leaves were
not statistically significantly different from the control but significantly different from other treatments. The best
dose of 60 t/ha cow manure, was produced at around 9 weeks, with an average increase in the number of leaves
of 37.95 leaves. At 12 weeks, the control showed no significant difference from cow manure of 20 and 40 t/ha,
as well as chicken manure of 20 and 40 t/ha. Cow manure of 60 t/ha with an average of 52.80 leaves provided
the best dose at 12 weeks after planting . The highest dose was found in cow manure at a rate of 60 t/ha in week
15, with an average of 84.55 leaves. The application of 60 t/ha cow manure produced the largest number of leaves
of 116.65 leaves in the 18th week, that significantly difference from the control. However, the application of 60
t/ha chicken manure increased the number of leaves by 105.80 leaves.

Rhizome root length, wet weight and dry weight

Table 11 shows that the lowest root length of 24.36 cm was obtained by the application of 20 t/ha cow manure.
The control yielded root length that was not statistically different from that yielded by the application of 20 t/ha
cow and chicken manure as well as the highest dose. This result indicates that applying different doses of manure
had no effect on the root length of the bangle plant. The chicken manure dosage of 20 t/ha yielded the lowest
bangle rhizome fresh weight of 392.35 g. While the control yielded fresh weight that was not significantly different
from 20 t/ha and 40 t/ha cow and chicken manure. The fresh weight of the bangle rhizome due to the application
of 40 t/ha chicken and cow manure also did not differ significantly from those from 60 t/ha chicken manure. The
treatment of 60 t/ha cow manure yielded the highest rhizome fresh weight of 822.00 g that was significantly for
all treatments. The lowest dry weight of bangle rhizome was shown by the cow and chicken manure treatment at
a dose of 20 t/ha, respectively 86.00 g for cow manure treatment and 78.25 g for chicken manure treatment. These
values were lower than that of the control, with an average of 93.75 g. The control yielded statistically
insignificantly different rhizome dry weight with chicken manure at 20 and 40 t/ha, cow manure at 20 and 40
ts/ha, and chicken manure at 60 t/ha, but yielded significantly different rhizome dry weight r with the best dose
of 60 t/ha cow manure with an average rhizome dry weight of 179.75 g, followed by 60 t chicken manure /ha with
an average rhizome dry weight of 135.75 g

Table 8. Effect of Cow and Chicken Manure on Plant [Height (in cm)

C d [13]: What is the different between Rhizome height

Manure Treatment Week after planting (WAP)

(t/ha) 6 9 12 15 18
Control 11,38 a 18,61 a 24,68 a 20,41 a 18,82 a
Cow 20 t/ha 17,46 b 20,26 ab 25,44 a 24,02 ab 28,51b
Cow 40 t/ha 20,51 c 27,95 b 29,81 ab 35,57 cd 37,19c¢c
Cow 60 t/ha 26,16 ¢ 31,18 b 37,24c¢c 40,47d 42,78 ¢
Chicken 20 t/ha 17,36 b 27,21b 30,16 abc 29,15 be 28,82b
Chicken 40 t/ha 22,84 cd 32,45b 34,83 bc 37,61 cd 36,37 ¢
Chicken 60 t/ha 25,68 de 32,17b 36,84 bc 38,38 d 39,22 ¢

Table 9. Effect of Cow and Chicken Manure on Rhizome number of tillers (in weeks)

Manure Treatment Week after planting (WAP)
(t/ha) 6 9 12 15 18
Control 0,8a 2,55a 3,95a 5,80a 8.60 a
Cow 20 t/ha 0,7b 3,45b 520b 6,60 a 10.4 ab
Cow 40 t/ha 1,7 ac 34D 5,05 ab 7,35 ab 11.55b
Cow 60 t/ha 16¢c 4,15b 6,10 bc 9,50 ¢ 14.45d
Chicken 20 t/ha 1,3 bc 3,35ab 5,70 bc 7,40 ab 11.05b
Chicken 40 t/ha 15¢ 4,00 b 6,65c 8,45 bc 12.15bc
Chicken 60 t/ha 1,65¢c 3,75b 6,05 bc 9,00¢c 13.7cd
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Table 10. Effect of Cow and Chicken Manure on number of Rhizome Leaves (in weeks)

Manure Treatment Week after planting (WAP)
(t/ha) 6 9 12 15 18

Control 4,70 a 19,60 a 3580a 52,25a 77,55 a

Cow 20 t/ha 5,55 a 25,00 ab 41,05 ab 55,65 a 83,80 a

Cow 40 t/ha 9,65 b 28,25 abc 42,70 abc 66,00 ab 95,35 ab

Cow 60 t/ha 10,05b 37,95¢ 52,80 ¢ 84,55 ¢ 116,65 ¢

Chicken 20 t/ha 9,20 b 26,00 ab 40,25 ab 56,85 a 81,75 a

Chicken 40 t/ha 9,65 b 30,90 be 43,25 abc 67,05 bc 91,35 a
11,05b 30,45 abc 50,75 bc 79,55 bc 105,80 bc

Chicken 60 t/ha

Table 11. Effect of Cow and Chicken Manure on Root Length and Rhizome Weight (in 18 week)

Manure Treatment Root lenght (cm) Rhiz_ome wet Rhiz_ome dry

(t/ha) weight (g) weight (g)

Control 31,90 ab 415,25 ab 93,75 ab
Cow 20 t/ha 24,36 a 44475 ab 86,00 a

Cow 40 t/ha 35,36 b 530,00 bc 119,00 ab
Cow 60 t/ha 36,50 b 822,00d 179,75 ¢
Chicken 20 t/ha 33,20 ab 393,25 a 78,25 a

Chicken 40 t/ha 38,95 b 487,50 abc 99,75 ab

41,03 b 618,75 ¢ 134,75 be

Chicken 60 t/ha

Notes: Based on Duncan Multiple Range Tast (DMRT) at a 5% significance level, values in the same columns
that are followed by the same letter do not differ significantly.

Table 12. Secondary Metabolic Levels in Bangle Rhizome in Each Treatment (mg/L).

. Level mg/L
Condition Manure Treatment (t/ha) - - -
Phenolic Flavonoid Tannin
Control 31.64 23.08 2034.83
Cow 20 t/ha 43.18 41.55 2991.50
Cow 40 t/ha 77.03 64.30 3151.50
Fresh Cow 60 t/ha 86.90 71.14 3198.17
Chicken 20 t/ha 97.67 74.79 4086.50
Chicken 40 t/ha 107.54 78.71 4144.83
Chicken 60 t/ha 178.56 104.39 3861.33
Control 124.97 38.44 1932.33
Cow 20 t/ha 133.56 67.23 2504.00
Dry Cow 40 t/ha 148.44 68.76 3034.83
Cow 60 t/ha 181.38 99.43 4734.67
Chicken 20 t/ha 175.23 120.06 4903.00
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Chicken 40 t/ha 198.69 156.10 5088.00

Chicken 60 t/ha 202.79 181.91 5406.33
Note: The number followed by yellow denotes the best outcome in each observation variable for the flavonoid,
tannin, and phenolic contents.

Tabel 13. Antioxidant based on 1C50 value

Manure Treatment (t/ha)

Antioxidant (IC50)

(mg/L) Control Cow | Chicken
20 40 60 20 40 60
Fresh rhizome 53.58 48.55 47.36 47.14 32.73 27.42 9.52
Dry rhizome 40.91 38.30 34.78 34.46 24.41 14.05 8.06

Note: The smaller the IC50 value, the stronger the antioxidant

Secondary metabolic level

In accordance with the findings of the secondary metabolism test, the rhizome of the bangle plant contained
phenolic, flavonoid, and tannin-containing active substances, and also steroids, alkaloids, and terpenoids
qualitatively. Different levels of the compounds involved in this secondary metabolism are evident in each organic
fertilizer application. Different concentrations were produced by the concentration of active substances in the
bangle rhizome. The data mentioned above demonstrated that, despite using the same amount of fertilizer, the
active compound content of the bangle rhizome was highest when the rhizome was dry (low moisture content) as
opposed to when the rhizome was still fresh. The amount of chicken manure that produced the highest phenolic
content in the rhizome under fresh and dry conditions, correspondingly around 178.56 mg/L and 202.79 mg/L,
was 60 t/ha. A dose of 60 t/ha of chicken manure also yielded higher levels of active flavonoids and tannins than
other doses. When compared to the fertilizer treatment, the control had the lowest active compound content. When
treated with cow manure, yields were lower than when treated with chicken manure at the same dose.

Antioxidant

Results of antioxidant analysis of bangle rhizomes using several samples based on manure dose and fresh and dry
rhizome condition are shown Table 6. ICsq value obtained described how well the sample captured free radicals.
The dose of 60 t chicken manure s/ha was found to have the lowest ICsq value of 9.52 ppm in the fresh sample, ,
while the control had the highest ICso value of 53.58 ppm in fresh rhizome conditions. The same quality was
obtained when dry rhizome conditions were used for the analysis; specifically, the dose of 60 t chicken manure
/ha chicken manure produced the lowest 1Cso value and the largest was in the control. The results of an analysis
of variance (ANOVA) at a 5% level showed that the treatments of giving organic fertilizers in the form of chicken
and cow manure gave significant differences in plant height, number of tillers, number of leaves, root length, fresh
weight of rhizomes, and dry weight of rhizomes. Only root length that was not affected significantly by the
treatments.

Discussion

Effect of manure addition on soil chemical properties

The changes of several soil chemical parameters during the incubation of three types of animal manures are presented
in Table 2 until Table 6. According to the analysis of variance, almost all of the observed soil chemical characteristics
were strongly affected by the differences in incubation time and manure rate. There were significant differences between
the incubation time on pH H20, pH KClI, total N, exchangeable acid and base cations, CEC, BS (P<0.001), and organic
C (P<0.01). Some parameters (e.g., pH H20, pH KCI, organic C, exchangeable bases, and base saturation) showed
statistically high values and concentrations at the first two weeks, which decreased at the next four and six weeks. The
increment in incubation time seemingly exhibited an inconsistent effect on the soil. Adekya et al. 2020 were reported
that utilization of organic manure to meet crop nutrient requirement will be an unavoidable practice to enhance
sustainable agriculture, this is because, the physical, chemical and biological properties of soil is generally
improved by the addition of organic manures which in turn enhances crop productivity and maintains the quality
of crop produce. Poultry litter treatments were positively correlated with greater soil fertility levels, as well as
higher crop yield and soil biodiversity. These results underscore linkages between manure additions and cropping
sequences, within the nutrient cycling, soil health, and crop production continuum (Asworth et al. 2018)
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Plant Height

According to the Table 8, the average increase in plant height starting at 6,9,12,15, and 18 WAP tended to
fluctuate. At the age of 6 weeks, the treatment without fertilizer (control) continued to grow until week 12 when
it reached its peak with an average height increase of about 24.68 cm, before the delining height at the following
weeks.. In order for a plant to grow, nutrients must be obtained from the soil by the roots through their root hairs
(Wang et al, 2021). Organic matter affects plant growth by influencing the physical, chemical, and biological
properties of the soil (Delgado and Gomez, 2017). The more organic matter is provided, the faster the plant will
grow. Compared to chicken manure, cow manure typically produces better plant growth. ﬂThe application of
chicken manure at all levels significantly increased plant height at 9 weeks after planting, but at 12 weeks, the
plant height slightly decreased. In the 20 t/ha chichen manure treatment, the plant height was in average of 30.16
cm at 12 weeks after planting and decreased in the following weeks. High nitrogen elements are found in chicken
manure (0.38%). Although the amount of nitrogen required by plants is always higher than other nutrients, a
deficiency or excess of nitrogen can hinder and disrupt plant growth (Jiang et al 2021). After planting, the growth
rate of the bangle plant accelerated between 2 and 5 months. As plants get older, their growth rate for height starts
to slow down (Rademacher, 2015).

Applying chicken manure always results in the best plant response in the first growing season. This is
because chicken manure decomposes relatively quickly and has enough nutrients compared to other manures of
the same weight. Table 1 shows that the application of chicken manure tended to increase plant height rapidly at
6, 9, and 12 weeks of age, then declined as plant age increased. Large-scale application of chicken manure is
thought to be less effective because the nutrients will exhaust quickly. The same result was also shown by the
application of chicken manure at a dose of 40 t/ha which decreased the plant height, the maximum height increase
at this dose was at 15 weeks with an average height increase of 37.61 cm. When compared to the other two doses
of chicken manure, the plant height for the 60 t/ha chicken manure was different. The plant height increase over
18 weeks demonstrates this, but the increase in plant height was typically not too different from the previous
weeks. Even though the application of cow manure at a dose of 40 t/ha initially produced less yields than that
produced by the application of chicken manure at a dose of 40 t/ha, at the end of the observation at 18 weeks the
increase in height was more apparent and might even have exceeded that of the chicken manure at a dose of 40
t/ha, which caused a decrease in plant height.

The addition of cow manure improves soil permeability, total pore space, aggregate stability, bulk density,
texture, color, and temperature (Singh, 2021). A dose of 60 t/ha of chicken and cow manure had the tendency to
produce steady, dependable results. The application of cow manure at a dose of 60 t/ha tended to yield less than
chicken manure at doses of 40 and 60 t/ha from the start of planting until the plant was 9 weeks old, but the yields
increased in the following weeks. The plant's need for nutrients grows as it ages. If the nutrient requirements are
not met and the nutrients are not readily available, plants may got nutrient deficiency at specific times (Bindraban
et al, 2015). Bangle plants absorb N (0.06 - 3.07 g), P (0.01 - 0.53 g), and K (0.10 to 2.25 g) at 2 to 10 months
after planting in the canopy. N is the nutrient that is most required in the plant canopy itself. The primary nutrient
for plants, nitrogen, is typically essential for the development and expansion of vegetative parts of plants, such as
leaves, stems, and roots (Tegeder and Masclaux-Daubresse. 2017). A sufficient supply of plant N is indicated by
high photosynthetic activity, good vegetative growth, and dark green plant colors (Wei et al, 2015).

Due to the individual characteristics of each animal, which are influenced by the type of feed and the animal's
age, each manure contains a different mix of nutrients (Asworth et al., 2020). Because each treatment dose of
fertilizer has a different nutrient content, they all produce different yields and have different recommended doses.
Due to their movement with crop yields, surface runoff, erosion, or evaporation, nutrients in the soil will gradually
decrease over time (Liao et al., 2021).

Number of Tillers

The table of the total number of tillers from each level reveals results that increase with plant aging and are
influenced by the quantity of fertilizer applied, as shown in Table 9 . Plants withot fertilizer developed more tillers
every week, but the growth was typically modest. This slight increase resulted from the fact that during the initial
stages of planting, the products of photosynthesis were utilized for the vegetative development of plants. In
comparison to manure application, treatment without fertilizer produced the lowest yield. Data presented in Table
9 show that there was a noticeable increase in the number of tillers at 18 WAP of age. A plant needs nutrients for
its physiological processes during growth and development. Plant growth and production will be subpar due to a
lack of nutrients (Reich et al., 2014). Functions of organic matter as a biological buffer so that the soil can supply
plants with a balanced amount of nutrients (Nair, 2019). Loosening the topsoil, increasing water absorption and
storage, and boosting soil fertility are all important functions of manure (Murphy, 2015). A sudden rise in the
number of tillers can result from the ease with which new shoots can emerge from loose, moist soil.
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At the start of planting, there were typically fewer and nearly identical numbers of tillers in each treatment.
The nutrients in this fertilizer are not readily available to plants, which is the cause of the slow plant growth at the
start of the planting period. The extent of these materials' mineralization or decomposition has a significant impact
on the nutrients' availability. Manure's low nutrient availability is partially caused by the presence of N, P, and
other elements in complex compounds that are challenging to decompose (Cui et al., 2021). At 6 weeks after
planting, all treatments tended to be similar and the differences between the tillers in each treatment tended to be
minimal. Although cow manure at a dose of 60 t/ha was the best dose with an average number of tillers of 14.45
tillers, chicken manure typically produced better results than cow manure at the same dose. In comparison to other
manure doses, chicken manure 40 t/ha at 12 weeks after planting produced the best results with 6.65 tillers.

Number of Leaves

An increasing number of leaves are produced each week as a result of the weekly application of cow and
chicken manure. Table. 10 show that at about 12 weeks of age, the number of leaves increased significantly. Every
week, the increase varied depending on the treatment. The number of leaves significantly increased with a dose
of 60 t/ha of cow manure, averaging 15-37 leaves every three weeks. Similarly, the number of leaves tended to
increase when manure was applied in the same amount. Both cow and chicken manure at a dose of 20 t/ha and 40
t/ha produced a nearly identical number of leaves during plant growth. [In addition to the nutrients that plant’s
needs, manure also contains humic, fulvic acids, growth hormones, and other substances that promote plant
growth and increase nutrient uptake by plants (Canellas et al., 2015). The amount of photosynthesis is influenced
by the number of leaves present, and plants with more leaves may produce heavier and bigger rhizomes as a result.
The number of leaves added is also affected by the number of shoots and plant height. The number of leaves will
increase as the plant ages and grows taller, produces more leaves on a single stem, and produces more tillers. The
nutrients required for plant growth are present in sufficient amounts in manure. The related observation variables
will be impacted by the food's growth quality and planting age.

In relation to the addition of the number of leaves, the most influential element is N. In comparison to other
nutrients, nitrogen is required in sufficient amounts for plant growth. N makes up 40-50% of the dry weight of
protoplasm, the living component of plants ( Kathpalia & Bhatla. 2018). Since protein is the source of all plant
enzymes, nitrogen participates in all enzymatic processes in plants. Additionally, nitrogen is one of the constituent
elements of chlorophyll, the primary component of chloroplasts, and it contributes to improving the quality and
quantity of the dry matter produced (Wen et al., 2020). Fertilizer use and the amount of nutrients in the soil have
a significant impact on how plants grow and develop. Nutrient uptake is restricted by nutrients in a minimum state
(Purbaetal., 2021). In terms of the addition of leaves, the treatment of plants without fertilizer differs significantly
enough for each observation. In comparison to other treatments, plants without fertilizer produce the lowest yield.

Root Length

The lowest root length was observed for the cow manure dose of 20 t/ha treatment with an average root length of
about 24.36 cm which was lower than the control. With an average root length of 41.03 cm, the application of
chicken manure yielded the longest roots. When plants respond to water shortages by reducing the rate of
transpiration to conserve water, the roots play a crucial role (Sourour et al., 2017). Plant roots have a significant
impact on overall plant growth and development. The failure of the root function will result in a complete change
in the plant for the top. Manure can bind water in the soil. Because the soil around the roots in the deeper layers
is still moist, the roots will continue to grow. Maximizing exposure to groundwater will encourage the growth of
root. Plant roots directly respond to the physical characteristics of the soil (Jiang et al, 2017).

Data presented in Table 11 show that the application of chicken manure yielded better root length than cow
manure. The use of organic fertilizers can loosen the soil, increase aeration, and increase the soil's capacity to hold
water, all of which can improve the physical properties of the soil (Shaji et al., 2021). Additionally, organic matter
has the ability to control soil temperature, slow down phosphorus fixation, increase soil cation exchange capacity,
and lessen the leaching of nutrients like potassium, calcium, and magnesium (Baghbani-Arani et al., 2021).
Another environmental factor that has been shown to affect the nitrate absorption process is the temperature
around the roots (Le Deunff, 2019). The initial analysis of the soil revealed that the pH ranged from 3.86 to 4.86.
Al is common excessively in acidic soil, and it can poison plants and bind phosphorus (P). Low pH soil can hinder
plant growth by preventing the roots from properly absorbing nutrients. Giving chicken manure , as demonstrated
by Mazeika et al. (2021), can maintain stable nutrient content in soil and minimize mineral fertilizer influx into
the environment. could raise the pH of soil. By raising pH, Al in the exchangeable form will be reduced, and
nutrients will become more available to plants.

According to Rosita et al. (2005), nutrient uptake on the roots of bangle plants at 2-10 months after planting
was as follows: N (0.01 - 0.52 g), P (0.002 - 0.15 g), and K (0.02 to 0.82 g). It was discovered that the roots of the
bangle plant had more K buildup than N and P. K is primarily used to aid in the synthesis of proteins and
carbohydrates. In the face of drought, illness, and pests, potassium gives plants strength (Hasanuzzaman et al.,
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2018). Organic fertilizers can help the soil's physical and chemical composition, which will facilitate root
development. Up until the soil reaches its critical water potential, plant roots expand into moist soil and draw
water (Sisouvanh et al., 2021). The looseness of the soil can promote root development. Strong roots will make
it simpler for plants to absorb nutrients and water

Rhizome fresh Weight

Plant biomass is a common parameter used to study plant growth. When plant nutrient requirements are met,
yields will be optimal (Timsina, 2018). The rhizome of the bangle plant is the part that is most advantageous for
cultivation. One could also argue that this rhizome's fresh weight is a crucial factor in determining how well bangle
plant cultivation is going. The cultivation method is better and more productive the more weight of the wet
rhizome can be obtained. According to the results of the application of the organic fertilizers at the age of 18
weeks, cow manure at a dose of 60 t/ha produced the highest fresh weight of rhizomes, averaging 822 g/plant, and
chicken manure at a dose of 20 t/ha produced the lowest fresh weight of rhizomes, averaging 393.25 g/plant.
Manure increases crop yield and quality while also enhancing the chemistry, physical characteristics, and
biological properties of the soil (Ma et al., 2021). Data presented in Table 11 demonstrate that the yield of fresh
weight of rhizomes increased with increasing manure dosage. The physical condition of the soil must support
plant growth in addition to a supply of adequate and balanced nutrients ( EI-Ramady etal., 2015). These soil
aggregates will keep the soil in a loose condition (Murphy, 2015). Cow manure will enhance the physical
characteristics of the soil. Improved soil physical characteristics include things like increased permeability, total
pore space, aggregate stability, bulk density, texture, color, and temperature (Agbede, 2021).

Intensive tillage affects the physical properties of the soil. Low organic matter soils will have more severe
damage to the soil's structure (Murphy, 2015). When the soil does not receive enough water and becomes dense
and hard, soil damage is evident. Plant rhizomes will not be able to grow or spread out in compacted or hard soil.
The ability to maintain loose soil conditions that are difficult to harden or compact increases with the amount of
organic matter added. Additionally, manure helps to improve soil structure, cation exchange capacity, and water
resistance. Giving manure has the indirect effect of making it simpler to keep water in the soil (Zhang et al., 2016).
Since water availability plays a significant role in plant growth, water frequently restricts the growth and
development of cultivated plants. The plants will experience drought conditions if there is not enough water in
the soil. Due to decreased primary metabolism, reduced leaf area, and decreased photosynthetic activity, drought
stress can lower plant productivity (biomass). Smaller leaves grow as a result of a lack of water during the
vegetative stage, which can reduce light absorption. Lack of water also inhibits the synthesis of chlorophyll and
some enzymes, such as nitate reductase, from working (Altuntas et al., 2020).

Organic substances in the soil may have physiological effects on plant growth that are direct or indirect
(Basilio et al, 2013). Compared to other types of manure, chicken manure contains a fair amount of P. This is due
to the fact that chicken manure contains feed (Agbede, 2021). Phosphorus aids in the growth of plant roots,
photosynthesis, transfer respiration, cell division, and growth (Malhotra et al, 2018). The number of cells increases
more quickly when they divide quickly, which causes the rhizome to grow larger.

Rhizome Dry Weight

Dry weight reflects a plant nutritional status because it is affected by the rate of photosynthesis and respiration in
each treatment. Based on the collected data, it was determined that applying chicken and cow manure at a dose of
20 t/ha resulted in lower dry weight yields than the control. Additionally, the results from the application of 40
t/ha manure dose were not significantly different from the control. This is the active vegetative formation stage.
The application of cow manure at a dose of 60 t/ha demonstrated different results and produced significantly better
outcomes than other doses of chicken manure. The amount and timing of fertilizer applied can impact crop yields,
among other things. Organic matter plays a crucial role in soil health because it can create stable soil aggregates,
increase soil fertility, and serve as a source of energy for organisms (Magdoff. 2018).

The application of manure enhances the chemical, physical, and biological properties of the soil, increase
crop yield, and improves crop quality (Du et al., 2020). High organic matter soils have beneficial microorganisms
that encourage the breakdown of organic matter and release inorganic nutrients that are then available for plant
uptake. Organic fertilizers can help to create ideal conditions in the soil for microorganisms that are beneficial to
plants (Du et al 2022). Chicken manure is an organic fertilizer with high nitrogen content, despite not being the
best dose for bangle rhizome weight yield. As they ensure the best nutrient management for plants, such fertilizers
should be used promptly to partially replace chemical fertilizers (Guimaraes et al., 2019).

Secondary metabolic levels (phenolic compounds, flavonoids and tannins)

The results of laboratory analysis found that the positive bangle rhizome contains compounds in the form of
phenolics, tannins and flavonoids. These compounds respond differently to the concentration of organic fertilizer
applied in the form of cow and chicken manures. According to Table 12, the amount of tannin compounds
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increased as manure dosage rose. The application of chicken manure or cow manure with three doses of 20, 40,
and 60 t always increased the tannin concentration in the rhizome as the dose increased. When compared to cow
manure, applying chicken manure produced significantly better results. It is evident that using 20 t/ha of chicken
manure instead of 60 t/ha of cow manure resulted in a higher tannin concentration .

Dry rhizomes produced a higher concentration of tannins than fresh rhizomes, which produced different
results regarding tannin concentration. The concentration of tannins in fresh rhizomes increased non-significantly
with the addition of cow manure, whereas the concentration of tannin compounds in fresh rhizomes decreased
with the increase in the dose of cow manure. In comparison to the use of manure that increased fresh and dry
rhizomes, the control provided the lowest tannin concentration.

Tannins are chemical substances that have an astringent and bitter flavor. These substances act as controlling
substances in plant metabolism as well as important defenses against herbivores and pests that prey on plants
(Tiku, 2018). Tannins are metabolically active substances with multiple uses, including as astringents,
antibacterial agents for treating diarrhea, and antioxidants. Leather tanning is another industrial application for
tannins. Tanad acid is the type of tannin substance present in bangle plants. Diarrhea can be effectively treated
with tannic acid. Additionally, tannic acid exhibits antimicrobial, antienzymatic, antioxidant, and antimutagenic
properties ( Dabbaghi et al , 2019).

In addition to increasing the fertilizer dose, applying organic fertilizer in the form of cow and chicken
manure resulted in an increase in phenolic compounds and flavonoids. When compared to when the rhizome was
fresh, the dry rhizome had a higher concentration of phenolic and flavonoid compounds. The content of active
compounds in the simplicia is impacted by the drying process. Antioxidant activity is influenced by the total
phenolic and flavonoid content (Rajkumari & Sanatombi, 2020).

The highest phenolic and flavonoid concentrations were found in both fresh and dry rhizomes when chicken
manure was applied at a dose of 60 t/ha. The application of the highest dose of cow manure of 60 t/ha, resulted in
phenolic compound concentrations of 86.90 mg/L in the fresh rhizome and 181.38 mg/L in the dry rhizome, while
flavonoids were 71.14 mg/L in fresh rhizome and 99.43 mg/L in dry rhizome. Compared to chicken manure at the
same dose, this result is smaller. A dose of 60 t/ha of chicken manure resulted in phenolic compound
concentrations in the fresh rhizome of 178.56 mg/L and dry rhizome of 202.79 mg/L, while fresh rhizome
flavonoids were 104.39 mg/L and dry rhizome flavonoids were 181.91 mg/L. In comparison to treatments with
organic fertilizers, treatments without fertilizer produced lower phenolic and flavonoid concentrations.

In plants, flavonoids serve as pigments for the flowers, fruits, and roots, as well as occasionally as growth
regulators and disease resistance (Kumar et al, 2018). Catechins are one class of flavonoid compounds present in
bangle rhizomes (catechins). Catechins have antioxidant properties, and because they can stop the growth of
viruses, bacteria, tumors, and fungi, they can also get rid of rotten and rancid odors (Isemura. 2019). Phenolic
compounds are compounds that plants make in response to environmental stress. Phenolic compounds protect
DNA from dimerization and damage by blocking UV-B rays and cell death (Takshak and Agrawa, 2019). Gallic
acid is the type of phenolic compound found in bangle rhizome. Gallic acid serves as an antibacterial, antiviral,
analgesic, and antioxidant in medicine (Shrinet et al, 2021).

The application of chicken manure resulted in a higher concentration of secondary metabolism because it
had a relatively higher P nutrient content than other manures (Alinejad et al, 2020) . Phosphorus can be found in
DNA, RNA, and the parts of nucleotides that provide metabolic energy (like ATP). The process of photosynthesis
depends heavily on phosphorus. Stunted growth is one of phosphorus deficiency's signs (De Bang, 2020). The
concentration of secondary metabolism in the form of tannins, phenolic compounds, and flavonoids is influenced
by the difference in the P nutrient content between these two types of manures. Environmental factors affect the
levels of flavonoids and other phenolic compounds in plants, which vary among parts, tissues, and ages of plants.
These include air temperature, nutrient availability, water availability, and atmospheric CO, concentrations
(Ashraf et al, 2018.).

Antioxidants

The antioxidant activity analysis produced different ICso values depending on the type of organic fertilizer used
(Table 13). The ICso decreased as the fertilizer dose increased. A concentration known as ICsp is capable of
reducing 50% of DPPH free radicals. The greater the antioxidant activity, the lower the 1Cs value (Ali et al.,
2018). Antioxidants are compounds that can absorb or neutralize free radicals, thereby preventing certain diseases
caused by free radicals (Poprac et al 2017). The treatments of cow manure, as shown in Table 13 resulted in lower
yields than chicken manure. The antioxidant activity of the dried rhizome samples was higher than that of the
fresh rhizomes. The highest antioxidant activity was produced by cow manure at a dose of 60 t/ha, with an 1Csp
value of 9.52 ppm for fresh rhizome and 8.6 ppm for dry rhizome. At a dose of 20 t/ha in both fresh and dry
rhizome conditions, cow manure had a lower I1Csp value than chicken manure. For fresh rhizomes, the treatment
without fertilizer produced an 1Csp value of around 53.58 ppm, and for dry rhizomes, it was around 40.91 ppm.
Ali et al. (2018) claimed that the antioxidant activity in bangle rhizomes is incredibly powerful. Except for
the treatment without fertilizer in fresh rhizome conditions, the ICso value in bangle rhizome in all treatments gave
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a value of 50 and included a very potent antioxidant. The high secondary metabolic compounds found in the
bangle rhizome are inextricably linked to the high antioxidant activity. Secondary plant metabolites like
flavonoids and phenolics play a part in antioxidant activity. More phenolic compounds will have a higher level of
antioxidant activity (Tohma et al, 2017) .

Conclusion

A cow manure dose of 60 t/ha is the best dose for plant grwth, with an average height increase of 42.78 cm, an
increase in the number of leaves of 116.65 pieces, and an increase in the number of tillers of 14.45. A dose of 60
t/ha of chicken manure produced the best root length of 41.03 cm. The weight of the rhizomes revealed that the
application of cow manure at a dose of 60 t/ha resulted in the highest yields of dry weight and wet weight, which
were about 179.75 g and 822 g, respectively. A chicken manure dose of 60 t/ha results in the highest secondary
metabolic rate in each parameter, including dry rhizome (phenolic 202.79mg/L, flavonoid 181.91mg/L, and tannin
5406.33mg/L) and wet rhizome (phenolic 178.56mg/L, flavonoid 104.39mg/L), while a chicken manure dose of
40 t/ha results in the highest tannin Giving chicken manure at a dose of 60 t/ha produced very strong antioxidant
results at 9.52 ppm wet rhizome and 8.06 ppm dry rhizome, according to the antioxidant results.
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Conclusion

A cow manure dose of 60
ase in the number
manure produced the best root length of 41.03 cm
pplication of cow manure at a dose of 60 tensha resulied in the hig
weight, which were about 179.75 g and 822 g, respectively. A chicken manure dose of 60 &
metabolic rate in cach paramter, including dry rhizome (phenolic
181.91mg/L., and tannin 5406.33mg/L) and wet rhizome (phenolic 178.56mg/L, flavonoid 104.39r
chicken manure dose of 40 tew/ha results in the highest tannin Giving chicken manure at a dose of 60 to
produced very strong antioxidant results at 9.52 ppm wet thizome and 8.06 ppm dry rhizome, according
antioxidant results
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Autiesidants
Antioxsidants

Manure (ton/ha)

The treatments of cow manur, as shown in Tablc 136 she-srapi: sesute-rcsulicd in lower yiclds than chicken
manure. T xidant activity of the dried rhizome samples was higher than that of the fresh rhizomes. The
highes! antioxidant activity was produced by cow manure al a dose of 60 tessha, with an IC., value of 9.52 pp
for fresh chizome and 8.6 ppm for dry riizome. Ata dost of 20 tessha in bath fresh and dry rhizome conditions,
cow manure had 8 lower IC val e. For fresh thizomes, the reatment without fertilizer
produced un 1€, value of arous

reTm—" (20186) claimed that the

s, it was around 40.91 ppm

243 Except for
e in all reatments
cabolic compounds found in
b i metabolites lik
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Gallic aci ‘type of phenol
« fmdmmle n.mm Gallic Bacterial. antiviral, analgesic. and antioxidant
medicine (Shriniet ¢ al, 200 L usmaidi-S-4nd-Abwae2018),

The applicat  OF CHAEit s oot 1§ gty Comemaios of ey Rlnii becaes ¥
bad a relatively higher P nutrient content than other manures (Almeiod ot al, 2020) (Susmmwnghale
Phosphory ¢ pa e metabolic

signs (D Kl 20108,

manure-{Bimanungliaiot-ohr 30063 The concentrtion of secondary metabolism i the for

compounds, and flavonoids is influenced by the difference in the P nutrient content between these 24wo types of
manures. Environmental factors affect the levels of flavonoids and other yvl\um'n compounds in plants, which
vary among parts, fissues, and ages of plants. These include air tempera trient. availability, water
availability, and stmospheric CO. concentrations

Antioxsidants

The antioxidant activity analysis p-.-.m.:u different 1C+ values depending on the type of arganic fertilizer used
The IC.. decrenses- d as the fertilizer dose . L A concentration known as
pble of teducing 50% of DPPHI free radicals. The grestr the antioxidant actviy, the lower the IC
Wadsassnsi-ct al., 20156). Antioxidants are compounds that can absorb or neutralize free radicals,
ity preveatog ceril hmesct comscd By 08 Fdicnt

X | MONEV INSTITUSI

q7pr 1&messagePart
Buka denga

Tannins are chemical substances that have an astringent and bitter flavor. These substances act as
controlling substances in plant metabolism as weil as important defenses against herbivorcs and pests that prey
plants (Liku, Jubiamie-20189 nins are metabolically active substances with multiple uses, including as
ents, antibacterial o c resing diarhen, end wilridens. Lowiber aiog s anotber indesri
acid is the type of tannin substance present in bangle plants.
Trwsed wih tanmic. ack. Addionaly, tanic acid exhibis ntimicrbial

enzymatic, antioxidant, and antimutagenic properties (D) Hidjwwwan-Yousct ol , 20198),

In addition 1o increasing the fertilizer dose, applying organic fertilizer in the form of cow and chicken
manure resulted in an increase in phenolic \.»m,-um. nd flavonoids. When compared to when the thizome was
fresh, the dry rhizome had a higher concentration of phenolic and flavonoid compounds. The content of active
compounds in the simplici ix impacted by the drying process. Antioxidant activity i influenced by the tos
phenolic and 1 d fombiAmseita, 202045). Ghver-siut-feesh—samplos—sse—rmre-
e . in—qualeiy-than-dey-samples-—-ta-advised-o-uve-dey-samples
Instead-of-frash samples-tulante

The highest phenolic and flavonoid concentrations were found in both fresh and dry th
chicken manure was applied at a dose of 60 twmha, The est dose of cow
{ema/h, remulid in pheslic compound concentrations of 8690 mgl. in sh thizome aod 18138 mylL. in
the dry thizome, while flavonoids were 71,14 mg/L in fresh rhizome and 99.43 mg/L in dry rhizome. Compared
10 chicken manure at the same dose, 4 .wm is smaller. A dose of 60 twsha of chi
phenolc compound concentrations i the reth rhizome of 178,56 mg/L and dry thizome of 202.7
fresh ehizome flavonoids were 104,39 mH and dry rhizome favonoids were 1819
treatments with organic fertilizers, treatments without fertilizer produced lower phenolic and flavonoid
concentrations.

In plants, flavonoids serve as pigments for the flowers, fruits, and roots, as well as occasionally as growth

compounds prese

op the growth of vinaes, bciera, txnons
Saprallivn—AM—et—i-—2024). Phenolic co vpnum.\\ are in response o

nvironmental sres. Phenoli compounds protect DNA from dimeriztion nd damage by blocking UV-B rays

and cell death (Tukshak and Asros 3 Gallic acid is the type of phenolic

compound found in igesic, and antioxidant in

Halaman 20
The A’V\"hmln-yv of el
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Phenolic and Flavonoid

mowm oM oRom om oM omom M P

"

phesctic # Arvomcid

®Erod Riizome
=Dy Rl

ha-ar- bt VT R —

she-missomt-Hook -4

The application of manure enhances the chemical, phy

crop yield, and improves crop quality (Du ¥elsr—Fumnret al, 202084). ¥

beneficial microorganisms that encourage the breakdown of organic matter and release inorganic nutrients that
are then available for plant uptake-+Sek 204+, Organic fertilizers can help to ereate ideal conditi

the soil for microorganisms that wts (D ¢ 2
Chicken manure is an organic fertilizer with high nitrogen content, despite not being the best dose for
ent for plants, such fertilizers should be

bt

sical, and biological properties of the soil, increase

5 e matier soils have

bangle rhizome we
used promptly o partially
Secondary metabolic levels (phenolic compounds, flavonoids and tannins)

ysis found that the positive bangle

place chemical fertilizers (Guimardes et al., 2019).

The results of laboratory an
phenolics, tannins and flavono

ids. Fhese-Findinsa

nily 1o the concentration of or

sndstespeneidsThese compounds respond diffe
f cow and chicken manurcs. Febie-5—Hae-srupi-ab

wve. the amount of tannin compounds wibh-i .
chicken manure_or: cow manure with three doses of

the form
AAccording to Table 125-tve-graph-o
applicatio

jon in the rhizome as the dose increased. Whe
wly better results. It is evident

60 toms always increased the tannin concentra
compared to cow manure, applying chicken manure prebees-produccd signific
that using 20 teasha ¢843-0f chicken manure instead of 60 tomsha (-4)-of cow manure resulted in a higher

tannin concentration (3,
Dry rhizomes produced a higher concentration of tannins than fresh rhizomes, which produced differcat

results regarding tannin concentration. The concentration of ased non:

significantly with the addition of wshowe-é-cow manure, whercas th
thizomes decreased with the as-increase in the dose of cow manure. In comparison 0 the use of manure
fresh and dry thizomes, the control provided the lowest tannin concentration.

entr { tannin compounds in fresh
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Dose Manure (ton/ha)

et Rhizome (g]  Wdry Rhizome (g)
Rhizome Dry Weight
plant mutritional status because it is affected by
s, it was determined th

Ve velabicmabp botween plant growii T——
Purba-et-ab-—20243-Dry weight reflects
ach treatment. Based on the collected da
asha resulted in lower dry weight yields than the control

ficantly different from the
fromm-the

Lnownasd
the rate of photosynthesis and respiration in
applying chicken and cow manure at a dose of 20
Additionally, the results from the

P i
formation stage

demonstrated different results and. produced
hicken manure. The amount and timing of fertlizer
ings. Organic matter plays a crucial rol in soil

a ‘manure
ntly betier outcomes than other doses wnd-iypes-of
wn impact crop yields, among other
stable so s, increase soil fentility

signi
applicd can have-an snpoe

use it can create and serve as a source of energy for
organisms (Magdofl *

et-0h42005}, shat-Hase-sunsarhierstudios-on-dry-matter prodction-aad

Bungle-plant P « - -
ot s N (0.4, 58140000 K40 234-gh-reupectively-(R e 200834

18

Buka denga

Hiawit---dempronaible-to-sopmarmte-she-gondphywiont-4aaaitn-o-he-se-irom-sne-yiokh--thie-fitly-lange-plant
The physical condition of the soil must support plant

4 El-Ramady-bawena-ot- ctal., 20155)
Awas-20133). Cow manurc will cnhance the physical ch
sed permeabiliy, total pore space

owth in addition 1o a supply of sy
utrients thal-be-sabeuguase-ant ke These soil aggregates will keep
the soil in a loose condition (Murphy
the soil. Improved soil physical characteristics include things like ince

color, and_temperature; nd—others—Agh

scteristics of

wo—worght_bulk _density, texture

he soil. Low organic matter soils will have more severe
3). When the soil does not receive h water and
10t be able to grow or spread out in

Intensive tillage afficts the physical peoperties o
damage to the soil's structure (Miurphy, 201 SAwwas
becomes dense and hard, soil damage is evident. Plant rhizomes wes's will s
compacted or hard soil. The ability to maintain loose soil conditions that are difficult to harden or compact
increases with the amount of organic matter added

Additionally. manure helps to improve soil structure, cation exchange capacity
Giving manure has the indirect effect of making it simpler to keep wat
20165). Since water availability plays a significant role in plant growth, water frequently restricts the growth
development of culivated plants.

b will experience drought conditions if there is not enough
primary metabolism, reduced leaf arca, and decreased photosynthetic activity, drought stress can lower plant
productivity (biomass). Smaller leaves grow as a result of a lack of water during the vegetative stage, which ca
reduce light absorption. Lack of water also inhibits the synthesis of chlorophyll and some enzymes, such as

e reductase, from working (Altuntas Selehatun et al, 202005)

Organic substances in the soil may have physiological effocts on plant growth that are direct of indircct
(Busilio of Syaséwi-alwwer, 2013). Comparcd 1o other types of manure, chicken manure contains a fair amount
of P. This is due to the fact that chicken manure contains foed (AghedeSudessi-et-sk, 20212). Phosphorus aids in
the growth of plant roots. photosynthesis. transfer respiration, ccll division. and growth (Ml

0] B wpandi.2034). The number of cells increases more quickly when they divide quickly, which

he plants ater in the soil. Due to decreased

thizome 1o grow larger

erah
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T ' be reduced, and maricns will become maore
available to plants.
ording ita st ),_nutrient uptake on the roots of bangle plants at 2-10 months after
planting was us follows: N (0.01 - 0.52 £, P (0.002 - 0.15 g). and K (0.02 10 082 g) 4Remier-ot- 30655, It was
discovered that the plant had more K buildup than N and P. K is primarily used to aid in the
synthesis of protcins and u.\rbom«.rnu In the face of drought. illncss, and pests, potassium gives plants strength
(Masanuzzaman Pusba-ct al, 201823). ¢ fertilizers can help the soil's plm.\,u and chemical composition.
which will facilitate root J(\d-vm\mr Up unl the soil reaches its citcal water potential, plant roots expand
moist soil and draw water ( s 2 s5 of the soil can promote root
developmont, Srong roots will mak i smpler for plaats 1 shsorb tusrients aod waicr
Rhizome Wet fresh Weight
Plant biomass is a common parameter used 10 study plant growth —Fse-feesh-sweighi-o#-the-plani-desesitses-the-
ke saictse-combert-s-the-phant—Fhve-piart-will-wegh-more-siven-wet-e-mmore-bertle-it-is-(Supand
24 When plant nutrient requircments are met, yields will be optimal (Tim
thizome of the bangle plant is the part that is most advantageous for cultivation. One could also
thizome's wet-fresh weight s a crucial factor in determining how well bangle plant cultivation is going
ot bt s e ey 65 it g f tht ot ko Bk can 14 abnios

- iving-350-baha-oi-y oS R36-250-bpra-ob-KCh-and
le-shinome-weighi-of-3H-30-gplant-S-smanthe-s fer-planting \u.vm.m 10 the
ilizers: at the age of 18 weeks, cow manure at & dose of 60 tewwha
o weight of rhizomes, avcraging sbowt$22 gron .Kpm . d chicken
fresh weight of thizomes, an-averss 93,
hikc ko cubacieg the chemiey ,‘m.‘. o chartersticn,
biological properties of the soil (WS SEALS ). Data_presente 114 The-graph-belews
demonstrates that the yield of fresh weight ,w.r.-m.«.r ewincreased with increasing manure dosage.

. To0t length in <hicken snumrepenera an cow manure. The
fertilizers can loosen the soil, increase acration. and increase the soil's capacity to hold water,
ove the physical properties of the soil (ShuliRase et al,, 2021). Additionally, organic ma
abiliy o control soil temperaiure, slow down phosphorus fxation, increase il cation exchange
capacity, and lessen the leaching of nutrients ike potassium, calcium, and magnesium (Hay)
Guimasies ¢t al., 202139). Another environmental factor that has been shown 1o affect the nitrate absorption
process is the temperature around the roots (Le DeunfT - Vladisie, 201931, - ot btk
lonse-roplese-it-with-sthons
The il naiyi of the ol evenled tha th smibe-pH raged from 386 1 445, Al chomente-r
1 #-xcessively in acidic soil, and they-i can poison plants and bind phosphorus (P). Low pH soil can
i oder plant growth by preveating the roots from properly Jnn.,.».m ients. Giving chicken manure wp-4e-
\ al. (202144, 1 stable nutrient content in d
o 1 - -could raise the pH of soil_Senr
vy raising pit, Al i cxchangestic form will o redeced, and miricas will become more
available to plants,
\ccordi Rosita (2005),_nXutrient upak o angle plants at 2-10 months after
planting was us follows: N (0.01 - 0.2 g), P (0.002 a 0089, It was
discovered that the roots of the bangle plant had more K b a < arily used to aid in the
synthesis of proteins and carbohydrates. In the face of drought, illness, and pests, potassium gives plants strength
(asanzzaman Busba-et al, 201824). Organic fertilizers can belp the soil's physical and chemical composition,
which will facilitate root development. Up untl the soil reaches ts critical water potential, plant roots expand
into moist soil and draw water ( Solichatun ct al,, 202105). The looseness of the soil can promote root
development. Strong r 11 make it simpler for plants to absorb nutrients and walcr

Rhizome Wesfresh Weight

Plant biomas i a common parameter used 1 sty It growth.—Fhe-fec-seighi-ofshe-plont-deserbos he

waker-anl-oisiure. comtent-oi-the-plant—Fhve-plant-sil-w e more-Fertile-it-is- Suponds

s phant natricnt requirements are met, yickds wil be optimal (THN-SM: 201834). The

rthizome of |h< bangle plant is the part that is most advantageous for cultivation. One could also argue that this

hizome’s et weight i a cruial fator in determining how el bangle plnt cuivaton s going. The
cultivation methex! s beter an . i that-can be obtained.

Rovita-2005}-found-that-giv
According to the
lanure at a dose of 60 tewha
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Root

Pl e

Length cm)

Dase Manure (ton/ha)

Mannure hes dhe sbitity-to  in he soil. Because the soil around the rools in the deeper layers is siill
zing expasure 1o groundwater will encousage the growth of
JEom— ots dircetly respond to the physical characieristics of the soil (Jlang ot
2017 jb-awwer
Data presented in Table 114 show that tion of chicken manure yiclded Fie-table's-deta-swhivh
was-derived-fross-betict ruot len raisser generally-produses beer han cow manure. The
use of his-organic fertilizers can e seil, increase sceation, and increase '
all of which can improve the physical properties of the soil (ShaijiRass et al., 2021). Additionally, organic matter
has the ability to control soil temperatuse, slow down phosphorus fixation, increase soil cation cxchany
agnesium  (Baghbani-A
affiect the nitrute absorption

the soil's capacity to hold

pacity, and lesse

X | MONEV INSTITUSI x o+ - o x
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(Be-Wen cf al., 20201 ledsorit 20245 thie-

Fertilizer use and the utrients in the soil have a sigaifi
uptake is resiricted by nutrients in 4 minimum state (F
it of plants without fertlizer difers signili

L impact o bow plants grow
1al. 2021). In terms of

shortages by
erey etal., 20173). Plant roots have a s
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Number of Leaves

WeekS aftr phating (MST)

In addition to the nutricnts that plant’s needs, manure also contains humic, fulvic acids. growth hormones.
and other substances that promote plant growth and increase nutrient uptake by plants (Canellas et sl
01 SHarta 045). The amount of photosynthesis is influcnced by the number of leaves prescnt, an

plants with more eaves may produce heavier and bigger rhizomes as a result

The number of leaves added is also affected by the number of shoots and plant height. The number of
feaves wil t ages and grows taller, produces more lcaves on a single stem, and produces more
tillers. The nutrients required for plant growth are present in sufficient amounts in manure. The related

observation vanbles will be

o Mt
cow 60t
chicken 20 10w
chicken 4010

—— chicken 60 fowha
Weeks after plating (MST)

atment without fertilizer produced the lowest yield. Dat
there was a noticeable increase at-in U

shas-were i |8 WAP of age. A plant needs nutrieats for its physiological processes during
ment. Plant growth and production will be subps a lack of nutrients (ReichPueb ct al,

Functions of organic matter as  biological bufler so that the soil can supply plants with  balanced smount
of nutrients (K hwt-wbNait, 20195). Loosening the topsoil, increasing water absorption and storage, and
boosting soil fertility are all important functions of manurc (Yaskaase-st-sk-2624Murphy, 2015). A sudden risc
in the number of tillers can result from the ease with which new shoots can emerge from loose, moist soil

At the start of planting, there were typically fewer and nearly identical numbers of tillers in cach treatment
The nutricats in this fertlizer are not readily available 10 plants, which s the cause of the slow plant growth at
the start of the planting period. The extent of these materials’ mincralization or decomposition has a significant
impact on the nutricnts’ availability. Manure’s low nutrient availability is partialy caused by the preseace of N
P, and other elements in complex compounds that are challenging to decompose (F

AU 6-met wocks afler planting. all reatments tended to be similar and the differences between the tillers in
each treatment tended to be minimal. Although cow manure at a dose of 60 fewsrha s-3vas the best dose w
average number of tllers of 14.45 tillers, chicken manure typically peed I better results
manure af the same dose. In comparison 10 other manure doses, chicken manure 40 tensba at 12
planting produced the best results with 6.65 tillers.

Number of Leaves

n increasing number of leaves are produced each week as a result of 1
Tab wble-3-shows that at about 12 weeks of

cd significantly. Every tment. The number of leaves

ntly increased with 7 leaves every three weeks.

Fhe-the number of manure -2 applied in the

oo sanure st doce w40

Same amount Boil a2 do: . sou
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Acvording-to-Har
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Abstract
Article history Ultisols in Indonesia have the potential for agricultural development. but the B,
Raisbved 2 Tavary soils have low pH and nutrient contents that hinder plant growth and yield.
4 Using animal manuse can be an alternative to improve soil productivity and [}
crop yields. This study aimed fo examine the effects of animal manure on the
chemical properties of Ultisol. yield and secondary metabolic of Zingiber Q
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Accepted 9 May 2023 Using animal manure can be an alternative fo improve soil productivi
Published | October 2023 crop yields. This study aimed to examine the effects of animal manure on u.e Q
@ chemical properties of Ultisol. yield and secondary metabolic of Zingiber
4 - montanum. The treatments tested were combinations of fypes of manure (cow Qe
2 Kevwords and chicken manure) and manure application levels. namely PO (control). P1
g organic fertilizer (cow manure 20 vha). P2 (cow mamuse 40 Vha), P3 (cow manure 60 1ha), P4
secondary metabolism (chicken manure 20 ha), PS (chicken manure 40 vha). and P6 (chicken (s}
e, Ultisol manure 60 tha). The results showed that the application of chicken mamure
Zingiber monsamum of 60 Vha increased N and P contents of the soul. and the application of cow

manure of 60 tha increased soil cation exchange capacity. The application of

cow manure of 60 Uha gave the highest plant height, the number of leaves,

and the number of at 18 weeks after plonting. while the application of

chicken manure dose of 60 Uha produced the longest plant roots. The highest

fresh and dry thizome weight was observed for the 60 Uha cow manure

treatment. The highest secondary metabolic levels in each parameter were

found in dry ehizomes (phenolic, flavonoid, and tannin) and fresh thizomes

(phenolic and favonoid). with the highest tannin compound in the reatment

of 40 t chicken manureha. Applying chicken manure at a dose of 60 tha 1
resulted m a very strong antioxidant yield in fresh and dry rhizome
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el sl;d.l: BSmonly vemiifuge in Malaysia and applied for abscesses, B
own as “Banada” in Banglades ai

- colic, dianthea, fever and intestinal disorders. In d

Thailand. “Jangliadrak” in India. and “Bangle” in

Northeast India, thizome paste was reported fo be Q
used to wear dyspepsia and stomach bloating
Anasamy. 2013). In East Kalimantan. Indonesia. the
productivity of this plant, commonly cultivated in the Q

Malaysia and Indonesia, is extensively planted in
Thailand, Malaysia, and Indonesia (Hassan et al
2019, This plant is coumwﬂl\ used in umumml
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N.P. Palupi etal,

Ultisol contains expandable 2:1 clay minerals that
contribute to high cation exchange capacity (CEC)
and the dominance of A" in exchangeable sites.
resulting in fow pH. It is well-known that soil acidity
can_inhibit nitrification (Shibata et al. 2017). A
distinet Ultisol s found in East Kalimantan with
extremely high aluminum saturation, which can cause
severe foxicity fo the plant. AP” enhances the
desorption and leaching of nutrient cations from the
soil exchange complex. hampering their absorption in
the plant 1ot area (Singh et al., 2017; Jaiswal et al.
2018: Zhao and Shen. 2018). Low pH exacerbates
that effect by increasing the micronutrients/irace
clements availability (eg. Fe. Mn. Cu. and Zn),
which is potentially toxic for plants. This condition
and other soil propertics may lead to mutrient
deficiency. resulting i limited plant growth and
development. including poor 1ot systems. weak
stalks or stems. and declining plant productivity
(Bojorquez-Quintal et al.. 2017: Moore et al.. 2020).
Besides nutrient deficiencies. the upland Ultisols soil
contains low organic matter. high soil bulk density.
Jow total pores space, soil
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September 2021 to March 2022, The second place
was in the Soil Laboratory and Laboratory of Post-
Harvest and Packaging of Agnicultural Products.
Faculty of Agriculture. Mulawarman University, The
chemical compositions of the soil. cow manure, and
chicken manure used in this study are presented in
Table 1

Research design

The dosages of manure applied were Py (control:
without fertilizer). Py (cow manuse 20 Uha), P (cow
manure 40 tha). P (cow mannse 60 tha). Py (chicken
manure 20 tha). Ps (chicken manure 40 tha). and Py
(chicken manure 60 Uha). The seven freamments were
arranged in 4 completely randomized block design
with three replications with one treatment factor
using erganic fertilizers (cow manure and chicken
manure).

Table 1 Chemical composition of the soil. cow
manure, and chicken manure used in this

water
Liming and ferilization are the
solutions fo this problem (Purwanto et al.. 2020).
However, most famers cannot afford to buy lime and
fertlizer 1o improve soil fertili

productivity of
Alterativels
of organic matter to im
production of Z. montanum. Several research workers
demonstrated the positive effects of animal manure
on the physical. chemical. and biological propertics

Lampiran II - Daftar Penerima ..

W L LS A LUEES Lallion LUK W UALY WG
fertilizer to improve soil fertility to increase the
productivity of the Z monamum they cultivate
Altenatively, fanmers use animal manure as a source
of organic matter to improve soil fertility and
production of Z. montanum. Several research workers
demonstrated the positive effects of animal manure
on the physical. chemical. and biological propertics
of Ultisols, particularly in alleviating soil acidity and
Al toxicity, as well as a valvable source of essential
macro and micronutrients (Zhou et al.. 2013: Ngo et
al.. 2014: Ch'ng et al., 2015: Peng et al. 2016: Shi et
al.. 2019: Ye et al.. 2019). Maholtra et al. (2018) and
Masmoudi et al (2020) reported that manure
increases plant productivity, soil organic matter and
structure, water infiltration and holding capacity, and
over time, the application of mamue can reduce

scdiment loss and soil erosion. which has
advantageous effects on plant growth and
development. Therefore, manure ~application is

necessary to reduce the problems of N. P. and K
deficiency for plants and poor fertility in acid upland
soils (Castellanos-Navarrete et al.. 2015)

This study aimed to examine the impact of
animal manure on the fertility of a degraded Ultisol
of East Kalimantan on the growth and secondary
metabolite content of Z montamn.

Materials and Methods
Place and time

The experiment was conducted at the Experimental
Farm of Mulawarman University Teluk Dalam, East
Kalimantan, lasting about five mouths from
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and available
TR Chemical Soil  Cow  Chicken
3 Properties Manure  Manure
comnon e M
Organic € (%) 018 2055 401
to increase the N9 N e
ey, ittt oy [E e
farmers use animal manure as a sowrce ;\\:}lable PO‘[;’I"“) “: :; o1 0.6
wprove soil fertility and EC (me/100 g) ! at® 2
Water (%) . 7200 6063

The n

mure was applied evenly according 10 the

7 1560-PALUPI etal-GP (.. X
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N (%) 014 208 137
oN 120 1421 2957
Available P (ppm) 1052 017 067

(me/100 ¢ 33 : 2
Water (%) - 7290 60.63

The manure was applied evenly according 1o the
treatment and then mixed with soil at 15-20 cm depth
using hand hoes. The plot had a length of 6 m and a
width of | m. Planting one crop per planting hole
resulted in a spacing of approximately 0 x 100 e,
To prevent waterlogging and seedling rot. seedlings
were planted in ditches with good drainage. In order
1o facilitate landfilling later. planting was done in the
trench. A non-foctorial completely randomized design
is as follows:

il =+ i+ .

where
Yij = The observed value in the i-th treatment
and j-th repetition
W = General memn value
u = Effectof i-th treatment
j = Effect of emor (emor) in the i-th

reatient experiment and j-th repetition

The parameters measured in this study were chemical
properties of soil, cow manure and chicken manure,
ie. pH wsing the electrometric method, organic C
using the Walkley and Black method. total N using
the Kjeldah] method, available P using the Bray I
method. and cation exchange capacity (CEC) using
the leaching method with IN ammonim acetate at
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pH 7. Plant height. number of leaves. and number of
tillers were measured at 3. 6. 9, 12, 15. and 18 WAP
(weeks after planting). At harvest, fresh weight, dry
weight, root length, secondary metabolic, and
antioxidant levels of the plants were measured.

Laboratory measurement

Soil analyses were carmied out in the Soil Science

as well as supporting the biological and chemical
properties of the soil (Melsasail et al. 2019).
Therefore, fertilization aims 1o replenish lost nutrients
and increase the amount of nutrients available to
plants, thereby increasing plant quality and quantity
by gradually releasing nutrients into the soil solution
and maintaining nutrient balance for the healthy
growth of crop plants. They also act as an effective

"

Laboratory. Faculty of Agriculture, Mulawarman  energy source for soil microbes, improving soil J
University. The initial exammation of soil reaction  strucure and crop growth (Shaji et al. 2021), %
was determined using soil to water mixture of 1:1 As a function of soil chemistry. organic manure
Organic carbon was extracted using the Walkley and  can increase soil CEC that is important to hold a
Black method. Toul N was extracted using fhe given inorganic fertilizers and soil buffering capac ~
Kjeldahl method. Exchangeable aluminum  was so that the crops can avoid the negative effect of soil -

extracted using KCI 1 N. Base cations and CEC were
extracted using an_ammonium acetate (NH4OA)
solution pH 7.0. Clay to CEC ratio (CCR) was
calculated by dividing CEC by clay percentage. Since
the observed soil pH was acidic. the ECEC was
applied as the CEC reference for calculating base
saturation.

Data analysis

Soil data were analyzed descriptively, while the crop

acidity (Shi et al.. 2019). The use of animal manures
increased the availability of some numients and
improved the efficiency of P absorption by crops
because in the process of orgamic matters
decomposition produces humic acid and fulvic acid
(polyelectrolyte) that can bind Al and Fe in the soil
(Al-Juthery et al.. 2021). To eliminate P fixation in
the soil. the active anion of organic manure formis 4
chelate bond with Si-AOOCR (allophane). The
higher the carboxyl and phenolic compounds in
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a 5% level to detect significant differences among
treatments. The results of the secondary metabolic
Jevel identification and antioxidant activity fests were
analyzed qualitatively using the descriptive method
The comparion of phytochemical compound levels in
cach treatment was based on secondary metabolism
levels. Antioxidant activity was assessed by
comparing the ICS0 values in each treatment. A
spectrophotometry method was used for all of the
parameters of the secondary metabolic level test.

Results
Manure quality

The results of manure analysis (Table 1) showed that
the organic C content was relatively high (29.55%)
for cow mamure and 40.81% for chicken manure, and
the water contents were characterized at a moderate
level of 72.9% and 60.63%. respectively. The total N
contents were 2.08% for cow manure and 1.37% for
chicken manure. with C/N ratios of 1421 and 29.57.
respectively. The manure contained some mico
elements required by the plant, Therefore, the quality
of manure used in this study was high Manure can
improve soil chemical and physical properties
effectively. and plant growth is affected by the
matuity of manure (Cai et al., 2019). Animal manure
contains nitrogen as well as other minerals like
magnesium. potassium. and calcium. The primary
benefit of manure is that it preserves the physical
stcture of the soil. allowing roofs to grow properly.

total N and N nunerahization. soluble P, exchangeable
. N uptake by plants and soil water content can
increase (Kafeel et al.. 2023)

Soil chemical properties

The effect of manure on the soil chemical properties
presented in Table 2 showed that the initial soil pH
(before planting) was 5.62 and increased to 4.21 after
manure applications. A significant decrease in soil
acidity was obtained due 1o the addition of chicken
manure at 60 vha. The addition of manuse reduced
soil organic C at all levels of addition of manure. A
significant decrease in organic C occurred with the
addition of chicken manure at 20 tha (Table 3). In
soil ecosystems. C-organic is a critical component
that influences soil properties to support plant growth,
namely as a source of energy for soil organisms and &
trigger for nutrient availability for plants (Qiu et al
2018).

Application of all levels of manure increased
the N content in the soil (Table 4). The highest
increase in N content in the soil was obtained due to
the addition of chicken manure at 60 vha. The CN
matio of organic matter is the ratio between the
clemental carbon (C) and clemental nitrogen (N)
presented in an organic matter, Good manure must
have a C/N ratio of <20 (Macias-Comal et al.. 2019).
This study showed that the C/N ranged from 2.00 to
1191 and decreased to 205 after 18 weeks of
incubation (Table §). Manure input at all application
levels increased the P content in the soil along with
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the incubation time. The highest increase in P in the  provided an increase in cation exchange capacity. The

soil was obtained due to the addition of chicken  highest mcrease in cation exchange capacity was Q
manure at 60 tha (Table &). The results of this study  obtained due fo the addition of cow manure at 60 1,
indicated that the addition of all levels of manwre  as shown i Table 7 nd

le 2. Soil pH after manure treatment )
=] Manure Treatments Bl
- Week of Incubation
i, ] 3 3 3 18
Contral 562 562 5.62 561 5.62 5.62 5.62
Cow manuse 20 tha 640 620 6.00 580 570 570 5.60
a, Cow manure 40 Uha 650 640 630 So0 70 550 540
Cow manuse 60 tha 680 6.60 6.40 660 620 6.00 5.0
Chicken manure 20 tha 583 360 540 200 483 4.70 451
Chicken manure 40 tha 604 600 580 304 474 490 450
Chicken manure 60 vha 608 543 5.08 476 477 408 421
a
Table 3. Soil organic € afler manuse treatment. -
Manure Treatments Organic € (%)
‘Week of Incubatio ~
[0 3 6 ) iz i5
Contral 018 018 018 018 018 018 v
Cow manure 20 tha 083 080 078 064 0.56 0.46
Cow manuse 40 tha L3 127 120 110 108 107 e
Cow manuse 60 tha 140 137 138 132 131 131
Chicken monure 200ha 036 0.33 032 030 027 021 B
Chicken manuae 40 tha 042 042 041 038 035 0.31 g
Chicken manure 60 tha 098 098 095 092 087 0.80

ke 4. Soil N after manure eatment.
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Chickenmanure 20/ha 036 033 032 030 027 021 018
Chickenmanure 40tha 042 042 04l 038 0.35 031 0.26
n Chicken manwe 60ha 098 095 098 092 087 0.80 0.78
Q
[c3] Table 4. 50il N afer manure ieatment
Manure Treatments
2,
o 3 15 18
<) [FEEE 01s 014
“ 008 010 019 019
. oll 01l 019 021
& 013 015 019 023
] 018 018 0.21 021
& Chicken manure 40tha 020 021 0.33 038
- Chicken manure 60 vha 020 022 037 038
e 5. Soil € fler aniise treatment
Manure Treatments C/N ratio 4
Week of Incubation
o 3 6 15 18 1%
Coutral 129 129 12 129 120 121
Cow manure 20 t'ha 1038 8.00 520 4.00 242 21 ~
Cow manure 40 Vha 1191 000 7o 563 481
Cow manure 60 t'ha 1077 g4 6.89 565 -
Chicken manure 20 Vha 200 168 100 0.86
Chicken manure 40 tha 210 186 094 0.74 c
Chicken manure 60 tha 490 445 297 216 208
B
Cation exchange in the soil occurs due o a negative  an exchangeable form (Meetei et al. 2020). Soils “
charge from the soil colloid, which adserbs catwons i with high CEC can absorb and provide nutrients Q
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better than soils with low CEC. Because these
clements ase in the soil adsorption complex. water
does not quickly lose or wash away these nutrients.
Mineralization of soil organic fractions provides
limited supplies of N. S, and micronutrients;
during mineral dissolution and surface exchange
reactions. re-supply P. K. Ca. Mg and
micronutrients.  Nutrient mobility in  soil
influences ion transport to plant roots. evaluation
of nutrient availability to plants, and vltimately
nutrient management decisions (Havlin. 2020).
The nutrient added to the soil with low CEC can not

Table 6. Soil available P after manure treatment

be held and is easily lost. This condition was reflected
in the increasing soil organic C contents in the
treatment with manure application. It did not increase
significantly in the treatment without manure
application. and vice versa. This study showed that
the treatments of giving organic fertilizers in the form
of chicken and cow mamure gave significant
differences in plant height. number of tillers. number
of leaves. root length, fresh weight of thizomes, and
dry weight of rhizomes. Only roof length was not
affected significantly by the treatments. For growing
zingiber, N. P, and K play as essential nutrients.

Manure Treatments

P (ppm)
Week of Incubation
12

0 3 3 15 18
Control 1052 1052 1052 1052 1051 1052 1052
Cow manure 20 Vha 038 0.36 0.36 037 037 0.38 0.38
Cow manure 40 Uha 0.40 0.40 0.42 043 044 045 045
Cow manure 60 Vha 0.4 044 0.45 047 048 048 0.49
Chicken manure 20tha 1278 1278 128 1251 1290 1292 1293
Chicken manure 40 tha 1342 13.44 1347 13.48 13.49 13.49 135
Chicken manure 60 tha 15.68 15.68 15.68 15.69 15.70 18.72 15.73

Table 7. Soil CEC after manure treatment.

Manure Treatments __CEC (me/100g) 2
Week of Incubation
0 3 3 12 15 18
Control 1433 1433 1432 1433 1434 1433 1433
Cow manure 20 tha 19.15 19.15 1917 19.17 19.18 19.18 19.19
Cow manure 40 Vha 1935 1936 19.36 19.37 19.37 19.38 19.38

Plant growth
Plant height

Table § shows that when the plant was about six
weeks old. the application of cow manure at a dose of
60 tha produced the best plant growth (26.16 cm)
followed by chicken manure at a dose of 60 vha.
chicken mamue of 40 tvha, and cow manure of 40
vha. Compared to the previous week. the plant age of
nine weeks after planting showed a rapid increase in
plant height. At nine weeks after planting, the best
dose was 40 Uha of chicken manure with an average
plant height addition of about 32.45 cm. The best
results were obtained at week 12. with cow manure at
a dose of 60 Uha that yielded an average plant height
of 37.24 cm. The application of cow manure at a dose
of 20 tha and chicken manure at a dose of 20 vha did
not produce significantly different plant heights from
the control. The best dose at IS weeks after planting
was 60 t cow manure/ha. with an average plant height
of 40.47 cm and 3838 cm of chicken manure. The

highest dose of cow manure yiclded an average plant
height of 42.78 cm at 18 weeks after planting.

Number of illers

Table 9 shows that the highest number of fillers was
found at a dose of 60 vha of chicken manure, with an
average of 1,65 tillers at 6 weeks after planting. At9
weeks after planting. a control with an average of
about 255 tillers produced fillers that were not
significantly different from chicken manure of 20
Uha. The best application of cow manure was 60 Uha,
which yielded an average number of 4.15 tillers. At
12 weeks after planting, the effect of manuse
treatment revealed that the best dose was 40 vha
chicken manure. with an average of 6.65 tillers. This
best dose did not differ significantly berween chicken
and cow manure at 60 tha or chicken mamure at 20
Vha. Cow and chicken manure at  dose of 60 Uha at
15 weeks after planting produced the highest yields,

with cow manure yiclding 9.50 tillers and chicken
yielding 9.00 tillers, respectively. At 18 weeks. the
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Manure Treatments CEC (me/100g) ~
‘Week of Incubation
3 6 ) 12 15 18
Control 14 1433 14.32 1433 1434 1433 1433 OJ
Cow manure 20 tha 1915 1905 1907 1907 1918 19.18 19.19
Cow manure 40 tha 1938 19.36 19.36 19.37 19.37 19.38 19.38
Cow manure 60 tha 2045 2045 2046 20.50 20.51 2058 2056 D‘
Chickenmanure 20vha 1832 1832 1833 1834 1837 18.38 18.40
Chickenmanure 40¢ha 1838 1838 1840 1841 1843 15.44 18.45 &)
Chicken manure 601ha 1900 1912 1914 1915 1918 19.20 1922
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control did not differ significantly from the cow

manure doses of 20 and 40 vha. The highest number
of tillers was observed for the treatment of cow

x
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manuse at 60 Uha, with an average of 1445 tillers
and chicken manure at 60 Vha, with an average of
3.37 tillers

Table 8. Effect of cow and chicken manure on plant height (cm).

Manure Treatments

IR .~ |

Week After Planting (WAP)
9 12 15

3 18

Control 1138a 1861a 2i68a 2041a 1882a

ﬁl Cow manure 20 vha 17460 2026 ab 2544a 24.02ab 28510
- Cow manure 40 vha 2051¢ 2795b 2081 ab 35.57cd  37.09¢
Cow manure 60 Uha 26.16¢ 31180 3724¢ 4047d Sc¢

a, Chicken manure 20 tha 17.36b 2721b 30.16 abe 29.15bc  2882b
Chicken manure 40 tha 2284cd 32450 3483 bc 376lcd  3637¢

Chicken manure 60 vha 25.68de 3217b 36.84 be 38.38d 39.22¢

Notes: Based on Dusc
letter do not differ sigmificantly

‘s Multiple Range Test at a 59 significance level. values in the same columas followed by the same

Table 9. Effect of cow and chicken manure on the number of rhizome tillers.

Manure Treatments

Week After Planting (WAP)
12 15

I3 9
Control 05802 2552 395a 5802
Cow manure 20 tha 0706 345b 5200 6608
Cow manure 40 Vha 170ac 3401 5.08ab 7.35ab
Cow manure 60 Vha 160c  415b 6.10bc 9.50¢
Chicken manure 20 tha 1306 335ab 5.70bc 740ab
Chicken manure 40 tha 150¢ 4.00b 665¢ 8.45be
Chicken manure 60 tha 165¢ 3750 6.05 be 9.00¢

Notes: Based on Duncan’s Multiple Range Test at a 9 significance level, values in the same columns followed

ltter do not differ significantly

Number of leaves

B
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letter do not differ significantly.
Number of leaves

Table 10 shows that after 6 weeks of treatment with a
dose of 20 t chicken manure /ha, the number of leaves
was not significantly different from the control but
significantly different from other treatments. The best
dose of 60 vha cow manure produced an average
increase of 37.95 leaves at 9 weeks. At 12 weeks. the
number of leaves in the control treatment showed no
significant difference from those in the treatments of

RS =RGENICN ~ |

Notes: Based on Duncan's Multiple Range Test at a $% significance level. values in the same columns followed by the same

cow and chicken manure of 20 and 40 tha. Cow
manure of 60 Uha with an average of $2.80 leaves
provided the best dose at 12 weeks after planting. The
highest number of leaves (84.55) was found in cow
manure treatment at a rate of 60 tha at week 15. The
application of 60 vha cow manure produced the
largest number of leaves, 116.65 in the 15* week
The application of chicken manwe of 60 tha
increased the number of leaves by 105,80

Table 10. Effect of cow and chicken manure on the number of rhizome leaves.

Manure Treatments

Week After Planting (WAP)

3 12 15

Control 702 35800 5225

Cow manure 20 vha 555a 41.05 ab 55652

Cow manure 40 vha 9.65b 66.00 ab

Cow manure 60 Vha 10.05b s455¢

Chicken manure 20 tha 920b 56852

Chicken manure 40 tha 965b 67.05 be 9135 3
Chicken manure 60 tha 11.05b _ 304Sabe 79.55 be 105.80 be

Notes: Based on Duncan's Multiple Range Test a1 a $% significance level, values in the same columns followed by the same

Setter do not differ significantly

Rhizome root lengih, fresh weight and dry weight

Table 11 shows that the lowest root length of 24.36
cm was obtained by the application of 20 tha cow

manure, The control yielded root length that was not
statistically different from the application of 20 Vha
cow and chicken manure, This result mdicates that
the application of different doses of mamure did not
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affiect the root length of the bangle plant. The chicken
manure dosage of 20 tha yielded the lowest thizome
fresh weight of 392.35 g In comparison, the control
yielded fresh weight thar was not significantly
different from 20 vha and 40 Uha cow and chicken
manure. The fresh weight of the bangle rhizome
yielded from the application of 40 vha chicken and
cow manure also did not differ significantly from
those yielded from the application of 60 tha chicken
manure. The treatment of 60 vha cow manure yielded
the highest rhizome fresh weight of §22.00 2. which
was significant for all treatments.

The fowest dry weight of bangle rhizome was
shown by the cow and chicken manure treatment at a
dose of 20 Uha, respectively 86.00 g for cow manure
treatment and 78.25 g for chicken manure treatment
These values were lower than that of the control, with

average of 9375 g control  yielded
insignificanly different thizome dry weight with
chicken manure at 20 and 40 Uha, cow manure at 20
and 40 tsha, and chicken manure at 60 tha but
yielded significantly different thizome dry weight
with the best dose of 60 tVha cow manure with an
average rhizome dry weight of 179.75 g. followed by

60 t chicken manure /ha with an average thizome dry
weight of 135.75

Secondary metabolic level

The results of the secondary metabolism test showed
that the bangle rhizome contained phenolic
flavonoid, and tannin-containing active substances.
and also steroids. alkaloids. and terpenoids. Different
levels of the compounds in this secondary
metabolism presented i Table 12 show that, despite
using the same amount of fertilizer. the active
compound content of the bangle rhizomes was
highest when the rhizome was dry (low moistire
content) as opposed 1o when the rhizome was still
fresh. The amount of chicken manure that produced
the highest phenolic content in the thizome under
fresh y tions. correspondingly around
178.56 mg/L and 20279 mg/L, was 60 tha. A dose
of 60 Uha of chicken manure also yielded higher
levels of active flavonoids and tannins than other
doses. In comparison with the fertilizer treatment, the
control had the lowest active compound content. The
plant yields of the cow manure treatments were lower
than those of the chicken manure treatments,

Table 11. Effect of cow and chicken manure on root length and rhizome weight

Manure Treatments __ Roof length (cm) _ Rhizome fresh weight () Rhizome dry weight ()
Coutro 41525ab 93.75ab

Cow manure 20 vha 2436 44475 ab 86004

Cow manure 40 vha 3536 530,00 be 119.00 ab

Cow manure 60 tha 36500 822004 17975 ¢
Chicken manure 20 tha 33.20ab 393.25a 78252
Chicken manure 40 vha 38.95b 487.50 abe 99.75 ab

Lampiran Il - Daftar Penerima ..
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Control

Root length (cm) _ Rhizome fresh welght (g)
3190ab 41525ab

Rhizome dry weight (g)
93.75ab

Cow manue 20 Vha 24360 444,75 ab 86004
Cow manure 40 Vha 15360 119.00 ab
Cow manure 60 Vha 36.50b 17975 ¢
Chicken manure 20 tha 33.20ab 78252
Chicken manure 40 tha 3805b 99.75 ab
Chicken manure 60 vha 11.03b 13478 be

Notes: Based on Duncan's Multiple Range Test at a 5% significance level, values in the same columas followed by the same

letter do not differ significantly

Table 12. Secondary metabolic levels in bangle rhizome in each treatment (mg/L)

Condition  Ma LevelmgL
Flavonold in
Countrol 2.034.83
Cow manure 20 Uha 2.991.50
Cow manure 40 tha 3.151.50
Fresh  Cow manure 60 Uha 3.198.17
Chicken manure 20 vha 4.086.50
Chicken manure 40 Uha 1.144.83
Chicken manure 60 vha 3.861.33
Coutrol 193233
Cow manure 20 Uha 2.504.00
Cow manure 40 tha 303483
Dry Cow manure 60 tha 99.43 4.734.67
Clucken manure 20 tha 120.06 4.903.00
Chicken manure 40 Vha 156,10 5.088.00
Chicken manure 60 vha 18191 5.406.33

Note: The number followed by yellow denotes the best outcome in each observation varisble for the flavonoid, tannia, and

phenolic contents.
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Antioxidant

Results of antioxidant analysis of bangle rhizomes
based on fresh and dry shizomes are shown in Table
13. 1Cx value obfained described how well the
sample captured free radicals. The dose of chicken
manure of 60 tha was found to give the lowest ICso
value of 9.52 ppm in the fresh sample. while the
control gave the highest ICs3 value of 53.58 ppm in
the fresh rhizomes. The same quality was obtained
for the dry rhizomes. The application of chicken
manure of 60 thia produced the lowest ICso value. and
the Jargest was in control. The results of an analysis
of variance (ANOVA) at a 5% level showed that the
treatments of giving organic fertilizers in the form of
chicken and cow manure gave significant differences
in plant height, umber of tillers, number of leaves.
100t length, fresh weight of hizomes, and dry weight
of thizomes. The treatments did not significantly
affect oot length.

Table 13. Antioxidant based on ICS0 value.

Discussion

Effect of manure addition on soll chemical
properties

The changes in several soil chemical parameters
during the mcubation of three types of animal manure
are presented in Tables 2, 3, 4, § and 6. According to
the analysis of varia most all of the observed
soil chemical characteristics were strongly affected
by the differences in incubation time and manure rate.
There were significant differences between the
incubation time on pH H:0. pH KCL total N,
exchangeable acid and base cations, CEC. base
saturation (p<0.001), and organic C (p<0.01). Some
parameters (ex, pH H:0. pH KCl organic C,
exchangeable bases. and base saturation) showed
statistically high values and concentrations in the first
two weeks, which decreased in the next four and six
weeks.

Antioxidant (IC50) (mg/L)

Manure Treatments (tVha

Control Cow Manure Chicken Manure
20 20
Fresh thizomes $3.58 48.55 4736 4704 3273 2747 9S2
Dry shizomes 40.91 38.30 3478 3446 2441 1405 806

Note: The smaller the 1CS0 value, the stronger the antioxidant.

The increment in incubation time scemingly exhibited
an inconsistent effect on the soil. Adckiya et al. (2020)
reported that utilizing organic manure to meet crop
nutrient requirements would be an unavoidable
orgle ; able geric
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Note: The smaller the 150 value, the stronger the antioxidant.

The increment in incubation time scemingly exhibited
an inconsistent effect on the soil. Adekiya et al. (2020)
reported that utilizing organic manure to meet crop
nutrient requirements would be an unavoidable
practice to eubance sustainable agriculture. This is
because the physical. chemical and biological
properties of soil are genenally improved by the
addition of organic manure. which in tum enhances
crop productivity and maintains the quality of crop
production. Poultry lifter treatments were positively
comelated with greater soil fertility levels, as well as
higher crop yield and soil biodiversity. These results
underscore Imkages between manure additions and
cropping sequences within the nutsient cycling. soil
health, and crop production continuum (Asworth et
al.. 2018).

Plant height

According to Table 8, the average increase in plant
height starting at 69,12.15, and 18 WAP tended to
fluctuate. At the age of 6 weeks, the treatment
without fertilizer (control) continued to grow until
week 12 when it reached its peak with an average
height increase of about 24.68 cm before the delining
height in the following weeks. In order for & plant to
row. nutrients must be obtained from the soil by the
roots through their soot hairs (Wang et al.. 2021).
Organic matter affects plant growth by influencing
the physical. chemical. and biological properties of
the soil (Delgado and Gomez, 2016). The more
organic matter is provided. the faster the plant will
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grow. Compared to chicken mamure, cow manure
typically produced better plant growth. The
application of chicken manure at all levels
significantly increased plant height at 9 weeks after
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grow. Compared 1o chicken mamure. cow manure
typically produced better plant growth. The
application of chicken manure at all levels

significantly increased plant height at 9 weeks afier
planting, but at 12 weeks, the plant height slightly
decreased. In the 20 vha chicken manure freatment.
the plant height was an average of 30.16 cm at 12
weeks afier planting and decreased in the following
weeks. A high nitrogen content was found in chicken
manure (0.38%). Although the amount of nitrogen
required by plants is always higher than other
nutrients, a deficiency or excess of uitrogen can
hinder and disrupt plant growth (Jiang et al.. 2017).
After planting, the growth rate of the bangle plant
accelerated between 2 and $ months. As plants get
older. their growth rate for height starts to slow down
(Rademacher, 2015)

e application of chicken mamure always
resulted in the best plant response in the first growing
season. This is because chicken manure decomposes
relatively quickly and has enough nutrients compared
10 other manure of the same weight. Table | shows
that the application of chicken manure tended to
increase plant height rapidly at 6, 9. and 12 weeks of
age. then declined as plant age increased. Large-scale
application of chicken manure is thought o be less
effective because the nutrients will exhaust quickly
The same result was also shown by the application of
chicken manure at a dose of 40 Uha, which decreased
the plant height: the maximum height increase at this
dose was at 15 weeks. with an average height
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increase of 37.61 cm. When compared to the other
two doses of chicken manure, the plant height for the
60 tha chicken manure was different

The plant height increase over 18 weeks
demonstrates this, but the increase in plant height was
typically not too different from the previous weeks.
Even though the application of cow manuse at a dose
of 40 tha initially produced fewer yields than that
produced by the application of chicken manure at a
dose of 40 Uha, at the end of the observation at 18
weeks, the increase in height was more apparent and
might even have exceeded that of the chicken manure
at a dose of 40 tha. which caused a decrease in plant
height

The addition of cow mamure improves soil
permeability, total pore space, agaregate stability.
bulk density. texture, color, and temperature (Shrinet
et al. 2021). A dose of 60 tha of chicken and cow
manure had the tendency to produce steady.
dependable results. The application of cow manure at
a dose of 60 Uha tended o yield less than chicken
manure at doses of 40 and 60 vha from the stast of
planting until the plant was 9 wecks old. but the
yields increased in the following weeks. The plant's
need for mutrients grows as it ages. If the nutrient
requirements are not met. and the nutrients are not
readily available, plants may get nutrient deficiency
at specific times (Bindraban et al.. 2015),

Bangle plants absorb N (0.06-3.07 ). P (0.01-
0.53 ). and K (0.10- 2.25 g) at 2 to 10 months after
planting in the canopy. N is the mutrient that is most
required in the plant canopy itself. The primary
nutrient for plants. nitrogen, 15 typically essential for

at specitic times (Bmdraban et al., 2015),

Bangle plants absorb N (0.06-3.07 g). P (0.01-
0.53 2). and K (0.10- 2.25 2) at 2 to 10 months after
planting in the canopy. N is the nutrieat that is most
required in the plant canopy itself The primary
nutrient for plans, nitrogen, is typically esseatial for
the development and expansion of vegetative parts of
plants. such as leaves. stems. and roots (Tegeder and
Masclaux-Daubresse. 2018). A sufficient supply of
plant N is indicated by high photosynthetic activity.
s00d vegetative growth, and dark green plant colors
(Wei et al. 2015). Due to the individual
characteristics of cach animal. which are influenced
by the type of feed and the animal's age, each manure
contains a different mix of nutrients (Asworth et al.
2020). Because each treatment dose of fertilizer has a
different nutrient content, they all produce different
yields and have different recommended doses. Due to
their movement with crop yields, surface runoff.
erosion. or evaporation. muients in the soil will
gradually decrease over time (Liao et al., 2021).

Number of tillers

The total sumber of tillers from cach level reveals
increased with plant age and are influenced by the
quantity of fertilizer applied (Table 9). Plants without
fertlizer developed more tillers every week. but the
growth was typically modest This slight increase
resulted from the fact that during the initial stages of
planting. the products of photosynthesis were utilized
for the vegetative development of plants In
comparison to manure application,. treatment without
fertilizer produced the lowest yield. Data presented in
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Table 9 show that there was a noticeable increase in
the number of tillers at 18 WAP of age. A plant needs
nutrients for its physiological processes dusing
growth and development. Plant growth and
production will be subpar due 1o a lack of mutrients
(Reich e al. 2014). Organic matter functions as a
biological buffer so that the soil can supply plants
with balanced nutrients (Nair. 2019). Loosening the
topsoil, increasing water absorption and storage, and
boosting soil fertlity are all important functions of
manure (Murphy. 2015). A sudden rise in the number
of tillers can result from the ease with which new
shoots can emerge from loose. moist soil

At the start of planting, there were typically
fewer and nearly identical numbers of tillers in each
treatment. The nutrients in this fertilizer are not
readily available to plants, which is the cause of the
slow plant growth at the start of the planting period.
The extent mineralization or decomposition of these
materials bas @ significant impact o nutrient
availability. The low nutrient availability of manure is
partially caused by the presence of N, P, and other
clements m complex compounds that are challenging
to decompose (Cui et al.. 2022). At 6 weeks afier
planting. all treatments tended to be similar. and the
differences between the tillers in each treatment
tended to be minimal. Although cow manure at a dose
of 60 tha was the best dose. with an average number
of tillers of 14.45 tillers, chicken manure typically
produced better results than cow manure at the same
dose. In comparison to other manure doses, chicken
manure 40 Vha a1 12 weeks after planting produced
the best h 6.65 tillers.
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of 60 Uha was the best dose. with an average number
of tillers of 14.45 tillers. chicken manure typically
produced better results than cow manure at the same
dose. In comparison o other manure doses, chicken
manure 40 Vha a1 12 weeks after planting produced
the best results with 6.65 illers.

Number of leaves

An increasing munber of leaves was observed each
week as a sesult of the weekly application of cow and
chicken manure. Data presented in Table 10 show
that the mumber of leaves increased significantly at
about 12 weeks of age. Every week, the increase
varied depending on the treatment. The number of
leaves significantly increased with a dose of 60 tha
of cow manure, averaging 15-37 leaves every three
weeks. Similarly. the number of leaves tended to
increase when manure was applied in the same
amount. Both cow and chicken manure at a dose of
20 tha and 40 tha produced a nearly identical
number of leaves during plant growth. In addition to
the nutrients plant necds. manure also contains humic
acids, fulvic acids, growth hormones. and other
substances that promote plant growth and increase
plant nutrient uptake (Canellas et al,, 2015). The
mumber of leaves present influences the amount of
photosynthesis. and plants with more leaves may
produce heavier and bigger rhizomes. The number of
leaves added is also affected by the mumber of shoots
and plant height. The number of leaves will increase
as the plant ages and grows taller. produces more
leaves on a single stem. and produces more tillers.
The nutrients required for plant growth are present in
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sufficient amounts in manure. The related obscrvation
variables will be impacted by the food's growth
quality and planting age
In relation to the addition of the number of
leaves, the most influential element is N. In
comparison 10 ofher nutrients. nitrogen is required in
sufficient amounts !m' plact growth, N makes up 40-
50% of the dry of protoplasm. the living
component of planh Ikalhpalm and Bhatla, 2018)
Since protein is the source of all plant enzymes,
nitrogen participates in all enzymatic processes in
plants. Additionally. nitrogen is one of the constituent
clements of chlorophyll. the primary component of
chloroplasts. and it contributes to improving the
quality and quantity of the dry matter produced (Wen
Fertilizer use and the amount of
nutrents in the soil have a significant impact on how
plants grow and develop. Nutrient uptake is restricted
by nutrients in a minimum state (Purba et al., 2021).
In terms of the addition of Jeaves, the treatment of
plants without fertilizer differed significantly enough
for each observation In comparison 1o other
treatments. plants without fertilizer produced the
Towest yield

Root length

The lowest root length was observed for the 20 vha
cow manure treatment, with an average root length of
about 24.36 cm. which was lower than the control.
With an average root length of 41.03 cm. the
application of chicken manwre yielded the longest
roots. When plants respond to water shortages by
reducing mc rate of transpiration fo conserve water.

a crucial role (Sowrour et al. 2017).
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cow manure treatment, with an average root length of
about 24.36 e which was lower than the control
With an average root length of 4103 cm. the
application of chicken manure yielded the longest
roots. When plants respond to water shortages by
reducing the rate of ranspiration o conserve water,
the roots play a crucial role (Sourour et al.. 2017).
Plant 10015 have a significant inipact on overall plant
wowth and development. The failure of the root
function will result in a complete change in the plant
for the top. Manure can bind water in the soil.
Because the soil around the roots in the deeper layers
is still moist, the roors will continue fo grow.
Maximizing exposure to groundwater will encourage
the growth of the root. Plant roots directly respond to
the physical characteristics of the soil (Jiang et al..
2017)

Data presented in Table 11 show that the
application of chicken mamire yielded beter root
length than cow manure, The use of organic
fertilizers can loosen the soil. increase acration. and
increase the soil water holding capacity. all of which
cn imgeore the physical properties of the soil (Shaji

2021). Additionally. organic matter has the
wm to control soil temperature, slow down
phosphorus fixation, increase soil cation exchange
essen the leaching of nutrients like
potassium, calcium, and magnesium (Baghbani-Arani

2021).

-1

etal

Another environmental factor affecting the
nitrate absorption process is the temperature around
the roots (Le Deunff. 2019). The mitial analysis of
the soil revealed that the pH ranged from 3.86 to
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4.86. Al is commonly excessive in acidic soils. and it
can poison plants and bind phosphorus (P). Low soil
pH can hinder plant growth by preventing the roots
from properly absorbing nutrients. As Mazeika et al
(2021) demonstrated, giving chicken manure can
maintain stable nutrient content in soal an

niners] fesilier infhax inlo the cavioament, This
can raise the pH of the soil. By raising pH. Alin the
exchangeable form will be reduced, and nutrients will
become more available o plants.

According to Rosita et al (2005). nutrient
uptake on the roots of bangle plants at 2-10 months
after planting is as follows: N (0.01-0.52 g). P (0.002-
0.15 g). and K (0.02- 0.82 g). It is discovered that the
100ts of the bangle plant has more K buildup than N
and P. K is primarily used to aid in the synthesis of
proteins and carbohydrates, In the face of drought,
illness. and
(Hasanuzzaman et al., 2018). Organic festilizers can
help the soil's physical and chemical composition.
which will facilitate root development. Up until the
soil teaches its eritical water potential, plant roots
expand mnto moist soil and draw water (Sisouvanh et
al. 2021). The looseness of the soil can promote root
development. Strong roots will make it simpler for
plants to absorb nutrients and water.

Rhizome fresh weight

Plant biomass is a common parameter used 1o study
plant growth. When plant nutrient requirements are
met, yields will be optimal (Timsina. 2018). The
rhizome of the bangle plant is the most advantageous
part of cultivation. One could also argue that this
shizome's fresh weight is a_crucial factor _in
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Plant biomass is a common parameter sed 10 study
plant growth. When plant nutrient requirements are
met, yields will be optimal (Timsina. 2018). The
thizome of the bangle plant s the most advantageous
part of cultivation. One could also argue that this
thizome's fresh weight is a crucial factor in
determining how well bangle plant cultivation is
going. The cultivation method is better and more
productive the more weight of the wet rhizome can be
obtained. According to the results of the application
of the arganic fertilizers at the age of 18 weeks. cow
manuse at a dose of 60 Uha produced the highest fresh
weight of thizomes, averaging 822 plant. and
chicken manure at a dose of 20 tha produced the
lowest fresh weight of rhizomes, averaging 393.25
iplant. Manure increases crop yield and quality
while also eahancing the chemistiy, physical
characteristics. md biological properties of the soil
(Maetal. 2021

Data plcwul:d in Table 11 demonstrate that the
vield of fresh weight of rhizomes increased with
increasing manure dosage. The physical condition of
the soil must support plant growth in addition to a
supply of adequate and balanced mutients (El-
Ramady et al., 2014). These soil aggregates will keep
the soil in a loose condition (Murphy. 2015). Cow
manure will enhance the physical characteristics of
the soil. Improved soil physical characteristics
include things like increased permeability, total pore
space, agaregate stability, bulk density, texture, color.
and temperature (Agbede. 2021). Intensive tillage
affects the physical properties of the soil. Low
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organic matter soils will have more severe damage to
the soil's structure (Murphy. 2015). When the soil
does not receive enough water and becomes dense
and hard, soil damage is evident. Plant thizomes will
not be able to grow or spread out i compacted or
hard soil. The ability to maintain loose soil conditions
that are difficul 1o harden or compact increases with
the amount of organic matter added. Additionally.
manure helps to improve soil stucture. cation
exchange capacity. and water resistance. Giving
manure has the indirect effect of making it simpler to
keep water in the soil (Zhang et al.. 2016). Since
water availability plays a significant role in plant
wowth. water frequently restricts the growth and
development of cultivated plants. The plants will
experience drought conditions if there is not nu\ug.ll
water in the soil Due to decreas

metabolism, reduced leaf srea, and. deczensed
photosynthetic activity. drought stress can lower plant
productivity (biomass). Smaller leaves grow due to a
lack of water during the vegetative stage, which can
reduce light absorption

Lack of water also inhibits the synthesis of
chlorophyll and some enzymes, such as nitrate
reductase, from working (Altunta et al., 2020)
Organic  substances i the soil may have
physiological effects on plant growth that are direct
or indirect (Basilio et al.. 2013). Compared to other
types of manure. chicken manure contains a fair
amount of P. This is due to the fact that chicken
manure contains feed (Agbede. 2021). Phosphorus
aids i the growth of plant roots. photosynthesis.
transfer respination. cell division. and  growth
M 2
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or indirect (Basilio et al.. 2013). Compared o other
types of manure. chicken manure contains a fair
amount of P. This is due to the fact that chicken
manure contains feed (Agbede. 2021). Phosphorus
aids in the growth of plant roots. photosynthesis.
wansfer respination. cell division. and  growth
(Malhotra et al.. 2018). The number of cells increases
more quickly when they divide quickly, which causes
the rhizomes 10 grow larger

Rhizome dry weight

The dry weight reflects @ plants nutritional stafus
because it is affected by the rate of photosynthesis
and respisation in cach treatment. Based on the
collected data, it was found that applying chicken and
cow manure at a dose of 20 tha resulted in lower d
weight vields than the control. Additionally, the
results from the application of 40 tha manure dose
were not significantly different from the control. This
is the active vegetative formation stage. The
application of cow manure at a dose of 60 Uha
demonstrated  different results  and  produced
significantly better outcomes than other doses of
chicken manure, The amount and timing of fertilizer
applied can impact crop yields. among other things
Organic matter plays a crucial role in soil health
because it can create stable soil agaregates, increase
soil fertility. and serve as a source of energy for
organisms (Magdoff, 2018).

The application of mamire enhances the
chemical. physical. and biological propertics of the
ncreases crop yield, and improves crop quality
(Du et al. 2022). High organic matter soils bave

beneficial microorganisms that encourage the
breakdown of organic matter and release inorganic
nutrients that are then available for plant uptake
Organic fertilizers can help o create ideal conditions
n the soil for microorzanisms that are beneficial to
plants (Du etal, 2022), Chicken manure is an organic
fertilizer with high nitrogen content, despite not being
the best dose for bangle rhizome weight yield. As
they ensure the best nutrient management for plants.
such fertilizers should be used promptly to partially
replace chemical fertilizers (de Araujo Guimaraes et
al. 2019).

Secondary metabolic levels (phenolic compounds,
flavonoids and tannins)

The results of laboratory amalysis showed that the
positive bangle thizome contained compounds in the
form of phenolics. tannins and flavonoids. These
compounds responded diffcrently o the concentration
of organic fertilizer applied in the form of cow
manure and chicken manure. According to Table 12,
the amount of tannin compounds increased as manure
dosage rose. The application of chicken manure or
cow manure with three doses of 20. 40. and 60 tha
increased the fannin concentration in the rhizome as
the dose increased. When compared to cow manure.
applying chicken manure produced significantly
beter resuls. It is evident that the application of 20 t
chicken manurcha resulted in a higher tannin
concentration than that of 60 f cow mamure ha

Dry thizomes produced a higher concentration
of tannins than fresh thizomes. which produced
different results regarding tannin concentration. The
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better results. It is evident that the application of 20 1
chicken manureha resulted in a higher fannin
concentration than that of 60 t cow manure ha,
izomes produced a higher concentration
of tannins than fresh rhizomes. which produced
different results regarding tannin concentration. The
concentration of tannins mn fresh thizomes increased
non-sigmificantly with the addition of cow manure,
whereas the concentration of tannin compounds in
fresh rhizomes decreased with the increase in
the dose of cow manure. In comparison 1o the use of
manure that increased fresh and m thizomes, u.e
control  provided
comcoralph Tacklab ' cheiieal wmbstices that
ces

well as important defenses against herbivores and
pests that prey on plants (Tiku, 2018). Tannins are
metabolically active substances with multiple uses.
including as astringents, antibacterial agents for
treating diarrhea, and antioxidants. Leather tanaing is
another industrial application for tannins, Tannic acid
is the type of fannin substance present in bangle
plants. Diarthea can be effectively treated with tamnic
acd. Additionally. tannic acid exhibits antimicrobial,
anti-cnzymatic, antioxidant. and  antimutagenic
properties (Dabbaghi et al., 2019)

In addition to increasing the fertilizer dose,
applying organic fertilizer in the form of cow and
chicken manure resulted in an increase in phenolic
compounds and flavonoids. When compared to when
the thizomes were fresh, the dry rhizomes had a
higher concentration of phenolic and flavonoid
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compounds. The content of active compounds i the
simplicial is impacted by the process.
Antioxidant activity is influenced by the total
phenolic and flavonoid content (Rajkumari and
Sapatombi, 2020). The highest phenolic and
flavonoid concentrations were found in fresh and dry
thizomes when chicken manure was applied at 60
tha. Applying cow manure of 60 tha resulted in
phenolic compound concentrations of $6.90 m/L in
the fresh rhizome and 18138 mgL i the dry
thizomes. while flavonoids were 7114 mg/L i the
fiesh thizomes and 99,43 m/L in the dry thizomes
Compared to chicken manure at the same dose. this
result was smaller. A dose of 60  chicken manure/ha
resulted in_ phenolic compound concentration of
178.56 m/L in the fresh rhizomes and 202.79 mg/L
in the dry thizomes. The concentration of flavonoid
in fresh rhizomes was 104.39 mg/L. and that in dry
rhizomes was 181.91 mg/L.

In plants. flavonoids serve as pigments for the
flowers. fruits, and roots and occasionally as growth
regulators and disease resistance (Kumar et al.. 2018).
Catechins are one class of flavonoid compounds
present in bangle thizomes (catechins). Catechins
have antioxidant propertics. and because they can
stop the growth of viruses, bacteria. tumors, and
mm |l|ey can also get rid of roften and rancid odors

2019). Phenolic compounds are compounds
ot Pl make in s6ipoase b cavironmageal sres
Phenolic compounds protect DNA from dimerization
and damage by blocking UV-B rays and cell death
(Takshak and Agrawa, 2019). Gallic acid is the type
n Nmmhc wmponud {ouml in bangle rhizomes.

bact

(Isemura. 2019). Phenolic compounds are compounds
that plants make in response 1o environmental stress
Phenolic compounds protect DNA from dimerization
and damage by blocking UV-B rays and cell death
(Takshiak and Agrawa, 2019). Gallic acid is the type
of phenolic compound found in bangle rhizomes
Gallic acid serves as an antibacterial. antiviral.
analgesic. and antioxidant in medicine (Shrinet et al..
2021). The application of chicken manure resulted in
a higher concentration of secondary metabolism
because it had a relatively higher P nutrient content
than other mmmel-\lmeud etal., 2020). Phosphorus
can be foun A. RNA. and the parts of
aucleotides that provi i St energy (like ATP).

he process of photosynthesis depends heavily on
phosphorus. Stunted growth is one of the symptoms
of phosphorus deficiency sians (de Bang, 2012). The
concentration of secondary metabolism in the form of
tannins, phenolic compounds. and flavonoids is
influenced by the difference i the P nutrient content
berween these two types of manure. Environmental
factors affeet the levels of flavonoids and other
phenolic compounds in plants. which vary among
parts. tissues. and ages of plants. These include air
temperature, nutrient availability. water availability.
and atmospheric CO; concentrations (Ashraf et al.

2018),
Antioxidants

The antioxidant activity analysis produced different
ICsovalues depending on the type of organic fertilizer
used (Table 13). The ICso decreased as the fertilizer
dose increased. A concentration known as ICs is
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capable of reducing 50% of DPPH free radicals. The
greater the antioxidant activity. the lower the 1Cso
value (Al et al., 2018), Antioxidants are compounds
that can absorb or neutralize free radicals, thereby
preventing certain diseases caused by free radicals
(Poprac et al.. 2017). The treatments of cow manure.
as shown in Table 13 resulted in lower yields than
chicken manure. The antioxidant activity of the dried
thizome samples was higher than that of the fresh
thizomes. The highest antioxidant activity was
produced by cow manure at a dose of 60 Vha. with an
1Cs value of 9.52 ppm for fresh rthizomes and 8.6
ppm for dry rhizomes. At a dose of 20 tha in both
fresh and dry rhizome conditions. cow manure had a
lower ICso value than chicken manure. For fresh
rhizomes, the treatment without fertlizer produced an
ICs value of around 53.58 ppm. and for dry
shizomes, it was around 40.91

Ali et al. (2018) claimed that the antioxidant
activity in bangle rhizomes is incredibly powerful,
Except for the treatment withous fertilizer in fresh
thizome conditions, the €5 value in bangle rhizomes
m all treatments gave a value of 50 and included a
very potent antioxidant The high secondary
metabolic compounds found in the bangle rhizomes
are inexmricably linked to the high antioxidant
activity. Secondary plant metabolites like flavonoids
and phenolics play a part in antioxidant activity
More phenolic compounds will have a higher level of
antioxidant activity (Tohma etal.. 2017).

Conclusion
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and phenolics play a part in anfioxidant activity.
More phenolic compouads will have a higher level of
antioxidant activity (Tohma et al.. 2017).

Conclusion

A cow manure dose of 60 tha was the best dose for Z
montanmim growth, with an average height increase of
4278 cm. an increase in the number of leaves of
116,65 pieces, and an increase in the number of fillers
of 14.45. A chicken manure dose of 60 ha produced
the best root length of 41.03 cm. The weight of the
thizomes revealed that the applicaion of cow manue
at a dose of 60 vha resulted in the highest yiclds of
dry weight and wet weight, which were abour 179.75
g and 822 g. respectively. The application of chicken
manure at a dose of 60 tha resulted in the highest
secondary metabolic content in each parameter,
including dry rhizomes (phenolic of 202.79 mg/L.
flavonoid of 181.91 mg/L. and tannin of 540633
m/L) and fresh shizomes (phenolic of 178.56 ma/L,
flavonoid of 10439 mglL). The application of
chicken manure at a 40 tha dose resulted in the
highest tannin. The application of chicken manure at
2 dose of 60 Uha yielded a very antioxidant content of
9.52 ppm in the fresh rhizomes and 8.06 ppm in the
dry thizomes.
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