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ABSTRACT

In 2022, an experiment was conducted at the Experiment Farm, Department of Horticulture, Assam
Agricultural University, Jorhat, to explore tomato cultivation possibilities using soilless media in a naturally
ventilated polyhouse. Employing a randomized block design with 5 treatments and 4 replications, various
media compositions, including cocopeat, vermiculite, perlite, sand, and loam soil in different ratios, were
tested. The study uncovered that optimal tomato growth occurred in Loam soil: Sand: Vermicompost (1:1:1),
showing maximum plant height (140.68 cm), primary branches (6.19), plant fresh weight (177.90 g), fruit
weight (70.80 g), and a shorter time to flowering (42.5 days). This medium also resulted in higher residual
N, P, K contents (2.58%, 2.51%, 2.64%, respectively) in the spent growing medium. Cocopeat: Sand:
Vermicompost (5:2:3) yielded the highest plant dry weight (25.80 g), fruit set (48.24%), fruits/cluster (8.36),
fruits/plant (71.74), yield /plant (4.88 kg), total yield (66.26 q/500sqm), and harvesting latitude (48.31 days).
Meanwhile, Cocopeat: Vermiculite: Perlite (3:1:1) recorded the longest days to first harvest (83.75 days).
Sand: Vermicompost (1:1) exhibited the highest chlorophyll content (2.50 mg/100 g), and fruit volume
(73.10 cc), while Cocopeat: Vermicompost (1:1) had the maximum flowers per cluster (3.91). Economically,
the analysis favored Loam soil: Sand: Vermicompost (1:1:1) with a maximum benefit-cost ratio of 2.20. In
conclusion, while Cocopeat: Sand: Vermicompost (5:2:3) seems optimal for growth and yield, the economic
advantage lies with Loam soil: Sand: Vermicompost (1:1:1).
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Introduction

Soilless culture, a method of growing plants without
traditional soil, involves cultivating plants in con-
trolled environments with their roots in contact with
a non-soil growing medium providing support, nu-
trition, and airflow. This technique facilitates precise
control over water availability, pH, and nutrient lev-
els, leading to efficient plant development and in-

creased agricultural yields. According to VanOs
(1999) and Savvas et al. (2013), soilless systems typi-
cally exhibit superior water and fertilizer use effi-
ciency, along with additional benefits such as re-
duced crop duration, minimized pest and disease
stress, fewer weeds, and ease of spraying and irriga-
tion (Prakash et al., 2020). Hydroponics, a form of
soilless culture, has been widely adopted on a com-
mercial scale in various countries, including Israel,
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France, Canada, and the Netherlands. The Center
for Protected Cultivation Technology (CPCT), estab-
lished by the National Horticulture Board (NHB)
under the Indian Council of Agricultural Research
(ICAR) in New Delhi, actively promotes sustainable
farming practices like soilless culture (hydroponics,
aeroponics, etc.). This initiative significantly contrib-
utes to increased agricultural output, particularly in
horticulture (Gowda et al., 2022). Soilless culture is
now integral to polyhouse breeding and multiplica-
tion programs for crop improvement (Gosal et al.,
2010), and top-tier institutes, including IARI, em-
ploy it for hardening and multiplying transgenic
plants created using CRISPR/Cas 9 in both horticul-
ture and field crops, such as transgenic tomatoes
(Nandhakumar et al., 2018). Traditional crop cultiva-
tion using soil faces inherent challenges, including
difficulties in disease and pest management, exten-
sive land requirements, substantial labor needs, and
high water consumption. In urban and semi-urban
areas, where land is often scarce or unfit for cultiva-
tion, soilless culture, particularly hydroponics,
emerges as a promising solution. With global con-
sumer demands for quality foods, soilless cultiva-
tion is practiced in densely populated areas like
Delhi, utilizing rooftops for small polyhouses or
highways for vertical gardens, contributing to pollu-
tion control and aesthetics. Soilless culture allows
for precise control of environmental parameters,
promising higher crop yields with better quality and
safer foods.

Tomatoes, scientifically known as Solanum
lycopersicon, are widely cultivated in India, with pro-
duction challenges in open-field conditions. High-
tech approaches, such as greenhouse cultivation,
offer a solution, especially in areas with limited ag-
ricultural land, like Assam’s urban and semi-urban
regions. Soilless culture proves advantageous in
overcoming soil-related constraints, including low
fertility, excessive acidity, and soil-borne diseases. In
regions like Assam with unique climatic conditions,
soilless farming provides controlled environments,
allowing for year-round cultivation and optimal
growing conditions. This method contributes to bet-
ter yields, lower production costs, reduced pesticide
use, and superior product quality. Soilless culture,
particularly with substrates like rock wool or coco
coir in naturally ventilated polyhouses, enhances
tomato growth, yield, and nutrient content, offering
a sustainable and efficient alternative to traditional
soil-based agriculture.
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Therefore, keeping in view all these factors, this
investigation was carried out at Assam Agricultural
University, Jorhat with the use of the soilless media
in the form of cocopeat, vermiculite, vermicompost,
perlite, sand and loam soil for the production of to-
mato under ventilated polyhouse in Assam condi-
tion with the objective to find out suitable growing
media combination for soil-less cultivation of to-
mato.

Materials and Methods

In 2022, the study was carried out within the natu-
rally ventilated polyhouse situated at the Experi-
mental Farm of the Department of Horticulture. The
polyhouse, covering an expanse of 300 m?, was
aligned in the East-West direction. Jorhat experi-
ences a humid subtropical climate, characterized by
hot summers from May to August and cold winters
spanning September to January, succeeded by
spring from February to April. The locale maintains
high relative humidity, and the monsoon season
typically prevails from the initial week of June
through September. Annually, Jorhat receives an
average rainfall of 2244 mm.

The field experiment was laid by the Random-
ized Block Design with 5 treatments in 4
replications.T, (Cocopeat: vermiculite: perlite (3:1:1),
T, (Cocopeat: sand: vermicompost (5:2:3), T,
(Cocopeat: vermicompost (1:1), T, (Sand:
vermicompost (1:1) and T, (Loam soil: sand:
vermicompost (1:1:1). The seeds of tomato variety
PH-1were sown on 24" December 2021 in protrays.
Seedlings of 3-4 weeks age were transplanted into
the bags. Transplanting was done on 20 January
2022. There were 12 plants in each treatment. The
total plant population was 240 numbers. Fertilizer
dose recommendations were applied to each treat-
ment. Water soluble fertilizer N:P:K (19:19:19) was
applied as a source of nutrients to the crop. This was
applied with a dose of 0.25% in media and 0.2%
over the canopy. Lime, as a source of calcium, was
mixed @ 2.5g per 5 kg media. The experimental bags
and the field were made free from weeds through-
out the crop growth period by hand weeding. Stak-
ing of the growing tomato plant was done by using
bamboo sticks in each plant and tied with plastic
thread to prevent lodging. Leaf miner attack was
managed by spraying Rogor @1 ml/1.

The observations on plant growth, yield and yield
attributing characters viz., plant height, primary
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branches per plant, days to first flowering, plant
fresh weight at flowering, plant dry weight at flow-
ering, chlorophyll content at flowering (mg/100gm),
flowers per cluster, fruit set per cluster, fruit per
cluster, days to first harvest, fruit weight (g), fruits
per plant, fruit volume (cc), fruit yield per plant, to-
tal yield, crop duration, harvesting latitude and
NPK content in media after harvest (kg/100 kg me-
dia) in keeping with their standard processes. The
chlorophyll content of tomato leaf was estimated
following the procedure described by Arnon (1949).
About 0.2 g of fresh leaf sample was crushed in a
mortar pastle with addition of 80% acetone. The ex-
tract was centrifuged (5000 rpm), the supernatant
transferred to a 25 ml volumetric flask and the vol-
ume was made up to the mark with 80% acetone.
The absorbance was recorded at 663 and 645 nm in
a Spectrophotometer with a blank containing 80%
acetone.

Total Chlorophyll = (20.2(A,,,) + 8.02(A

645) 663)

v/ 100w Mg 8w,

Chlorophyll a = 12.7(A,,) - 2'69(A645)VK100W

mg g'fw and

Chlorophyll b 22.9(A, ) —4.68(A,,,) mg g'fw

Where, V Final volume of extract (ml) fw Fresh
weight of leaf sample (g), A645 and A663 are the
absorbances at 645 and 663 nm wavelength respec-
tively. The NPK content in media after harvest N
content in media was determined by using methods
given by Jackson and Kjeldahl, P in media was using
method developed by Bray and Kurtz and K in me-
dia was estimated using method outlined by Skoog
and Jackson. Following Panse and Sukhatme guide-
lines, the data were statistically examined using the
analysis of variance.

Results and Discussion

Growth and development of tomatoes in soilless
culture

In the present investigation, Table 1 reveals that T2
recorded the highest mean value for plant height at
30 days (37.04 cm) followed by T3 (31.32 cm). The
treatments did not show any significant difference
in plant height on 45 days and T5 showed the maxi-
mum plant height at first harvest. The growing me-
dia comprising of cocopeat: sand: vermicompost
and loam soil: sand: vermicompost recorded highest
plant height (37.04 cm and 140.68 cm) due to high
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water holding capacity, aeration, decreased bulk
density, slightly higher potassium content and also
superior physico-chemical qualities and mainte-
nance of the necessary biological balance, both of
which have contributed to the plants’ greater
growth when compared to other growing media.
The results of the investigation closely matched
those of Subramani et al. (2020), Kaushal et al. (2019)
and Spehia et al. (2020) in tomato and Thapa et al.
(2016) in sweet pepper.No significant effect was no-
ticed in number of primary branches at 30 days and
45 days. The T5 (loam soil: sand: vermicompost,
1:1:1) produced maximum number of branches due
to contribution of high concentrations of minerals
like nitrogen, phosphorous, and potassium in
vermicompost for the growth and development of
plants. Vermicompost can increase the availability
of nutrients in the soil, which can encourage plant
growth, development and primary branches when
added to a growing medium. This result was in
close conformity with the findings of Natarajan and
Kothandaraman (2018).

Table 2 shows that T5 (loam soil: sand:
vermicompost, 1:1:1) took minimum days to first
flowering due to the presence of more useful micro-
organisms particularly phosphate-solubilizing and
other useful microbes, hormones, and enzymes,
present in vermicompost and appropriate nutri-
tional supply. The significant difference among the
treatments for days to first flowering was also re-
ported by Vamsi et al. (2021) and Lata et al. (2018) in
cucumber.

Treatments did not influence the number of flow-
ers per cluster during the investigation. Similar re-
sults were reported by Erabadupitiya et al. (2021) in
tomato. T2 (cocopeat: sand: vermicompost, 5:2:3)
recorded the highest fruit set percentage (48.24%)
probably due to abundance of nitrogen, phospho-
rus, and potassium in vermicompost through break-
down of organic materials by earthworms. The simi-
lar results are reported by Kylyc et al. (2018) in to-
mato.

The T5 comprising loam soil: sand: vermicompost
recorded the highest plant fresh weight (177.90 g)
because tomatoes are heavy feeders and need a lot
of resources to grow and bear fruit. Vermicompost,
being a nutrient-rich organic manure that enhanced
soil quality and supplied vital plant nutrients, while
sand and soil supplied physical support for the roots
of plants. These three elements combined to make a
good growing medium that was able to provide the
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most favorable conditions for tomato growth and, as
hence, produced plants with higher fresh weights.
Results of Haddad (2007) in tomato are in conso-
nance with the present findings.

T2, the growing media comprising of cocopeat:
sand: vermicompost in ratio 5:2:3, recorded highest
plant dry weight (25.80 g) due to an ideal growing
environment for tomato plants created by the mix-
ture of cocopeat, sand, and vermicompost, which
led to higher plant dry weight. This was because the
growing medium offered a mix of nutrients avail-
able, drainage, moisture retention, and aeration, all
of which were necessary for plant growth and de-
velopment. Teo and Hoe (1993) also reported that a
medium with the above qualities could support
positively for optimum growth and development of
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ing media T2 also produced the highest number of
fruits per plant (71.74) due to medium structure and
aeration, which allowed plant roots to grow more
quickly and efficiently to absorb water and nutri-
ents. This had led to stronger, healthier plants that
produced more fruits per plant. These findings are
in consonance with the reports of Lata et al. (2018) in
cucumber and Spehia et al. (2020) in tomato.

The T5 comprising loam soil: sand: vermicompost
gave the maximum fruit weight (70.80g. Sandy soil
includes larger particles, which promote greater
aeration and drainage. This may promote more
rapid root development in tomato plants, resulting

Table 3. Effect of growing media on growth attributes of
tomato fruits

tomato plants. Treatments  Fruits per  Fruits Fruit Fruits
cluster per plant weight volume
Yield and Yield Attributing Characters ) (cc)
The study revealed that T2 growing media compris-  T1 3.16 39.63 60.95 65.03
ing of cocopeat: sand: vermicompost in ratio 5:2:3 T2 391 71.74 68.18 65.38
recorded higher number of fruits per cluster (3.91) T3 3.69 60.24 64.48 70.35
due to vermicompost, which had the ability to in- T4 3.78 53.63  68.03 73.1
crease protein production, ultimately led to larger TS5 3.63 59.89 70.80 68.63
levels of meristem cells and cell division. Similar g%i(()io)S 822 &'4193 égi ?\1859
results were reported by Lata et al. (2018). The grow- (0.05 i : :
Table 1. Effect of growing media on growth attributing characters of tomato
Treatment Plant height (cm) No of primary branches
30 days 45 days 1st Harvest 30 days 45 days 1s*Harvest
T1 21.94 65.55 130.26 3.53 3.83 4.25
T2 37.04 83.10 134.2 3.83 4.21 5.12
T3 31.32 74.51 137.39 3.75 4.21 4.93
T4 33.82 80.03 136.62 3.54 4.00 5.25
T5 33.48 75.57 140.68 3.54 4.21 6.19
SEd () 3.12 5.60 2.13 0.30 0.30 0.30
CD (0.05) 6.80 NS 4.63 NS NS 0.65
Table 2. Effect of growing media on flowering and weight of plant parts in tomato
Treatment Days to first No. of Fruit set Plant fresh Plant dry Leaf
flowering flowers (%) weight (g) weight (g) chlorophyll
per cluster content at
flowering
T1 56.00 7.85 40.24 116.80 11.03 2.46
T2 43.00 8.10 48.24 144.30 25.80 2.40
T3 48.50 8.36 41.66 136.60 19.78 2.26
T4 43.00 8.24 45.74 150.30 18.70 2.50
T5 42.50 8.15 44.49 177.90 23.55 2.18
SEd () 1.93 0.25 2.33 8.05 1.65 0.19
CD (0.05) 4.20 NS 5.08 17.53 3.59 NS
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in bigger, healthier plants and, ultimately, bigger
fruits. Vermicompost is high in nutrients including
nitrogen, phosphorous, and potassium as well as
advantageous microorganisms that can assist im-
proves the health of the soil. These nutrients could
play a role in the plants increasesize and fruit size.
Similar results were represented by Lata et al. (2018)
in cucumber.

Yield per plant was highest in the T2 (4.88 kg). T2
comprised of cocopeat: sand: vermicompost in ratio
(5:2:3) which improved soil structure and supplied
essential nutrients to plants. Environmental condi-
tions, the control of pests and diseases, and horticul-
tural techniques like fertilization and pruning are a
few other variables that might influence tomato fruit
yield. The similar results were reported by Lata et al.
(2018) in cucumber and Bijeta et al. (2020) in capsi-
cum. Per plant higher yield per plant in T2 ulti-
mately resulted in higher total yield per ha.

Table 4. Effect of growing media on yield and yield at-
tributes of tomato

Treatments  Days to Fruit Crop Harvesting
first yield duration latitude
harvest per plant (days) (days)
(kg)
T1 83.75 2.42 115.75 32.03
T2 78.75 4.88 121.83 43.08
T3 77.50 3.89 119.05 41.55
T4 77.75 3.65 111.81 34.06
T5 76.25 4.24 124.56 48.31
SEd (+) 2.34 0.43 3.05 3.59
CD (0.05) NS 0.93 6.64 7.82

Production economics

In the present inquisition, T5 recorded the highest
benefit cost ratio (2.20). Amongst the medium com-
prising loam soil: sand: vermicompost (1:1:1) im-
proved soil fertility, stabilized soil, recovered soil
nutrients, and functioned as biofertilizer and hence

Table 5. Economics of various treatments
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it increased production ultimately positively affect-
ing the benefit-cost ratio. Similar results were re-
ported by Mehta et al. (2022) in tomato.

Conclusion

Cocopeat: Sand: Vermicompost (5:2:3) demon-
strated the best overall performance in terms of
plant growth, yield, and yield attributing character-
istics. On the other hand, treatment Loam soil: Sand:
Vermicompost (1:1:1) exhibited the highest (2.20)
benefit cost ratio among all the treatments. This in-
dicated that the financial returns obtained from
Treatment T,(Loam soil: sand: vermicompost (1:1:1)
were the highest relative to the cost incurred.
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