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ABSTRACT

With the view to assess the growth, production and quality of strawberry cv. Winter Dawn grown in hydroponic
systemunder shed net condition, an experiment was conducted at the Department of Horticulture, Naini Agricultural
Ingtitute, SHUATS, Prayagraj during the years 2021-2022 and 2022-2023. The experiment waslaidin the Complete
Randomized Block Design (CRBD) with three replications and nine treatments. Based on the outcomes of the
experiment, the overall best results for vegetative growth and fruiting attributes are shown under the nutrient
treatment of Grow at 96 ml + Micro at 104 ml and Bloom at 102 ml feed for 12 hoursi.e. at the period of 6 hrs
morning and 6 hrs evening of running water. The solution of Grow, Micro and Bloom at a certain concentration
and time showed significant increased in vegetative growth like plant height, number of leaves, plant spread, root
length aswell asfruiting attributeslike number of flowers, number. of fruits and average fruit weight of strawberry

plant.
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INTRODUCTION

Strawberry (Fragariax ananassa) is a member
of the Rosaceae family and Fragaria genus.
Essentialy, itisalittle perennial herbaceous plant.
Inthelast two decades, strawberry production and
area have increased exponentially due to the fact
that the majority of the crop is now grown in
greenhouses (Thakur and Shylla, 2018). In India,
it is cultivated on 3000 hectares with an annual
output of 14,000 MT (NHB 2021), with Haryana
being the largest producer (1,650 MT), followed
by Mizoram (1,080 M T), Meghalaya, Maharashtra,
and Himachal Pradesh (Anonymous, 2019b).The
agro- climatic conditions in Uttar Pradesh are
favourable for strawberry production, which has
the potential to be alucrative crop. The strawberry
plants are strongly affected by the environmental
parametersliketemperature, photoperiod and light
intensity. It requires optimum day temperature of
16°C to 27°C and night temperature 7°C to 13°C.

[IMFM& AP, Vol. 10 No. 1, 2024

Itisconcerned that certain regions have adearth
of cultivable arable lands due to adverse
topographical or geographical characteristics, and
that in urban areas, soil and other rooting mix
ingredientsarejust unavailablefor crop production.
The difficulty of finding suitable labour isamajor
issuefor both traditional open-field agricultureand
the pot cultivation technologies. This is an idea
environment for theintroduction of soil-lessculture
or hydroponics. To compensate for the shortage of
arable land brought on by a growing population,
hydroponics provides an alternate means of
cultivating food crops. Hydroponic agriculture is
advantageous because it results in tidier plants,
more effective use of nutrients since they are
tailored to individual plants' requirements, plants
that arefree of weeds and pests, agreater yield per
unit of land, and a higher price per unit of harvest
(Puspitahat et al., 2022). The Nutrient Film
Technique is a popular hydroponic method for
growing food crops (NFT). A thin nutritional layer
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isprovided at the system’s base, where plant roots
may take up optimal conditions. Plant nutrientsare
continually cycled through the system for the
specified number of hours. A plant’s roots can
develop in the nutritional solution. Application of
this method must account for the potential of
surplus water, which will decrease oxygen levels.
Because of this, the NFT system’s nutrient layer is
strategically laid out, with a maximum solution
height of 3 mm, to supply the necessary amounts
of nutritional water and oxygen (Purbajantiet al .,
2017).

Several variables, including water quality,
nutrient solution, EC value, nutrient solution pH,
water flow rate, gutter slope, medium, and others,
must be taken into account for successful
hydroponic farming. Most importantly, in
hydroponic technology, EC and pH value control
of fertilizer solutions are essential (Binaraesa,
2017). To alarge extent, the pace at which nutrients
are absorbed by the roots in NFT hydroponics is
determined by the gutter’sslope, asthis determines
the velocity with which nutrient solution is
distributed (Asmanaet al., 2017).

Production of strawberry in hydroponic culture
eliminates soil bornediseases, pests, and nematodes
leading to better vegetative growth parameters,
number of fruits, and yield of good quality
strawberry fruits. The research work on effect of
different growing systems on growth, production
and quality attributes of strawberry (Fragaria x
ananassa) under shade net conditions in Indiais
very limited. Besides, no report is available
regarding growing of strawberry in hydroponic
system under Prayagraj condition of Uttar Pradesh.
Considering advantages of hydroponic system, an
investigation was undertaken with the aim to assess
the effect on growth, yield and quality analysis of
strawberry (Fragaria x ananassa) cv. Winter Dawn
in NFT (Nutrient Film Technique) systemin shade
net conditions.

MATERIAL AND METHODS

The experiment was conducted at the
experimental farm Department of Horticulture,
Naini Agricultural Institute, Sam Higginbottom
University of Agriculture Technology and
Sciences(SHUATS), Prayagra) during the years
2021-2022 and 2022-2023 under shade net
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condition. Prayagrgj is located in a climatic zone
which experiences hot summer and fairly cold
winter. During the investigation in winter months,
especially December and January the temperature
falsaslow as2°C- 5°C or evenlow whereasthere
may be an occasional spell of frost during the
winters. However, occasional showers are
uncommon during winter months. This
investigation was conducted at the experimental
farm of SHUATS Research Farm. 350 plants of
strawberry cv. Winter Dawn were selectively
brought from National Bureau of Plant Genetic
Resources (ICAR) Regional Station, Bhovali,
Nainital, Uttarakhand, India and planted in
hydrophonic system on 14" November 2021. The
plantswere planted in asmall plastic basket inside
the high-quality PV C pipe as shown in Fig.1. In
one configuration, four 4-foot-long PV C pipeswere
arranged in two tiersusing iron angles, and net pot
holes (20) measuring 4 inchesin sizewere cut into
the pipes. Spacing of plant to plant 12 cm. and row
torow 30.48 cm the perforationswere then used to
accommodate the hydroponic net pots. A
circulatory pump located in the nutrient reservoir
tank was responsible for recal culating the nutrient
solution throughout the hydroponic unit (Fig. 2and
3).

The plants were fed with nutrient film method
(NFT) asper treatments (Fig.4). TheNFT (Nutrient
Feeding Technique) isaconstant supply of nutrients
to the plant roots. Timer is not used rather a
submersible water pump is used to pump the
nutrient solution into the plant growing tray, the
solution flows horizontally encountering the plant
roots. The water is then drained out back to the
water reservoir through thedraintube. Anair pump
isused to supply air to the air stonewhich supplies
oxygen to the water-nutrient solution. The plants
are grown in a plastic container that has holes at
the bottom so that the roots can dangle into the
constantly flowing water supply. 3-nutrients set
werefeedinthe experiment. The nutrient setswere
procured from Ponic Greens Agro Pvt Ltd., Plot
No 511, Golf Course Road, sector 43, Gurugram
122002, India. The nutrient sets (liquid form) are
Nute Grow, Nute Micro & Nute Bloom. The
nutrients composition of the sets are described in
thetable.



Nute Grow (G) : NPK: 1-0-4

Nute Micro (M): NPK: 2-0-0
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Nute Bloom (B): NPK: 1-3-4

Total Nitrogen (N) 1% ((NH4) 1%).
Water-sol uble Potassium-Oxide
(K20) 4%. Derived from:
magnesium nitrate, potassium nitrate.
Boron (B) 0.02%.

Iron (Fe) 0.05% (chelated Iron (Fe) 0.05%).
Manganese (Mn) 0.02% (chelated
Manganese (Mn) 0.02%).

Derived from: calcium nitrate, magnesium
nitrate, iron EDTA, iron DTPA, EDDHA

Total Nitrogen (N) 2% ((NH4) 2%).
Water-soluble Calcium (Ca) 2.4%.
Weater-soluble Magnesium (Mg) 0.1%.

Total Nitrogen (N) 1% ((NH4)
0.05%, (NO3) 0.4% & (NO2) 0.55%)
Available Phosphate (P205) 3%

Water-soluble Potassium-Oxide
(K20) 4%

Sulfur (S) 0.2%.

Derived from: mono calcium
phosphate, monoammonium
phosphate, potassium nitrate,
potassium sulfate, and urea

iron, manganese EDTA, and boric acid.

Treatment Details
Factor 1: Water flow schedule
[Morning (M) +Evening (E)]

|. Total 4 hrs. of water flow i.e. 2 hrs. of morning and 2 hrs. of evening
Il. Total 6 hrs. of water flow i.e. 3 hrs. of morning and 3 hrs. of evening
I11.  Total 12 hrs. of water flow i.e. 6 hrs. of morning and 6 hrs. of evening

Factor 2 : Plant growth stages

(different stagesof plant have been counted from the date of planting (14" November) in the system

I. S, : Seedling stage (1-6 weeks)

1

Il. S :Vegetative growth stage (6-10 weeks)

2

I1l. S,: Transition stage (10-12 weeks)

3

IV. S,: Bloom and ripening stage (12-16 weeks)

A

The experiment was laid in the Complete Randomized Block Design (CRBD) with nine treatments and
three replications in each treatment. Number of plants taken in each replication were nine. So, total
number of plantsin the experiment was (9x3x9)=plants are 243. The treatment combination has been

presented in Table 1.

Application of nutrientstothestrawberry plants

For preparing the nutrient solution initially two
nutrient stock solutions A and B of capacity 100
liters were prepared and then diluted to 200 litres
capacity tank which were connected to thedripline.
The concentration (ppm) of nutrients in solution
supplied through drip line as per treatments at
different stages of Plant growth. Ineachreplicated
treatment a 15-litre capacity water can was used
(Fig.3) and 15 litrewater isfed to the plants daily
in recycling system (Fig 3). The water is changed
fromthe hydroponic system every 15-daysinterval.
Under no circumstances should plants be allowed
to suffer from water stress. Once in aweek, plain
water was applied to flush out the excess saltswhich
remained in the root zone to prevent the increase
in electrical conductivity (EC) in the root zone.

[IMFM& AP, Vol. 10 No. 1, 2024

Observation taken

Plant height, plant spread and root length were
taken 120 daysafter planting from each plant. Using
ameasuring scale, average height of each plant was
measured from the crown to the tips of the leaves
(cm). The plant spread (cm) was determined by
using a measuring scale to observe the canopy of
the plant in both the East-West and North-South
directions. The average root length (cm) in
centimetres was calculated from the root lengths
of 10 randomly chosen plantlets grown in each
replication. The number of flowers was cal culated
from each representative plant at monthly intervals
after first flowering till end of the season and their
averagewastaken. Theweight of fruit wasrecorded
with the hel p of weighing balance and fruit weight
calculated and expressed in grams (g) as per the
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§ 2 NIXIIBIG~ |G formulagiven below- Averagefruit weight = Total
> §|°9PYsega3F|T * weight of Fruits (g) / Numbers of Fruits.
8 The datawere analysed by astatistical method
§ g 0| BRERAGRS8 688 3 known asthe Complete Randomized Block Design
=2 8|6 939ERREBY(Ugo o (CRBD) “analysisof variance method” to look into
5 the connections between the variables (Panse and
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2 ¥ SYSIYSYSISSY o © s2 and dnl variances may betraced back to aunique
Z|5 ay q
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S|2| T SESSSESIRE S S | bt height (om)
Elo
8 5 2 oRBINNE8ES |8 | The data regarding the plant height (cm) of
£z N 9ILTBERT (L strawberry cv. Winter Dawn wasfound significantly
o . affected by different treatments and timing of
B |g]L|oJyRBBRBIN 658 § running water in hours as indicated by Table 2. It
5| |86 IIIFEINFIF (Og3 o
E « < was found that Treatment T, (96,104,102 ml of G,
2 —_ M, B respectively) when applied with 12 hours of
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B é oggﬁgggggg \5/ § ) running water, it recorded the maximum plant
8 ONNSSN ° height [19.22 (2021-22), 20.82 (2022-23) and 19.69
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on strawberry. However, hydroponically grown
plants had more height than the pot culture grown
plants. This may be due to continued supply of
nutrientsto the roots than in the pot culture media.
It was al so observed by Kulkarni et al. (2017) that
plants grown in hydroponically settings (Spinach-
28.33cm and Coriander-47.21cm) had somewhat
better height when compared to soil grown plants.

Plant spread (cm)

The data regarding the plant spread (cm) of
strawberry cv. Winter Dawnwasfound significantly
affected by different treatments and timing of
running water in hours as indicated by Table 2. It
was found that Treatment T, (96,104,102 ml of G,
M, B respectively) when applied with 12 hours of
running water, it recorded the maximum plant
spread [25.63 (2021-22), 27.05 (2022-23) and 26.34
(Pooled)] cm over al other treatments during both
the years of study as well as pooled anaysis. It
was followed by Treatment T, (132,136,135 ml of
G, M, B respectively) with 12 hours of running
water, which recorded the 2 best plant spread [25.6
(2021-22), 26.06 (2022-23) and 25.83 (Pooled)]
cm. It was also observed that treatment T,
(132,136,135 ml) was found at par with treatment
T, (96,104,102 ml) when applied with 12 hours of
running water. The minimum spread of plant during
2021-22 i.e., 21.25 cm was recorded in treatment
T, (50,60,57 ml) with 4 hours of running water
where-as during 2022-23 the minimum spread of
22.46 cm was found under treatment T, (35,48,46
ml) with 4 hours of running water. According to
pooled analysed data the minimum spread of the
plant 21.86 cm was found under treatment T,
(50,60,57 ml) with 4 hours of running water. The
plant spread was higher because in hydroponic
system, all the nutrientswere sufficiently available
for plantsdueto the controlled pH conditionin the
hydroponic system (Sharma et al., 2018). The
optimum availability of both macronutrients and
micronutrientsthrough Nute grow, Nute Micro and
Nute bloom led to the vigorous increase in plant
spread. Another reason may be that there is very
lessmechanical hindrancethan any other mediums
of growth in hydroponics; as aresult, plant grows
vigorously. Similar resultswere reported by Chow
et al. (2002) while working on strawberry
hydroponic system.
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Root Length (cm)

120 days after planting, the root length (cm) of
strawberry cv. Winter Dawn wasfound significantly
affected by different treatments and timing of
running water in hours as indicated by Table 3. It
was found that Treatment T6 (96,104,102 ml of G,
M, B respectively) with 12 hours of running water
recorded the maximum root length [28.13 (2021-
22), & 29.57 (2022-23)] cm over all other
treatments during both the years of study but pooled
analysis data showed T8 (120,128,126 ml of G
M, B respectively) with 12 hours of running water
was found the best with 28.36 cm root length. The
minimum root length (cm) i.e., 23.75 cmwasfound
under treatment T, (35,48,46) with 4 hours of
running water during 2021-22 where-as during
2022-23, 24.98 cm of root length was found
minimum under treatment T, (27,39,36) with 4
hours of running water. However, according to
pooled data, 24.37 cm root length was found
minimum under treatment T, (35, 48, 46) with 4
hoursof running water. The highest root length may
be due to optimum availability of phosphorous
which help in root growth and development. Due
toitslimited mobility, fixation by the soil, and low
diffusion coefficient, phosphorusiscommonly used
asafertilizer. Similar resultswere al so reported by
Nohetal. (2017) and Tohidloo et al. (2018). It was
aso found that hydroponicaly grown plants had
more root length than the pot culture grown plants.
This may be because of optimum nutrient
availability in hydroponics due running water
containing nutrients while in pot culture mediain
which the nutrientswerelost dueto fixation. Similar
results were observed by Girdthai et al. (2010)
while working on peanut and Horibe (2017) while
working on edible opuntia.

Number of flowersper plant

It was observed that Number of flowers per
plant increased throughout the period of
observation till the harvest stage during both the
years (2021-22 and 2022-23) of study. The data
regarding It was observed that the Number of
flowers per plant of strawberry cv. Winter Dawn
were significantly influenced by different
treatments and timing of running water in hours as
indicated by Table 3. It was found that Treatment
T, (96,104,102 ml of G M, B respectively ) with
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12 hours of running water recorded the maximum
number of flowers per plant[45.6 (2021-22),46.96
(2022-23)& 45.31 (Pooled)] over all other
treatments during both the years of study as well
as pooled data. It was followed by Treatment T,
(108,116,114 ml of G, M, B respectively) with 12
hours of running water which recorded the 2"best
treatment with [43.65 (2021-22), 45.25 (2022-23
ml)& 42.61 (Pooled)]number of flowers per plant
during both the years of study and pooled data. The
minimum Number of flowers per plant [27.22
(2021-22), 28.15(2022-23) & 27.69 (Pooled)] was
recorded intreatment T, (35, 48, 46 ml) with 4 hours
of running water during both the years of study
and pooled analysis data. The number of flowers
increased due to availability of optimum plant
nutrients through the hydroponic system. The
availability of all the nutrients led to biosynthesis
of growth regulators like Auxin and cytokinin
(Habert-Howard et al., 2021). Auxin might have
been involved inthefloral bud initiation of plants,
while cytokinin may have beeninvolved in nutrient
mobilization to the reproductive structures (Renau-
Morataet al., 2021). Similar reportswere reported
by Caruso et al. (2011) and Rana and Prasad
(2022).The hydroponically grown strawberry had
agreater number of flowersper plant than the plants
grown by pot culture. Thismay be dueto optimum
nutrient availability in hydroponicswhererunning
water containing nutrients while in pot culture
media in which the nutrients were lost due to
volatilization by the action of microbes. Similar
results were observed by Rana and Prasad (2022)
while working on strawberry.

Number of fruitsper plant

Thedataregarding the number of fruits per plant
of strawberry cv. Winter Dawn were significantly
influenced by different treatments and timing of
running water in hours as indicated by Table 4. It
was found that Treatment T (96,104,102 ml of G,
M, B respectively) & T, (46, 56, 54 ml of G M, B
respectively) with 12 hours of running water
recorded the maximum number of fruits per plant
[18.41 (2021-22), 19.54 (2022-23) & 18.35
(Pooled)] over al other treatments during both the
years of study as well as pooled data. It was
followed by Treatment T, (108,116,114 ml) with
12 hours of running water which recorded the 2™
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best treatment with [17.15 (2021-22) &18.31
(2022-23)] number of fruits per plant during both
theyearsof study whereasaccordingto pooled data,
treatment T, (120,128,126 ml) with 12 hours of
running water wasfound 2™ best with 17.97number
of fruits per plant. The minimum number of fruits
per plant[10.95 (2021-22) & 11.35 (2022-23)] was
recordedintreatment T, (27, 39, 36 ml) with 4 hours
of running water during both the years of study as
well as pooled analysis data.

The Treatment T, containing Nutegrow, Nute
Micro and Nutebloom @ 96ml, 104ml and 102 ml
respectively in 151 of water with 12 hours of
running water recorded maximum number of fruits
per plant. Thisisbecause nutrientsare continuously
available with the ideal pH, more starch,
carbohydrates, and photosynthesis accumulates,
leading to more blooms per plant and agreater rate
of fruit set, which results in more fruits per plant.
Similar results were reported by Shawer (2014)
while working on cucumber and Halbert-Howard
et al. (2021) whileworking ontomato. The number
of fruits per plant was higher in hydroponically
grown plants due to the fact that in hydroponics
culturethe plant rootswere provided with nutrients
directly which lead to profuse growth of above
ground plant parts. The higher vegetative growth
led to higher photosynthesis in plants leading to
availability of nutrients to the reproductive sinks
leading to increase in number of fruits per plant.
Similar reports were also observed by Chow et al.
(2002) and Rana and Prasad (2022).

Aver age fruit weight (g)

It was observed that the average fruit weight
(g) of strawberry cv. Winter Dawn were
significantly influenced by different treatmentsand
timing of running water in hours as indicated by
Table4. It wasfound that Treatment T (96,104,102
ml of G M, B respectively) with 12 hoursof running
water recorded the maximum average fruit weight
(9) [50.66 (2021-22) & 51.32 (2022-23)] gover dll
other treatments during both the years of study
whereas according to pooled data, treatment T,
(120,128,126 ml of G, M, B respectively) with 12
hours of running water recorded significantly best
treatment with 50.67 g averagefruit weight. It was
also found that treatment T, (120,128,126 ml) was
found at par with T, (96,104,102 ml) with 12 hours



of running water during both the years of study
whereas according to pooled data, T, (96,104,102),
T, (108,116,114 ml) & T, (132,136,135 ml) were
found at par with T, (120,128,126 ml) with 12 hours
of running water. The minimum average fruit
weight [39.92 (2021-22), 40.82 (2022-23) & 40.37
(Pooled)] wasrecorded in treatment T, (27, 39, 36
ml) with 4 hours of running water during both the
years of study aswell as pooled analysis data. The
Treatment T, containing Nute grow, Nute Micro
and Nute bloom @ 96ml, 104ml and 102 ml
respectively in 151 ml of water with 12 hours of
running water recorded maximum average fruit
weight. With the optimal availability of nutrients
to the plant’srootsand the perfect pH, morestarch,
carbohydrates, and photosynthesis accumulate,
resulting in higher fruit weight. The optimal
availability of K in plants causes an increase in
carbon content, which in turn influences dry matter
and fruit yield (Lim et al., 2015).
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