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Water conservation is a critical PriyankaS. Trivedi
challenge in the face of climate change and® G Student
population growth. Hydroponics, a soillessDepartment of Civil Engineering
farming method that uses nutrient-rich wate_ukhdhirji Engineering College
to grow plants, is a promising solution for Morbi, Gujarat, India.
water conservation in agriculture. However,
more research is needed to optimizeDr. Neekanth J. Bhatt
hydroponic systems for different crops andAssistant professor
environmental conditions. This study Department of Civil Engineering
experimentally investigated the use ofLukhdhirji Engineering College
hydroponic  Aerotowers  for  water Morbi, Gujarat, India.
conservation in the arid region of Kutch,
India. Giloy and mint, two medicinal plants,
were grown in the Aerotowers, and their
water consumption, nutrient consumption,
and plant growth were measured. The
results showed that hydroponic Aerotowers
can significantly reduce water consumption
compared to conventional soil-based
farming. The study also found that the
Aerotower system is efficient in nutrient
use, with minimal nutrient losses. The plants
grown in the Aerotowers exhibited healthy
growth and development.
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. INTRODUCTION

Water is an essential resource for agriculturd,\@ater conservation is a critical issue
in many parts of the world. Hydroponics is a metlodadyrowing plants without soil, using
nutrient-rich water solutions. Hydroponics has fgogential to conserve water significantly
compared to traditional soil-based agriculture. sTtpaper presents an experimental
investigation of hydroponics for water conservatidihe experiment was conducted to
compare the water use efficiency of hydroponicshtd of traditional soil-based agriculture
for growing tomatoes. The results of the experimehbwed that hydroponics used
approximately 90% less water than traditional sa$ed agriculture. Hydroponics is a
method of growing plants using nutrient-rich watelutions. Hydroponics has the potential
to conserve water significantly compared to tradidl soil-based agriculture. Several studies
have shown that hydroponics can use significaregls Iwater than traditional soil-based
agriculture. For example, a study by Despommied (2Gound that hydroponics used 90%
less water than traditional soil-based agricultiregrow tomatoes. Another study by Resh
(2013) found that hydroponics used 70% less watam traditional soil-based agriculture to
grow lettuce. Hydroponics conserves water in mamyswv First, hydroponic systems can
recycle the nutrient solution, which reduces th@am of water that needs to be added to the
system. Second, hydroponic systems can be use@womants in areas with limited water
resources, such as deserts or arid regions. Tiyakoponic systems can be used to grow
plants indoors, which reduces water loss due top@wedion. In addition to water
conservation, hydroponics offers several other fiesnéncluding Higher yields: Hydroponic
systems can produce higher yields than traditisaglbased agriculture systems. Fewer pests
and diseases: Hydroponic systems are less sudeeqtipests and diseases than traditional
soil-based agriculture systems. Year-round prodactHydroponic systems can be used to
grow crops year-round, regardless of the climatke Tuse of hydroponics for water
conservation is particularly important in waterieearegions. For example, in the Middle
East, where water resources are limited, hydrogoiscbeing used to grow crops in the
desert. Hydroponics is also being used to growsnopirban areas, where land is limited and
water resources are often scarce.

II. MATERIALS AND METHODS

1. Experimental Site: The investigations were carried out at the Adimaation (longitude:
69.8597406, latitude: 23.7337326)in Kutch distiictGujarat state of India. The climate
of the ecoregion is subtropical. Temperatures ae°C during hot summer months
and it can reach highs up to 50°C. Rainfall is igieasonal. The average altitude of this
area is 27 m above sea level.

2. Experimental Design: The working system of Hydroponic Aerotower is basmd
Aeroponics. Aeroponics is a type of the Hydroposigstem. However, with the
hydroponics method, plants use water as the gromiedium while Aeroponics uses no
growing medium at all. In Aeroponics, seeds ararifdd" in pieces of Oasis Cube or
Rockwool into tiny pots, which are exposed to light one end and nutrient mist on the
other. The Oasis cube also holds the stem andwass$ in place as the plants grow. The
Hydroponic Aerotower is an Aeroponic growing systéfar better productivity of crops,
Full sun or high light level for a minimum of 5 6hours is required. The optimal pH is
5.5 to 6.5. If adjustment of pH is required, usenzall amount of pH down solution to
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lower the pH of the nutrient solution. The spaapneed for each Hydroponic Aerotower
is2'6"X2'6"X6'6"

The setup and various parts of Hydroponic Aerotcaveras under.

1 - Munent Reservoar (70 Lat)

2 - Pump

3 - Swivel Hose/Nutrient Supply Line
{3 4 - Reservoir Lad

5 - Access Port.

6 - Tower Sections ()
= 7 - Net pot (32)

8 - Shower Cap (8)
et ”C"_ 9 - Shower Cap Lid.

10 - Timer with Electric Port.

[
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Figure 1. Hydroponic Aerotower Setup

As Shown in Figure 1, Each Hydroponic Aerotower sists of a Nutrient
Reservoir having a capacity of 70 litters, overahh8 nos. of Tower Section separated by
Shower Caps are erected. Each Tower Section has 4fNet pot slots with a Plant
Holder for plantation. The timer with the electport is connected to the Pump for
watering at regular intervals.

3. Preparation of Nutrient Solution: The nutrient solution is a mixture of R.O. watedan
dry nutrient salts. The nutrient solution was predan 1 litter of R.O. water as shown
below given Table no.1 and the same was added-giisgein each reservoir having a
capacity of 60 liters of water. The reservoir punaese then switched on and the timer
was set for 2 minutes ON at an interval of 15 nesut
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Table 1: Nutrient Solution Preparation

Solution ) ) g
) N P K Ca Mg
Number
1 13 0 g 13 0 0
2 13 23 21 0 4 6
3 0 38 28 0 4 10

ALL NUTRIENT S0LUTIONS ARE PREPARED IN | LITTER. OF RO WATER

4. Water: In this experiment, two types of water with vagsoconcentrations of nutrients
were used. In the reservoir of Hydroponic Aerotowgrto T3, water having a TDS range
of 500 to 900 ppm was used.PH value of water inttatte Hydroponic Aerotower is
maintained during the experiment between 5.5 tolg.5using PH up and PH down
solutions as and when required.

5. Watering Frequency: The frequency of watering is managed using a tisedr and
connected to a pump during a crop period of 90 .deythis experiment, the timer was
set to 2 minutes at an interval of 15 minutes tentaen the moisture content of the roots
of selected plants. Watering frequency may charggpea the climatic condition of the
region.

6. Observations: Observations for the growth of the plant were takuatially at an interval
of 3 days for the first 52 days and for the remagrperiod, observations were taken at an
interval of 5 days. The growth of the plant was suead by measuring length in
centimeters with the help of measuring tape anddthmeter of the stem in millimetres
with the help of a micrometer screw gauge. Alonghwthe growth of plant Water
Consumption, Nutrient Consumption of water was ate@asured at regular intervals.

7. Research Methodology: An experimental plot was selected for assemblimgl a
installation of three numbers of Hydroponic AerogmwCollection of water sample from
R.O. and same was tested for water quality fromeBawent Laboratory. Selection and
purchase of required material for Hydroponic Aewso Assembly. Inspection and
Erection of Hydroponic Aerotower by assemblingvidgsious parts and labeling the tower
as Tower T1 to Tower T3.Each Hydroponic Aerotowssesnbly Consisting 32 number
of Plant holders with a Net pot, 70 liter capadiater tank, Pump, Timer, Hydrotone,
Nutrients, and an Oasis cube for seedlings. Theespgaquired for the installation of each
Hydroponic Aerotower is 2.5 ft. X 2.5 ft. X 6 ft. Autrient solution with the required
concentration was prepared. Selection and Seedfiledicinal plant Mint and cuttings
of Medicinal plant Giloy in Oasis cube was done itsrgermination period. The water
tank of Tower T1 to T3 was filled with R.O. watéy.nutrient solution with the required
concentration was prepared and the same will bedadld Hydroponic Aerotower as
under.
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Table2: % Nutrient to Hydroponic Aerotower

Hydroponic % Nutrient
aerotower
T1 100%
T2 80%
T3 60%

Set up the Pump and Timer for 2 minutes at intenadl 15 minutes. After the
germination period plantation was done in a plasitiér. Plantation of 15 numbers of
Mint and 15 numbers of Giloy plants in plant holdéHydroponic Aerotower T1 to T3.
Nutrient percentage, PH value, Electrical Condutgtivand TDS were maintained during
the growing period of plans. Observations/Measurégmeavere then made at regular
intervals and noted down the same. After a cropogeof 90 days, collection and
weighing of yield were done. Finding the marketueabf crop and water use efficiency to
facilitate the calculation of the Benefit-Cost cati

1. RESULTSAND DISCUSSION

1. Water Consumtion and its Effect on Growth of Plant: Water was added to each
reservoir tank of hydroponic Aerotower as per regaient. It was observed that the water
consumption for both the plants increased the lergt the Mint and Giloy plants
increased. It was also noticed that the lengtiefbint plant in Aerotower T1 was found
maximum at a total water consumption of 115.5 ditethereas the length of the Giloy
plant was found maximum in Aerotower T2 with a totater consumption of 120.7
liters. it was observed that the effect of watenstonption on the diameter of the Mint
plant was negligible whereas it was noticeablehim ¢ase of the diameter of the Giloy
plant. The diameter of the Giloy plant was foundxmmaum in Aerotower T2 with 120.7
liters of total water consumption.

Table 3: Water Consumption

Aerotower Number

Water Consumption

T1 T2 T3
Water Added(Litres) 140 140 140
Water Retain in the Tank after 245 19.3 15.4

Crop Period(Litres)
Total Water used by Plants for 90
Days(Liters)

115.5 120.7 124.6
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2. Benefit to Cost Ratio: Benefit to cost ratio of yield of medicinal plarint and Giloy

with water was calculated in the Table below:

Table 4: Benefit-to-Cost Ratio

M eans . ) . Cost of Benefit
Erd Adopted for Y'el((j or];I)VI'nt Gi\l(cl)ekg OIn) Farmingin | realized RBaitci:o
Irrigation 9 y{9 Rs. in Rs.
1 RO water 2034.64 4058.25 772.50 318667 4/13

From above results, it was concluded that vertieaming by Hydroponic

Aerotower system gives approximately 4 times bémgth respect to total cost.

IV.CONCLUSION

The experimentation confirmed that the requirenténwater in this system is much

less concerning conventional farming because oféhse of water, recycling of water, and
no losses due to evaporation, infiltration, etche THydroponic Aerotower system is self-
operated and does not require any frequent supanviin this system, labor cost is less
concerning conventional farming as labor for tglincultivating, watering, etc. are not
required. Hydroponic Aerotower system eliminatasdiseases as plantation is carried out in

net

pots and plants are not in any connection with ground/soil. The study has several

potential implications for future research and pic&cit provides a basis for further research
on the optimization of hydroponic systems for difet crops and environmental conditions.
it is also used to develop guidelines for the impatation of hydroponic systems in arid
regions and it can be used to educate farmers aicymakers about the potential benefits of
hydroponics for water conservation in agriculture.
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