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ABSTRACT ARTICLE INFO

Microgreens are nutrient-dense vegetables widely cultivated in urban Keywords
agriculture because of their short production cycle and high nutritional Chloride (Cl), Growing
value. Although previous studies have demonstrated that growing media media, Manganese (Mn),
influence microgreen growth and nutritional quality, limited information is Microgreens, Phosphorus
available on whether a single growing medium can simultaneously optimize (P).

biomass production and the accumulation of specific essential minerals.

Therefore, this study compared five commonly used growing media to Received

determine their effects on growth performance and the accumulation of April 20, 2026
manganese (Mn), phosphorus (P), and chloride (Cl) in green mustard

microgreens (Brassica juncea L.). The study used a single-factor Randomized Revised

Block Design with five treatments and five replications: Mo (soil), M1 July 25, 2026
(cocopeat), M2 (vermiculite), M3 (rockwool), and M4 (perlite). Data were

analyzed using analysis of variance followed by a 5% Least Significant Accepted

Difference test. Growing media significantly affected all measured growth July 26, 2026
parameters and mineral concentrations. Soil produced the greatest plant

height (6.602 cm), leaf area (1.013 cm?2), net assimilation rate (0.818 g cm 2 Published

day 1), and crop growth rate (2.398 g m 2 day ). Perlite formed the highest July 31, 2026
statistical group for phosphorus accumulation (756.0 mg/100g), vermiculite

produced the highest manganese concentration (65.8 mg/100g), whereas

cocopeat accumulated the greatest chloride concentration (4617.8 mg/100g).

The findings demonstrate that no single growing medium simultaneously

optimized both biomass production and mineral accumulation. Soil is

recommended when biomass production is prioritized, whereas vermiculite,

cocopeat, and perlite may be selected according to specific mineral

enrichment objectives. These findings provide practical guidance for urban

agriculture and functional-food production by supporting goal-oriented

growing-medium selection.
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INTRODUCTION

Population growth and rapid urbanization continue to increase the demand for fresh,
nutritious, and sustainably produced food while simultaneously reducing the availability of
agricultural land (Sonyinderawan, 2020). This situation has encouraged the development of urban
agriculture as an alternative approach to food production in limited spaces. Urban farming enables
communities to cultivate vegetables efficiently in residential and metropolitan areas while improving

access to fresh produce and supporting local food security. Among various urban farming
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commodities, microgreens have attracted increasing attention because they require minimal
cultivation space, have a short production cycle, and possess high nutritional value (Pratio et al.,
2024; Sarjani et al., 2024).

Microgreens are immature vegetable seedlings harvested after the cotyledons are fully
expanded and the first true leaves begin to emerge, generally within 7—14 days after germination
(Kingsley et al., 2020; Thirumalaisrinivasan et al., 2023). Compared with mature vegetables, many
microgreen species contain higher concentrations of vitamins, minerals, antioxidants, and other
bioactive compounds, making them attractive functional foods (Bhaswant et al., 2023). Among these
nutrients, phosphorus (P), manganese (Mn), and chloride (Cl) play essential physiological roles in
plant growth and are also important for human nutrition. Phosphorus is required for energy
metabolism and biomass production, manganese functions in photosynthesis and enzyme activation,
whereas chloride contributes to osmotic regulation and ionic balance (Mardalena, 2021; Raut et al.,
2024).

Green mustard (Brassica juncea L.) is considered one of the most promising microgreen
species because of its rapid growth, high germination rate, and rich nutritional composition (Alloggia
et al., 2023). Previous studies have shown that mustard microgreens contain considerable amounts
of vitamins, antioxidants, minerals, and phytochemicals that may contribute to a healthier diet
(Bashariah et al., 2024). However, the nutritional quality of microgreens is strongly influenced not
only by plant species but also by cultivation practices, particularly the selection of growing media.

Growing media play an important role in regulating water availability, aeration, root
development, and nutrient uptake, thereby directly affecting plant growth and mineral accumulation.
According to Ramli et al. (2023), soil generally provides natural nutrients and relatively stable
moisture conditions, whereas cocopeat possesses high water-holding capacity and cation retention
(Gunjal et al., 2024). Vermiculite is characterized by high cation-exchange capacity, perlite improves
root aeration through its porous structure, and rockwool provides a favorable physical environment
but contains little or no available nutrients unless nutrient solutions are supplied (Balik et al., 2024;
Gruda, 2019; Khairunnisa et al., 2023). These contrasting physical and chemical properties suggest
that different growing media may produce different growth responses and mineral accumulation
patterns.

Although numerous studies have investigated the effects of growing media on microgreen
growth and nutritional quality, most have focused primarily on biomass production, yield, or overall
nutritional composition. Only limited studies have simultaneously evaluated vegetative growth and
the accumulation of specific essential minerals under identical cultivation conditions (Al-barry et al.,
2025; Sukewijaya et al., 2025). Moreover, comparisons among soil, cocopeat, vermiculite, rockwool,
and perlite using the same plant species and experimental conditions remain scarce. Consequently,
it remains unclear whether a single growing medium can optimize both plant growth and essential
mineral accumulation simultaneously.

The selection of phosphorus (P), manganese (Mn), and chloride (Cl) was based on their
essential roles in both plant physiology and human nutrition. Phosphorus represents an essential

macronutrient involved in energy transfer and biomass formation, whereas manganese and chloride



VOLUME 11 Issue 1

JULY 2026 Jurnal Mangifera Edu

are essential micronutrients required for photosynthesis, enzymatic activity, and osmotic regulation.
(Bhat et al., 2024; Pessoa et al., 2026; Seeda et al., 2021). These minerals were therefore selected as
representative indicators to evaluate how different growing media influence nutrient accumulation
in green mustard microgreens.

Therefore, this study evaluated the effects of five commonly used growing media on plant
height, leaf area, net assimilation rate, crop growth rate, and the accumulation of phosphorus (P),
manganese (Mn), and chloride (Cl) in green mustard microgreens (Brassica juncea L.). Unlike
previous studies that mainly emphasized growth performance or general nutritional quality, this
study integrates biomass-related growth parameters with the accumulation of three essential
minerals within a single comparative experiment. The findings are expected to provide scientific
evidence for selecting growing media according to specific production objectives, either maximizing
biomass production or enhancing targeted mineral composition, thereby contributing to the

development of sustainable urban agriculture and functional-food production.

METHOD

This study was conducted from December 2025 to January 2026 at Building A, Faculty of
Agriculture, Universitas Singaperbangsa Karawang, Karawang, West Java, Indonesia. The
experiment was performed under ambient environmental conditions with an average temperature of
30.2°C, relative humidity of 76.9%, and a natural light intensity of 7.300 lux throughout the
cultivation period.

Green mustard (Brassica juncea L.) seeds were obtained from Cap Panah Merah. The growing
media evaluated were soil, cocopeat, vermiculite, rockwool, and perlite. Cocopeat, vermiculite,
rockwool, and perlite were commercial horticultural substrates (Jirifarm®), Indonesia), whereas soil
was collected from the topsoil layer of agricultural land. Water for irrigation was also used. The main
equipment consisted of plastic containers (16.5 x 12.5 x 6 cm), an X-ray fluorescence spectrometer
(XRF), and supporting laboratory instruments.

The experiment was arranged in a single-factor Randomized Block Design (RBD) with five
growing media treatments: Mo (soil), M1 (cocopeat), M2 (vermiculite), M3 (rockwool), and M4
(perlite). Each treatment was replicated five times, resulting in 25 experimental units. Each
experimental unit consisted of seven planting containers, for a total of 175 containers.

The study consisted of several stages, including seed preparation, growing media preparation,
planting, maintenance, harvesting, and mineral analysis. Before sowing, seeds were soaked in clean
water for one hour to improve germination, and only fully submerged seeds were selected. Soil was
air-dried, cleaned from plant debris, and sieved before use. Cocopeat was soaked in water for 24 h to
reduce soluble salts, whereas vermiculite, rockwool, and perlite were moistened with distilled water
before sowing. No fertilizers or nutrient solutions were applied throughout the experiment to ensure
that plant responses reflected the intrinsic properties of each growing medium.

Approximately 400 seeds were uniformly distributed in each plastic tray. Trays were irrigated
once daily using clean water to maintain adequate moisture throughout the experiment. No

additional fertilizers or nutrient solutions were applied during cultivation. Pest and disease
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occurrence was monitored daily, although no serious infestation was observed during the
experiment. Microgreens were harvested 14 days after planting (DAP).

Table 1. Characteristics of growing media used in the study

Medium Characteristics

Soil Natural growing medium containing macro- and micronutrients, with a relatively
high water-holding capacity and favorable drainage and aeration properties that
support plant growth (Hassan, 2023; Hidayat et al., 2022).

Cocopeat Organic growing medium derived from processed coconut husk fibers. It has high
water-holding capacity, good aeration, and supports root growth. However, cocopeat
contains limited nutrients and may require washing before use to reduce tannin and
salt contents (Kamaluddin et al., 2022; Saputra et al., 2025).

Vermiculite Expanded silicate mineral with a lightweight, highly porous structure, high water-
holding capacity, and strong capillarity. It has a neutral pH, low electrical
conductivity (EC), and a relatively high cation exchange capacity (15—21 cmol kg™1),
enabling efficient retention of water and nutrients (Bar-Tal et al., 2019).

Rockwool Inert fibrous substrate produced by melting natural rocks at high temperatures. It
provides excellent water retention and aeration, maintains high moisture levels and
is widely used in horticultural cultivation (Yafuso et al., 2024).

Perlite Expanded volcanic glass characterized by high porosity, low bulk density, and the
ability to retain water while providing excellent aeration and drainage. It is
chemically inert, has a neutral pH, contains negligible mineral nutrients and is
sterile due to high-temperature processing (Bar-Tal et al., 2019).

The observed parameters included plant height, leaf area, net assimilation rate (NAR), crop
growth rate (CGR), and mineral content. Plant height was recorded at 4, 8, and 12 DAP using a ruler
from the medium surface to the highest leaf tip. Leaf area was measured at 14 DAP using digital
image analysis. Images of cotyledon leaves were taken on a white background with a ruler as a scale
reference and analyzed using ImageJ.

The net assimilation rate (NAR) was calculated based on the increase in plant dry weight
relative to leaf area over time as follows:

W,—W; InA, —1lnA,

NAR = X 1
t — 1y A — 4 )

where W,and W,represent plant dry weight at the first and second observations (g), A,and
A,represent leaf area at the first and second observations (cm2), t;and t,represent the time interval
between observations (days), and Indenotes the natural logarithm. The crop growth rate (CGR) was
calculated using the following formula:
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where W;and W,represent plant dry weight (g), t;and t,represent the observation time interval
(days), and G,represents the planting area (m2).

Mineral content analysis was conducted using the PANalytical Epsilon 1 X-Ray Fluorescence
Spectrometer manufactured by Malvern Panalytical. Plant samples were oven-dried at 75°C for 12 h,
ground into a fine powder, and placed in plastic sample cups sealed with a 3.6 um Mylar film. The
instrument was calibrated using the Omnian standardless method with gain calibration prior to
analysis. Samples were analyzed at 8 and 12 kV, and the concentrations of phosphorus (P),
manganese (Mn), and chloride (Cl) were quantified using Epsilon Dashboard software (Panalytical,

2018).
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Data were subjected to analysis of variance (ANOVA) at the 5% significance level using IBM
SPSS Statistics software. Prior to ANOVA, data were examined for normality and homogeneity of
variance. When significant differences among treatments were detected, means were separated using

the Least Significant Difference (LSD) test at P < 0.05.

RESULTS AND DISCUSSION
Plant Height

Analysis of variance showed that growing media significantly affected plant height at 4, 8, and
12 DAP. The LSD test (P < 0.05) indicated significant differences among treatments at each
observation period (Table 2). Soil (Mo) consistently produced the tallest plants throughout the
experiment, reaching 6.602 cm at 12 DAP, whereas perlite (M4) produced the lowest plant height.

Table 2. Mean plant height of green mustard microgreens (Brassica juncea L.) at 4, 8, and 12 DAP

Plant Height (cm)
Treatments
4 DAP 8 DAP 12 DAP
Mo (Soil) 3.780+£0.11a 4.804 £ 0.13a 6.602 £ 0.13 a
M1 (Cocopeat) 3.000 + 0.18 b 4.384 + 0.28 ¢ 5.554 + 0.28 b
M2 (Vermiculite) 3.084 +0.10b 4.146 + 0.12 ¢ 5.024 £ 0.11¢C
M3 (Rockwool) 3.640 £ 0.08 a 4.746 £ 0.06 b 5.716 £ 0.10 b
M4 (Perlite) 1.872 +0.14 ¢ 2.762 + 0.12d 3.712 £ 0.11d

The superior plant height observed in soil indicates that this medium provided a more
favorable root environment for early seedling development than the soilless substrates evaluated.
Soil naturally contains essential macro- and micronutrients while maintaining a balanced
combination of water retention, aeration, and nutrient availability, thereby supporting continuous
cell division and elongation during early vegetative growth. These conditions are particularly
important for microgreens because their short growth cycle requires rapid nutrient acquisition
immediately after germination (Chen et al., 2024; Efendi et al., 2020)

Similar results were reported by Putra et al. (2025), who observed improved growth of
mustard microgreens cultivated in nutrient-supportive media. Likewise, Ramli et al. (2023)
demonstrated that soil-based media promoted greater vegetative growth owing to their balanced
physical and chemical properties. However, these findings differ from those reported by Nishanth et
al. (2025), who found that hydroponic substrates such as rockwool produced growth comparable to
soil when supplemented with complete nutrient solutions. The discrepancy is likely attributable to
differences in nutrient management because no additional nutrient solution was supplied in the
present study.

The poor performance of perlite may be associated with its highly porous structure and limited
capacity to retain nutrients. Although high porosity improves root aeration, excessive drainage may
reduce water and nutrient availability during early seedling establishment, thereby restricting cell
expansion and shoot elongation (Sisriana et al., 2021). This finding suggests that physical aeration

alone is insufficient to support optimal microgreen growth without adequate nutrient availability.
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Leaf Area

The growing medium also significantly affected leaf area at 14 DAP. The 5% LSD test separated
the treatment means into four statistical groups, with soil (Mo) producing the largest leaf area (1.013
cm2) and perlite (M4) the smallest (Table 3).

Table 3. Mean leaf area of green mustard microgreens (Brassica juncea L.) at 14 DAP

Treatments Leaf Area (cm2)
Mo (Soil) 1.013 £ 0.03 a
M1 (Cocopeat) 0.675 + 0.01b
Mz2 (Vermiculite) 0.542 + 0.02 ¢
M3 (Rockwool) 0.624 + 0.03 b
M4 (Perlite) 0.460 + 0.02d

Leaf area is an important determinant of photosynthetic capacity because it directly influences
light interception and assimilate production. The significantly larger leaf area observed in soil is
consistent with its superior plant height, indicating that adequate nutrient availability and favorable
water status promoted sustained leaf expansion throughout the cultivation period (Sobhy & Anandhi,
2025). Larger leaves generally increase the photosynthetically active surface, thereby enhancing
biomass accumulation. Nitrogen, in particular, is required for chlorophyll, proteins, and
photosynthetic enzymes, so adequate availability can increase assimilate production and promote
leaf development (Fathi, 2022).

Similar observations were reported by Wang et al. (2025), who found that nutrient-rich
growing media significantly promoted leaf expansion in leafy vegetables. Conversely, perlite
produced relatively small leaves despite its favorable aeration. This result suggests that nutrient
availability rather than aeration alone became the dominant limiting factor for leaf development
under the cultivation conditions used in this study. These findings further support the importance of
balancing physical and chemical properties of growing media to maximize vegetative growth in

microgreens.

Net Assimilation Rate

Analysis of variance indicated a significant effect of growing medium on the net assimilation
rate of green mustard microgreens (Table 4). Soil (Mo) produced the highest NAR (0.818 g cm™2
day~1). Cocopeat, vermiculite, rockwool, and perlite showed intermediate values and did not differ

significantly from soil or rockwool.

Table 4. Mean net assimilation rate of green mustard microgreens (Brassica juncea L.)

Treatments Net Assimilation Rate (g cm™2 day 1)
Mo (Soil) 0.818 £ 0.012 a
M1 (Cocopeat) 0.778 + 0.024 b
M2 (Vermiculite) 0.758 £ 0.028 b
M3 (Rockwool) 0.728 £ 0.005 b
M4 (Perlite) 0.771 + 0.009 b

Net assimilation rate reflects the efficiency with which plants convert intercepted light into dry
matter per unit leaf area. The significantly higher NAR observed in soil indicates that this medium

provided a favorable balance of water availability, nutrient supply, and root-zone aeration,
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supporting efficient photosynthesis and carbon assimilation. Adequate nutrient availability,
particularly nitrogen and phosphorus, promotes chlorophyll synthesis, enzyme activity, stomatal
function, and carbon fixation, thereby enhancing dry matter accumulation (Diaz-Lopez et al., 2020).

These results are consistent with Yuliana et al. (2025), who reported that improved leaf
development enhances photosynthetic efficiency and biomass accumulation. Similarly, Nishanth et
al. (2025) demonstrated that substrate properties influence photosynthetic performance by affecting
root function and nutrient uptake. In contrast, although rockwool maintains good water retention
and aeration, its inert nature limits nutrient availability unless supplemented, which may restrict leaf
development and photosynthetic performance (Khairunnisa et al., 2023; Putra et al., 2025)

The statistically intermediate NAR values for cocopeat, vermiculite, and perlite indicate
similar assimilation efficiency despite differences in plant growth. Notably, perlite maintained a
relatively high NAR despite producing the lowest plant height and leaf area, indicating that
photosynthetic efficiency per unit leaf area does not necessarily translate into greater biomass
production. Therefore, NAR should be interpreted alongside crop growth rate to provide a more

comprehensive assessment of plant productivity.

Crop Growth Rate
Growing medium significantly affected crop growth rate. The 5% LSD test showed that soil
produced the highest CGR (2.398 g m™2 day 1), whereas rockwool produced the lowest value (1.117

g m™2 day™1). Cocopeat, vermiculite, and perlite produced in intermediate growth rates.

Table 5. Mean crop growth rate of green mustard microgreens (Brassica juncea L.)

Treatments Crop Growth Rate (g m~2 day 1)
Mo (Soil) 2.3908 £ 0.14a
M1 (Cocopeat) 1.781 £ 0.27b
M2 (Vermiculite) 1.376 £ 0.26 ¢
M3 (Rockwool) 1.117 £ 0.09 ¢
M4 (Perlite) 1.523 £ 0.09 ¢

Crop growth rate (CGR) reflects the overall increase in plant biomass over time and therefore
integrates the combined effects of leaf development, photosynthetic efficiency, and nutrient uptake.
The superior CGR observed in soil confirms that its favorable physical and chemical properties
consistently supported plant growth throughout the cultivation period (Gruda, 2019). Unlike NAR,
which measures assimilation efficiency per unit leaf area, CGR is strongly influenced by the total
photosynthetically active surface. Consequently, the larger leaf area produced in soil resulted in
greater carbon assimilation and dry matter accumulation.

This result align with Zhang et al. (2021), who emphasized that adequate water retention and
aeration promote root activity and biomass production. Similar responses have also been reported
in leafy vegetables grown in nutrient-supportive substrates (Rahmadani et al., 2023). The contrasting
responses between NAR and CGR demonstrate that photosynthetic efficiency alone is insufficient to
predict overall biomass production. Instead, successful microgreen cultivation requires an

appropriate balance between assimilation efficiency and canopy development. This finding
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represents one of the key contributions of the present study because it highlights that different

growing media influence plant productivity through different physiological mechanisms.

Analysis of Phosphorus (P) Mineral Content

Growing medium significantly affected phosphorus (P) content. Perlite (M4) produced the
numerically highest value (756.0 mg/100g), but it did not differ significantly from cocopeat (7754.2
mg/100g). Vermiculite (M2) was statistically intermediate, whereas soil (Mo0) contained the lowest

P concentration (Table 6).

Table 6. Mean phosphorus content of green mustard microgreens (Brassica juncea L.)

Treatments Phosphorus (mg/100g)
Mo (Soil) 451.8 £ 7.7¢C
M1 (Cocopeat) 754.2 + 23.7 a
M2 (Vermiculite) 706.8 + 31.3 b
M3 (Rockwool) 671.2 + 25.7b
M4 (Perlite) 756.0 + 33.0 a

Unlike the growth parameters, phosphorus concentration was highest in perlite and cocopeat
rather than soil. This result indicates that the medium promoting the greatest biomass does not
necessarily produce the highest mineral concentration. Such differences may reflect variations in
nutrient retention, phosphorus availability, and biomass dilution among growing media (Gbollie et
al., 2021). The relatively low phosphorus concentration observed in soil may be explained by the
dilution effect, whereby rapid biomass accumulation distributes absorbed phosphorus over a larger
amount of plant tissue, thereby reducing tissue concentration despite potentially greater total
phosphorus uptake (Balik et al., 2024).

A similar phenomenon has been reported in leafy vegetables where vigorous growth reduces
mineral concentration without decreasing total nutrient accumulation (Gruda, 2019). However,
because the physicochemical properties of the growing media were not analyzed in the present study,
this explanation should be interpreted cautiously. Future studies should evaluate substrate pH,

electrical conductivity, nutrient availability, and phosphorus dynamics before and after cultivation.

Analysis of Manganese (Mn) Mineral Content

Growing medium significantly affected manganese (Mn) content. Vermiculite (M2) produced
the highest concentration (65.8 mg/100g) and differed significantly from all other treatments, while
soil (Mo) ranked second at 59.4 mg/100g (Table 7).

Table 7. Mean manganese content of green mustard microgreens (Brassica juncea L.)

Treatments Manganese (mg/100g)
Mo (Soil) 50.4+3.7b
M1 (Cocopeat) 31.2+0.5¢C
Mz2 (Vermiculite) 65.8 £2.2a
M3 (Rockwool) 35.6£1.2¢C
M4 (Perlite) 34.40.7¢C

Vermiculite produced the highest manganese concentration among all growing media, which

is consistent with its high cation-exchange capacity and mineral composition. Vermiculite is capable
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of retaining divalent cations such as Mn2*, thereby maintaining greater manganese availability in the
root zone throughout plant growth. Manganese plays essential roles in photosystem II, enzyme
activation, and antioxidant metabolism (Chatzistathis et al., 2020). Saurabh et al. (2025) similarly
reported substrate-dependent differences in the mineral composition of microgreens. Importantly,
vermiculite did not produce the greatest plant height, leaf area, or crop growth rate, indicating that
increased Mn concentration alone could not compensate for limitations in other nutrients, water—
air balance, or total photosynthetic surface. Vermiculite may therefore be considered when Mn
enrichment is a production objective. However, consistency across substrate batches and the
relationship between tissue concentration, bioavailability, and fresh yield should be evaluated before
practical recommendations are generalized.

These findings reinforce the concept that nutrient enrichment and biomass production should
not be considered equivalent production targets. Growing media selected to maximize specific

mineral concentrations may not necessarily produce the highest plant growth.

Analysis of Chloride (Cl) Mineral Content
Growing medium significantly affected chloride (Cl) content. Cocopeat (M1) produced the
highest concentration (4617.8 mg/100g), followed by soil (3465.0 mg/100g), while vermiculite,

rockwool, and perlite formed a substantially lower statistical group (Table 8).

Table 8. Mean chloride content of green mustard microgreens (Brassica juncea L.)

Treatments Chloride (mg/100g)
Mo (Soil) 3465.0 + 152.6 b
M1 (Cocopeat) 4617.8 +£183.2a
M2 (Vermiculite) 562.2 + 48.3 ¢
M3 (Rockwool) 607.8 £17.3 ¢
M4 (Perlite) 612.8 + 41.7¢

The high Cl concentration under cocopeat may originate from soluble salt residues in coconut
husk and from incomplete washing or buffering, which can increase chloride availability in the
medium (Gbollie et al., 2021). The high water-retention capacity and large surface area of cocopeat
may further promote the retention and movement of dissolved ions to plant roots (Gohardoust et al.,
2020). This interpretation is also compatible with evidence that coconut fiber can accumulate
elements associated with saline growing environments (Verasoundarapandian et al., 2021). Chloride
is essential for ionic and osmotic balance at appropriate levels, but excessive accumulation may
become undesirable for plant performance and nutritional quality (Raut et al., 2024). Because the
present study did not establish a beneficial or excessive threshold for the observed 4.618%
concentration, the result should not automatically be interpreted as a nutritional advantage. It is
more appropriately viewed as evidence that cocopeat strongly influences chloride accumulation and
therefore requires careful washing, buffering, and monitoring when used for microgreen production.
This distinction is relevant to plant health, human consumption, and substrate quality control.

Overall, the present study demonstrates that no single growing medium simultaneously
optimized plant growth and essential mineral accumulation in green mustard microgreens. Soil

consistently produced superior vegetative growth and biomass-related parameters, whereas
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vermiculite, cocopeat, and perlite were more effective for accumulating specific mineral elements.

These findings indicate that growing-medium selection should be based on production objectives

rather than assuming that one substrate is universally superior. This goal-oriented approach
provides practical guidance for urban agriculture and commercial microgreen production while
contributing to a better understanding of the physiological trade-offs between biomass production

and nutrient enrichment.

CONCLUSION

Different growing media significantly influenced vegetative growth and mineral accumulation
in green mustard microgreens (Brassica juncea L.). Soil (Mo0) consistently produced the greatest
plant height, leaf area, net assimilation rate, and crop growth rate, indicating its superior ability to
support biomass production. In contrast, mineral accumulation varied among substrates, with
vermiculite promoting the highest Mn concentration, perlite and cocopeat producing the highest P
concentration, and cocopeat resulting in the greatest Cl accumulation. These results demonstrate
that no single growing medium simultaneously maximized vegetative performance and all mineral
contents.

Soil is recommended when the production objective is to maximize growth and biomass, while
vermiculite, perlite, or cocopeat may be selected to enhance specific mineral profiles. Overall, this
study demonstrates that growing media play an important role in determining both productivity and
nutritional quality of microgreens, providing a scientific basis for goal-oriented substrate selection
in sustainable urban agriculture. Future research should evaluate media combinations and nutrient

management strategies to optimize microgreen production further.
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