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ABSTRACT: This study's primary goal is to compare the hydroponic system and the conventional
soil approach for growing lettuce. The following is a summary of the results obtained: Six weeks after
transplanting, the average plant height rose from 17.5 to 40.25 cm in the hydroponic system and from
16 to 35.85 cm in the conventional technique. The average root length increased from 8.25 to 25 cm in
hydroponic system and increased from 5 to 10.85 c¢cm in traditional method after 6 weeks from
transplanting. The hydroponic system produced the highest fresh mass values of shoots (358 g plant™),
while the traditional approach produced the lowest fresh mass values (315 g plant™). The hydroponic
system produced the maximum fresh mass of roots (58 g plant™), while the traditional approach
produced the lowest fresh mass of roots (52 g plant™). Compared to the hydroponic system, the
traditional method's water consumption values were higher. The findings demonstrated that the
hydroponic system used less water than the conventional approach. The hydroponic system's average
water use efficiency was 185.83 kg m, whereas the traditional method's average water use efficiency
was 4.3 kg m>. In the end, the hydroponic method yielded the fastest growth rates compared to the
traditional method.
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Furthermore, hydroponics offers more
control over nutrient levels, which leads to
healthier crops, the avoidance of fertilizers that
frequently  contribute to  pollution, the
elimination of the need for pesticides to manage
pests, and eventually, much higher and more
consistent crop Yields (Johanson, 2009).
Development of advanced techniques to ensure
high yields of high-quality agricultural products
while providing farmers with motivation

INTRODUCTION

The term "soilless cultivation” refers to any
system that manages plants in soilless settings
where a nutrient solution provides water and
minerals, either with or without a growing
medium such as rockwool, peat, perlite, pumice,
coconut fiber, etc. The hydroponic system is a
technique for growing plants without soil by
utilizing a mineral nutrition solution in water. In
conventional farming practices, soil serves as a

medium for the dissolution of nutrients in water,
which the plant roots can subsequently absorb. It
uses water far more efficiently than ground
agriculture since water does not seep through the
soil and eventually replenish groundwater
supplies; instead, it remains in the system and
may be reused.
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through maximum economic return is becoming
more and more urgent due to the decline of soil
quality in greenhouses under traditional soil
cultivation, the growing demand for premium
vegetables, and the scarcity of farmland and
water resources (Lichun Wang et al., 2023). As
the world's population grows, there is a growing



560 Mohamed, et al.

demand for food production. In the meantime,
the world's expanding food demand cannot be
met by traditional soil-based farming methods.
Therefore, creating new farming and planting
methods is necessary to prevent future food
crises.

The purpose of this study was to investigate
the hydroponic system, an effective method for
an alternate planting system. The hydroponic
system and conventional soil method were
compared using the experimental design
approach.

MATERIALS AND METHODS

The experiments were constructed and
carried out with two growing conditions open
field condition (traditional cultivation method)
and circulated vertical NFT (Nutrient Film
Technigue) hydroponic system were adapted for
this study and the experiments were conducted
during two successive winter seasons of
2021/2022 and 2022/2023 at the greenhouse at
the roof of Agricultural  Engineering
Department, Faculty of Agriculture, Zagazig
University, Zagazig and traditional cultivation
method located at Awlad Sager city, Shargia
Governorate, Egypt.

Treatment

Two separate experiments were carried out
the first for hydroponic system NFT (Nutrient
Film Technique) system and the second for
traditional cultivation method.

Lettuce Plants

Seedlings of lettuce (Lactuca sativa L.) were
planted in plastic cups that were filled with
rocks and measured 7 cm in diameter and
height. Every day, water containing Cooper's
(1979) nutritional solution was used to irrigate
the cups.

In both the 2022 and 2023 seasons, the
seedlings were sowed on November 1st and
lasted for six weeks. On the same day, the
transplants were put in net cups and put into the
open field and NFT hydroponic system. Every

agricultural procedure needed to produce lettuce
in a greenhouse and an open field was followed.

System Description

The NFT system was constructed from three-
meter-long, four-inch-diameter plastic PVC
tubes, and the vertical NFT unit had three levels
with dimensions of 300 x 90 x 280 cm (L x W X
H) with a 500-liter capacity.

One seedling was transplanted into each of
the 72 net cup spaces in a single vertical NFT
system. Cooper (1979) was the method utilized
to prepare the Hoagland nutrient solution, which
was used in this study to cultivate
hydroponically grown lettuce. A hidden pump in
the reservoir circulates water. The nutritional
solution in a circulating system is pumped from
the reservoir, moved from the upper layer to the
lower layer, and any extra solution is gathered,
refilled, and utilized again.

Instead of being replenished, the nutrient
solution in the NFT system was recycled and
modified in accordance with pH and EC
readings. Daily pH and electrical conductivity
(EC) measurements and adjustments were made
to the nutrient solutions.

For the sake of comparison with the NFT
circulating hydroponic system, lettuce was also
grown conventionally in the soil in an open field
setting with a spacing of 6 x 12 meters.

Measurements

Growth parameter viz. plant height, root
length was measured every week. The fresh
mass of shoot and root, water consumption and
water use efficiency were measured at the end of
the experiment.

Water use efficiency

Water use efficiency (WUE) was determined
by the following formula (Djidonou et al.,
2013):

CY
~CwWuU
Where:- CY is the crop yield, kg plant™ and
CWU is the crop water uptake, m® plant™
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RESULTS AND DISCUSSION

Comparison Between Hydroponic System
and Traditional Method

Plant height

The average plant height of lettuce plants
cultivated using a hydroponic system and the
conventional approach at the conclusion of the
6-week period is displayed in Fig. 1. According
to the findings, plants grown in hydroponic
systems grew taller than those grown using
conventional methods. The hydroponic system
showed a rise in plant height from 17.7 to 48
cm, while the traditional approach showed an
increase from 16 to 41.2 cm after 6 weeks after
transplanting during the first season. It was
evident that the plant height rose from 16.5 to
32.5 cm in the hydroponic system and from 13.8
to 30.5 cm in the traditional system at the
second season, respectively, after 6 weeks after
transplanting. The plant height of traditionally
grown lettuce was much less as compared to
hydroponically grown lettuce.

The findings showed that the hydroponic
system produced higher average plant height
values than the conventional approach. In the
hydroponic system, the average plant height rose
from 17.5 to 40.25 cm, while in the traditional
approach, it rose from 16 to 35.85 cm after 6
weeks after transplanting. It can be the result of
inadequate use of fertilizers and water.
According to Maher et al. (2008), the findings
are likely related to moisture conservation and
microclimate enhancement below and above the
soilless surface. Previous research indicates that
the main determinants of plant development and
biomass production in hydroponic culture are
nutrients (Sublett et al., 2018). These results
agreed with those obtained by Raneem et al.
(2018) found that the hydroponic produced
fastest growth rates of traditional produced.

Root length

The average root length of lettuce plants
cultivated hydroponically and conventionally is
displayed in Fig. 2. The findings showed that
compared to the traditional approach, the root
length increased in the hydroponic system. In
the hydroponic system, the root length increased
from 10 to 34 cm, while in the traditional

approach, it increased from 4.4 to 11.2 cm after
6 weeks after transplanting during the first
season. It could be seen that in the hydroponic
system, the root length grew from 6.5 to 16 cm,
whereas in the traditional approach, it increased
from 5 to 10.5 cm after 6 weeks after
transplanting during the second season. It can be
the result of inadequate use of fertilizers and
water. The findings showed that the hydroponic
system's average root length values were higher
than those of the conventional approach. In the
hydroponic system, the average root length
increased from 8.25 to 25 cm, while in the
traditional approach, it increased from 5 to 18.85
cm after 6 weeks of transplanting. According to
Mabher et al. (2008), the findings are likely
related to  moisture  conservation and
microclimate enhancement below and above the
soilless surface. These results agreed with those
obtained by Raneem et al. (2018) found that the
hydroponic produced fastest growth rates of
traditional method produced.

Fresh mass of shoot and root:

At the conclusion of the 6-week growing
period, Figure 3 displayed the fresh mass of
shoot production of lettuce plants cultivated
using both the hydroponic and conventional
methods. The findings showed that compared to
the traditional approach, the fresh mass of
shoots in the hydroponic system rose. It was
evident that the hydroponic system produced an
average fresh mass of 358 g plant™, whereas the
traditional approach produced an average fresh
mass of 315 g plant™. The optimal amount of
plant nutrients was supplied, which could aid in
raising the concentration of nutrients in the plant
body is displayed in figure (3). Frezza et al.
(2005) these results agreed with those obtained
by Maher et al. (2008) and Raneem et al
(2018) who have found that the plants grown
hydroponic system were as high as those in
traditional method.

The findings showed that compared to the
traditional approach, the fresh mass of roots in
the hydroponic system increased. It was evident
that the hydroponic system produced an average
fresh mass of roots of 58 g plant™, whereas the
traditional approach produced an average fresh
mass of roots of 52 g plant™. NFT-grown lettuce
had a mean plant fresh weight of 356 grams,
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which was 21% more than lettuce cultivated the
old-fashioned way. The shoot and root weights
of lettuce grown using the NFT method showed
similar trends, with mean values 358 grams and
58 grams higher than those obtained using the
traditional method, respectively. Thus, increased
lettuce root weight was observed in the NFT
system. Based on these results, NFT system
performs better as compared to traditional
method in producing hydroponic lettuce with
higher biomass. These results agreed with those
obtained by Mabher et al. (2008) and Raneem
et al (2018) whose found that the fresh mass of
root were increased in hydroponic system over
those of traditional method.

Water consumption:

At the end of the 6-week growing period, the
water consumption of lettuce plants cultivated
hydroponically and conventionally is displayed
in figure (4). The findings showed that the old
approach used more water than the hydroponic
system did. The findings demonstrated that the
hydroponic system used less water than the
conventional approach. It was evident that the
water consumption for fed using the traditional
method was 460.83 m®, whereas the water
consumption for fed using the hydroponic
system was 72.97 m’. The hydroponic
technology uses 84.2% less water than the
conventional approach. Therefore, compared to
the conventional approach, the hydroponic
system used less water. According to Albright
and Langhans (2014), a closed-loop system
that circulates a nutrient solution through
shallow tubes is used in hydroponic NFT
cultivation. These findings concurred with those
of Raneem et al. (2018), who claimed that the
hydroponic system offers a number of benefits,
including water conservation, year-round
production, yield enhancement, and reduced
pesticide use.

Water use efficiency:

At the conclusion of the 6-week growing
period, Figure 4 showed the water consumption
efficiency for lettuce plants grown using the
hydroponic and conventional methods. The
findings showed that the hydroponic system'’s

water use efficiency was higher than that of the
conventional approach. It was observed that the
hydroponic system yielded an average water use
efficiency of 1855 kg m™, which was in
agreement with the findings of the traditional
approach, which yielded an average water use
efficiency of 4.32 kg m™ (Bozkurt et al., 2009).
When compared to conventional agriculture,
Majid et al. (2021) discovered that hydroponics
and other agricultural techniques can be utilized
to grow plants with excellent quality and
productivity, no reliance on soil, shorter crop
durations, less fertilizer, and water savings.

CONCLUSIONS

The purpose of the experiment was to
compare the hydroponic system with the
conventional technigue of growing lettuce. The
following is a summary of the results obtained:
- The average plant height rose from 17.5 to
40.25 cm in the hydroponic system and from 16
to 35.85 cm in the traditional method after 6
weeks of transplanting.

- The average root length rose from 8.25 to 25
cm in the hydroponic system and from 5 to
10.85 cm in the traditional method after 6
weeks of transplanting.

- The hydroponic system produced the highest
fresh mass values of shoots (358 g plant™),
while the traditional approach produced the
lowest fresh mass values (315 gplant™).

-The hydroponic system produced the maximum
fresh mass of roots (58 g plant™), while the
traditional approach produced the lowest fresh
mass of roots (52 g plant™).

- Compared to the hydroponic system, the old
method's water consumption values were
higher. The findings demonstrated that the
hydroponic system used less water than the
conventional approach.

- Compared to the conventional approach, the
hydroponic system's average water
consumption efficiency was greater.
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Fig. 1. The average height of lettuce plants at the end of the growing season, both hydroponically
and conventionally.
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Fig. 2. The average root length of lettuce plants at the end of the growing season, both
hydroponically and conventionally.
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Fig. 3. The fresh mass of shoot and root of lettuce plants at the end of the growing season, both
hydroponically and conventionally.
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Fig. 4. The water consumption and water use efficiency of lettuce plants at the end of the
growing season, both hydroponically and conventionally.
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