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ABSTRACT

Due to heavy urbanization, the arable land has shrunk to its edge that results in search of substrate culture that
continuously supply nutrient during crops growing period. Thus, a study was planned to identify best growing
media based on nutrient profiling, media properties and crop performance. Nine growing media were formed
using soil and composts (on volume basis) along with check control. Result revealed that macro nutrients were
found higher in all the media combination except soil (check), however, micronutrients such as Fe, Mn, B and
Zn was higher in soil. All the heavy metals (As, Cd, Cr, Pb) were within the critical limits in all the media
composition. The maximum bulk density was in soil medium (1.23 mg m-3), while, lowest in cocopeat + perlite
+ vermiculite (CPV) medium (0.25 mg m-3) and have negative relationship (y = -221.91x+287.83; R2=0.61)
with water holding capacity. The total carbon was higher in all the media except soil media (1.33%). The
maximum yield in all the studied crops (tomato, cucumber, onion, radish and spinach) was observed in farm
yard manure + pressmud (FP) medium while lowest in CPV followed by soil medium. Though the B : C ratio
of SP and SFP was found higher than FP, the soil may act as inoculums source for various soil borne diseases.
The FP media can be reused and could provide alternative in sustainable vegetable cultivation in urban area.

Keywords: Compost media, container gardening, organic substrate culture, soilless

INTRODUCTION

Soil is the most common growing medium as it
supplies essential nutrients, water, air and mechanical
support for plant growth (French & Roth, 2019).
However, it has several limitations including soil-borne
pathogens, unstable soil reaction, compaction, water
stagnation and poor aeration (Delbecque et al., 2022).
Rapid urbanization and declining availability of fertile
land and quality irrigation water have further increased
the need for alternative cultivation systems (Abd-
Elmabod et al., 2019). In this regard, substrate or
soilless culture, where plants are grown without soil,
has emerged as a sustainable and efficient alternative
(Goswami & Yadav, 2022). It enables efficient
utilization of natural resources and unused biomass
while supporting climate change mitigation and food
production. Soilless cultivation provides optimal
growing conditions, resulting in higher yield and
improved water and nutrient use efficiency (Fussy &
Papenbrock, 2022). It also ensures cleaner cultivation
with comparatively less maintenance.

Conventional organic substrates are mainly peat-
based, but peat extraction raises ecological concerns
because peatlands are environmentally sensitive
ecosystems. Therefore, lightweight, inexpensive, and
easily available organic soilless media are gaining
importance. In container gardening, restricted root
space and rapid pore saturation after irrigation make
crop performance highly dependent on substrate
properties. An ideal growing medium should retain
sufficient moisture, maintain a balanced air–water
ratio, and possess good ion exchange capacity (Van
Gerrewey et al., 2021). Various organic wastes such
as municipal waste, sewage sludge, poultry manure,
and food processing residues have been explored as
compost-based growing media (Gruda et al., 2013).
Common soilless substrates include peat moss,
coco-coir, perlite, pine bark, carbonized rice hulls,
zeolite, straw bales and rockwool (Hussain et al.,
2014).

However, many of these substrates are nutrient
deficient because of slow decomposition. Therefore,
research is needed to develop sustainable nutrient-rich
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media with suitable physicochemical properties and
better crop performance for vegetable cultivation in
urban and peri-urban container gardening systems.

MATERIALS AND METHODS

The present experiment was conducted during
2021-22 and 2022-23 in outdoor condition at
Department of Vegetable Science, Punjab Agricultural
University, Ludhiana, India. The climate of Ludhiana
is characterized as sub-tropical with an average annual
rainfall of 755 mm. The rainfall was monsoonal in
nature with around 70% received during July-
September.

Nine media treatments were arranged in a completely
randomized design with three replications and each
replication included ten pots. The seeds of tomato cv.
PVB 4, cucumber cv. PBR 7 and onion cv. PRO 7
were sown in soilless nursery growing media (cocopeat
+ perlite + vermiculite at 2:1:1). The seeds of tomato
and cucumber were sown during February, while,
onion was sown during mid-October. The 25-30 days
old seedlings were transplanted in UV stabilized plastic
grow bags of dimension 10×10×10 inches with 15 L
volume. One plant per grow bag was transplanted.
While radish cv. Punjab Safed (5 plants/bag) and
spinach cv. Punjab Green (20 seeds/bag) were directly
sown during end of September in these grow bags.
Daily equal amount of manual irrigation (150-350
mL/pot) was given soon after sowing or transplanting
of seedling and continued till final harvest. Irrigation
was varied with season also. No supplemental
fertilization was practiced in these experiments. The
harvesting was done as per horticultural maturity of
respective vegetable crops and pooled data recorded.

Soil and soilless growing media

The (fresh) media components were procured from
local market for both the years. Field soil, farmyard
manure (FYM), sugarcane pressmud (PM; an organic
byproduct obtained after clarification and filtration of
sugarcane juice in sugar mills; also known as press
cake, filter cake, or filter mud) and cocopeat (C) with
fixed volumetric amount were used to form eight
treatments including FYM, PM, FYM + PM
(FP; 1:1), Soil + PM (SP; 1:1), Soil + FYM (SF; 1:1),
Soil + FYM + PM (SFP; 1:1:1), FYM+PM+C (FPC;
1:1:1) and cocopeat + perlite + vermiculite (CPV;
2:1:1). Soil media was included as control check
media.

Sample preparation and laboratory analysis

Soil and soilless medium were divided in three
replicates to estimate essential nutrients (macro and
micro), heavy metals and physico-chemical properties
using different laboratory analysis techniques at
Department of Soil Science, Punjab Agricultural
University, Ludhiana, India.

Essential nutrients and heavy metals

Total nitrogen (N) was determined by the standard
alkaline potassium permanganate method (Subbiah &
Asija, 1956). Available phosphorus was determined by
using 0.5 M NaHCO

3 
extractant (Olsen, 1954) and

available K by Neutral normal ammonium acetate
method (Merwin & Peech, 1951). Ammonium
bicarbonate-diethylenetriamine penta acetic acid
(AB-DTPA) extractable method (Havlin &
Soltanpour, 1981) was used for determination of
available micronutrients and heavy metals. Whereas,
for determination of total heavy metals (Ni, As, Cd,
Cr and Pb), 1 g of each of shade dried media sample
was digested using aqua-regia (HNO

3
: HCl; 1:3)

followed by filtration with Whatman filter paper No.42
(Tessier et al., 1979). The filterates were analyzed
using inductively coupled plasma-Mass spectrometry
(ICP-MS 7700 Series). ICP-MS instrument detection
limits are 0.005, 0.005, 0.016, 0.023 and 0.06 µg/L
for Ni, As, Cd, Cr and Pb, respectively.

Physico-chemical properties

Bulk density (BD) of media (without drying) was
determined by placing known amount (weight) of
media in measuring cylinder and calculated according
to Agnew & Leonard (2003). Water holding capacity
(WHC) was determined using Keen Raczkowski box
method in which filter paper was placed. Later oven
dried media was filled by tapping until it was filled
upto rim and initial weight was recorded. Further box
was kept in tray filled with water for 24 hrs. The box
was removed and excess water was wiped and final
weight was recorded. The pH was measured in
1:5 (w/v) of medium with doubled distilled water by
potentiometric method. Electrical conductivity (EC)
was measured in a 1:10 aqueous solution using
conductivity meter (Elicon 180 model). Total carbon
(%) was measured according to FCO (1985).

Yield performance

As per the crop or fruit maturity, the fruits were
harvested. After last harvesting, the total crop yield
per plant was summed and analyzed further. Per cent
yield performance was calculated by the formulae
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% Yield = 

where,

Xn = Yield in growing media to be tested

Y = Yield in soil media (C)

Statistical analysis

The two-year pooled data was analyzed using analysis
of variance (ANOVA) performed using IBM-SPSS
(Version 27). Duncan multiple range test was used for
comparison of mean significant difference between the
treatments at P<0.05 confidence level. Relation
between bulk density and water holding capacity
(WHC) was studied using regression analysis.

RESULTS AND DISCUSSION

Macro nutrient profiling

Nutrients are essential for crop growth and their
availability varies among growing media. Macro-
nutrient profiling (Table 1) showed that PM contained
the highest nitrogen (2.74%), phosphorus (2.95%) and
calcium (0.94%) contents, whereas soil had the lowest
levels of these nutrients. Press mud, a sugar mill by-
product, is rich in nitrogen, cellulose, lignin, proteins,
and inorganic salts, making it a valuable nutrient
source. During composting, phosphorus and calcium
are retained by fulvic acid, further enriching press mud
with macro- and micronutrients (Kumar et al., 2017).

Potassium and magnesium were highest in the CPV
medium (0.66% and 1.54%, respectively), mainly due
to the presence of cocopeat and vermiculite. Cocopeat
is naturally rich in potassium, while vermiculite,
a hydrated magnesium aluminium silicate, improves

cation exchange capacity (Raviv et al., 2019). In
contrast, soil recorded the lowest potassium (0.19%)
and magnesium (0.22%) levels. Nutrient composition
of compost-based media depends on the raw materials,
decomposition method, and harvesting stage. Immature
compost releases fewer nutrients initially but later
functions as a slow-release fertilizer upon
decomposition.

Micro nutrient profiling

Micronutrient analysis (Supplementary Table S1)
revealed that FYM medium contained the highest
iron (3.60%), copper (365.42 mg kg -1, zinc
(2301.0 mg kg-1) and nickel (311.70 mg kg-1) contents,
while manganese was highest in SF (297.20 mg kg-1,
followed by PM (264.23 mg kg-1). Boron content was
maximum in CPV (25.71 mg kg-1), which was
statistically at par with FYM (24.28 mg kg-1). All
essential micronutrients were present within
permissible limits in the studied compost media,
whereas soil showed comparatively lower values.
Among heavy metals, arsenic and cadmium were
lowest in CPV medium, while chromium and lead were
minimum in SP medium. Heavy metal concentrations
in all media remained below the critical limits
prescribed by European and United States biosolid
standards, indicating their environmental safety for use
as growing media.

Physico-chemical properties

Physico-chemical properties influencing plant growth
varied significantly among the growing media
(Supplementary Table S1). Bulk density differed
according to media composition, affecting both
physical and chemical characteristics of the substrate.

Table 1 : Macro nutrient (%) profiling of growing media for container gardening

Media Nitrogen Phosphorous Potassium Calcium Magnesium

FYM 1.84e 0.40d 0.21ab 0.22e 0.32c

PM 2.74g 2.95h 0.48f 0.94i 0.63h

FP 2.16f 1.48g 0.37e 0.57h 0.51g

SP 0.78c 0.27c 0.34d 0.48g 0.44e

SF 0.46b 0.19b 0.20ab 0.13c 0.25b

SFP 1.36d 0.52e 0.23bc 0.17d 0.39d

FPC 1.76e 0.97f 0.25c 0.33f 0.48f

CPV 0.36ab 0.11a 0.66g 0.12b 1.54i

Soil (C) 0.25a 0.08a 0.19a 0.03a 0.22a

Values with similar superscript alphabets in column were non-significant at 5% level using Duncan multiple range test



Soil medium recorded the highest bulk density
(1.23 mg m-³), while CPV showed the lowest
(0.25 mg m-³). Soil-amended media such as SP, SF,
and SFP also exhibited comparatively higher bulk
density due to the presence of soil. Addition of low-
density organic materials like coir reduced bulk density
by increasing pore space. Media with higher bulk
density provide better container stability under high
wind conditions (Gruda et al., 2013), whereas low to
medium bulk density media are more suitable during
rainy seasons as they improve drainage and reduce
water stagnation when proper drain holes are
maintained (Wallach, 2019).

Bulk density of the media was inversely related to
water holding capacity (WHC) because most media
combinations contained organic materials, except soil.
Increased porosity and hydraulic conductivity in
organic substrates contributed to higher WHC. Among
physico-chemical properties, pH and electrical
conductivity (EC) are major constraints in the use of
composted media. Most studied media exhibited pH
within the normal range, likely due to microbial
activity and the release of fulvic and humic acids
during decomposition, except CPV medium, which had
comparatively higher pH (7.60). Elevated pH can be
adjusted through prewashing treatments (Banitalebi
et al., 2021). Lower pH also enhances availability of
micronutrients such as Cu and Zn (Huang et al.,
2017).

Electrical conductivity was highest in FYM medium
(3.90 dS m{ ¹) and lowest in soil (0.20 dS m-¹) and
CPV (0.32 dS m{ ¹). Higher EC values in compost
media are associated with nutrient stabilization and
greater soluble salt concentrations, particularly

potassium, compared to peat and bark-based
substrates.

Media Weight Bulk density pH EC Water holding Total carbon
(kg/pot) (Mg m-3) (dS m-1) capacity (%) (%)

FYM 9.31 0.33b 7.31f 3.90e 175.00f 29.13e

PM 8.94 0.46c 6.43a 2.88c 153.55d 38.02h

FP 9.10 0.34b 7.10e 3.13d 164.50e 33.17f

SP 12.42 0.89e 6.52b 1.52b 77.20c 8.18b

SF 12.21 0.83e 6.76c 1.30b 60.03b 8.74c

SFP 8.19 0.73d 6.89d 1.44b 146.60d 16.84d

FPC 6.26 0.46c 6.49b 3.09cd 209.6g 40.53i

CPV 4.50 0.25a 7.60g 0.32a 349.2h 34.14g

Soil (C) 15.53 1.23f 7.19e 0.20a 33.16a 1.33a

Values with similar superscript alphabets in column were non-significant at 5% level using Duncan multiple range test.

Table 2 : Important media property responsible for plant growth

Fig. 1 : Relationship between bulk density and water
holding capacity in soil and soilless media

Container gardening restricts root growth due to
limited space, and rapid pore saturation after irrigation
remains a major challenge (Barrett et al., 2016). Pore
size is an important physical factor affecting water
retention and aeration in both soil and soilless media.
Water holding capacity (WHC) varied significantly
among the media combinations. The combination of
cocopeat, perlite, and vermiculite resulted in the
highest WHC (349.24%) in CPV medium, whereas
soil and soil-amended treatments recorded lower WHC
due to compaction and reduced air capacity (Kukal
et al., 2012). Increased pore size and total porosity in
organic media contributed to improved WHC.
Compost also enhanced physical properties by
increasing water retention, pore spaces, nutrient
reserves, and improving soil structure. It reduced
evaporation losses and helped minimize drought stress.
Regression analysis showed a linear relationship
(R² = 0.61) between WHC and bulk density, indicating

Dhatt et al.



an inverse correlation (Fig. 1). Cocopeat significantly
reduced bulk density while increasing WHC, as also
reported by Kukal et al. (2012). Carbon content was
highest in media without soil, particularly FYM + PM
+ cocopeat (40.53%), followed by PM medium
(38.02%).

Crop yield performance

Significant yield differences were observed among
media combinations (Table 3). Tomato cv. PVB-4
produced the highest yield in FP medium
(2550 g/plant), followed by SP, SFP, PM, and FYM
media. Higher yield in PM medium was attributed to
its richness in micronutrients and organic carbon.
Organic media act as slow-release nutrient sources
through microbial decomposition and mineralization
(Sánchez et al., 2017). Although, CPV medium
initially promoted vigorous growth due to high water
holding capacity, nutrient deficiency at later stages
resulted in the lowest tomato yield (196.25 g/plant).
Therefore, CPV is more suitable as a nursery medium
for short-duration growth (Gulia et al., 2022).

Similarly, cucumber cv. PBR-7, onion cv. PRO-7,
radish cv. Punjab Safed, and spinach cv. Punjab Green
recorded maximum yields in FP medium, followed by
SFP and related compost-based media. In spinach,
most compost media performed similarly due to
continuous nutrient mineralization during its short
growth duration. None of the tested media produced
lower yields than soil. Organic media also improved
microbial activity and organic carbon content,
enhancing crop performance (Singh et al., 2017;
Ramdas et al., 2017). Among all treatments, CPV
consistently recorded the lowest yield because of
slower nutrient mineralization and decomposition.

Yield performance over soil medium (Fig. 2) showed
substantial improvement in compost-based media. In
tomato, average yield increased by 191.15% over soil,
with the highest increase in FP medium (232.61%),
whereas, CPV medium recorded lower yield than soil.
Similar trends were observed in cucumber, onion,
radish, and spinach, where FP medium produced
maximum yield increases of 123.43%, 163.54%,
105.58%, and 40.60%, respectively, followed by SFP
medium. CPV consistently showed poor performance
due to low nutrient availability and slow
decomposition under unfertilized conditions. Compost
and substrate-based media can also be reused for
successive crops without significant yield reduction,
while decomposing roots further enhance nutrient
availability (Gruda et al., 2013).

Table 3 : Yield (g/plant on fresh weight basis) of different vegetable crops in soil and soilless media

Media Tomato Cucumber Onion Radish Spinach

FYM 2211.73d 1106.31de 59.94cd 86.04b 140.48c

PM 2276.69d 1056.04cde 65.70de 92.11bc 137.54c

FP 2550.01e 1549.49g 75.92f 99.53c 142.03c

SP 2310.04d 982.53cd 57.52c 86.08b 136.01c

SF 1980.02c 953.51c 56.77c 89.94b 134.54c

SFP 2290.01d 1374.54f 68.84e 94.92bc 139.00c

FPC 2006.48c 1172.86e 66.51de 88.83b 135.51c

CPV 196.34a 352.47a 12.89a 45.88a 93.00a

Soil (C) 766.53b 693.52b 28.81b 48.36a 101.02b

Values with common alphabets in column were non-significant at 5% level using Duncan multiple range test

Nutrient profiling for container vegetables

Fig. 2 : Per cent change in yield of different vegetables
grown in various media over soil

Vegetable home gardening contributes to nutritional
security, food safety, and sustainable food production
(Lal, 2020; Bosiacki et al., 2021). Economic analysis
of different media combinations (Supplementary
Table S2) showed that CPV medium had the highest



cost per pot (Rs. 268.28), followed by FPC
(Rs.70.52), mainly due to the high cost of cocopeat.
FP medium recorded the highest yield and gross return
across all studied crops. However, the benefit–cost
ratio was maximum in SP medium for tomato, radish,
and spinach, and in SFP medium for cucumber and
onion. Besides nutrient supply, organic growing media
also improve microbial activity, plant health, and soil
quality while reducing pathogens and environmental
pollution (Aguilar-Paredes et al., 2023).

CONCLUSION

Different soilless media had significant amount of
optimum range of macro, micro and other nutrients
with negligible concentration of heavy metals. The
ideal range of essential nutrients and good
physicochemical properties were observed in farmyard
manure + press mud (FP; 1:1) medium. All the
vegetable crops raised in these media exhibited highest
yield/plant though the BC ratio of SP and SFP was
found higher than FP. The press mud available from
sugar mill can be ideally mixed with farm yard manure
and can be used as soilless growing media for raising
vegetable crops. Using these composts could provide
alternatives to peat and help in sustainable vegetable
cultivation.
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