
Citation: Singh, A.K.; Singh, R.;

Kumar, R.; Gupta, A.K.; Kumar, H.;

Rai, A.; Kanawjia, A.; Tomar, K.S.;

Pandey, G.; Singh, B.; et al.

Evaluating Sustainable and

Environment Friendly Growing

Media Composition for Pot Mum

(Chrysanthemum morifolium Ramat.).

Sustainability 2023, 15, 536. https://

doi.org/10.3390/su15010536

Academic Editor: Sean Clark

Received: 30 November 2022

Revised: 21 December 2022

Accepted: 22 December 2022

Published: 28 December 2022

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

sustainability

Article

Evaluating Sustainable and Environment Friendly Growing
Media Composition for Pot Mum
(Chrysanthemum morifolium Ramat.)
Ajay Kumar Singh 1 , Rajat Singh 1, Rakesh Kumar 1, Arbind Kumar Gupta 2,* , Hitesh Kumar 3 ,
Ashutosh Rai 4 , Amit Kanawjia 1, Krishna Singh Tomar 1, Geeta Pandey 5, Babita Singh 6, Sunil Kumar 7,
Satya Vart Dwivedi 7, Sanjeev Kumar 8, Kiran Pathania 9, Gurudutt Ojha 1 and Anita Singh 10

1 Department of Floriculture and Landscape Architecture, College of Horticulture, Banda University of
Agriculture and Technology, Banda 210001, Uttar Pradesh, India

2 Department of Natural Resource Management, College of Forestry, Banda University of Agriculture and
Technology, Banda 210001, Uttar Pradesh, India

3 Department of Genetics and Plant Breeding, College of Agriculture, Banda University of Agriculture and
Technology, Banda 210001, Uttar Pradesh, India

4 Department of Basic and Social Sciences, College of Horticulture, Banda University of Agriculture and
Technology, Banda 210001, Uttar Pradesh, India

5 Department of Floriculture and Landscaping, College of Agriculture, Odisha University of Agriculture and
Technology, Bhubaneswar 751003, Odisha, India

6 Division of Floriculture and Landscaping, Pusa Campus, Indian Agricultural Research Institute,
New Delhi 110012, Delhi, India

7 Department of Vegetable Science, College of Horticulture, Banda University of Agriculture and Technology,
Banda 210001, Uttar Pradesh, India

8 Department of Silviculture & Agroforestry, College of Forestry, Banda University of Agriculture and
Technology, Banda 210001, Uttar Pradesh, India

9 Department of Genetics and Plant Breeding, College of Agriculture, CSK Himachal Pradesh Krishi
Vishwavidyalaya, Palampur 176062, Himachal Pradesh, India

10 School of Agriculture, Graphic Era Hill University, Dehradun 248002, Uttarakhand, India
* Correspondence: arbindkumargupta@buat.edu.in; Tel.: +91-704-411-2393

Abstract: The use of different growing media offers a valuable alternative to the conventional use of
soil for quality flower production due to their good water holding capacity, aeration and nutrient
status. The experiment was conducted in a Completely Randomised Design with three replications
in the years 2021–2022 to study the influence of different compositions of growing media [Soil, Sand,
Vermicompost, Cocopeat, Vermiculite, Perlite and Leaf mould] in different ratios on the growth
and development of pot mum (Chrysanthemum morifolium Ramat.).The growing media compositions
of cocopeat, vermicompost and leaf moulds improve the water retention and aeration of media.
The results revealed vegetative growth with maximum plant height at first bud appearance, plant
height at harvesting stage, number of primary branches per plant, number of secondary branches
per plant, number of leaves per plant, leaf biomass, average fresh weight of leaf, dry weight of root
and flowering parameters with maximum flower longevity, flower diameter, number of flowers per
plant, number of ray florets, average fresh weight of flower, flower yield per plant and vase life of
flower in case of media composition of Cocopeat + Vermicompost + Leaf mould (2:1:1) among all
the growing media compositions. The combination of cocopeat with vermicompost and leaf mould
(2:1:1 v/v/v) was found best for lighter media weight, better plant morphological development and
sustained quality flower production of pot mum.
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1. Introduction

Floriculture industry is becoming a diversified option with huge significance from
an aesthetic, social, environmental and economical point of view. In recent years, it has
emerged as a profitable agribusiness due to increasing demand for floricultural products on
account of improved standards of living and growing consciousness among citizens to live
in an environment friendly atmosphere [1]. World floriculture is largely an export-oriented
agro industry that has shown a growth rate of 15% per annum. After cut flowers, orna-
mental plant production is the most important segment in floriculture, whose sales have
increased by 3.3 and 2.7% for pot and garden plants, respectively [2,3].Chrysanthemum
(Chrysanthemum morifolium Ramat.) is mostly used as cut flower, loose flower and pot plant.
Cut flowers are used for making bouquets, flower arrangements and table arrangements
while loose flowers are used for making veni, gajra, garland and offerings to God [4]. The
demand for Chrysanthemum is increasing, especially during New Year, Christmas and
Valentine’s Day [5]. In addition, it is also used for pot mum, bedding, border plant and in
hanging baskets [6].

Pot mums occupy an important place in the European, North American and Japanese
floriculture trade and is a popular choice for beautification of living spaces, balconies
and patios. Rapid urbanisation and changing lifestyles have increased the demand for
potted plants in India [7]. Therefore, the need for a light-weight growing medium has
become more desirable due to their portability and display during exhibitions and flower
shows [8]. The various light-weight media, viz., cocopeat, farmyard manure, vermicompost,
perlite, vermiculite, leaf-mould, etc., altered the physico-chemical characteristics of growing
mixtures and affected the growth of potted ornamentals [9,10].

Containerised plant production presents two fundamental challenges for healthy
root growth. First, unlike a normal soil profile, a container environment provides a very
shallow layer of growing medium, which becomes quickly saturated during irrigation.
Secondly, a small container volume provides limited capacity for water storage between
irrigation events [11]. Essentially, an effective growing medium must have a physical
structure that is capable of sustaining a favourable balance between air and water storage
during and between irrigation events in order to prevent root asphyxia and drought stress.
The inability of soil to provide this balance at such small volumes is a key driver in the
development of soilless growing media [12]. Indeed, these media have been a pivotal
innovation, allowing growers to carefully control water, air and nutrient supply to the plant
roots whilst excluding soil borne pathogens [13]. Growing media must have a physical
structure that creates an appropriate balance of air and water for healthy root development.
This balance must be maintained over an entire crop production cycle, which can last from
several weeks to more than a year. Growing medium structure is determined by the size,
shape, texture and physical arrangement of the particles from which it is composed [12].

The use of different growing media offers a valuable alternative to the conventional
use of soil for quality flower production due to their good water holding capacity, aeration
and nutrient status. Several studies advocated that it is much easier to handle soilless
growing media and it is also good for growth and development of plants as compared
to soil environment [14]. Diverse mineral substrates have distinctive traits which could
have direct or indirect effects on plant growth and development. It was determined
that growing media statistically affected morphological and reproductive attributes [15].
Diversified composition of growing media has a profound effect on physical, chemical and
biological properties of the substrate. This diversified composition also alters the activities
of microorganisms, which ultimately decreases the nitrogen losses and increases the cation
exchange capacity [16,17]. When used in different ratios, compost or a combination of
these materials work as great soil conditioners and have a major impact on plants growth
and development and had significant effects on plant biomass [18], number of leaves [19],
chlorophyll index [20], plant fresh and dry weight [21], greater availability of mineral
nutrients to plants [22], plant heights and early flowering [23,24], number of primary and
secondary branches [8,25,26], number of flowers per plant and flower diameter [26–30]
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number of leaves per plants [31–33], number of suckers per plants [34], vase life, root dry
weight, flower longevity and flowering duration [19,26,35–37].

Therefore, keeping this in view, the study was conducted to evaluate the different
compositions of growing media for sustainable pot mum production.

2. Materials and Methods

The experiment was carried out at the Department of Floriculture & Landscape Archi-
tecture, College of Horticulture, Banda University of Agriculture and Technology, Banda,
Uttar Pradesh, during the years 2021–2022. The terminal cuttings (5–7 cm) were taken from
the healthy mother plants of pot mum (Chrysanthemum morifolium Ramat.) procured from
CSIR-NBRI, Lucknow (India) in the year 2020. The terminal cuttings were treated with
IBA (Indole Butyric Acid) @ 400 ppm and planted in sand for rooting in plug tray in the
month of June and kept under shade. The rooted cuttings were transplanted individually
in white plastic pots (8-inch diameter) filled with different growing media compositions in
August 2021.Ten growing media combinations were selected and prepared as per treatment
details after thoroughly mixing the various ingredients on a volume-by-volume basis. The
growing media combination treatments (T) were:

T1 Soil + Sand + FYM (Farm Yard Manure) [2:1:1 v/v/v]

T2 Soil + Sand + Vermicompost (2:1:1 v/v/v)

T3 Soil + Sand + Vermicompost + Cocopeat (2:1:1:1 v/v/v/v)

T4 Cocopeat + Perlite + Vermicompost (2:1:1 v/v/v)

T5 Cocopeat + Vermicompost + Vermiculite (2:1:1 v/v/v)

T6 Cocopeat + Perlite + Leaf mould (2:1:1 v/v/v)

T7 Cocopeat + Vermicompost + Leaf mould (2:1:1 v/v/v)

T8 Soil + Leaf mould + Sand (2:1:1 v/v/v)

T9 Cocopeat + FYM (Farm Yard Manure) +Sand +Vermicompost (2:1:0.5:0.5 v/v/v/v)

T10 Soil (control)

The cocopeat bricks were saturated by keeping them in water overnight in the con-
tainer. The saturated bricks were beaten with a wooden rod to ensure homogenous mixture
without any clod or foreign particles. The media mixtures were prepared in different ratios
as per treatments and filled in plastic pots. Plastic pots of similar diameter (8 inch) and
weight (0.195 kg) were used in the experiment. Proper care was taken for uniform filling of
media mixtures into all pots by tapping to maintain equal compaction levels. The pots were
saturated with water immediately after filling to ensure settling down of media mixtures.
One rooted cutting of Chrysanthemum was allowed to grow and develop until maturity.
First, the pinching operation was conducted by removing the terminal bud 30 days after
transplanting. The second pinching operation was conducted 25 days after first pinching
to encourage more side shoots.

The water-soluble fertiliser NPK (20:20:20) @ 3g/liter was applied 1 month after
transplanting and then at 2-week interval until the flowering stage was reached. Weeding
was performed manually with hand hoe and plants were inspected daily. The pots were
irrigated once a week during the months of December to February and twice a week during
March to April (due to temperature fluctuations) with 5 cm of irrigation water. The mean
temperature during the course of experiment varied from 5 to 34 ◦C.

The air-dried growth media was used for estimation of pH (1:2 media: water sus-
pension) using pH meter and electrical conductivity (1:2 media: water suspension) using
EC meter [38]. Organic carbon (%) was determined by wet digestion method [39], total
nitrogen (%) by the Kjeldahl method [40] and total phosphorus determined by spectropho-
tometer [41]. Total K, Ca, Mg, Na was estimated by Flame Photometer [42]. Diethylene
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triamine penta acetic acid(DTPA) extractable Zn, Fe, Cu and Mn were determined in media
samples by Atomic Absorption Spectroscopy [43].The water holding capacity (WHC) was
determined with the help of Keen’s box method [44].Vegetative parameters, viz., plant
height at first bud appearance (cm),plant height at harvesting stage(cm),number of pri-
mary branches per plant, number of secondary branches per plant, number of leaves per
plant, leaf biomass, internodal length (cm), stem diameter (cm), plant spread, average
fresh weight of leaf(g), number of suckers per plant, pot weight (kg), root spread (cm),
root length(cm) and dry weight of roots(g) and floral parameter, i.e., days taken to first
flower bud initiation, days taken to first flower bud opening, days taken for full blooming,
flowering duration (days), flower longevity, flower diameter(cm), number of flowers per
plant, number of ray florets, average fresh weight of flower(g), flower peduncle length (cm),
flower yield per plant (g) and vase life (days)were recorded during crop period.

Statistical Analysis

The experiment was conducted as per treatment in Completely Randomised Design
(CRD) with three replications and five pots per replication. The data was analysed using
analysis of variance (ANOVA) to calculate least square difference (LSD, p = 0.05) and
Tukey’s HSD (Honest significant difference) test using statistical package for the social
sciences (SPSS) program.

3. Results
3.1. Physico-Chemical Analysis of Media Composition

The physico-chemical characteristics, viz., organic carbon, bulk density (BD), water
holding capacity (WHC), pH and macro and micronutrients, were greatly different among
different treatments (Table 1). The media compositions comprising T5 (Cocopeat + Vermi-
compost + Vermiculite 2:1:1) recorded the highest WHC (210%), followed by the media
composition T7 (Cocopeat + Vermicompost + Leaf mould 2:1:1) having 205% WHC. The
minimum WHC was noticed in soil-based media composition T10 (Soil only) and T8 (Soil +
Leaf mould + Sand 2:1:1). The highest bulk density (1.10g/cc) was observed in T10 (soil)
while the lowest (0.22g/cc) was observed in T4(Cocopeat + Perlite + Vermicompost 2:1:1),
followed by T5, T6 and T7. Total organic carbon was highest (7.442) in T9 (Cocopeat + FYM
+ Sand), followed by T6 (Cocopeat + Perlite +Leaf mould 2:1:1) having 6.640% organic
carbon content. The total nitrogen, phosphorous and potash were higher (359.91, 3615
and 2212.24 ppm) in T7 (Cocopeat + Vermicompost + Leaf mould 2:1:1), followed by T9
(Cocopeat + FYM + Sand) and T6 (Cocopeat + Perlite + Leaf mould 2:1:1). Minimum total
nitrogen and phosphorous (152.96 and 500) was recorded in T10 (soil only). Analysis of
media composition revealed that exchangeable Ca, Mg, Na, Fe, Zn, Mn, Cu and EC were in
higher content in growing media comprised of cocopeat and vermicompost compositions
(Table 1).

Table 1. Physico-chemical properties of growing media.

Treatments
Organic
Carbon

(%)

Bulk
Density

(g/cc)
WHC
(%) pH EC

(dSm−1)
Ex. Na
(ppm)

Total
N

(ppm)
Total P
(ppm)

Ex. K
(ppm)

Ex Ca
(%)

Ex. Mg
(%)

Fe
(ppm)

Zn
(ppm)

Mn
(ppm)

Cu
(ppm)

T1 2.442 1.02 55 7.567 0.312 83.60 165.88 780 556.57 0.380 0.060 19.030 9.250 35.690 4.880

T2 2.400 0.88 75 7.508 0.525 134.75 209.66 1820 646.79 0.440 0.120 21.530 17.880 66.250 1.460

T3 1.460 0.70 95 7.640 0.439 195.80 202.58 1035 907.97 0.400 0.070 19.150 26.380 84.310 1.400

T4 4.200 0.22 80 6.867 1.940 11.30 337.64 3240 8,821.03 0.360 0.250 61.310 14.750 88.630 3.760

T5 6.500 0.26 210 6.965 1.281 900.89 309.29 2620 4,433.51 0.320 0.170 52.310 24.190 77.630 9.490

T6 6.640 0.30 185 7.498 0.364 31.62 271.53 3940 135.52 0.030 0.010 26.190 2.440 139.250 1.110

T7 5.530 0.34 205 7.171 1.350 402.60 359.91 3615 2212.24 0.390 0.090 52.880 14.880 68.560 4.710

T8 2.740 0.96 50 7.958 0.248 53.32 190.20 900 180.69 0.480 0.150 16.940 1.260 31.380 4.680
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Table 1. Cont.

Treatments
Organic
Carbon

(%)

Bulk
Density

(g/cc)
WHC
(%) pH EC

(dSm−1)
Ex. Na
(ppm)

Total
N

(ppm)
Total P
(ppm)

Ex. K
(ppm)

Ex Ca
(%)

Ex. Mg
(%)

Fe
(ppm)

Zn
(ppm)

Mn
(ppm)

Cu
(ppm)

T9 7.442 0.53 120 7.512 0.849 355.30 215.06 4070 3,796.16 0.270 0.100 32.990 1.800 58.130 0.980

T10 0.750 1.10 50 7.953 0.374 376.20 152.96 500 247.62 0.430 0.030 10.190 2.660 36.380 1.800

WHC: Water Holding Capacity, EC: Electrical Conductivity, Ex. Na: Exchangeable Sodium, N: Nitrogen, P:
Phosphorus, Ex. K: Exchangeable Potassium, Ex. Ca: Exchangeable Calcium, Ex. Mg: Exchangeable Magnesium,
Fe: Iron, Zn: Zinc, Mn: Manganese, Cu: Copper. T1 Soil + Sand + FYM (2:1:1 v/v/v), T2 Soil + Sand +
Vermicompost (2:1:1 v/v/v), T3 Soil + Sand + Vermicompost + Cocopeat (2:1:1:1 v/v/v/v), T4 Cocopeat +
Perlite + Vermicompost (2:1:1 v/v/v), T5 Cocopeat + Vermicompost + Vermiculite (2:1:1 v/v/v), T6 Cocopeat +
Perlite + Leaf mould (2:1:1 v/v/v), T7 Cocopeat + Vermicompost + Leaf mould (2:1:1 v/v/v), T8 Soil + Leaf mould
+ Sand (2:1:1 v/v/v), T9 Cocopeat + FYM + Sand + Vermicompost (2:1:0.5:0.5 v/v/v/v), T10 Soil (control).

3.2. Vegetative Parameters

The different media compositions significantly (p<0.05) influenced plant height at
first bud appearance (2.38) and at harvesting stage (3.83), number of primary (1.42) and
secondary branches per plant (3.01), number of leaves per plant (21.67), leaf biomass
(45.91), internodal length (0.11), stem diameter (0.10), plant spread (4.57), average fresh
weight of leaf (0.01), number of suckers per plant(6.49), pot weight (0.55), root spread (0.31),
root length (1.33) and dry weight of roots (0.42). The maximum plant height at first bud
appearance (30.72 cm) and at harvesting stage (41.95 cm) was recorded in treatmentT7
while minimum plant height at first bud appearance (24.79 cm) andat harvesting stage
(32.40 cm) was recorded in treatment T6 andT8, respectively. The number of primary
branches per plant was observed to be highest in treatment T7(15.33), followed by T5and
T9 (12.67). However, the minimum number of primary branches per plant found inT6
(8.34). The number of leaves per plant and leaf biomass was significantly better in treatment
T7 (424.89 and 306.50 g, respectively), followed by T5 (358.89 and 247.42 g, respectively).
The internodal length was reported to be at its maximum in treatment T4 (2.52 cm) while
minimum internodal length was observed in T6 (1.91 cm). The maximum stem diameter
was recorded in T9 (0.90 cm),followed by media composition T7 (0.85 cm) and T10 (0.85 cm),
while minimum stem diameter was recorded in T6 (0.56 cm). Plants with maximum spread
were found in T9 (47.21 cm), followed by T7 (46.93) (Table 2).

Table 2. Mean performance of Chrysanthemum for various vegetative parameters.

Treatment
Plant Height
at First Bud

Appear-
ance(cm)

Plant
Height at

Harvesting
Stage (cm)

Number of
Primary

Branches
per Plant

Number of
Secondary
Branches
per Plant

Number of
Leaves per

Plant

Leaf
Biomass (g) Internodal

Length (cm)
Stem

Diameter
(cm)

Plant
Spread (cm)

T1 28.04 35.30 9.55 20.22 216.56 132.83 2.33 0.82 40.32

T2 28.27 37.55 10.447 20.78 251.00 179.15 2.31 0.78 40.10

T3 30.70 39.50 11.89 25.89 300.89 210.05 2.43 0.82 41.34

T4 28.64 38.58 11.78 26.66 319.78 227.61 2.52 0.74 44.43

T5 29.81 40.17 12.67 28.11 358.89 247.42 2.51 0.77 45.31

T6 24.79 32.63 8.34 19.00 158.56 90.78 1.91 0.56 32.35

T7 30.72 41.95 15.33 33.00 424.89 306.50 2.43 0.85 46.93

T8 26.60 32.40 10.56 22.00 235.67 160.15 2.33 0.84 40.83

T9 30.41 41.37 12.67 28.34 347.78 228.03 2.29 0.90 47.21

T10 26.99 35.34 10.22 21.78 197.00 134.21 2.20 0.85 36.64

SE 1.38 2.23 0.83 0.82 36.52 26.76 0.06 0.05 2.66

C.D.@5% 2.38 3.83 1.42 3.01 21.67 45.91 0.11 0.10 4.57

HSD@5% 3.93 6.32 2.35 2.34 106.16 75.72 0.18 0.15 7.54

T1 Soil + Sand + FYM (2:1:1 v/v/v), T2 Soil + Sand + Vermicompost (2:1:1 v/v/v), T3 Soil + Sand + Vermicompost
+ Cocopeat (2:1:1:1 v/v/v/v), T4 Cocopeat + Perlite + Vermicompost (2:1:1 v/v/v), T5 Cocopeat + Vermicompost +
Vermiculite (2:1:1 v/v/v), T6 Cocopeat + Perlite + Leaf mould (2:1:1 v/v/v), T7 Cocopeat + Vermicompost + Leaf
mould (2:1:1 v/v/v), T8 Soil + Leaf mould + Sand (2:1:1 v/v/v), T9 Cocopeat + FYM + Sand + Vermicompost
(2:1:0.5:0.5 v/v/v/v), T10 Soil (control). SE: Standard error, CD: Critical difference, HSD: Honestly significant
difference.
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The maximum average fresh weight of leaf was recorded in T7 (0.71 g), followed by
T3 (0.70 g) and T4 (0.70 g), while minimum average fresh weight of leaf was found in T6
(0.57 g). The maximum number of suckers per plant was recorded in treatment T6 (27.22),
followed by T9 (25.11). However, the minimum suckers per plant were recorded in T10
(15.67). The maximum pot weight was recorded in treatment T10 (6.42 kg), followed by
treatment T8 (5.58 kg), while minimum pot weight was found in T4 (2.97 kg). Plants with
maximum root spread were observed in T1 (19.95cm), followed by T7 (19.76cm), while
minimum root spread was found in T10 (11.07 cm). The maximum root length was recorded
in T10 (23.21cm), followed by T4 (20.17 cm), while minimum root length was recorded in
T5 (16.43 cm) (Table 3, Supplementary Materials Figure S1). The dry weight of roots was
found to be at its maximum in T7 (52.82g), followed by T3 (49.32 g), while the minimum
dry weight of roots in potting media composition was found in T6 (8.83 g) (Table 3).

Table 3. Mean performance of Chrysanthemum for leaf weight, number of suckers and roots character-
istics.

Treatment
Average Fresh
Weight of Leaf

(g)

Number of
Suckers per

Plant

Pot Weight
(kg)

Root Spread
(cm)

Root Length
(cm)

Dry Weight of
Roots (g)

T1 0.61 22.66 5.24 19.95 19.24 31.19

T2 0.68 18.56 5.10 17.18 19.98 42.22

T3 0.70 20.44 3.81 18.90 17.29 49.32

T4 0.70 20.89 2.97 18.31 20.17 45.69

T5 0.69 21.11 3.33 18.29 16.43 44.09

T6 0.57 27.22 3.54 12.09 18.03 8.83

T7 0.71 17.67 3.01 19.76 17.89 52.82

T8 0.68 20.22 5.58 18.19 17.18 38.61

T9 0.66 25.11 3.59 18.94 17.19 31.95

T10 0.68 15.67 6.42 11.07 23.21 10.01

SE 0 3.78 0.31 0.17 0.77 0.24

C.D. @5% 0.01 6.49 0.55 0.31 1.33 0.42

HSD@5% 0 10.70 0.90 0.51 2.19 0.70

T1 Soil + Sand + FYM (2:1:1 v/v/v), T2 Soil + Sand + Vermicompost (2:1:1 v/v/v), T3 Soil + Sand + Vermicompost
+ Cocopeat (2:1:1:1 v/v/v/v), T4 Cocopeat + Perlite + Vermicompost (2:1:1 v/v/v), T5 Cocopeat + Vermicompost +
Vermiculite (2:1:1 v/v/v), T6 Cocopeat + Perlite + Leaf mould (2:1:1 v/v/v), T7 Cocopeat + Vermicompost + Leaf
mould (2:1:1 v/v/v), T8 Soil + Leaf mould + Sand (2:1:1 v/v/v), T9 Cocopeat + FYM + Sand + Vermicompost
(2:1:0.5:0.5 v/v/v/v), T10 Soil (control). SE: Standard error, CD: Critical difference, HSD: Honestly significant
difference.

3.3. Flowering Parameters

The different media compositions significantly influenced (p < 0.05) days taken to
first flower bud initiation (1.04), first flower opening (1.30), full blooming (3.05), flowering
duration (1.11), flower longevity (0.39), flower diameter (0.25), number of flowers per plant
(27.86), number of ray florets (7.53), average fresh weight of flower (0.15), flower peduncle
length (0.24), flower yield per plant (49.77) and vase life (0.88).The earliest first flower
bud initiation was recorded in treatment T1 (66.67 days), followed by T2 (66.89 days),
whereas late first flower bud initiation was recorded in T8 (70 days). The first flower bud
opening was recorded earliest in T10 (95.33 days), followed by T8 (98.45 days). However,
delayed opening of first flower was observed in T5 (101.78 days). The minimum number
of days for full blooming was recorded in T10 (110.33 days), followed by treatment T9
(117 days), whereas late blooming was recorded in T6 (122 days). Flowering duration
was recorded maximum in treatment T6 (55.89 days), followed by T7 (54.22 days), while
minimum flowering duration was found in T3 (49.22 days). Maximum flower longevity
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was recorded in treatment T7 (33.78 days), followed by T9 (30.78 days), while minimum
flower longevity was found in treatment T10 (21.78 days). Flowers with maximum diameter
were recorded inT7 (4.97 cm), followed by T5 (4.95 cm), while minimum flower diameter
was recorded in treatment T10 (4.19 cm).The maximum number of flowers per plant was
recorded in T7 (214.11), followed by treatment T9 (169.78). However, the minimum number
of flowers was observed in T6 (96.00). The number of ray florets was recorded maximum in
T7 (260.67), followed by T3 (259.89), while the minimum number of ray florets was found
in T1 (236.44). The maximum average fresh weight of flower was recorded in treatment
T7 (7.13 g), followed by T5 (6.87 g), and minimum average fresh weight of flower was
observed in T10 (4.52 g). The maximum flower peduncle length was observed in treatment
T5 (5.70 cm), followed by T3 (5.50 cm), while minimum peduncle length was observed in
T10 (4.52 cm). The maximum flower yield per plant was recorded in T7 (519.67g), followed
by T5 (324.59 g), while minimum flower yield per plant was recorded in T6 (167.53 g). Vase
life was recordedat itsmaximum in treatment T7 (24.44 days), followed by T8 (23.33 days),
while minimum vase life was observed in T9 (15.11 days) (Table 4, Supplementary Materials
Figure S2).

Table 4. Mean performance of Chrysanthemum for various flowering parameters.

Treatment

Days
Taken to

First
Flower Bud
Initiation

Days
Taken to

First
Flower

Opening

Days
Taken for

Full
Blooming

Flowering
Duration

(Days)

Flower
Longevity

(Days)

Flower
Diameter

(cm)

Number
of

Flowers
per Plant

Number
of Ray
Florets

Average
Fresh

Weight of
Flower (g)

Flower
Peduncle
Length

(cm)

Flower
Yield per
Plant (g)

Vase Life
(Days)

T1 66.67 99.22 118.00 50.33 25.11 4.40 113.78 236.44 4.86 4.86 188.25 20.78

T2 66.89 100.00 118.00 49.55 23.78 4.57 149.78 241.22 4.78 4.78 238.70 20.22

T3 67.33 99.78 118.44 49.22 25.56 4.71 165.33 259.89 5.50 5.50 302.93 20.22

T4 68.00 98.89 119.33 53.00 27.33 4.73 151.00 258.33 5.19 5.19 257.47 23.22

T5 67.00 101.78 118.89 51.66 24.67 4.95 143.55 257.44 6.87 5.70 324.59 21.78

T6 67.67 98.78 122.00 55.89 30.44 4.82 96.00 258.33 5.26 5.26 167.53 21.33

T7 68.67 98.67 119.33 54.22 33.78 4.97 214.11 260.67 7.13 5.33 519.67 24.44

T8 70.00 98.45 117.11 52.67 29.56 4.60 136.44 254.44 5.21 5.21 237.10 23.33

T9 69.00 99.78 117.00 50.11 30.78 4.90 169.78 254.33 4.81 4.81 272.12 15.11

T10 67.67 95.33 110.33 54.00 21.78 4.19 135.33 246.89 4.52 4.52 203.63 18.44

SE 0.60 0.75 1.77 0.38 0.22 0.46 16.24 4.39 0.04 0.61 29.01 0.51

C.D. @ 5% 1.04 1.30 3.05 1.11 0.39 0.25 27.86 7.53 0.15 0.24 49.77 0.88

HSD@5% 1.72 2.14 5.03 1.09 0.65 1.33 45.94 12.42 0.92 1.73 82.09 1.45

T1 Soil + Sand + FYM (2:1:1 v/v/v), T2 Soil + Sand + Vermicompost (2:1:1 v/v/v), T3 Soil + Sand + Vermicompost
+ Cocopeat (2:1:1:1 v/v/v/v), T4 Cocopeat + Perlite + Vermicompost (2:1:1 v/v/v), T5 Cocopeat + Vermicompost +
Vermiculite (2:1:1 v/v/v), T6 Cocopeat + Perlite + Leaf mould (2:1:1 v/v/v), T7 Cocopeat + Vermicompost + Leaf
mould (2:1:1 v/v/v), T8 Soil + Leaf mould + Sand (2:1:1 v/v/v), T9 Cocopeat + FYM + Sand + Vermicompost
(2:1:0.5:0.5 v/v/v/v), T10 Soil (control). SE: Standard error, CD: Critical difference, HSD: Honestly significant
difference.

4. Discussion
4.1. Vegetative Parameters

Diversified compositions of growing media have had a profound effect on physical,
chemical and biological properties of the substrate, and these parameters influence plant
growth and development by affecting nutrient availability, water availability and aeration
of substrate [14]. These diversified compositions also alter the activities of microorganisms,
which ultimately decrease the nitrogen losses and increase the cation exchange capacity [34].
Media with Cocopeat, Leafmould and Vermicompost resulted in better vegetative growth
of the plants. Significantly higher plant height at initial bud appearance (30.72 cm) and
harvesting stage (41.95 cm) was recorded in Cocopeat + Vermicompost +Leaf mould in
a ratio of 2:1:1. Increase in the plant height may be due to the presence of cocopeat,
vermicompost and leaf mould in media, which considerably improved the aeration, water
holding capacity and nutrients uptake by the root system. The findings of the experiment
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are consistent with those of [45] in petunia, [25] in cymbidium, [32] in rose [26,46] and
in Chrysanthemum. These substrate mixtures have better organic carbon, higher nutrient
content, lower bulk density and high-water content. Low bulk density and high-water
content also indicates that such substrate mixture will have higher air volume in the pot [8].
Better results of substrate substituted with Cocopeat were observed in gerbera [47] in terms
of better stalk length and flower yield. Mixing of substrate with a high nutrient-containing
component such as sewage sludge [8] has been reported to result in better performance of
petunia in pots.

The number of primary and secondary branches per plant was significantly impacted
by various growing media compositions. Treatment T7 (Cocopeat + Vermicompost + Leaf
mould) in ratio of 2:1:1 recorded the highest number of primary (15.33) and secondary
branches per plant (33.00).This could be due to its better physiochemical characteristics,
including lower bulk density, higher total porosity, water holding capacity and higher
nitrogen availability to the plants [14]. The above results are in line with the findings of [47]
in gerbera, [25] in cymbidium, [8] in petunia, [34,48] in Chrysanthemum. Since nitrogen
in growing media significantly affects plant growth, an increase in the number of leaves
of plants may also be due to adequate availability of nitrogen content in media [49,50].
Number of leaves per plant (424.89) was significantly higher in treatment T7 (Cocopeat +
Vermicompost +Leaf mould, 2:1:1). Similar findings were also reported by [31] and [24] in
gerbera, [33] in Lilium and [37] in Chrysanthemum. This might be because of growing media
composition T7 (Cocopeat + Vermicompost + Leaf mould 2:1:1) has more organic carbon
(5.530%), optimum bulk density (0.34 g/cc), good WHC (205%), pH (7.171), suitable EC
(1.350 dSm−1), higher total nitrogen (359.91 ppm), phosphorous (3615 ppm), exchangeable
potassium (2212.24 ppm), exchangeable calcium (0.390%), Fe (52.880 ppm) and Copper
(4.710 ppm) as compared to conventional soil (control) and other soil-based media.

The exchangeable phosphorus, manganese, zinc, copper and sodium content in co-
copeat media was higher in comparison with potassium and calcium, as reported by [51].
In addition, vermicompost and leaf mould add organic matter to the potting media and
are a source of nutrition. [26] reported that the addition of an appropriate quantity of
vermicompost and leaf mould in addition to cocopeat in media has a synergistic effect on
plant shoot biomass, root biomass and plant height in marigold. Leaf biomass (306.50 g),
average fresh weight of leaf (0.71 g) and dry weight of root (52.82 g) were also recorded
to be best in treatment T7 (Cocopeat + Vermicompost + Leaf mould, 2:1:1), since organic
carbon, bulk density (BD), WHC, pH, EC and nitrogen in growing media significantly
affect the plant growth. An increase in the number of leaves per plant may also be due to
adequate availability of nitrogen, boron, potassium and zinc content in media [36]. The
growing media that are light in weight, rich in nutrients and well-drained are considered
best for the growth and development of flowering plants [17,52–55].

Internodal length was observed to be higher in treatment T4 (Cocopeat + Perlite +
Vermicompost, 2:1:1) because cocopeat and perlite help to improve proper aeration, and,
with a decrease in media optimum organic carbon percentage (4.2%), bulk density up
to 0.22 g/cc, good water holding capacity (80%) and vermicompost supply a substantial
amount of nutrients via root absorption, which improves photosynthesis, cell division and
cell elongation [37,56].

Stem diameter (0.90 cm) and plant spread (47.21 cm) were found to be best in treat-
ment T9 (Cocopeat + FYM + Sand + Vermicompost, 2:1:0.5:0.5). This might be due to
the fact that nutrition supply to the plant and availability of moisture are taken care by
vermicompost, FYM and cocopeat. Sand in media provided better aeration to the plant,
and this composition has a higher organic carbon percentage (7.442%), normal pH (7.512)
and high total phosphorus (4070 ppm) in comparison to normal soil or soil-based media.
Such results also have been observed by [31] in gerbera.

The number of suckers per plant (27.22) was found to be maximum in T6 (Cocopeat +
perlite+ leaf mould, 2:1:1). This is because good organic carbon percentage (6.64%) promotes
soil structure or tilth, which improves soil aeration, water drainage and retention, and leaf
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mould helps to promote phosphorus availability in media (3940 ppm), which maintains
the nutrition level in the media [36]. A similar result was observed in Chrysanthemum cv.
Haldighati. High weight of growing media per pot (6.42 kg) was recorded with treatment
T10 (Soil only). As pot weight is an important factor during transport and shipping, and
soil is heavy and prone to diseases, the soil may get compacted after potting. Hence,
cocopeat based medium compositions could replace the traditional potting medium (soil)
for Chrysanthemum production [37].

4.2. Flowering Parameters

The number of flowers per plant in the pot mum decides the visual appearance and
acceptance to the consumer. The findings of the present investigation showed that there is
a positive effect of cocopeat- and vermicompost-based media on the number of flowers per
plant. The most crucial factors in plant development are physical characteristics such as
aeration and water holding capacity, and, among chemical parameters, nutritional status
and salinity level [55].

Early flower bud appearance was observed in T1 (66.67 days) with growing media
composition of soil, sand and FYM in a ratio of 2:1:1. It might be due to the vigorous
growth of the plant growing in the media with rapid uptake of nutrients and water havinga
pronounced effect on early production [14]. This is also attributed to the accumulation of
more photosynthates in this media resulting in early flowering [56] in gerbera and [57]
in carnation.

Different plant species (and cultivars) require different pH ranges for optimum
growth;6.0 is generally considered to be the ideal pH of soilless media for good avail-
ability of critical nutrients. Despite the low final pHs of all the medium, observation
showed that plant growth was normal and that there were no signs of elemental deficiency
or toxicity [14]. Maximum flowering duration (55.89 days) was observed in media compo-
sition with Cocopeat +Perlite +Leaf mould in a 2:1:1 ratio (T6), which might be due to the
fact that the media composition favours good aeration with better drainage properties, and
high total nitrogen as compared to soil [53].

Flower longevity (33.78 days), flower diameter (4.97 cm), number of flowers per plant
(214.11), number of ray florets (260.67), average fresh weight of flower (7.13 g), flower
yield per plant (519.67 g) and vase life of flower (24.44 days) were significantly higher
in T7 (Cocopeat +Vermicompost +Leaf mould, 2:1:1) composition. [35] in Chrysanthemum
cv. ‘Mother Teresa’ also reported maximum flower longevity (15.60 days) while [46] in
Chrysanthemum var. Yellow Charm recorded the highest flower diameter (3.91 cm) with
growing media consisting of Soil: Sand: FYM: Vermicompost in the ratio of 2:1:0.5:0.5 [58]
also recorded maximum flower diameter (8 cm) with media combination of Cow dung:
Vermicompost: Soil in marigold. Better flower diameter and flowering duration in cocopeat-
and vermiculite-amended media might be due to higher availability of potassium in media
mixture. These results are supported by [59], who reported the significant increase in the
flower size by the application of urea with combination of potash and FYM in Dahlia. The
higher number of flowers per plant and nitrogen content were recorded in potting media
containing cocopeat as cocopeat adds organic matter to the medium and contains more
nitrogen as a source of nutrition for the development of more numbers of flower [60]. They
observed higher numbers of flowers in Zinnia elegans and marigold in medium containing
cocopeat coir. These results are in conformity with [7,61], who reported the highest number
of flowers per plant in Chrysanthemum in potting media containing cocopeat alone.

5. Conclusions

The present findings suggest that growing media compositions consisting of cocopeat
and organic amendments with vermicompost and leaf moulds have a positive effect on the
physical environment of media, and they also improve the water retention and aeration
properties of media. The combination of environmentally safe and low-cost cocopeat along
with vermicompost and leaf mould(2:1:1 v/v/v)with lighter media was found best for better
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plant morphological development and sustained quality flower production of pot mum. If
the use of such type of growing media is adopted, the faster growth and development of
ornamentals plant can be achieved. It would be economically attractive for indoor plants
growers and consumers at a commercial level.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/su15010536/s1, Figure S1: Root spread and Root length in different
growing media compositions; Figure S2: Performance of pot mum in different growing media.

Author Contributions: Conceptualisation, A.K.S. and R.K.; methodology, A.K.G.; software, H.K.;
validation, A.R. and A.K.; formal analysis, R.S. and K.S.T.; investigation, G.O.; resources, S.K. (Sanjeev
Kumar) and K.P.; data curation, G.P. and B.S.; writing—original draft preparation, A.K.S. and G.O.;
writing—review and editing, A.K.G. and R.K.; Visualization, S.K. (Sunil Kumar); and A.S., project
administration, S.V.D. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Acknowledgments: Authors duly acknowledge the support received from Banda University of
Agriculture& Technology, Banda Uttar Pradesh, India.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Vahoniya, D.; Panigrahy, S.R.; Patel, D.; Patel, J. Status of floriculture in India: With special focus to marketing. Int. J. Pure Appl.

Biosci. 2018, 6, 1431–1438. [CrossRef]
2. Kachru, R.P. Agro-processing industries in India growth, status and prospects. Indones J. Agric. Sci. 2010, 13, 114–126.
3. Royal Flora Holland Annual Report. 2019. Available online: www.floraholland.com (accessed on 8 October 2022).
4. Negi, R.; Jarial, K.; Kumar, S.; Dhiman, S.R. Evaluation of different cultivars of Chrysanthemum suitable for low hill conditions of

Himachal Pradesh. J. Hill Agric. 2015, 6, 144–146. [CrossRef]
5. Akhir, N. Growth response of two varieties Chrysanthemum on some media composition. Int. J. Adv. Sci. Eng. Inf. Technol. 2017, 7,

928–935.
6. Raj, D. Floriculture at a Glance; Kalyani Publishers: Ludhiana, India, 2015.
7. Nair, S.A.; Bharathi, T.U. Standardization of substrate composition for pot plant production of Tuberose var. Arka Sugandhi. Int.

J. Curr. Microbiol. Appl. Sci. 2019, 8, 2197–2203. [CrossRef]
8. Dubey, R.K.; Simrat-Singh; Kukal, S.S.; Kalsi, H.S. Evaluation of different organic growing media for growth and flowering of

petunia. Commun. Soil Sci. Plant Anal. 2013, 44, 1777–1785. [CrossRef]
9. Vendrame, A.W.; Maguire, I.; Moore, K.K. Growth of selected breeding plants as affected by different compost percentage. Proc.

Fla. State Hort. Soc. 2005, 118, 368–371.
10. Kumar, R.; Singh, A.K.; Tomar, K.S.; Gupta, A. Effects of different media on growth and flowering traits of Calendula officinalis L.

Bangladesh J.Bot. 2022, 51, 417–422. [CrossRef]
11. Bunt, A.C. Media Mixes for Container Grown Plants; Unwin Ryman: London, UK, 1988.
12. Bilderback, T.E.; Warren, S.L.; Owen, J.S.; Albano, J.P. Healthy substrates need physicals tool. HortTechnology 2005, 15, 747–751.

[CrossRef]
13. Raviv, M.; Wallach, R.; Silber, A.; Bar-Tal, A. Substrates and their analysis. In Hydroponic Production of Vegetables and Ornamentals;

Savvas, D., Passam, H., Eds.; Embryo Publications: Egaleo Athens, Greece, 2002; pp. 25–102.
14. Awang, Y.; Shaharom, S.A.; Mohamad, R.B.; Selamat, A. Chemical and physical characteristics of cocopeatbased media mixtures

and their effects on the growth and development of Celosia cristata. Am. J. Agric. Biol. Sci. 2009, 4, 63–71. [CrossRef]
15. Ghazvini, H.; Tekauz, A. Virulence diversity in the population of Bipolarissorokiniana. Plant Dis. 2007, 91, 814–821. [CrossRef]

[PubMed]
16. Alidoust, M.; Sewell, G.; Linder, J. Non-Fraunhofer interference pattern in homogeneous ferromagnetic Josephson junctions.

Phys. Rev. Lett. 2012, 108, 037001. [CrossRef] [PubMed]
17. Younis, A.; Riaz, A.; Sajid, M.; Mushtaq, N.; Ahsan, M.; Hameed, M.; Tariq, U.; Nadeem, M. Foliar application of macro- and

micronutrients on the yield and quality of Rosa hybrid cvs. Cardinal and Whisky Mac. Afr. J. Biotechnol. 2013, 12, 702–708.
18. Younis, A.; Riaz, A.; Khosa, S.S.; Rayit, A.; Yasmeen, S. Effect of foliar application of macro and micro nutrients on growth and

flowering of Gerbera jamesonii L. Am.-Eurasian J. Agric. Environ. Sci. 2011, 11, 736–757.

https://www.mdpi.com/article/10.3390/su15010536/s1
https://www.mdpi.com/article/10.3390/su15010536/s1
http://doi.org/10.18782/2320-7051.6487
www.floraholland.com
http://doi.org/10.5958/2230-7338.2015.00029.4
http://doi.org/10.20546/ijcmas.2019.801.229
http://doi.org/10.1080/00103624.2013.790398
http://doi.org/10.3329/bjb.v51i3.61986
http://doi.org/10.21273/HORTTECH.15.4.0747
http://doi.org/10.3844/ajabssp.2009.63.71
http://doi.org/10.1094/PDIS-91-7-0814
http://www.ncbi.nlm.nih.gov/pubmed/30780390
http://doi.org/10.1103/PhysRevLett.108.037001
http://www.ncbi.nlm.nih.gov/pubmed/22400775


Sustainability 2023, 15, 536 11 of 12

19. Eklind, Y.; Raemert, B.; Wivstad, M. Evaluation of growing media containing farmyard manure compost, household waste
compost or chicken manure for the propagation of lettuce (Lactuca sativa L.) transplants. Biol. Agric. Hortic. 2001, 19, 157–181.
[CrossRef]

20. Hashemimajd, K.; Kalbasi, M.; Golchin, A.; Shariatmadari, H. Comparison of vermicompost and composts as potting media for
growth of tomatoes. J. Plant Nutr. 2004, 27, 1107–1123. [CrossRef]

21. Wang, F.Y.; Lin, X.G.; Yin, R.; Wu, L.H. Effects of arbuscular mycorrhizal inoculation on the growth of Elsholtzia splendens and
Zea mays and the activities of phosphatase and urease in a multi-metal-contaminated soil under unsterilized conditions. Appl. Soil
Ecol. 2006, 31, 110–119. [CrossRef]

22. Zaller, J.G. Vermicompost as a substitute for peat in potting media: Effects on germination, biomass allocation, yields and fruit
quality of three tomato varieties. Sci. Hortic. 2009, 112, 191–199. [CrossRef]

23. Kukal, S.S.; Debasish, S.; Arnab, B.; Dubey, R.K. Water retention characteristics of soil bio-amendments used as growing media in
pot culture. J. App. Hort. 2012, 14, 92–97. [CrossRef]

24. Pawar, A.; Salvi, B.R.; Khandekar, R.G.; Pawar, C.D.; Salvi, V.G. Optimization of media for cut flower production in anthurium cv.
tropical red. Pharma. Innov. 2022, 11, 629–632.

25. Barman, D.; Rajni, K.; Naik, S.K.; Upadhyaya, R.C. Production of cymbidium soulhunt-6 by manipulating cultural practices
under partially modified greenhouse. Indian J. Hortic. 2008, 65, 69–72.

26. Kala, D.; Mahawer, L.N.; Bairwa, H.L. Response of potting media composition for pot mum Chrysanthemum production. Int. J.
Chem. Stud. 2020, 8, 1246–1251. [CrossRef]

27. Kiran, M.K.; Jalal-ud-din, B.; Waseem, K.; Jilani, M.S.; Khan, M.Q. Effect of different growing media on the growth and
development of dahlia under the agro-climate condition of Dera Ismail Khan. Pak. J. Biol. Sci. 2007, 10, 4140–4143. [CrossRef]

28. Al-Menaie, H.S.; Al-Shatti, A.; Suresh, N. Effect of growing media on growth and flowering patterns of Gardenia jasminoides under
arid conditions. Eur. J. Sci. Res. 2008, 24, 69–70.

29. Sindhu, S.S.; Gholap, D.B.; Singh, M.C.; Dhiman, M.R. Effect of medium amendments on growth and flowering in gerbera. Indian
J. Hortic. 2010, 67, 391–394.

30. Dutt, M.; Patil, M.T.; Sonawane, P.C. Effect of various substrates on growth and flowering of Chrysanthemum. Indian J. Hortic.
2002, 59, 191–195.

31. Panj, F.G. Standardization of Growing Media for Gerbera (Gerbera jamesonii Bolus Ex. Hooker. F). Ph.D. Thesis, NAU, Navsari,
India, 2007.

32. Hazarika, A. Effect of Potting Media on Growth and Flowering of Greenhouse Dutch Rose cv. Naranga. Master’s Thesis, NAU,
Navsari, India, 2009.

33. Nikrazm, R.; Ajirlou, S.A.; Khaligy, A.; Tabatabaei, S.J. Effects of different media on vegetative growth of two Lilium cultivars in
soilless culture. J. Sci. Technol. Green Cult. 2011, 2, 1–9.

34. Singh, S.; Dubey, R.K.; Kukal, S.S. Performance of cocopeat amended media mixtures on growth and flowering of Chrysanthemum.
J. Appl. Hortic. 2015, 17, 230–235. [CrossRef]

35. Bisht, D.; Kumar, A.; Singh, N. Effect of growing media on flowering characters of Chrysanthemum cv. Mother Teresa. J. Ornam.
Hortic. 2012, 15, 27–31.

36. Monika; Yadav, S.K.; Chandal, A. Response of potting mixtures against growth and flowering of Chrysanthemum cv. Haldighati.
Int. J. Agric. Sci. 2021, 11, 15–20.

37. Thakur, T.; Grewal, H.S. Influence of potting media compositions on flower production of Chrysanthemum (Dendranthema
morifolium Ramat) cultivar Kikiobiory. J. Plant Nutr. 2019, 42, 1861–1867. [CrossRef]

38. Jackson, M.L. Soil Chemical Analysis; Prentice-Hall of India Private Limited: New Delhi, India, 1973; p. 498.
39. Walkley, A.; Black, I.A. An examination of the Degtjareff method for determining soil organic matter, and a proposed modification

of the chromic acid titration method. Soil Sci. 1934, 37, 29–38. [CrossRef]
40. Asija, S.; Subbiah, B.V. Rapid procedure for the estimation of the available nitrogen in soils. Curr. Sci. 1956, 25, 259–260.
41. Jackson, M.L. Soil Chemical Analysis; Prentice-Hall: Englewood Cliffs, NJ, USA, 1958; 498p.
42. Schollenberger, C.J.; Simon, R.H. Determination of exchange capacity and exchangeable bases in soil-ammonium acetate method.

Soil Sci. 1945, 59, 13–24. [CrossRef]
43. Lindsay, W.L.; Norvell, W.A. Development of a DTPA soil test for zinc, iron, manganese, and copper. Soil Sci. Soc. Am. J. 1978, 42,

421–428. [CrossRef]
44. Keen, B.A.; Raczkowski, H. The relation between the clay content and certain physical properties of a soil. J. Agric. Sci. 1921, 11,

441–449. [CrossRef]
45. Maloupa, E.; Khelifi, S.; Zervaki, D. Effect of growing media on the production and quality of two rose varieties. Acta Hortic. 2001,

548, 79–84. [CrossRef]
46. Bala, M.; Singh, K. Effect of different potting media for pot mum production in Chrysanthemum grown under open and poly house

conditions. J. Ornam. Hortic. 2013, 16, 35–39.
47. Kale, R.D.; Jagtap, K.B.; Badgujar, C.D. Effect of different containers and growing med, ia on yield and quality parameters of

gerbera (Gerbera jamesonii Bolus ex. Hooker F.) under protected cultivation. J. Ornam. Hortic. 2009, 12, 261–264.
48. Premkumer, A.; Punetha, P.; Bohra, M.; Upadhyay, S.; Nautiyal, B.P. Response of Chrysanthemum cultivar dolly white to different

sources and combinations of organic manures under the mid hill regions of Uttarakhand. Int. J. Agric. Sci. 2016, 8, 3294–3297.

http://doi.org/10.1080/01448765.2001.9754919
http://doi.org/10.1081/PLN-120037538
http://doi.org/10.1016/j.apsoil.2005.03.002
http://doi.org/10.1016/j.scienta.2006.12.023
http://doi.org/10.37855/jah.2012.v14i02.18
http://doi.org/10.22271/chemi.2020.v8.i2s.8936
http://doi.org/10.3923/pjbs.2007.4140.4143
http://doi.org/10.37855/jah.2015.v17i03.44
http://doi.org/10.1080/01904167.2019.1648670
http://doi.org/10.1097/00010694-193401000-00003
http://doi.org/10.1097/00010694-194501000-00004
http://doi.org/10.2136/sssaj1978.03615995004200030009x
http://doi.org/10.1017/S0021859600004469
http://doi.org/10.17660/ActaHortic.2001.548.7


Sustainability 2023, 15, 536 12 of 12

49. Khayyat, M.; Tafazoli, E.; Eshghi, S.; Rajaee, S. Effect of nitrogen, boron, potassium and zinc sprays on yield and fruit quality of
date palm. Am. Eurasian J. Agric. Environ. Sci. 2007, 2, 289–296.

50. Riaz, A.; Arshad, M.; Younis, A.; Raza, A.; Hameed, H. Effects of different growing media on growth and flowering of Zinnia
elegans cv. Blue point. Pak. J. Bot. 2008, 40, 1579–1585.

51. Aswath, C.; Pillai, P. Effect of coco peat medium and electrical conductivity on production of gerbera. J. Ornam. Hortic. 2004, 7,
15–22.

52. Barreto, M.S.; Jagtap, K.B. Studies on polyhouse Gerbera substrate. In Floriculture Research Trend in India; Mishra, R.L., Mishra, S.,
Eds.; ISOH: New Delhi, India, 2002; pp. 173–176.

53. Padhiyar, B.M.; Bhatt, D.S.; Desai, K.; Patel, V.H.; Chavda, J.R. Influence of different potting media on growth and flowering of
pot Chrysanthemum var. Ajina Purple. Int. J. Chem. Stud. 2017, 5, 1667–1669.

54. Kameshwari, P.L.; Girwani, A.; Padmavathamma, A.S. Effect of different potting media mixtures on growth and flowering of
Chrysanthemum (Dendranthema grandiflora T.). Prog. Hort. 2014, 59, 304–308.

55. Dewayne, L.I.; Richard, W.H.; Thomas, H.Y. Growth Media for Container Grown Ornamental Plants; Environmental Horticulture
Department, Florida Cooperative Extension Service, University of Florida: Gainesville, FL, USA, 2003; Volume 241.

56. Chauhan, R.V.; Varu, D.K.; Kava, K.P.; Savaliya, V.M. Effect of different media on growth, flowering and cut flower yield of
gerbera under protected cultivation. Asian J. Hort. 2014, 9, 228–231.

57. Karthikeyan, S.; Jawaharlal, M. Optimization of growing media consortia for Chrysanthemum. Asian J. Hort. 2015, 10, 17–25.
[CrossRef]

58. Gupta, R.; Yadav, A.; Garg, V.K. Influence of vermicompost application in potting media on growth and flowering of marigold
crop. Int. J. Recycl. Org. Waste Agric. 2014, 3, 47. [CrossRef]

59. Ahmed, M.; Khan, M.F.; Hamid, A.; Hussain, A. Effect of urea, DAP and FYM on growth and flowering of dahlia (Dahlia variabilis).
Int. J. Agric. Biol. 2004, 6, 393–395.

60. Awang, Y.; Ismail, M. The growth and flowering of some annual ornamentals on coconut dust. Acta Hortic. 1997, 450, 31–38.
[CrossRef]

61. Shilpashree, K.G.; Prasad, K.V.; Safeena, S.A.; Saha, T.N.; Ganesh, B.K.; Gupta, N.; Pritam, R.J. Effect of potting media containing
industrial by-product on growth and flowering of Chrysanthemum cv. Basanti. Indian J. Hortic. 2021, 78, 221–226.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.15740/HAS/TAJH/10.1/17-25
http://doi.org/10.1007/s40093-014-0047-1
http://doi.org/10.17660/ActaHortic.1997.450.2

	Introduction 
	Materials and Methods 
	Results 
	Physico-Chemical Analysis of Media Composition 
	Vegetative Parameters 
	Flowering Parameters 

	Discussion 
	Vegetative Parameters 
	Flowering Parameters 

	Conclusions 
	References

