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Abstract

The present study aimed to standardize soilless media mixtures for papaya
propagation, focusing on stability, sustainability and environmental impact. A trial
was conducted in the winter and summer seasons during 2023-2024 at TNAU,
Coimbatore, to evaluate the properties of cocopeat mixtures and optimize the
cocopeat media mixture for papaya seedling production. The trial employed a
factorial randomized complete block design with two factors [cocopeat media
mixture (Factor-T) and papaya varieties (CO7 and TNAU Papaya CO8, as factor-V]
and with four replicates. Each treatment contains different proportions of
cocopeat, inorganic fertilizers, bio-inoculants, biofertilizers and oil cakes.
Commercially available cocopeat and potting mixture were used as absolute
control and control, respectively. The findings showed that T, (TNAU Mixture 2)
consist of cocopeat (96.86%) + inorganic mixture (0.34%) + bioinoculant mixture
(0.70%) + biofertilizer mixture (0.42%) + oil cakes mixture (0.42%) recorded
increased seed vigour (96.86%), seedling survival (96.17%), seedling height (46.07
cm), leaf area/plant (28.50 cm?), leaf chlorophyll (26.05 SPAD units) and total
nutrient (N-1.89%, P-0.89%, K-3.47%). The treatment T4 (commercially available
cocopeat alone) had the highest germination (97.90%) and was on par with T,
Among the variety, V. outperformed V.. In the treatment (T) and variety (V)
interaction, the T-xV, combination promoted significant seedling growth at the
nursery. Cocopeat media mixtures showed good physical properties, like bulk
density(g/cc), particle density (g/cc), porosity (%) and water holding capacity (%),
promoting better seedling growth. The trial revealed that the treatment T, is
recommended as the best alternative soilless medium for papaya propagation.
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Introduction

Papaya fruits are unique for their rich nutritive value and abundance of
phytochemicals, and their cultivation continues to expand across tropical and
subtropical regions worldwide (1). Papaya is commercially propagated from seeds,
an effective and traditional method (2). Several biotic and abiotic factors impact the
yield and quality of papaya fruit (3). Therefore, high-quality planting material is
crucial for papaya production, as it directly impacts both the quality and quantity of
harvest (4). The health and quality of nursery seedlings will depend on factors such
as seed quality, growing media, seed treatments and environmental conditions.
Among these factors, the quality of seedling production is primarily determined by
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the traits of the growing medium and the nutrients provided to it
(4,5). It also supports the plant by anchoring its root structure.
Soil-based natural growing substrates are commonly used for
plant propagation because they are affordable and effective at
promoting quick crop germination in the tropics. Traditional soil-
based media typically consists of red earth, sand and topsoil.
However, using such natural soil for nursery media preparation
can negatively impact soil conservation, leading to soil erosion,
loss of fertile land, decreased soil fertility, habitat disruption and
increased land degradation. Soil is also a non-renewable
resource (6). Additionally, the soil may be the harbour for disease
and pest inoculums. Further, it will complicate the health of
nursery plants (7). Environmental and agricultural studies have
well-documented several negative impacts of using natural soil
for nursery media preparation on soil conservation (8).

Nowadays, with more land being converted for
agricultural, industrial and urban purposes, the availability of
land to sustainably source these natural growing substrates is
diminishing (9). This again reduces the supply of natural media
and makes it challenging to access them in an environmentally
responsible manner, highlighting the need for sustainable
alternatives (10). As per the United Nations projections, the
global population will increase from 7.5 billion to 9.7 billion by
2050 (11). Feeding the growing population will increase pressure
on cultivable land. Increasing productivity or adding 4% more
land is needed. However, expanding land is impossible (12). In
this scenario, simple, low-cost soilless production systems,
especially for nurseries, may be part of the solution to the
problems created by the lack of fertile natural substrate. Each
year, India requires around 200 million certified quality planting
materials for crops propagated through cloning. This demand
again requires a large amount of potting mixture. Traditionally,
plant propagation practices have utilized varying proportions of
red earth, sand and farmyard manure (FYM) as a potting mixture.
However, the availability of these inputs faces several limitations.
Soil-based media often harbour soil-borne pathogens,
increasing the risk of soil-borne diseases in plants. The
excavation of river sand and red earth for domestic use is
restricted due to legal and environmental concerns. At the same
time, high-quality FYM has become scarce in recent years due to
urbanization.

Additionally, peat, a traditional organic material
commonly used in potting mixtures to enhance physical
properties in horticultural propagation, is considered an
endangered natural resource, raising sustainability concerns.
Soilless media have gained prominence to mitigate these
challenges, with cocopeat emerging as a widely favoured
alternative. It is renewable, naturally pathogen-free and
possesses excellent physical properties, making it an ideal
potting mixture for modern propagation systems. Given these
concerns, efforts have been made to standardize soilless media
mixtures for papaya nurseries. Since it is a seed-propagated crop
and the cost of seeds is high for the ruling varieties, soilless media
could help reduce the cost of seedling production while ensuring
the production of high-quality seedlings for the main field.
However, soilless media have gained popularity in recent years
for their versatility and effectiveness (13). Soilless media are
emerging as the future of plant cultivation, defined as any sterile
growth medium free from soil (14). These soilless media combine
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organic and mineral components, including peat moss,
vermiculite, perlite, coconut coir, composted bark and other
materials (15). These materials are frequently used with fertilizers
to deliver all the nutrients to plants. In recent years, a renewable
and eco-friendly cocopeat has been proposed as an alternative
to horticultural sphagnum peat. Its advantages include being
renewable, eco-friendly and industrial waste (16,17). The shift
towards soilless media offers a viable alternative to traditional
growing mediums and addresses the sustainability of natural
mediums like peat moss. Among several soilless media, coco coir
is an excellent substrate for cultivating crops due to its
adaptability and resemblance to peat moss (18). To mitigate
peatland exploitation, there is a rising focus on replacing
sphagnum peat-based media with alternatives like coco pith,
especially in tropical areas with abundant coconut palms.

Coirfibre is a worldwide dispersed substrate, also referred
to as coir pith, coir meal or cocopeat. It is obtained from the
coconut fruit mesocarps' dense outer layer, or mesocarp (Cocos
nucifera L.). After the ageing process of raw material, the
commercial coconut coir dust contains a mixture of 75-80%
coconut coir dust (size: <1 mm) and 20-25% of coconut short
fibres with a particle size of 1-3 mm (19). Coco pithis used in plant
propagation, mulching, soil improvement and disease
management, contributing to a renewable and environmentally
friendly system. Utilizing a combination of organic and mineral
components, along with cocopeat, can provide a balanced
environment for plant propagation while minimizing the
ecological impact associated with the depletion of natural
resources (20-24). In soil scarcity and climate uncertainty, soilless
plant propagation can provide a sustainable approach that
reduces waste and enhances plant productivity efficiently (25).
With this background, this study sought to assess the effects of
several cocopeat-based soilless media to speed up the sexual
propagation of papaya. Ultimately, this research provides
valuable insights for propagators and researchers working with
alternative media for fruit crop propagation and has the potential
to impact ecosystem conservation positively.

Materials and Methods

The trials were conducted at College Orchard, Tamil Nadu
Agricultural University, Coimbatore (India) under nursery in a
factorial randomized complete block design (FCRD) with two
factors and four replicates. Factor - T was a different combination
of cocopeat media mixture, and Factor- V was a papaya variety
viz,, COT as (V1) and TNAU Papaya COs as (V) were taken for the
study. The chosen papaya varieties had different genetic
backgrounds, growth characteristics and propagation
responses. Additionally, they are among the most popular
papaya varieties. The sex for CO7 is gynodioecious and TNAU
Papaya CO8 is dioecious. The sex forms of the varieties exhibit
differential growth behaviours both in the nursery and the main
field. Hence, the study was conducted to support soilless media
mixtures, irrespective of the varieties used. Each soilless media
mixture contains different proportions of cocopeat, inorganic
fertilizers (urea, mono ammonium phosphate, calcium nitrate
and rock phosphate), The bio-inoculants viz.,, Trichoderma viride
(28 x 108CFU/gram), Bacillus subtilis (2 x 10® CFU /gram)
Azospirillum (1x10°CFU/gram) Phosphate Solubilizing bacteria-
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PSB (1x10°CFU/gram), Vesicular Arbuscular Mycorrhizae-VAM (8-
10 IP/gram) and Purpureocillium lilacinum (1 x 108 CFU/gram) and
oil cakes includes neem cake, groundnut cake and castor cake.

Various combinations of soilless cocopeat mixtures (Ty, T>
and Ts) were prepared and compared using raw cocopeat. The
treatment mixture T, was made from six-month-aged
commercially available cocopeat. The initial physical and
chemical properties of mixtures were measured (Table 1) using
standard protocol. The initial electrical conductivity (EC) of freshly
extracted cocopeat (T;, T, and Ts) was 4.64 (dS/m), which was
reduced to an ideal range between 0.28 to 0.41 (dS/m) through
repeated washing with water. Still, in the case of Ty, the initial EC
was 0.27 (dS/m). Each treatment contains different proportions of
cocopeat, inorganic fertilizers, bio-inoculants, biofertilizers and oil
cakes. The details of treatments (T) were Ti:TNAU Mixture 1 -
[cocopeat (98.43%) + inorganic mixture (0.8%) + bioinoculant
mixture (0.35%) + biofertilizer mixture (0.21%) + oil cakes mixture
(0.21%)], TxTNAU Mixture 2 -[cocopeat (96.86%) + inorganic
mixture (0.34%) + bioinoculant mixture (0.70%) + biofertilizer
mixture (0.42%) + oil cakes mixture (0.42%)], T TNAU Mixture 3 -
(Cocopeat (99.78%) + Inorganic mixture (0.15%) + Bioinoculant
mixture (0.07%)], Ts: commercially available cocopeat alone used
as an absolute control and Ts:Potting mixture (2:1:1 Red Earth:
Soil: Farmyard manure) as a control.

Observations on seed and seedling biometrics such as
seed germination (%), Seed vigour (%), Seedling survival (%),
Seedling height (cm), Leaf area per plant (cm?) and chlorophyll
(SPAD unit) were measured at 45" days after sowing (DAS). The
medias' physical properties were analyzed from each treatment
and its respective replications. The collected media samples
were air-dried in the shade and stored in plastic bags for further
analysis. The medias' physical properties, such as bulk density
(g/cc), particle density (g/cc) and porosity (%), were assessed by
standard methods and water holding capacity (%) by standard
methods at 45" DAS (26,27). The total nitrogen present in the
leaves was determined by using diacid extraction. Using 15 ml of
diacid mixture (2 parts of sulphuric acid: 5 parts of perchloric
acid) to the 0.5 g of leaf sample and subjected for digestion and
nitrogen content was estimated by the Microkjeldhal method
described and expressed in percent (28). The total phosphorus
was determined using the vanadomolybdate phosphoric yellow
colourimetric method and reported as a percentage (29). The
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total potassium was measured through the flame photometry
standard method and expressed as a percentage (29). The
pooled data of different attributes obtained from the trials were
subjected to ANOVA using the R package at p<0.05 to determine
the treatment effects. The least-square difference (LSD) test was
used to compare means.

Results and Discussion
Effect of treatment on seed and seedling growth attributes

In the present experiment, the soilless cocopeat mixture
significantly affected the final germination percent of papaya
seeds at p < 0.05. The response of papaya seeds to a soilless
cocopeat mixture varied according to the properties of each
media. The highest germination percent was recorded in T,
(97.90%), followed by T»(95.30%) and T:i(94.66%), while T;
(90.12%) had the lowest (Table 2). The findings consistently
showed a significant effect of soilless cocopeat mixture on seed
vigour, seedling survival percent, seedling height, leaf area per
plant, leaf chlorophyll and total nitrogen (N), phosphorus (P) and
potassium (K) percent, at p < 0.05 (Table 2-4). Notably, significant
variations in T, were observed for increased seed vigour (96.86%),
seedling survival (96.17%), seedling height (46.07 cm), leaf area
per plant (28.50 cm?), leaf chlorophyll (26.05 SPAD units) and total
N, P and K (1.89%, 0.89% and 3.47%) respectively. Among the
treatments, T, recorded the reduced seed vigour (77.67%),
seedling survival (43.84%), seedling height (18.81 cm), leaf area
per plant (10.70 cm?), leaf chlorophyll (14.65 SPAD units) and total
N, P and K of 0.78%, 0.56% and 1.17% respectively at 45" DAS
(Table 2-4). The treatment with potting mixture as control
reported seed vigour (83.54%), seedling survival (73.66%),
seedling height (36.24 cm), leaf area per plant (15.75 cm?), leaf
chlorophyll (19.10 SPAD units) and total N, P and K (1.78%, 0.75%
and 2.36%), which was significantly superior over Ta.

The results obtained from the study were aligned in
papaya and mango, utilizing cocopeat as a growing medium,
which had the highest seed germination percentage compared
to soil (20,21). Cocopeat-based media significantly improved
seed germination compared to soil (Ts), likely due to its porous
texture, which enhanced aeration and ensured a steady oxygen
supply (30). It could retain moisture while maintaining good
drainage, which created an optimal germination environment,

Table 1. Physical and chemical properties of different media mixtures before sowing

Parameters T: T, Ts Ta Ts SE.d (P<0.05)
Bulk density (g/cc) 0.42¢ 0.42¢ 0.43b¢ 0.44° 1.36° 0.01 0.02
Particle density (g/cc) 0.62° 0.63° 0.65° 0.63° 2.51° 0.03 0.06
Porosity (%) 32.26¢ 33.33° 33.85° 30.16¢ 46.672 0.43 0.88
EC (dS/m) 0.28< 0.27¢ 0.29¢ 0.41° 0.572 0.01 0.02
pH 6.02¢ 6.00¢ 6.25°¢ 6.49° 7.50? 0.08 0.16
Nitrogen (%) 1.332 1.34° 1.31° 1.33¢ 0.24° 0.02 0.04
Phosphorus (%) 1.052 1.07° 1.00° 0.93¢ 0.13¢ 0.02 0.04
Potassium (%) 1.65° 1.68° 1.60° 1.01¢ 0.31¢ 0.02 0.04
Organic Carbon (%) 40.20° 39.60° 41.502 30.98¢ 5.40 0.59 1.20
Carbon: Nitrogen ratio 30.00:1° 29.80:1° 30.70:1°2 23.29:1¢ 22.50:1¢ 0.21 0.43

Proportion of particle size (%)

2 mm sieve 91.00¢ 92.98b¢ 93.58%¢ 94.84%° 95.98° 1.35 2.75
1 mm sieve 75.30° 79.36° 72.82¢ 69.52¢ 79.28° 0.31 0.63
0.5 mm sieve 62.70° 62.16° 62.88° 69.48° 63.82° 1.09 2.22
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Table 2. Effect of soilless media on papaya seed and seedling attributes at 45% days after sowing

Treatments Germination (%) Seed vigour (%) Seedling survival (%)
V, v, Mean V, Vv, Mean v, V, Mean
T, 92.41b¢ 96.922 94.66" 94.69° 95.88° 95.28? 92.36° 92.37° 92.36"
T, 93.16° 97.45° 95.30° 96.822 96.912 96.86 95.792 96.552 96.17°
T, 87.17¢ 93.07° 90.12¢ 90.78° 91.90° 91.34" 71.48¢ 73.22¢ 72.35°¢
T, 97.752 98.05* 97.90? 76.45¢ 78.89¢ 77.67¢ 43.56° 44.13¢ 43.84¢
Ts 89.46 95.10%° 92.28¢ 83.39¢ 83.70¢ 83.54¢ 72.09¢ 75.24¢ 73.66°¢
Mean 91.99° 96.12 88.42° 89.46° 75.05° 76.30*
T \ TxV T Vv TxV T Vv TxV
SE.d 1.11 0.70 1.57 0.91 0.58 1.29 0.72 0.46 1.02
(P<0.05) 2.262 1.430 3.199 1.863 NS NS 1.477 0.934 NS

Note: Ti: TNAU Mixture 1 - [Cocopeat (98.43%) + Inorganic mixture (0.8%) + Bioinoculant mixture (0.35%) + Biofertilizer mixture (0.21%) + Oil cakes mixture
(0.21%)], T2: TNAU Mixture 2 - [Cocopeat (96.86%) + Inorganic mixture (0.34%) + Bioinoculant mixture (0.70%) + Biofertilizer mixture (0.42%) + Qil cakes mixture
(0.42%)], Ts: TNAU Mixture 3 - [Cocopeat (99.78%) + Inorganic mixture (0.15%) + Bioinoculant mixture (0.07%)], Ts: commercially available cocopeat alone used as
an absolute control and Ts: Potting mixture (2:1:1 Red Earth: Soil: Farmyard manure) as a control. Vi- CO7; V-TNAU Papaya CO8; T - Treatments; V- Variety; TxV:
interaction effect of treatment and variety; >< Number followed by the same letters within a column indicates no significant difference based on the least

square difference (LSD) at p.0.05%

Table 3. Effect of soilless media mixture on papaya seedling height (cm), Leaf area per plant (cm?) and Chlorophyll (SPAD Unit) at 45* days after sowing

Seedling height (cm)

Leaf area per plant (cm?)

Chlorophyll (SPAD Unit)

Treatments
V, V, Mean V, V, Mean V, Vv, Mean
T, 39.29¢ 41.88° 40.58° 21.354 25.76° 23.55 24.55° 26.85° 25.70°
T, 45,572 46.57° 46.07° 24.65¢ 32.357 28.50° 24.85° 27.25° 26.05°
T, 37.88¢ 38.75% 38.31¢ 19.95¢ 21.774 20.86¢ 20.35¢ 21.65¢ 21.00°
T, 17.988 19.64f 18.81¢ 10.15' 11.25 10.70¢ 14.45f 14.85f 14.65¢
Ts 36.27¢ 36.21¢ 36.24¢ 13.158 18.36f 15.75¢ 18.95¢ 19.25¢ 19.10¢
Mean 35.39° 36.61° 17.85° 21.90° 20.63° 21.97°

T % TxV T % TxV T Vv TxV

SE.d 0.38 0.24 0.53 0.26 0.16 0.36 0.22 0.14 0.31
(P<0.05) 0.771 0.488 1.091 0.524 0.333 0.743 0.447 0.284 0.632

especially in T, Here, the balance of moisture and air around the
seeds supported enzymatic activity, accelerated metabolite
synthesis and promoted faster seedling development by aiding
seed coat breakdown (31). Additionally, cocopeats' cation
exchange capacity facilitated nutrient retention and efficient gas
exchange during germination (32). The results obtained from the
study aligned with previous research (22,23).

In this investigation, T, was provided with optimum
aeration and porosity, which promoted healthy seedling growth,
height and vigour (23). Additionally, there was a consistent
increase in seed germination initially and later, at 45th DAS, a
consistent decrease in seedling growth in T4 was observed. This
might be due to low ionic concentration and poor media
aeration. Low salt concentrations and electrical conductivity (EC)
were essential to avoid osmotic stress and enhance water
uptake for growth (33). In T,, the recorded lowest survival
percentage was likely due to the fine particle size of the media
and high water retention, which might have created oxygen
deficiency and increased the incidence of damping-off in papaya
seedlings (34).

Notably, enhanced growth of T, was linked with better
root development and nutrient availability (24). In this
experiment, the treatments T, and T, were enriched with
inorganic fertilizers, bio-inoculants, biofertilizers and oilcake,
which might have facilitated improved root surface area, water
absorption and gas exchange, ultimately enhancing
photosynthesis (35). The biofertilizers and bioinoculants in T,
might have promoted root growth through phytohormone
synthesis, root branching and improved water and nutrient
uptake (36). The slow nutrient-releasing nature of the oilcake

mixture available in T, might have further supported seedling
growth, improving height, leaf expansion, chlorophyll and total
nutrient availability (37). The increased leaf chlorophyll in T, led
to enhanced photosynthesis and energy production, which
might have furled plant growth and metabolic processes (38).
Additionally, the increased total nitrogen, phosphorus and
potassium levels in T, and the media might have supported
enhanced photosynthesis, root development and stress
resistance. The inferior performance of T, was likely due to poor
aeration, media compaction and limited nutrient availability,
which hindered root growth and nutrient uptake (22,34).

Effect of variety on seed and seedling growth attributes

In this investigation, the tested papaya varieties (V, and V,)
showed statistically significant differences (p < 0.05) in their seed
and seedling growth attributes (Fig.1 & plate. 1A, 1B, 1C & 1D).
The variety, V, exhibited the highest germination (96.12%),
seedling survival (76.30%), seedling height (36.61 cm), leaf area
per plant (21.90 cm?), leaf chlorophyll (21.97 SPAD units) and
total N (1.65%), P (0.78%) and K (2.50%) at 45" DAS. In contrast,
V; exhibited the lowest seed germination (91.99%), seed vigour
(88.42%), seedling survival (75.05%), seedling height (35.39 cm),
leaf area per plant (17.85 cm?), leaf chlorophyll (20.63 SPAD units)
and total N, P and K (1.61%, 0.75%, 2.32%) respectively at 45%
DAS (Table 4. & Fig. 1).

The V: used in the trial was CO», which was gynodioecious
and the other was V, (TNAU Papaya CO8), which was a dioecious
nature. The significant variation in seed germination, seedling
growth and leaf total nutrients found among the dioecious and
gynodioecious varieties might have been due to their
reproductive strategies, genetic potential and genetic diversity
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Table 4. Effect of soilless media mixture on total leaf content nitrogen (%), phosphorus (%) and potassium (%) of papaya seedlings at 45% days after sowing

Treatments Nitrogen (%) Phosphorus (%) Potassium (%)
v, \'A Mean \'A V, Mean v, \'A Mean
T, 1.84¢de 1.88% 1.86° 0.82¢ 0.85¢ 0.83° 2.48¢ 2.66°¢ 2.57°
T, 1.882b¢ 1.912 1.89° 0.88° 0.90° 0.89* 3.33° 3.61° 3.47°
T, 1.83¢% 1.85b< 1.84° 0.77¢ 0.80¢ 0.78¢ 2.38f 2.58¢ 2.48¢
T, 0.76" 0.808 0.78¢ 0.54¢ 0.58f 0.56¢° 113 1.21" 1.17¢
Ts 177 1.80°f 1.78¢ 0.75¢ 0.76° 0.75¢ 2.298 2.44¢f 2.36¢
Mean 1.61° 1.65? 0.75° 0.782 2.32° 2.50°
T Vv TxV T Vv TxV T \ TxV
SE.d 0.016 0.010 0.022 0.007 0.005 0.010 0.026 0.017 0.037
(P<0.05) 0.033 0.020 NS 0.014 0.010 NS 0.053 0.035 0.075
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Fig. 1. Effect of soilless media and varieties interaction on total nitrogen, phosphorus and potassium (%) of papaya at 45" Days after sowing.

Note: Ty TNAU Mixture 1 - [Cocopeat (98.43%) + Inorganic mixture (0.8%) + Bioinoculant mixture (0.35%) + Biofertilizer mixture (0.21%) + Oil cakes mixture
(0.21%)], To: TNAU Mixture 2 - [Cocopeat (96.86%) + Inorganic mixture (0.34%) + Bioinoculant mixture (0.70%) + Biofertilizer mixture (0.42%) + Oil cakes mixture
(0.42%)], Ts: TNAU Mixture 3 - [Cocopeat (99.78%) + Inorganic mixture (0.15%) + Bioinoculant mixture (0.07%)], Ts: commercially available cocopeat alone used as
an absolute control and Ts:Potting mixture (2:1:1 Red Earth: Soil: Farmyard manure) as a control. Vi- CO7; V,-TNAU Papaya CO8; T - Treatments; V- Variety; TxV:
interaction effect of treatment and variety; »>< A number followed by the same letters within a column indicates no significant difference based on the least

square difference (LSD) at p.0.05%
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LA TY

45 DAS

BCO7

D. TNAU Papaya CO8

Plate 1. Influence of soilless media mixtures on papaya seedlings growth at 45" days after sowing.

Note: T:: TNAU Mixture 1 - [Cocopeat (98.43%) + Inorganic mixture (0.8%) + Bioinoculant mixture (0.35%) + Biofertilizer mixture (0.21%) + Oil cakes mixture
(0.21%)], T2: TNAU Mixture 2 - [Cocopeat (96.86%) + Inorganic mixture (0.34%) + Bioinoculant mixture (0.70%) + Biofertilizer mixture (0.42%) + Oil cakes mixture
(0.42%)], Ts: TNAU Mixture 3 - [Cocopeat (99.78%) + Inorganic mixture (0.15%) + Bioinoculant mixture (0.07%)], Ts: commercially available cocopeat alone used
as an absolute control and Ts:Potting mixture (2:1:1 Red Earth: Soil: Farmyard manure) as a control.Vi- CO7; V,-TNAU Papaya CO8; T - Treatments ;V- Variety;

TxV: interaction effect of treatment and variety.

(35,38). However, the specific effect on seed and seedling growth
would have depended on whether the seeds arose from self- or
cross-pollination (39). Expression of inbreeding depression
effects in gynodioecious variety (V1) might be the reason for the
reduced response of Viover V,for seed germination, seedling
growth and leaf total nutrient status of the seedlings (40). At the
seedling stage, dioecious and gynodioecious plants often
showed notable differences in nutrient uptake due to their
unique reproductive strategies and physiological responses (41,
42). The result was aligned with (43).

Interaction effect on seed and seedling growth attributes

The interaction between treatments and varieties significantly
influenced seedling growth attributes (Fig.1A-1C). The
combination of T, x V, yielded the highest seedling survival
(96.55%), seedling height (46.57 cm), leaf area per plant (32.35
cm?), chlorophyll (27.25 SPAD units) and total nutrients N, P and
K (1.91%, 0.90% and 3.61%) respectively at 45" DAS. These
enhanced growth attributes of T,x V,were attributed to
adequate and balanced nutrient supply, favourable media
properties and favourable environmental conditions (36,43),
which supported the seedlings' growth regardless of variety. The
more significant difference in these treatments indicated that the

varietys' genetic response becomes more evident under
suboptimal conditions, consistent with previous research on
plant growth response to nutrient stress (44). Notably, the T, x V,
combinations significantly increased the photosynthetic activity
attributed to the highest leaf chlorophyll content, facilitating
more effective light absorption. This relationship highlighted the
crucial role of chlorophyll in promoting photosynthesis, as noted
by (39). Improved photosynthetic efficiency translated to higher
energy production, directly benefiting seedling growth. The
T,XV, combination yielded the highest total leaf N, P and K
content, indicating optimal nutrient availability and uptake. This
likely enhanced key metabolic processes such as protein
synthesis, energy transfer and water regulation, essential for
plant growth and development (44). V, superior genetic
efficiency in nutrient use, particularly nitrogen for chlorophyll
formation and photosynthesis, may have contributed to this
outcome (36).

In contrast, the highest seed germination was registered
by T. x V, (98.05%) interaction and was on par with T, x V;
(97.75%), T, % V> (97.45%) and T, x V, (96.92%) while the lowest
germination was recorded in Tz x Vi (87.17%). The genetics of
variety (V2) and T, environment might positively enhance the
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germination speed. The interaction between soilless cocopeat
mixture and variety on seed vigour (%) and seedling survival (%)
was insignificant. Additionally, Ts x V1 reported with the lowest
seedling height (17.98 cm), leaf area per plant (10.15 cm?),
chlorophyll (14.45 SPAD units) and total K (1.13%) respectively
(Fig. 1A-1C). The T, x V,; combination exhibited the lowest
photosynthetic activity and chlorophyll content. This deficiency
was linked to suboptimal growth conditions, such as poor
aeration and inadequate nutrient availability in the media, which
are known to hinder chlorophyll production and photosynthesis
(36). Such conditions led to stunted growth and reduced plant
vigour, consistent with findings from previous studies (45).
Additionally, the lowest leaf nutrient status indicates a
suboptimal nutrient regime. Low nitrogen is likely to limit
chlorophyll production, while insufficient phosphorus impaired
root development and low potassium affected water regulation
and stress tolerance (36). These deficiencies suggest the need for
nutrient adjustments in underperforming combinations.

Physical properties of soilless media mixtures

The analysis of variance indicated that bulk density, particle
density, porosity and water holding capacity of the soilless
cocopeat mixtures differed (Fig. 2) significantly among the
treatments (p < 0.05) at 45" DAS. In the treatment, Ts registered
with the highest bulk density of 1.38g/cc, while T, (0.34g/cc) and
T, (0.34g/cc) had the lowest. Ts (2.04 g/cc) reported the
maximum particle density and the minimum in T, (0.52 g/cc).
Meanwhile, T, (45.97%) recorded the highest porosity, whereas
T4 (22.12%) exhibited the lowest. The maximum water holding
capacity was observed in T4 (80.24%), while the lowest was in Ts
(59.00%). Considering the varieties and the interaction between
treatment and varieties, non-significant differences were
observed in the physical properties of the media (Table 5 & Fig.2A
-2D).
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Fig. 2. Effect of soilless media and varieties interaction on physical properties of soilless media mixtures at 45" days after sowing.

Table 5: Bulk density (g/cc), Particle density (g/cc), porosity (%) and Water holding capacity (%) of soilless media mixtures at 45" days after sowing

Bulk density (g/cc) Particle density (g/cc) Porosity (%) Water holding capacity (%)
Treatments
V, vV, Mean V, V, Mean v, V, Mean V, vV, Mean
T, 0.34¢ 0.34¢ 0.34¢ 0.61° 0.61° 0.61° 44.26° 44.26° 44.26° 76.86° 76.54° 76.70°
T, 0.34¢ 0.33¢ 0.34¢ 0.62° 0.62° 0.62° 45.16° 46.77°2 45,972 77.37° 76.86° 77.12°
T, 0.36¢ 0.36¢ 0.36°¢ 0.57¢ 0.57¢ 0.57¢ 36.84¢ 36.84¢ 36.84¢ 77.14° 77.05° 77.10°
T, 0.40° 0.41° 0.41° 0.52¢ 0.52¢ 0.52¢ 23.08¢ 21.15f 22.12¢ 80.36° 80.11° 80.24°
Ts 1.38° 1.37° 1.382 2.032 2.042 2.042 32.02¢ 32.844 32.43¢ 59.10¢ 58.90°¢ 59.00¢
Mean 0.56 0.56 0.87° 0.87° 36.27* 36.38? 74.17° 73.89°
T Vv TxV T Vv TxV T Vv TxV T Vv TxV
SE.d 0.005 0.003 0.008 0.009 0.006 0.013 0.343 0.217 0.485 0.657 0.417 0.931
(P<0.05)  0.010 NS NS 0.018 NS NS 0.700 NS NS 1.34 NS NS
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In general, the desirable physical properties of cocopeat
should be with a bulk density of less than 0.4 g/cc, particle
density of 0.63 gm/cc and total porosity of 75.81% (46). In this
experiment, the variance analysis indicated that the soilless
cocopeat mixtures' bulk density, particle density and porosity
differed significantly among the treatments (p < 0.05) and fell
under desirable ranges. Among the treatments, Ts, a soil-based
potting mixture, exhibited the highest bulk density, particle
density and optimum porosity. Meanwhile, among the soilless
cocopeat mixtures, T: and T, were registered with reduced bulk
and particle densities and an increased porosity percentage over
Ts. When observing the particle size proportion among the
soilless mixtures, treatment Tsexhibited the highest rate of short
fibres of less than 2mm in size and fine particles less than 0.5mm,
which might have contributed to enhanced bulk density and
particle density. The researchers were noticed the similar results
(47, 48). When considering the porosity percentage of the media,
T, exhibited the lowest porosity due to compact packing of fine
cocopeat particles less than 0.5mm. Hence, the reduction in total
pore space of T, significantly affected plant growth due to
decreased pore space, which limited oxygen transport and root
penetration in media, enhancing water retention (49). When
comparing the particle size proportion of T, with T, the
percentage of fine particles was minimal, indicating its coarse
nature and enhanced porosity. High macro-pores, characterized
by numerous large pores, ensured adequate drainage and
promoted proper aeration in the media mixture (50).

Conclusion

The study concluded that soilless cocopeat mixture, T> (TNAU
Mixture 2), consisted of cocopeat (96.86%) + inorganic mixture
(0.34%) + bioinoculant mixture (0.70%) + biofertilizer mixture
(0.42%) + oil cakes mixture (0.42%) was found to be the most
effective media mixture to enhancing the growth and
performance of papaya seedlings, outperforming the other
treatments across key growth parameters. Among the varieties,
TNAU Papaya CO 8 (V;) demonstrated superior seed
germination and growth performance compared to CO7 (V1).
Furthermore, the interaction T.and V. yielded the most
outstanding results in terms of seedling growth in the nursery,
favouring conditions for papaya seedling development.

Acknowledgements

The authors acknowledge the support of the Tamil Nadu
Agricultural University, Coimbatore to allow to conduct the
research and provide technical guidance. The ICAR, New Delhi
and Ethereal DNA Pvt. Ltd, Hyderabad to provide research
assistantship during 2023-2024.

Authors' contributions

All the authors contributed equally to conceptualizing the work,
interpretation, analysis, writing, reviewing and editing of the
manuscript. All authors read and approved the final manuscript.

Compliance with ethical standards

Conflict of interest: Authors do not have any conflict of
interest to declare.

Ethical issues: None

Declaration of generative Al and Al-assisted technologies
in the writing process

During the preparation of this work, the author(s) used
ChatGPT to use to improve language and readability, with
caution. After using this tool/service, the author(s) reviewed
and edited the content as needed and take(s) full
responsibility for the content of the publication.

References

1. Malathi VM, Abhimannue AP, Sharma K, Muricken DG, Tomy TL.
Papaya seeds: nutraceutical potential and health-promoting
activities. In: Kumar M, sharma k, punia s, editors. valorization of Fruit
Seed Waste from Food Processing Industry. London: Academic Press;
2024.p.285-313. https://doi.org/10.1016/B978-0-443-15535-2.00009-8

2. Auxcilia J, Manoranjitham SK, Aneesa Rani MS. Hi-tech cultivation
practices in papaya for augmenting productivity. International
Journal of Current Microbiology and Applied Sciences. 2020;9(05):636-
45. https://doi.org/10.20546/ijcmas.2020.905.070

3. Bordoloi A, Saharia N, Goswami J, Boruah PN. Influence of climate
change in disease outbreak of fruit crops. In: Khaire PB, Sawant CG,
Naik VS, editors. Climate change and pests: invasion, emergence,
outbreak and management. Delhi: Narendra Publishing House;
2024.p.153-67

4. Gallegos-Cedillo VM, Najera C, Signore A, Ochoa J, Gallegos J, Egea-
Gilabert C, Gruda NS, Fernandez JA. Analysis of global research on
vegetable seedlings and transplants and their impacts on product
quality. Journal of the Science of Food and Agriculture. 2024;104
(9):4950-65. https://doi.org/10.1002/jsfa.13309

5. Dayeswari D, Auxcilia J, Malarkodi K, Vijayakumar RM. Effect of
chemicals and bio-inoculants on seedling growth and vigour of TNAU
papaya COg (Carica papaya L.). Int J Curr Micro Appl Sci. 2018;7
(3):3007-14. https://doi.org/10.20546/ijcmas.2018.703.348

6. Awang Y, Shaharom AS, Mohamad RB, Selamat A. Chemical and
physical characteristics of cocopeat-based media mixtures and their
effects on the growth and development of Celosia cristata. American
journal of agricultural and biological sciences. 2009;4(1):63-71.

7. Uttekar VS, Gabhale LK, Parulekar YR, Kadam JJ, Sanap PB. Effect of
various potting media on growth and development of Chilli (Capsicum
annuum L.) seedlings for grafting. Pharma Innovation. 2021;10
(11):800-3.

8.  Dilonardo S, Sodini M, Massa D, Nesi B, Orsenigo S, Zubani L, Cacini S.
The effect of different peat-free growing media and fertilization levels
on the plant nutrition of Leucanthemum vulgare (Lam.) and Dianthus
barbatus (L.). Journal of Plant Nutrition. 2024;6:1-6. https://
doi.org/10.1080/01904167.2024.2378232

9.  Hossain MZ, Bahar MM, Sarkar B, Donne SW, Ok YS, Palansooriya KN,
Kirkham MB, Chowdhury S, Bolan N. Biochar and its importance on
nutrient dynamics in soil and plant. Biochar. 2020;2:379-420. https://
doi.org/10.1007/s42773-020-00065

10. Landis TD, Morgan N. Growing media alternatives for forest and native
plant nurseries. In: Dumroese RK, Riley LE, editors. National
Proceedings: Forest and Conservation Nursery Associations. US
Department of Agriculture, Forest Service, Rocky Mountain Research
Station; 2009.p.26-31.

11. Dorling D. World population prospects at the UN: our numbers are not
our problem?. In: Christopher D, editor. The struggle for social
sustainability. Bristol:Policy Press; 2021.p.129-154. https://
doi.org/10.51952/9781447356127.ch007

https://plantsciencetoday.online


https://plantsciencetoday.online
https://doi.org/10.1016/B978-0-443-15535-2.00009-8
https://doi.org/10.20546/ijcmas.2020.905.070
https://doi.org/10.1002/jsfa.13309
https://doi.org/10.20546/ijcmas.2018.703.348
https://doi.org/10.1080/01904167.2024.2378232
https://doi.org/10.1080/01904167.2024.2378232
https://doi.org/10.1007/s42773-020-00065
https://doi.org/10.1007/s42773-020-00065
https://doi.org/10.51952/9781447356127.ch007
https://doi.org/10.51952/9781447356127.ch007

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.
27.

28.

Ray S. For the love of land: permaculture as resistance at the
Hakoritna farm, west bank. afterimage: The Journal of Media Arts and
Cultural  Criticism.  2020;47(2):53-8.  https://doi.org/10.1525/
aft.2020.472010

Mir YH, Mir S, Ganie MA, Shah AM, Majeed U, Chesti MH, Mansoor M,
Irshad |, Javed A, Sadig S, Wani FJ. Soilless farming: An innovative
sustainable approach in agriculture. Pharma Innovation Journal.
2022;11(6):2663-75.

Gautam R, Singh PK, Kumar P, Selvakumar R, Singh MC, Dhital S, Rani
M, Sharma VK, Jnapika KH, Kumar J. Advances in soilless cultivation
technology of horticultural crops. The Indian Journal of Agricultural
Sciences. 2021;91(4):503-8. https://doi.org/10.56093/
jjas.v91i4.112621

Sawvas D, Passam H. Hydroponic production of vegetables and
ornamentals. Athens: Embryo Publications; 2002.

Gruda NS. Soilless culture systems and growing media in horticulture:
An overview. Advances in horticultural soilless culture. 2021:1-20.
https://doi.org/10.19103/as.2020.0076.20

Sathiparan N, Jaasim JH, Banujan B. Sustainable production of
cement masonry blocks with the combined use of fly ash and quarry
waste.  Materialia.  2022;26:101621.  https://doi.org/10.1016/
j.mtla.2022.101621

Krishnapillai MV, Young-Uhk S, Friday JB, Haase DL. Locally produced
cocopeat growing media for container plant production. Tree Plant
Notes. 2020;63(1):29-38.

Atzori G, Pane C, Zaccardelli M, Cacini S, Massa D. The role of peat-free
organic substrates in the sustainable management of soilless
cultivations. Agronomy. 2021;11(6):1236. https://doi.org/10.3390/
agronomy11061236

Ramteke V, Paithankar DH, Kamatyanatti M, Baghel MM, Chauhan J,
Kurrey V. Seed germination and seedling growth of papaya as
influenced by GAs and propagation media. Int J Farm Sci. 2015;5(3):74
-81. https://doi.org/10.5555/20163004958

Parasana JS, Leua HN, Ray NR. Effect of different growing medias
mixture on the germination and seedling growth of mango (Mangifera
indica) cultivars under net house conditions. The Bioscan. 2013;8
(3):897-900.

Sarkar MD, Rahman MJ, Uddain J, Quamruzzaman M, Azad MO,
Rahman MH, Islam MJ, Rahman MS, Choi KY, Naznin MT. Estimation
of yield, photosynthetic rate, biochemical and nutritional content of
red leaf lettuce (Lactuca sativa L.) grown in organic substrates. Plant J.
2021;10(6):1220. https://doi.org/10.3390/plants 10061220

Desai A, Trivedi A, Panchal B, Desai V. Improvement of papaya seed
germination by different growth regulator and growing media under
net house condition. Int J Curr Microbiol Appl Sci. 2017;6(9):828-34.
https://doi.org/10.20546/ijcmas.2017.609.102

Marjenah M, Kiswanto K, Purwanti S, Sofyan FP. The effect of biochar,
cocopeat and sawdust compost on the growth of two dipterocarps
seedlings.  Nusantara  Bioscience.  2016;8(1)1-9.  https://
doi.org/10.13057/nusbiosci/n080108

Samsuddin MF, Saud HM, Ismail MR, Omar MH, Habib SH, Bhuiyan
MS, Kausar H. Effect of different combinations of coconut coir dust
and compost on rice grown under soilless culture. Journal of Food,
Agriculture  and  Environment.  2014;12(2):1280-3. https://
doi.org/10.5555/20143310556

Piper CS. Soil and plant analysis. Bombay:Hans Publishers; 1966.

Viji R, Prasanna PR. Assessment of water holding capacity of major soil
series of Lalgudi, Trichy, India. Journal of Environmental Research
and Development. 2013;7(1A):393-8. https://
doi.org/10.5555/20133154836

Humphries EC. Mineral components and ash analysis. In: Paech K,
Tracey MV, editors. Moderne Methoden der Pflanzenanalyse/Modern
Methods of Plant Analysis. Springer Science. 2012.p468-502. https://
doi.org/ 10510673355573395035

29.

30.

3L

32

33.

35.

36.

37.
38.

39.

40.

41.

42.

43.

45.

46.

47.

Jackson ML. Soil chemical analysis. New Delhi:Pentice Hall of India
Pvt. Ltd.; 1973.

Choudhary RC, Kanwar J, Chouhan GS, Sing P, Tanwar DR. Effect of
ga3 and growing media on seedling growth of papaya (Carica papaya
L) cv. Pusa Nanha. Inter J Che Stud. 2018;6(6):1008-12. https://
doi.org/105810839/6-5-623-592.

Prajapati DG, Satodiya BN, Desai AB, Nagar PK. Influence of storage
period and growing media on seed germination and growth of acid
lime seedlings (Citrus aurantifolia Swingle) cv. Kagzi. Journal of
Pharmacognosy and Phytochemistry. 2017;6(4):1641-5.

Lepakshi P, Reddy PV, Venkataramannagudem WG. Effect of different
growing media on seed germination and seedling growth of jamun
(Syzygium cumunii L. Skeels). Int J Agric Sci. 2021;17(1):138-41. https://
doi.org/10.15740/has/ijas/17-aaebssd/138-141

Ashraf M, Foolad MR. Pre-sowing seed treatment-A shotgun approach
to improve germination, plant growth and crop yield under saline and
non-saline conditions. Advances in Agronomy. 2005;88:223-71.
https://doi.org/10.1016/S0065-2113(05)88006-X

Awang Y, Shaharom AS, Mohamad RB, Selamat A. Chemical and
physical characteristics of cocopeat-based media mixtures and their
effects on the growth and development of Celosia cristata. Am J Agric
Biol Sci. 2009;4(1):63-71.

Marschner P. Rhizosphere biology. In: Marschner P, editor.
Marschners' mineral nutrition of higher plants. London: Academic
Press; 2012.p.369-88. https://doi.org/10.5555/19950708651

Bashan Y, Holguin G, De-Bashan LE. Azospirillum-plant relationships:
physiological, molecular, agricultural and environmental advances
(1997-2003). Canadian Journal of Microbiology. 2004;50(8):521-77.
https://doi.org/10.1139/w04-035

Taiz L, Zeiger E. Plant Physiology. 5. ed. Porto Alegre: Artmed; 2013.

Sharma S, Rana VS, Rana N, Sharma U, Gudeta K, Alharbi K, Ameen F,
Bhat SA. Effect of organic manures on growth, yield, leaf nutrient
uptake and soil properties of Kiwifruit (Actinidia deliciosa Chev.) cv.
Allison. Plants. 2022;11(23):3354.

Franklin-Tong VE. Self-incompatibility in flowering plants. Evolution,
diversity and mechanisms. Ann Bot. 2009;105(1):11-2. https://
doi.org/10.1093/aob/mcp250

Ashman TL, Knight TM, Steets JA, Amarasekare P, Burd M, Campbell
DR, Dudash MR, Johnston MO, Mazer SJ, Mitchell RJ, Morgan MT.
Pollen limitation of plant reproduction: ecological and evolutionary
causes and consequences. Ecology. 2004;85(9):2408-21. https:/.org/
doi/full/10.5555/20073192313

Midgley JJ, Cramer MD. Unequal allocation between male versus
female reproduction cannot explain extreme vegetative dimorphism
in Aulax species (Cape: Proteaceae). Scientific Reports. 2022;12
(1):1407. https://doi.org/10.1038/541598-022-05558-4

Paterno GB, Silveira CL, Kollmann J, Westoby M, Fonseca CR. The
maleness of larger angiosperm flowers. Proceedings of the National
Academy of Sciences. 117(20):10921-6. 10.1073/pnas.1910631117

Sorensen FC, Miles RS. Self-pollination effects on Douglas-fir and
ponderosa pine seeds and seedlings. Silvae Genet. 1974;23(5),135-
138. https://doi.org/10.5555/19750621741

Grzesiak S, Hordyniska N, Szczyrek P, Grzesiak MT, Noga A,
Szechynska-Hebda M. Variation among wheat (Triticum aestivum L.)
genotypes in response to the drought stress: I-selection approaches.
Journal of Plant Interactions. 2019;14(1):30-44. https://
doi.org/10.1080/17429145.2018.1550817

Godara AK, Sharma VK. Influence of Substrate Composition on roots
and their categories of strawberry plants grown in different
containers. Res J Agric Sci. 2016;7(2):330-5.

Mariyappillai A, Arumugam G. Physico-chemical and hydrological
properties of soilless substrates. Journal of Environmental Biology.
2021;42(3):700-4. https://org/doi/full/10.5555/20210215113

Wang J, Li R, Zhang H, Wei G, Li Z. Beneficial bacteria activate

Plant Science Today, ISSN 2348-1900 (online)


https://doi.org/10.1525/aft.2020.472010
https://doi.org/10.1525/aft.2020.472010
https://doi.org/10.56093/ijas.v91i4.112621
https://doi.org/10.56093/ijas.v91i4.112621
file:///E:/Journal%20Works/PlantScienceToday%20PST%20Articles/Layout%20PST/Dec%2024/Fast/5388/%20https:/doi.org/10.19103/as.2020.0076.20
file:///E:/Journal%20Works/PlantScienceToday%20PST%20Articles/Layout%20PST/Dec%2024/Fast/5388/%20https:/doi.org/10.19103/as.2020.0076.20
https://doi.org/10.1016/j.mtla.2022.101621
https://doi.org/10.1016/j.mtla.2022.101621
https://doi.org/10.3390/agronomy11061236
https://doi.org/10.3390/agronomy11061236
https://doi/full/10.5555/20163004958
https://doi.org/10.3390/plants10061220
https://doi.org/10.20546/ijcmas.2017.609.102
https://doi.org/10.13057/nusbiosci/n080108
https://doi.org/10.13057/nusbiosci/n080108
https://doi/full/10.5555/20143310556
https://doi/full/10.5555/20143310556
file:///E:/Journal%20Works/PlantScienceToday%20PST%20Articles/Layout%20PST/Dec%2024/Fast/5388/%20https:/doi.org/10.5555/20133154836
file:///E:/Journal%20Works/PlantScienceToday%20PST%20Articles/Layout%20PST/Dec%2024/Fast/5388/%20https:/doi.org/10.5555/20133154836
https://doi.org/%2010510673355573395035
https://doi.org/%2010510673355573395035
https://doi/105810839/6-5-623-592.
https://doi/105810839/6-5-623-592.
https://doi.org/10.15740/has/ijas/17-aaebssd/138-141
https://doi.org/10.15740/has/ijas/17-aaebssd/138-141
https://doi.org/10.1016/S0065-2113(05)88006-X
https://doi/full/10.5555/19950708651
https://doi.org/10.1139/w04-035
https://www.cabidigitallibrary.org/doi/full/10.5555/20073192313
https://www.cabidigitallibrary.org/doi/full/10.5555/20073192313
https://doi.org/10.1038/s41598-022-05558-4
https://doi.org/10.1073/pnas.1910631117
https://doi.org/10.5555/19750621741
https://doi.org/10.1080/17429145.2018.1550817
https://doi.org/10.1080/17429145.2018.1550817
https://org/doi/full/10.5555/20210215113

GOWTHAMI ET AL

48.

nutrients and promote wheat growth under conditions of reduced
fertilizer application. BMC Microbiology. 2020;20:1-2. 10.1186/s12866-
020-1708-z

Kumarasinghe HK, Subasinghe S, Ransimala D. Effect of cocopeat
particle size for the optimum growth of nursery plant of greenhouse
vegetables. Tropical Agricultural Research and Extension. 2016;18(1)1
-5. https://doi.org/doi/full/10.5555/20153306250

49.

50.

10

Bhardwaj RL. Effects of nine different propagation media on seed
germination and the initial performance of papaya (Carica papaya L.)
seedlings. The Journal of Horticultural Science and Biotechnology.
2013;88(5):531-6. https://doi.org/10.1080/14620316.2013.11513002

Kalaivani K, Jawaharlal M. Study on physical characterization of coco
peat with different proportions of organic amendments for soilless
cultivation. Journal of Pharmacognosy and Phytochemistry. 2019;8
(3):2283-6.

https://plantsciencetoday.online


https://plantsciencetoday.online
https://doi.org/doi/full/10.5555/20153306250
https://doi.org/10.1080/14620316.2013.11513002

