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Abstract: Black turmeric is an excellent species with a wide range of potential therapeutic
applications. However, the propagation and production of black turmeric have been limited
due to the lack of knowledge on suitable planting methods. This study aimed to determine
the appropriate growth medium that produces the optimal growth of black turmeric. The
treatments were TO = Topsoil (control), T1 = Topsoil + peat moss (1:1), T2 = Topsoil +
peat moss (3:2), T3 = Topsoil + peat moss (2:3), T4 = Topsoil + cocopeat (1:1), T5 =
Topsoil + cocopeat (3:2), and T6 = Topsoil + cocopeat (2:3). All plants were consistently
watered and received similar amounts of nitrogen (N), phosphorus (P), and potassium (K)
fertiliser (15:15:15). This study concluded that TS consistently resulted the greatest plant
height, stem diameter, and crown diameter, establishing it as one of the most effective
treatments. T2 also performed well, particularly in terms of crown diameter and plant
height, with outcomes comparable to T5. TO consistently exhibited the lowest values
across all parameters. The addition of organic media to the soil is beneficial because it
provides macro nutrients such as nitrogen and phosphorus, which help turmeric grow well
by altering soil properties.
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Introduction

Curcuma caesia, commonly known as black
turmeric, “kali haldi”, or “kunyit hitam”
belongs to the Zingiberaceae family and is an
endangered species native to northeast and
central India. It is also cultivated in Malaysia
(Bhupendra et al., 2016). In its native regions,
black turmeric is traditionally used as a spice for
food preservation (Mukunthan et al., 2017). All
parts of the plant are useful, but the rhizomes
of black turmeric are economically significant
because of their therapeutic activities. The
rhizomes have a bluish-black colour, bitter,
spicy flavour, and strong odour (Liu et al.,
2013). Black turmeric rhizomes have a wide

glycosides, anthraquinones, cardiac glycosides,
reducing sugars, and other compounds
(Prasanthi et al., 2015).

Black turmeric is propagated vegetatively,
where rhizomes are separated into mother
rhizomes and storage roots. It grows well in
sandy or clay loam soil, rich in humus (Patrick,
2015). Topsoil typically consists of a mixture
of sand, silt, clay, and organic matter, which
supports plant growth. According to Brady
and Weil (2016), soil texture is determined by
the relative proportions of these components,
influencing water retention, drainage, and

range of medicinal applications.

Meanwhile, the leaves have the potential
to enhance rice seed germination (Lalitha et al.,
1995) and can be eaten raw as salad or boiled to
treat cough (Awang-Kanak ef al., 2018). Black
turmeric contains proteins, tannins, steroids,

nutrient availability. This plant is cultivated in
warm and damp climates. It can be cultivated up
to 4,000 ft above sea level (Chitra et al., 2022).
This plant takes nine months to mature before
it is fully harvested. As noted by Narendhiran
et al. (2023), from April to August, small, bud-
laden rhizome segments are nestled three inches
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deep into the earth. By December or January, the
plants signal their readiness for harvest as their
vibrant green leaves transform into a golden
hue and gracefully fall away, marking the end
of the growing season. Plants rely on growth
media to obtain the essential nutrients and water
necessary for their growth and development
(Raviv et al., 2019). High-quality growth media
can boost plant yield by providing optimal water
retention, adequate nutrition, and disease-free
seedlings (Gruda, 2019).

Soil conditions can also affect plant nutrient
availability. The arrangement of soil particles
into aggregates affects water and air movement,
which in turn influences nutrient availability.
Well-structured soil promotes good root growth
and efficient nutrient uptake. Soil nutrients are
accessible to plants because they are loosely
bound to the soil and easily exchangeable with
plants (Jones & Olson-Rutz, 2016).

Peatmoss and cocopeat are examples
of notable organic planting media used
commercially in the agricultural industry.
Peat moss is created through the long-term
carbonisation of sphagnum moss and silver
grass that accumulate in oxygen-poor wetlands,
resulting in a material rich in organic matter,
which is over 90% by composition (Kim &
Kim, 2011). Coco peat, derived from the fibrous
husks of coconuts is a popular and cost-effective
planting material worldwide. Noteworthy for its
superb air permeability, water-holding ability,
nutrient retention, low bulk density, high cation
exchange capacity, and significant expansion
up to four to five times its original volume
when hydrated, coco peat offers a versatile and
beneficial alternative (Kim, 2003; Kim et al.,
2021).

Black turmeric is not a plant that originates
from Malaysia and there is little commercial
cultivation of black turmeric in Malaysia; there
are also very few studies on its cultivation
methods. Black turmeric is difficult to find in
the market because of its low multiplication
rate (Behar, 2013), which results in low market
supply. Optimising growth conditions for black
turmeric by identifying the most effective
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growth media is essential, as the choice of
media significantly impacts both the planting
process and the resulting yield. The current
understanding of how different growth media
affect growth rates and yields is insufficient,
leading to suboptimal growth performance in
various applications.

Furthermore, most of the land in Malaysia
has been used for various purposes, resulting in
diverse soil characteristics. According to Lee
et al. (2014), the soil properties in Malaysia
have changed over the years owing to the
degradation process and declining soil fertility
caused by improper agricultural activities and
climate change. For instance, deforestation
for agricultural expansion has significantly
contributed to soil erosion and nutrient depletion.

In 2020, Malaysia lost approximately
118,000 hectares of natural forest, leading
to an estimated 148 million tonnes of CO,
emissions (Global Forest Watch, 2020). This
study aimed to investigate the effect of different
growth media and to determine the appropriate
combination of media mixture that could
enhance plant growth. Studies on the cultivation
media for black turmeric are scarce, despite their
importance for better understanding its growth
requirements. This study opts for a mixture
of commercial planting media, specifically
cocopeat and peat soil in varying ratios, as these
materials are widely available, commonly used
in Malaysia and easy to apply when cultivating
black turmeric.

Soil pH is a crucial factor as it significantly
impacts various soil properties and processes
that are vital for plant growth. Specifically, it
affects microbial activity and the solubility and
availability of nutrients, which are essential
for optimal plant development (Gentili et al.,
2018). Soil Water Holding Capacity (WHC)
is a critical property that affects resource use
efficiency, nutrient cycling, crop productivity,
yield stability, and overall environmental
quality (Ogle et al., 2019; Dey et al., 2020).
Enhancing soil Water Holding Capacity (WHC)
improves soil resilience to climate variability
and aids agro-ecosystem adaptation to extreme
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weather events like heavy rainfall and droughts
(Williams et al., 2018). Therefore, this study
will also involve soil analysis to determine the
pH, Water Holding Capacity (WHC), and macro
nutrients (N, P, and K).

Materials and Methods
Study Area and Planting Materials

This study was conducted in a mini nursery near
Universiti Malaysia Terengganu, Kuala Nerus,
Terengganu, Malaysia. The size of the nursery
was 4 m x 6 m. The planting period, spanning
from March to October 2022, consisted of a two-
month sowing period and a six-month growing
period. The study period had to be shortened as
November and December mark the monsoon
season in Terengganu, resulting in flooding of
the study area. To prevent damage to the plants,
the study was halted.

Healthy rhizomes that were free from
defects such as decay, mould, and others were
used in this study. Rhizomes were collected
directly from mature black turmeric clumps.
The rhizome was cut to a size of 2 cm long and
weighed approximately 10 g, sown in a sowing
pod. All plants were consistently watered twice
a day and received similar amounts of NPK
fertiliser every two weeks throughout their
growth. In this study, NPK green 15:15:15
was used. After two months, all seedlings were
transplanted to the polybag filled with growing
media, which had been set up.

Growth Medium Application

In this study, seven types of media were used:
Topsoil only (control) as T1, topsoil + peat
moss (1:1) as T2, topsoil + peat moss (3:2) as
T3, topsoil + peat moss (2:3) as T4, topsoil +
cocopeat (1:1) as TS5, topsoil + cocopeat (3:2)
as T6, and topsoil + cocopeat (2:3) as T7. All
growing media were mixed well before being
placed in a 12 cm x 10 cm polybag. Topsoil
was chosen in this study as a control because it
is typically a blend of sand, silt, and clay. The
proportions of these particles determine whether
the soil is sandy, loamy, or clayey. Loamy soil,
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which has a balanced mix of all three is often
considered ideal for most plants.

Experimental Design

Extraction study plots were allocated using a
Completely Randomised Design (CRD) with a
total of three replicates, as shown in Table 1. In
total, 21 plants were included in the study.

Table 1: Mixtures of planting media treatments used

in the study

Treatments Ratio of Mixtures

T1 (Control) Topsoil only (5:0)
T2 Topsoil + peat moss (1:1)
T3 Topsoil + peat moss (3:2)
T4 Topsoil + peat moss (2:3)
T5 Topsoil + cocopeat (1:1)
T6 Topsoil + cocopeat (3:2)
T7 Topsoil + cocopeat (2:3)

Data Collection
Growth Parameters

Fortnightly, data collection was performed
to gather the pre-harvest information. Plant
height was measured using a measuring tape.
Measurements were taken from the base of
the plant (soil level) to the top of the plant (the
highest point). The stem diameter was measured
using a digital calliper 5 cm above the ground.
For the number of leaves, each leaf grown was
counted by recursively summing over each of
the subtrees. For the number of rhizome buds,
each rhizome bud that grew around the mother
plant was counted. For the observation of crown
diameter, the radial branch spread at the four
cardinal compass points was used to calculate
the size of the crown. The radial measurements
were combined and divided to obtain the average
crown diameter (Coombes et al., 2019).

Absolute Growth Rate (AGR)

Absolute Growth Rate (AGR) is the rate of
increase in the growth variable at time ‘t’. To
measure AGR, the differential coefficient of
growth variable with respect to time ‘t’ was
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calculated. In this study, three growth variables,
which are height, diameter of stem, and size of
crown were calculated by using the following
equation:

AGR = P2-P1/ T2-T1 (1)

where P1 and P2 refer to the growth variable
(cm) at the time T1 and T2, respectively. AGR
is expressed in cm/week.

Soil Analysis and Soil Testing

Before planting, the soil sample was collected
just after the soil mixture was filled into a
polybag. For the ‘after’ planting soil sample,
the sample was collected when the plant was
harvested, which is 6 months after transplant.

Measuring pH Value

A total of 10 g of each planting medium was
placed in a bottle. Then, 25 mL of distilled water
was added, the bottle was shaken for 30 minutes,
and left on the table at room temperature for one
hour. This allows soil to settle and the solution
to equilibrate at atmospheric CO,. The pH value
was determined using a pH meter.

Measuring Water Holding Capacity (WHC)

Soil Water Holding Capacity (WHC) is one
measure of a soil’s ability to store water and is
the mass of water a given soil can store or hold
per unit of mass (Lane & D’Amico, 2010; Wong
et al., 2015). This study applied the funnel, filter
paper, and drainage (MWHC FFPD) method.

The MWHC FFPD method allows one
to measure the mass of water a sieved soil (<
2 mm) can hold after drainage in a funnel with
filter paper. The Water Holding Capacity (WHC)
of the soil was determined by first weighing 25
g of the soil sample and placing it in an oven
for 24 hours at a temperature of 70°C. The
tubing was attached to the bottom of the funnel
and clamped shut. The funnel attached to the
ring stands, suspended above the graduated
cylinder. The funnel is lined with filter paper.
100 mL of air-dried samples was placed into the
funnel. Using the graduated cylinder, 100 mL of
water was measured. Enough water was poured
gradually into the funnel to cover the compost/
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soil samples. The amount of “Water Added”
recorded. The samples were stirred gently and
allowed to sit until they were saturated. When the
compost was soaked, the clamp was removed,
allowing extra water to pour into the graduated
cylinder. The amount of “Water Drained” in
the graduated cylinder was measured once the
leaking stopped. The Water Holding Capacity
was determined for each sample. Calculation:

e Water retained in the 100-mL sample of
compost or soil:

e Water retained in 100 mL compost or soil
= water added - water drained (mL) 2)

e Water holding capacity expressed as the
amount of water retained per litre of soil:

e Water holding capacity
= 10 x (water retained in 100 mL
compost or soil) (mL/L) 3)

Measuring  Nitrogen, and

Potassium Content

Phosphorus,

Nitrogen (N) content in the planting media
was determined using the Kjeldahl method
(Saez-Plaza et al., 2013). Kjeldahl methods
were carried out through three steps, which are
digestion, distillation, and titration. First, 1 g of
dry soil/compost is placed into digestion tubes
and then added with 1 tablet of the catalyst
known as the Kjeldahl tablet. Add 12 mL of
concentrated sulphuric acid (H,SO,) into the
digestion tubes and shake them thoroughly.
Heated the plate of the digestion machine to
420°C first before starting the digestion of the
samples.

Digested the mixtures in each tube in the
digestion machine in the fume hood until they
became a clear solution/light green solution
for one hour. Then, leave the mixture to cool
down for an hour. Transfer the mixtures to the
distillation tube, add 75 mL of distilled water,
and pour slowly 50 mL of 40% NaOH. After
that, the ammonia gas (NH,) was released into
a conical flask (which already contained 25 mL
4% boric acid (H,BO,) mixed with five drops
of indicators) and the data was collected. Titrate
the acid boric solution with 0.01 N HCL until the
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solutions become blue greyish or light indigo to
determine the percentage of nitrogen present in
the soil.

Dry weights of phosphorus (P) and
potassium (K) were measured using the dry-
ashing method (Sahrawat er al., 2002). For
the dry-ashing method, weigh 2 g of growing
media samples and place them into the crucible.
The samples in the muffle furnace were burnt
at 500°C for about eight hours. After that, cool
down the samples to room temperature. 2 mL
of concentrated HCl is added into each crucible
and evaporated to dryness on a hot plate in the
fume hood. Cool down the samples, add 10 mL
01 20% HNO,, and locate in a water bath at 70°C
for an hour. Then, filter the mixtures of samples
into a 100 mL volumetric flask using filter paper,
Whatman No. 2, with the addition of deionised
water to the calibrated marks. Finally, the flasks
were shaken and 10 mL of the samples was put
into a centrifuge tube in order to analyse using
Inductively Coupled Plasma-Mass Spectrometry
(ICP-MS).

Data Analysis

The data was analysed using a Complete
Randomised Design (CRD) with three
replications. Using SPSS software version 20.0,
the data were submitted to a One-way ANOVA
test as well as a Tukey test. The goal is to see if
there is a substantial difference between medium
treatment and medium ratio.

Results and Discussion
Growth Performance of the Plant

The results reflect the mean plant height (in cm)
for different treatments (T1 to T7), along with
their standard deviations. T6 with treatment of
topsoil and cocopeat at a ratio of 3:2 recorded
the highest plant height with 78.33 cm and a
significant difference compared to the control
with only 27 cm. The second highest was
indicated by T3 at 75.67 cm, followed by T2
at 74.33 cm. The T5 and T7 had lower results,
grouped as “ab”, with plant heights of 66.00
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cm and 64.67 cm, respectively. The P-value of
0.015 shows a statistically significant difference
in plant height across the treatments, suggesting
that the treatments had a substantial impact on
plant height. Overall, treatments T2, T3, and T6
resulted in significantly taller plants compared
to T1, some overlap exists between the other
treatments based on the letters “a”, “ab”, and
“b”.

Encouraging results (highest) were shown
by a mixture of topsoil and cocopeat with a ratio
of 3:2; the media conditions were favourable
for the growth of C. caesia. Cocopeat can
act as a reservoir of water and consists of
essential nutrient elements, including calcium,
magnesium, potassium, sodium, and phosphorus
(Soeparjono, 2016). Meanwhile, peat moss, as
one of the important growing media can hold air
and water in high quantities (Robertson, 1993).

Peat moss adds additional organic matter
to the soil. This increases the soil’s nutrient-
holding capacity and improves its fertility,
providing plants with more of the essential
nutrients needed for healthy leaf development,
like nitrogen. The data suggest that both peat
moss and cocopeat are effective at enhancing
plant height compared to topsoil alone, with
peat moss generally resulting in greater plant
growth. The specific ratios of topsoil to peat
moss or cocopeat also influence plant height,
with certain mixtures leading to significantly
better growth than others.

For the result of stem diameter sizes, as
presented in Table 2, the same treatment, T6
significantly showed the highest size with 2.16
cm compared to the control (0.63 cm), followed
by T2, T3, and T7, recorded mean stem diameters
of 2.16 cm, 2.14 ¢cm, 1.98 cm, and 1.97 cm,
respectively, all marked with “b”. This indicates
that their stem diameters are significantly larger
than T1 and comparable to each other within
this group. The P-value of 0.007 indicates
a statistically significant difference in stem
diameter across the treatments. This means
the treatments had a notable impact on stem
diameter.
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Meanwhile, the number of leaves and
rhizome buds did not show any significant
difference among all treatments, as the P-values
were 0.781 and 0.443. This result suggests that
the media treatments did not have a notable
effect on the number of leaves and rhizome buds.

The data provided in Table 2 shows the
mean crown diameter (in cm) for different
treatments (T1 to T7), along with their standard
deviations. T1 (Control) have the smallest mean
crown diameter, which is 22.00 c¢cm, marked
with “a”, indicating it is significantly smaller
than some other treatments. This suggests that
topsoil alone is less effective in promoting
crown growth compared to mixtures with peat
moss or cocopeat. T3 presented the largest
crown diameter (62.50 cm), followed by T6 with
61.17 cm, which was marked with “b”, meaning
it is significantly larger than T1 and other “ab”
groups (T2, T7, T5, and T4). Treatments T2, T4,
T5, and T7 have intermediate values, showing
some overlap in significance but generally larger
crown diameters than T1. The P-value of 0.011
indicates a statistically significant difference in
crown diameter between treatments, it suggests
that the treatments had a notable impact on
crown diameter, with T3 and T6 showing the
most pronounced effects.
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Differences in plant and rhizome growth
were assumed to be caused by differences in
planting media components and ratios (Pitaloka
et al., 2023). Growth nutrients available to
plants in growth media vary based on media type
and conditions (Tan ef al., 2020). With varying
media components and ratios, there are changes
in water-holding capacity, porosity, drainage,
nutrient content, and chemical characteristics
(Ismail-Embong et al., 2021). According to
Pertuzé (2004), healthy plants with larger
crowns, longer roots, and higher starch content
have a better chance of becoming productive.

Absolute Growth Rate (AGR)

Table 3 shows the analysis of the Absolute
Growth Rate (AGR). As noted in the table, all
parameters analysed showed a significant effect
at P < 0.05. For plant height, the highest AGR
was black turmeric plants grown in T6 planting
media (2.91 cm per week), followed by T3 (2.86
cm per week), T2 (2.77 cm per week), TS (2.53
cm per week), and the lowest was T1 (1.04 cm
per week). For stem diameter, the highest AGR
was noted by T2 (0.08 cm per week), secondly
T6 (0.079 cm per week), followed by T3 (0.075
cm per week) while the lowest was indicated by
T1 (0.02 cm per week).

Table 2: Effects of different mixtures of planting media on the growth of black turmeric

Plant Height .Stem Number of N.umber of Crown Diameter
Treatments Diameter Leaves Rhizome Buds
Mean (cm) Mean (cm) Mean Mean Mean (cm)
Tl 27.000 £ .0000a 0.63£.0000a  6.00+.0000a  1.00=.0000a 22.00 +.0000a
T2 74.33 £2.1858b 2.14+.0717b  6.67+.3333a  2.00+1.0000a  50.33 +6.9302ab
T3 75.67+6.3333b 1.98+£.0727b  6.67+.3333a  2.00 £ 1.0000a 62.50+2.2913b
T4 54.67+20.3333ab  1.41 +.5465ab 533+ .8819a  1.00+0.000a  36.00 = 12.0139ab
TS 66.00 +8.5049ab  1.65+.3357ab  6.67+.3333a  1.33+.3333a  42.50+10.2510ab
T6 78.33 £3.8442b 2.16+.0260b  6.33+.3333a  1.33+.3333a 61.17+2.3154b
T7 64.67 £2.0276ab 1.97+.1244b  5.67+.8819a  1.33+.3333a 45.17 +4.3429ab
P-value 0.015% 0.007* 0.4430 0.781m 0.011*

Mean values with the same letter in the same column for each attribute are not significantly different at P < 0.05, *: significant

at P <0.05, ns = not significant.
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Table 3. Effects of different mixtures of planting media on the Absolute Growth Rate (AGR)
of black turmeric

Treatments Plant Height AGR Stem Diameter AGR Crown Diameter AGR
Mean (cm) Mean (cm) Mean (cm)
Tl 1.04 +.0000a 0.024 £+ .0000a 2.20 £ .0000a
T2 2.77 £ .2648b 0.08 +.0056b 1.07 £ 0.3055ab
T3 2.86 +.4922b 0.075 +.0050b 2.08 +£.6351b
T4 2.09 £ 1.3404ab 0.025 +.0333ab 1.58 £.6212ab
T5 2.53 +.5551ab 0.063 +.0223ab 1.65 £+ .6789ab
T6 2.91 +.28493b 0.079 +.0059b 2.78 £ 1.5987b
T7 2.41 +.1848ab 0.068 +.0075b 0.48 £ .6789ab
P-value 0.024* 0.008* 0.05*

Mean values with the same letter in the same column for each attribute are not significantly different at P <0.05, *: significant

at P <0.05, ns = not significant.

For crown diameter, the mixture of topsoil
+ cocopeat ratio 3:2 (T6) noted the highest
absolute growth rate of crown size, followed by
T1 (2.2 cm per week), T3 (2.08 cm per week)
while the lowest was indicated by T7 (0.48 cm
per week).

Soil Analysis

Soil analysis is essential for improving the
quality and/or quantity of rhizomes produced
as well as the effectiveness of soil management.
This is primarily motivated by the requirement
to analyse and regulate soil fertility. For
example, the capacity of soil to deliver an
appropriate quantity of nutrients and trace
elements is essential for plant sustenance. It
is also necessary to monitor the transfer of
fertilisers and other soil amendments from the
agricultural areas, where they have been applied
(Worsfold et al., 2008).

Table 4 provides an analysis of soil
parameters before and after planting for six
different treatments (T1 to T7). The parameters
measured include pH, Water Holding Capacity
(WHC), Nitrogen (N), Phosphorus (P), and
Potassium (K), with both before and after values
recorded. The table also indicates statistically
significant differences between the treatments.

For soil pH, all the treatments (T2-T7)
showed a pH value range of 5.2 to 6.13 before
and after planting. Meanwhile, control (T1) has
the lowest pH value with 4.58, which is more
acidic. This characteristic might be one of the
reasons black turmeric indicated unfavourable
growth in T1 for almost all parameters studied
in this research. Ravindra (2004) reported that
rhizomatous plants grow well at pH 6.5. T2, T3,
T5, T6, and T7 showed significantly higher pH
values both before and after planting, with pH
increasing after planting. For example: T2: pH
increased from 6.03 to 6.37, T3: pH increased
from 6.06 to 6.33, T5: pH increased from 6.13 to
6.69. T4 had an intermediate pH, increasing from
5.23 t0 5.99. The P-value was 0.000, indicating
a statistically significant difference in pH across
treatments both before and after planting.

The pH of the soil affects a wide range
of biological, chemical, and physical aspects,
as well as plant development and biomass
output (Minasny et al., 2016). The balance
between acidity and alkalinity in soil is crucial
for providing plant nutrients. When the soil
becomes more acidic or alkaline, specific
reactions occur that involve the release, supply,
and exchange of positive (cationic) and negative
(anionic) particles between plants and the soil
(Khaidem & Meetei, 2018). These interactions
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are essential for ensuring that plants can
access the nutrients they require from the soil.
Micronutrients, including calcium, magnesium,
sulfur, phosphorus, potassium, and nitrogen
are more readily available in soils with slightly
higher pH, ranging from 6.5 to 8.0. This
suggests that the acidity or alkalinity of the soil
can influence the availability of different types
of nutrients for plant uptake.

The Water Holding Capacity (WHC)
of the growth medium is proportional to its
particle size and pore size. The surface area of
the smaller particles was greater than that of
the larger particles. WHC among the growth
media was significantly different (P < 0.05).
T1 (Control) remains the same amount before
and after planting, which is 66.67%, indicating
no change. T2, T3, T5, T6, and T7 showed an
increase in WHC after planting, with values
rising to around 69% to 72% while T4 showed
a slight increase in WHC from 55% to 67.67%
after planting.

The P-value was 0.000 (before planting),
0.018 (after planting), indicating a significant
change in WHC across treatments. According to
Urra et al. (2019), organic amendment of topsoil
is necessary to increase soil nutrients. A larger
surface area allows the medium to retain more
moisture. While appropriate WHC is needed for
plant growth, an excessive amount might disturb
the air-water balance in the soil, leading to poor
aeration and reduced oxygen transfer to the
roots (Mohammadi, 2015).

Sohi et al. (2009) demonstrated that soils
with a high-water retention capacity provide
higher agricultural yields while requiring less
irrigation. This medium has strong porosity to
enable excess water to drain away and minimise
waterlogging, resulting in plants with roots that
serve functions such as absorbing nutrients and
water, providing anchorage, and storing food
(Nair, 2019). Inadequate WHC, on the other
hand, results in stunted growth, poor air-water
connection, low aeration, and an influence on
oxygen diffusion to the roots (Mohammadi,
2015). It is also true that soil texture affects
water retention capacity (Nath, 2014).
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Availability of N, P, and K in the Growth
Medium

The macronutrient content of Nitrogen (N),
Phosphorus (P), and Potassium (K) in control
(T1) soil was the lowest compared to other
treatments. Meanwhile, other treatments showed
diverse concentrations of N, P, and K, based on
the type of medium and ratio. T2 significantly
had the highest N content before and after
planting, followed by T5 with 24.00% after
planting. For P content, T7 significantly had the
highest value before planting and increased by
29.9% to reach 201.49 mg/kg. In contrast, TS
treatment experienced a remarkable increase of
433%, rising to 392.17 mg/kg after planting.

T7 treatment showed the highest K content
with 4.4034 mg/kg; however, after planting,
the content reduced by 58% to reach 1.84 mg/
kg. This is contrary to the TS5 treatment that
showed the highest K content after planting,
measuring 3.1 mg/kg, which represents an
increase of 111.6%. Nitrogen (N) is the single
most significant limiting nutrient for crop
development; hence, adequate N availability
is a critical aspect in improving agricultural
productivity (Singh, 2009). It is regarded as
crucial because it performs multiple critical
functions in plants’ metabolic and regulatory
processes.

Nitrogen intake is thought to be associated
with rhizome vegetative growth activity,
according to Shibasaki et al. (2021). The
presence of organic compounds in the growth
media such as nitrogen resulted in an increase
in height, number of leaves, and root biomass
output. Previous studies have shown a positive
and significant impact of N on Zingiber officinale
Rosc (Singh et al., 2014). This demonstrated
that nitrogen-supplemented plants exhibited a
significant response in yield attributes such as
the number of primary fingers per plant, the
number of secondary fingers per plant, and
rhizome yield per plant. T2 also generated the
maximum plant height, number of leaves, and
number of buds compared to the other media.
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Phosphorus is a crucial component of
photosynthesis and carbohydrate metabolism
and acts as a regulator of photosynthate
partitioning between the source and reproductive
organs (Reshma & Sarath, 2017). According
to Aldana (2005), increasing the phosphorus
content in chilli plants increases plant height
and stem diameter because P is involved in the
process of photosynthate transmission to plant
vegetative organs. According to Albuquerque
et al. (2016), examining different phosphorus
sources and dosages can lead to increased stem
diameter and dry matter after 120 days.

Potassium is taken up by plant roots in
the form of K* ions, which are required for
plant root growth. When plants lack K, their
photosynthetic rate decreases (Prajapati &
Modi, 2012). In a comparative study on fibre
and cocopeat from young and old coconut husks,
Nordin and Ahamad (2022) found that cocopeat
with a high K concentration outperformed other
nutritional content. According to Asmaa and
Magda (2010), increasing the dose of potassium
treatment progressively and considerably
boosted vegetative growth metrics such as plant
height.

Overall, for soil analysis, pH values
generally increased after planting for most
treatments, indicating an improvement in soil
acidity. WHC also increased for most treatments,
suggesting improved soil structure or water
retention. Nitrogen, Phosphorus, and Potassium
levels increased significantly in most treatments,
with the most notable improvements in T5 and
T6, highlighting their effectiveness in nutrient
enrichment.

The table demonstrates significant
differences in soil parameters before and after
planting across different media treatments. T5
and T6 stand out for their higher nutrient content
(N, P, K) after planting while T1 (Control) shows
the least improvement in soil quality. These
results suggest that the planting media used in
treatments TS and T6 were more effective in
enhancing soil fertility, which likely contributes
to better plant growth.
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Conclusions

Based on this study, it can be concluded that T6
consistently produced the largest plant height,
stem diameter, and crown diameter, making it
one of the most effective treatments. T3 also
performed well, especially for crown diameter
and plant height, with results similar to T6. T1
(Control) consistently showed the lowest values
across all parameters, indicating that the other
treatments significantly promoted better growth.
The number of leaves and rhizome buds did not
show significant differences between treatments,
indicating that the treatments had less impact
on these particular growth attributes. The data
show that treatments had a significant impact on
plant height, stem diameter, and crown diameter,
with T6 and T3 being the most effective for
promoting growth in black turmeric plants.

However, the number of leaves and
rhizome buds remained relatively unaffected by
the different media treatments. Generally, crown
diameter, which reflects the expansion of the
shoot system plays a crucial role in enhancing
light interception and photosynthetic efficiency,
thereby contributing to overall plant growth and
biomass accumulation. However, the number
of leaves and rhizome buds remained relatively
unaffected by the different media treatments,
suggesting that these parameters were less
influenced by substrate composition.

Black turmeric thrives in a soil mix with
more topsoil because it provides better nutrient
availability, microbial activity, and overall soil
fertility. While peat moss and cocopeat help
with moisture retention, they lack the essential
nutrients and structural benefits that topsoil
offers. This preference for topsoil highlights
the importance of maintaining a nutrient-rich
and well-balanced growing medium for black
turmeric cultivation.

We recommend that additional research
be conducted on NPK uptake by plants and
other micronutrients. Aside from that, research
on planting and management methods such as
medium, fertiliser, irrigation, pesticides, and
others should be conducted in the field because
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there may be changes in growth rate and yield
if planted in situ. Our findings demonstrate that
growing black turmeric in polybags with the
appropriate soil mix promotes plant growth,
particularly in terms of height, stem thickness,
and crown size. This implies polybag planting is
ideal for early growth and controlled situations.
However, planting in the field may be necessary
for increased production since it allows the roots
to develop freely and interact with natural soil
conditions. We suggest more investigation into
both strategies to determine which is ideal for
large-scale farming.
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