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ABSTRACT

This investigation was carried out at Soilless Culture Unit, Agric. Faculty., Mansoura Univ., Egypt, during
both consecutive winter seasons of 2020/2021 and 2021/2022, to investigate the influence of three substrate mixes;
peat moss : perlite, 1:1 (PP), peat moss : vermiculite, 1:1 (PV) and peat moss : perlite : vermiculite, 1:1:1 (PPV),

divers three nutrient solutions; Cooper (CO), Hoagland (HO) and Hewitt (HE) and their combinations on soilless
cultured head lettuce (cv. Big Bell) productivity and quality. The obtained results clearly demonstrated that all tested
attributes of lettuce as vegetative growth (plant height, foliage and leaf fresh weight/plant and leaf number and
area/plant), both photosynthetic pigment concentration (chlorophylla b and carotenoids) and (N, P and K %) of fresh
and dry outer leaves, respectively, heads yield (head fresh weight, edible head fresh weight, heads yield per A-
shaped unit and per fed.), edible head quality (vitamin C, TSS, acidity, diameter and compactness), and protein,
carbohydrate and nitrate (NOs) content of edible head leaves dry matter were significantly influenced by all studied
factors and their interactions. The best significant values for all mentioned parameters were achieved with PPV
mixture and CO nutrient solution as compared with PV and HE ones. Therefore, it could be recommended that
substrate cultures of head lettuce plants in A-shaped PV/C pipe units containing PPV mixture and feed with CO
nutrient solution through fertigation system operated by renewable, cheap and environmentally friendly solar

energy are the optimum choice for achieving satisfactory growth and plant performance.

Keywords: Head lettuce (cv. Big Bell) growth and productivity, soilless culture, substrates (growing media),
nutrient solutions, solar energy (PV panel).

INTRODUCTION

Head lettuce (Lactuca sativa var. capitata L.), which
belongs to the daisy family Asteraceae (Compositae) is a
cool-season crop and an annual self-pollinated plant. It is one
of the most popular and important leafy vegetables for fresh
consumption by many consumers around the world. Different
lettuce types contain various dietary contents significant for
human health such as fibers, minerals (Fe, Mn, Zn, Ca, K, P
and Mg), vitamins (A, B1, B6, C, E and K), and other health-
promoting bioactive compounds such as carotenoids (i.e., -
carotene and lutein), phenolic acids (Stojanovic et al., 2023)
and a-linolenic acid (an omega-3 polyunsaturated fatty acid)
(Murray et al.,, 2021). In Egypt, the total cultured area of
lettuce and chicory in 2021 was approximately 8790.5
feddan, which produced about 78850.83 ton with the average
of 8.97 ton/feddan (FAO, 2023).

Traditional culture system (TCS) suffers from many
problems that reduce its production capacity and thus increase
the global food gap with decreasing its economic feasibility,
especially in light of the massive and continuous population
increase. Among the problems that reduce the productivity of
TCS are: increased rates of secondary salinization and
desertification of lands, scarcity of irrigation water and arable
land, increased spread of plant diseases resulting from the
abundance of pathogens and weed seeds borne in soil that
required the excessive use of chemical fertilizers and
pesticides and thus increasing environmental pollution and
production of unclean products, inappropriate soil pH which
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makes many essential nutrients unavailable for plant roots and
poor soil drainage, ventilation and fertility. All the previous
problems and along with climate change make the lands weak
and uncultivable (Dutta et al, 2023).

Soilless culture system (SCS) means cultivation of
plants in nutrient solutions had suitable pH and EC either
without or using non-soil solid growing media, which provide
mechanical support to cultivated plants (Hamaiel et al., 2020
and Dutta et al, 2023). SCS can provide with several
advantages and sustainable and economic solutions to all
aforementioned problems facing TCS (Thakulla et al., 2021
and Praveen et al., 2022). It also contributes fundamentally to
both systems of horizontal and vertical agricultural expansions
by cultivating the roofs of buildings and areas that are
impossible to cultivate using TCS and via plant intensification
of high-productivity and quality plants per unit area,
respectively. In addition to, SCS is beneficial in rationalizing
the use of basic production requirements, especially irrigation
water, fertilizers, pesticides and labour by increasing the
efficiency of the units used for each of them, which leads to
decreasing the total production costs. It also participates to
providing fresh and healthy agricultural products, especially to
residents of remote places far from urban areas and markets.
Moreover, it is helpful in adapting to climate change and
reducing the severity of the damage resulting from it through
its contribution to increasing green vegetation cover.

Growing media or rooting media or substrates are
synonyms used to express the materials, other than ordinary
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soils, that are placed in plant growing containers. Many
organic growing substrates such as peat moss, fine bark,
sawdust, coconut fibers and coir dust, etc., and inorganic ones
such as vermiculite, perlite, pumice, expanded clay and
plastic particles, rockwool and glasswool, etc. are used in SCS
either alone or in mixes. Regardless, good growing substrate
mixtures should have good nutrient supply, drainage,
aeration, moisture retention and well-supported plants.

Providing plants with water and essential nutrients in
the form of a balanced nutrient solution with pH and EC
within the appropriate limits throughout the different plant
growth stages, especially in SCS, is considered one of the
basic factors limiting their success. The method of feeding
plants with the nutrient solution varies according to the SCS
used in terms of whether it is closed especially in hydroponic
systems or open in substrate ones (Dutta et al, 2023).
Currently, there are many universal nutrient solutions that can
be used successfully in SCS such as Cooper, Hoagland,
Hewitt, Steiner, Albert, etc. solutions.

Renewable energy sources (such as wind, hydraulic,
geothermal, tidal, biomass and solar) are considered an urgent
technological option for generating sustainable, clean, cheap
and safe energy, especially in light of global climate changes
resulting from the excessive use of non-renewable energy
sources such as fossil fuels. One of the most promising
renewable energy sources in these connections is solar
energy, which converted to electricity by photovoltaic (PV)
panels (Salem, 2016 and Ogbomo et al., 2017). Due to
Egypt's proximity to the equator, it enjoys a large number of
sunshine hours daily, especially during the summer season.
The threat of desertification, scarcity of water for drinking and
irrigation purposes, and the decline of expensive and polluting
non-renewable energy sources are the current and future
challenges to human life around the world. Consequently, the
significant of PV systems is highlighted as -efficient
alternative to systems that depend on conventional energy,
and the importance of water pumping systems that operated
by PV system is also highlighted as an appropriate solution to
water rarity, especially in remote and desert areas
(Shepovalova et al., 2020, Matheswaran et al., 2021 and
IBraheam and Aslan, 2023).

Therefore, the goals of this present study were to
investigate the effect of different substrate mixtures, various

(A)

nutrient solutions and their interactions on growth and
productivity of head lettuce cv. Big Bell grown in soilless
substrate culture of A-shaped PVC plastic pipe units, using
renewable, sustainable, cheap and safe solar energy as
alternative to diesel one to manage the fertigation system,
especially on the building roofs and in remote areas.

MATERIALS AND METHODS

The present investigation was conducted in Soilless
Culture Unit, Research Vegetable Farm, Vegetables and
Ornamentals Dept., Faculty of Agric., Mansoura Univ., Egypt
during two successive winter seasons of 2020/2021 and
2021/2022 to study the effect of different three mixtures of
locally prepared growing substrates i.e., peat moss:perlite
(11, viv), peat moss:vermiculite (1:1, v/v) and peat
moss:perlite:vermiculite (1:1:1, v/iviv), and three nutrient
solutions (Cooper, Hewitt and Hoagland) and their
combinations on the growth, yield and quality of head
(cabbage) lettuce (Lactuca sativa var. capitata L. cv. Big
Bell) cultivated soilless in pyramid-shaped units, using
renewable, cheap, health-safe and environmentally friendly
solar energy to operate the feeding system.

Preparing and cultivating growing units.

Good prepared growing media mixtures were applied
in equal amounts in A-shaped soilless culture unit PVC pipes
according to the experimental treatments. Then uniform
lettuce transplants (35 days old) were cultured on lest of
November in both growing seasons inside two-thirds of 4-inch
diameter plastic PVC pipes filled with a wet mixture of one of
the growing media mixtures in accordance with the previously
mentioned treatments. The head lettuce transplants were
planted inside the planting pipes in one row in hills 25 cm apart
from each other, at a rate of 12 transplants per each pipe and
108 transplants per A-shape soilless culture unit (Figure 1- B).
Each A-shape unit contains 9 white plastic PVVC pipes with a
diameter of 4 inches, a length of 3 meters and 4.7 mm thick,
the upper third of which is cut longitudinally (Figure 1- A). All
nine PV C pipes for each pyramid-shaped unit of the three units
used in this study were assigned to one of the growing
substrate mixtures described above. The actual area of each
soilless culture unit was 6 m2 (4 m length and 1.5 m width).

(B)

Figure 1. (A-B). A general view of pyramid-shaped soilless culture units used; (A) PVC plastic pipes for pyramid-
shaped soilless culture units before planting them, (B) PVC plastic pipes for A-shaped soilless culture units
after planting.

Every 3 cultured plastic PV/C pipes in different places
in each A-shaped unit were fed with one of the three

aforementioned nutrient solutions used in this study. Head
lettuce transplants which grown in the tubes of the soilless
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culture units were fed with the different nutrient solutions
included in this study through a half-horsepower water pump,
Calpeda model, attached to the components of the fertigation
system, which is operated with electricity generated by a
photovoltaic (PV) system. The total number of treatments in
this research study was 9, and each treatment was represented
by 3 plastic PVVC pipes containing 36 head lettuce plants.
Components of the fertigation system.

The fertigation (feeding) system used in this study
consists of a 210 L blue PC4R plastic tank connected to a 1/2
horsepower water pump (Figure 2- A) that draws the target
nutrient solution from the plastic tank and pumps it through a

)

Management of nutrient solutions.

Each nutrient solution used in this study was
represented by two plastic bottles (A&B), each with a
capacity of 20 L, concentrated 100 times one of the chemical
salts of the target nutrient solution. Plastic jar A was
designated for the calcium nitrate salt solution only, while
plastic jar B was allocated to the rest of the macro- and
micronutrient salts of the target nutrient solution. When
feeding plants, a nutritional solution is prepared diluted with
an amount of fresh Nile water, resulting from mixing a
specific amount of both concentrated solution A and B of the
target nutrient solution in the feeding tank, to the required
volume needed to feed the plants, taking into account
adjusting the pH and EC values of the final diluted nutrient
solution within optimum limits.

The pH of the nutrient solution that the plants are fed
with should always be adjusted to 6-6.5 and the concentration
of salts should be set to be about 600 parts per million (ppm)
in the first third of the plant's life, then about 750 ppm in the
middle third and then about 900 ppm in the last third. During
the first third of the plants' life (the first 21 days), each plant is
fed 7 times with approximately 250 cm® of a diluted nutrient
solution of 600 ppm. Whereas during the middle third of the
plants’ lives (the second period of 21 days), each plant is fed
7 times with approximately 350 cm?® of a diluted nutrient
solution with a concentration of 750 ppm. While during the
last third of the plants’ lives (the third 21-day period), each
plant is also fed 7 times with approximately 450 cm?® of a
diluted nutrient solution with a concentration of 900 ppm. At
the end of each feeding time, only about 50 cm? of fresh water
is pumped into each plant to wash the drip irrigation network
and ensure that the drippers are not clogged. Approximately
five days before harvest, the nutrient solution was replaced to
fresh water to decrease nitrate accumulation in the head
lettuce leaves. The concentrations of macro- and micro-

drip irrigation network with black, no-drip polyethylene hoses
of 16 mm diameter to the beginning of the pipes of the soilless
culture units, then to black, drip polyethylene hoses of 16 mm
diameter (4 L h? discharge) that are 25 ¢cm apart from each
other. The ends of black, no-drip polyethylene hoses with a
diameter of 16 mm are connected to the fronts of black, drip
polyethylene hoses with a diameter of 16 mm, which are
located in the PVC pipes of each soilless cultivation unit by
means of plastic valves of 16 mm diameter in order to control
the feeding of plants grown in the pipes of each unit with
different nutrient solutions (Figure 2- B).

(B)
Figure 2. (A-B): A general view of the fertigation system used; (A) the water pump is attached to the plastic feed tank, (B)
distribution of drip irrigation hoses branching off from the water pump into the pipes of soilless culture units.

nutrients of the three nutrient solutions used in this
investigation were shown in Table (1).

Table 1. The concentration of macro- and micro-nutrients
in the Hoagland, Hewitt and Cooper nutrient

solutions.
- Hoagland Hewitt Cooper

Nutrient Concentration at ppm

N 210 168 218
P 31 41 60
K 234 156 300
Ca 160 160 178
Mg 34 36 50
S 64 48 68
Fe 25 2.8 12
Mn 05 0.54 20
B 05 054 03
Zn 0.05 0.065 0.1
Cu 0.02 0.064 0.1
Mo 0.01 0.04 0.2

4. Components of the solar PV System.

The solar PV system is composed of a number of
major components such as; solar panels, inverter and other
electrical components e.g. solar batteries, wires and solar
charge controller (Figure 3- A). It is able to convert solar
radiation into electrical energy. The generated electrical
energy by the solar PV system can be delivered directly to
power the target load, or it can be stored in solar batteries for
later use.

PV panels:

The PV panels can be arranged in arrays to increase
electrical energy production. The arrays are installed on a
metal frame, the angle of inclination of which can be changed
manually. Two solar panels connected in parallel were used
to generate energy which needed to operate the water
pumping system. The model of PV panels used in this
investigation was SolarWorld {Sunmodule plus SW 250 poly
(250 watt)}. The photovoltaic panels used and their
characteristics are shown in the following figure (3- B).
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(A)

Jiy
SOLARWORLD
-

Sunmodule Plus SW 250 poly
P

(B)

Figure 3. (A-B): A general view of the PV panel system used; (A) the main components of a PV panel system (PV panel,
inverter, solar batteries, DC and AC wiring, safety switches, and circuit breakers that are installed between
the inverter, batteries, and load), (B) characteristics of the PV panels used.

Inverter:

Inverter (Figure 3-A), model must (1 KW, 12 V) has
power equal 570 watt and transforms the DC power generated
by the PV system to AC power needed to operate the water
pump motor. Also, it protects the solar PV system from the
damage owing to shortness. In addition to, it adjusts the output
frequency in real time in accordance with the predominant
irradiation rates. Moreover, it is useful in purifying and
stabilizing the voltage among the battery, PV system and the
load. Additionally, it works with MPPT (Maximum Power
Point Tracking) technology to maximize power production at
all irradiation rates. The other important electrical components
required to control and prevent the system from damage
(Figure 3-A) are, DC wires (4 mm?, and 6 m length), and safety
switches like, two fuses (20 amp. for each) and circuit breaker
(CB, 32 amp.) which is installed before the inverter and
another one (CB, 10 amp) is installed after the inverter to
connect and disconnect the load and to protect the inverter.
Solar battery:

Solar battery is one of the most important components
for storage of electrical energy. Two batteries, model ACDelco
(90 A, 12 V for each one) as shown in Figure (3-A) were
connected in PV system series to storage the electrical energy
to balance the system and for use at night or when it is needed.
Pump components:

A centrifugal water pump, Calpeda model, with AC
motor 0.5 HP (439 W, 2.3 m¥h, 1500 rpm), valves,
connections (1 inch, let and outlet diameter), as shown in
Figure (2-A).

Experimental design:

The experiment was designed in split-plot design with
3 replications. Where, the main plots were allotted to three
growing media mixtures, while the sub-plots were allocated
to three nutrient solutions.

The measurements:

After 65 days of planting date, 15 head lettuce plants
were randomly cropped from each treatment to determine the
following characters:

Vegetative growth traits:

Plant height, foliage fresh weight/plant (outer and
inner stem plus outer and inner leaves), leaves fresh
weight/plant, leaves number/plant and leaves area/plant were
estimated.

Outer leaves chemical composition:

Chlorophyll a (Chl.a), chlorophyll b (Chl.b) and
carotenoid contents of the fresh outer leaves and the
percentages of N, P and K of the dry matter of head lettuce
outer leaves were analyzed in accordance to AOAC (1990).
Heads yield components and its physical quality:

Head fresh weight/plant (outer and inner leaves +
inner stem), edible head fresh weight/plant (inner stem + firm
and compacted inner leaves), edible head diameter, heads
yield/poly vinyl chloride pipes unit (head yield/P\VC P unit)
and heads yield/fed were recorded. Edible head compactness
rate was calculated according to (Riad et al., 2009) as given
in the following equation:

Compactness rate 3
_ Edible head volume (0.75 x 3.14 X radius™)
- Edible head fresh weight

Edible heads chemical quality:

Vitamin C (VC), total soluble solids (TSS) and total
acidity (TA) of the fresh edible head and protein,
carbohydrate and nitrate (NOs) content of the dry matter of
edible head lettuce were estimated according to AOAC
(1990).

The total cost of PV system.

The total cost (LE/h) was computed according to

(Awady, 1978) as presented in the following equation:

C_p 1 i ¢ m
_h(e+2+ +r>+w+mh

Where: p= price of system (LE), h= yearly working hours, e= life
expectancy (year), i = interest rate (%), t= taxes (%), r=
maintenance, w= fuel cost (LE/h), m= monthly wages
(LE/month) and mh= monthly average working hours (180 h).

Cost of producing energy.

The cost of producing energy (LE/KW.h) was
calculated according to the following equation:
P = ex365
Where: CP= cost of producing energy (LE/KW.h), p= price of system
(LE), e= life expectancy (year), and 365=year days number.

Operating cost of water pump.

The operating cost (LE/m® irrigation water) was
estimated according to the following equation:
wpc

CO=(—1000)xcp

Where: CO= operating cost of water pump, wpc= water pump
capacity, and cp= cost of producing energy.
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Statistical Analysis:

Data were statistically analyzed employing the analysis
of variance (ANOVA) method as described by Gomez and
Gomez (1984). The treatment averages were compared using
the least significance difference (LSD) test at 5 % probability
level as reported by Snedecor and Cochran (1989).

RESULTS AND DISCUSSION

Vegetative growth characters:

The effect of substrate mixtures (PP, PV and PPV),
nutrient solutions (CO, HO and HE) and their combinations on
head lettuce vegetative growth parameters (plant height, foliage
and leaves fresh weight per plant, leaves number and area per
plant in the first and second seasons are presented in Table (2).
Regarding the impact of growing media mixtures, data given in
Table (2) reveal that all forecited characters had been
influenced significantly by all diver growing media mixtures in
both consecutive seasons, successively. The highest values in
this regard were accomplished with PPV mixture, while the
lowest values were achieved with the PV one.

Concerning the effect of nutrient solutions, data
presented in Table (2) obviously indicate that all the previous
parameters significantly had been affected by all nutrient
solutions in the first and second seasons, without significant
differences between both CO and HO nutrient solutions. The
maximum values were registered with the CO, whereas the
minimum values were recorded with HE one

As for the influence of combination treatments, results
listed in the same table also mainly illustrate that the mentioned
attributes were significantly had been impacted by all various
interaction treatments in both seasons. The best means in this
regard were achieved with the interaction treatment of PPV
mixture + CO nutrient solution. Whilst, the lowest means were
attained with the interaction treatment of PV mixture + HE
nutrient solution. The rest interaction treatments recorded
values between these two extremes. These results are in the
same line with those of Hamaiel et al. (2020); El-Biyaly (2021),
Soylemez, 2021, Uy et al. (2021), Nasih et al. (2022) on lettuce
and Gaikwad et al. (2020) on spinach.

Table 2. Effect of different substrate mixtures, nutrient solutions and their interactions on vegetative growth
parameters of soilless cultured head lettuce during 1%t and 2™ seasons after 65 days from transplanting.

Characters Plant height (cm)  Foliage FW™ (g/ plant)  Leaves No. /plant Leaves FW™ (g /plant) Leaves area(cm?/plant)
Treatments 1%season 2 season 1 season 2" season 1% season 2™ season 1¥season 2™ season 1 Season 2" season
Substrate mixtures
PP 20.3 20.7 429.53 461.58 44.8 46.1 37825 42056 3611.6 38304
PV 194 19.7 371.01 394.54 42.8 427 371.04 365.92 3138.3 3209.9
PPV 20.7 21.2 456.97 480.58 457 46.7 415.57 440.46 3857.6 4136.7
LSD 5% 0.7 0.6 42.39 60.70 2.1 3.2 40.30 54.94 2924 645.1
Nutrient solutions
CcO 21.1 216 473.97 515.91 46,5 479 434.22 458.46 4096.1 4181.3
HO 20.6 209 433.64 45131 453 457 402.85  419.96 3624.0 38134
HE 18.7 19.1 349.90 369.48 415 41.9 32780 34852 2887.4 3182.3
LSD 5% 0.9 13 38.74 54.02 2.9 3.9 3361 49.92 397.8 516.2
Interaction between substrate mixtures and nutrient solutions
Cco 213 219 496.75 54353 46.8 45110  466.43 41885 41414
PP HO 20.8 212 432.31 448.57 457 46.2 411.43 420.76 3694.2 3940.6
HE 18.7 19.0 359.53 392.65 41.9 43.2 336.17  374.48 2952.2 3409.2
CO 20.0 204 412.86 44554 4.7 45.6 397.60 414.09 3583.7 3473.8
PV HO 19.8 20.1 410.08 419.63 442 43.8 379.36  387.70 33524 3463.6
HE 184 186 290.08 318.45 39.6 38.8 272.22 295.98 2478.9 2692.4
CcO 218 225 512.31 558.66 48.1 49.2 45396  494.86 4516.2 4928.8
PPV HO 211 21.3 458.53 485.74 45.9 47.2 417.75 451.42 3825.5 4036.0
HE 19.1 19.6 400.08 397.35 43.1 43.6 37501 37511 32311 34454
LSD 5% 14 19 69.25 97.44 4.6 6.3 62.30 89.33 633.9 972.8

FW’: Fresh weight PP: Peat moss:Perlite (1:1,v/v) PV: Peat moss:Vermiculite (1:1,v/v) PPV: Peat moss:Perlite:Vermiculite (1:1:1, v:v:v)

CO: Cooper HO: Hoagland HE: Hewitt

Outer leaves chemical composition:

The influence of substrate mixes (PP, PV and PPV),
nutrient solutions (CO, HO and HE) and their interactions on
photosynthetic pigments (Chl. a, b and carotenoids), and N, P
and K of head lettuce fresh and dry outer leaves,
consecutively, shown in Table (3). Data obtained demonstrate
that the PPV mixture significantly affected all previous
parameters as compared with the mixture of PV in both
seasons, without significant differences between PPV and PP
mixtures in these two growing seasons.

Pertaining the impact of nutrient solutions, data
presented in the same table clearly indicated that both CO and
HO ones had gave significant increases for the former
parameters compared to the HE nutrient solution in both
successive seasons. The highest values in this respect were
obtained with CO nutrient solution, while the lowest values
were registered with HE one.

The different interaction effects between growing
media mixtures and nutrient solutions on all the forecited
characters of head lettuce leaves are listed in Table (3). Most

above tested interaction treatments gave high means as
compared to the interaction treatment of PV + HE through
two seasons. Since the combination treatment of PPV mixture
+ CO nutrient solution achieved significant increases for all
studied parameters over combination treatment of PV mixture
+ HE nutrient solution in the first and second season in this
connection. Whereas, the rest interaction treatments recorded
means between these two extremes.

Heads yield components and its physical quality:

Data tabulated in Table (4) illustrate the effect of
substrate mixtures, nutrient solutions and their interactions on
head lettuce yield components (head and edible head FW,
head yield/PVVC P unit and head yield/fed) and its physical
quality (Edible head diameter and compactness). Data
presented in Table (4) and shown in figure (4: A-B) pointed
out that all previous characters significantly influenced by all
growing media mixtures used. Since PPV mixture followed
by PP one had gave significant increases over PV mixture in
both season without significant differences between PPV and
PP mixtures in the first and second seasons. The highest
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values in this respect were obtained with PPV treatment,
while the lowest values were attained with PV treatment.
Concerning the impact of nutrient solutions (i.e., CO,
HO and HE), data shown in Table (4) also indicate that all
above mentioned characters had been affected significantly
by all nutrient solutions employed. As, CO solution treatment
followed by HO one achieved significant increments for all
studied characters as compared with HE solution treatment in
two growing seasons. In this concern, the CO solution
treatment gave the maximum records for all mentioned traits

Regarding the effect of combination treatments, data
given in the same table demonstrate that the aforementioned
parameters significantly had been influenced by most
combination treatments in both seasons. In this regard, the
interaction treatment of PPV + CO, followed by PP + CO
treatment and PPV + HO one attained significant increases
for all forecited parameters over combination treatment of PV
mixture + HE nutrient solution in both seasons. The rest
combination treatments gave means between these two
extremes.

in the two successive seasons, whereas the minimum records
were registered with HE solution treatment.
Table 3. Effect of different substrate mixtures, nutrient solutions and their interactions on photosyntheti% gigments, N,

P and K of outer leaves of soilless cultured head lettuce during 1% and 2" seasons after 65 days from
transplanting.

Characters  Chl. a(mg/100g FW") Chl. b(mg/100gFW")  Total carotenoids(mg/100gFW") N (%) P (%) K (%0)
1st an 1st 2nd 1st 2nd 1st 2nd 1st 2nd lst 2nd
Treatments season season season  season season SEason  Season Season Season Season Season Sseason
Substrate mixtures
PP 61.6 62.6 36.0 36.9 24.3 25.0 438 458 0507 0531 445 510
PV 57.9 58.3 325 33.2 21.8 22.1 398 423 0463 0497 401 471
PPV 64.9 66.4 38.4 38.9 254 26.2 453 473 0543 0550 457 541
LSD 5% 6.5 7.3 44 4.6 35 4.0 036 032 0059 0.028 038 0.37
Nutrient solutions
CcO 68.1 69.8 40.1 40.9 26.5 27.1 462 485 0559 0564 480 5.73
HO 63.4 64.5 37.1 379 24.8 25.4 441 469 0517 0538 436 517
HE 52.8 53.0 29.6 30.1 20.2 20.8 387 400 0438 0475 387 432
LSD 5% 8.5 5.8 47 4.6 2.9 2.2 037 034 0053 0.033 044 041
Interaction between substrate mixtures and nutrient solutions
CO 673 68.9 41.2 426 27.1 279 472 492 0573 0578 498 584
PP HO 642 65.3 379 385 25.3 25.8 438 470 0511 0536 443 523
HE 53.4 53.7 28.9 29.6 20.6 21.2 403 411 0437 0481 393 424
CO 638 63.6 36.3 36.9 24.7 24.3 430 464 0496 0524 422 512
PV HO 597 61.9 344 35.6 229 23.4 422 453 0488 0512 412 499
HE 50.1 49.4 26.8 27.1 17.9 18.6 341 351 0404 0454 369 4.03
CO 733 76.8 429 43.1 27.8 28.9 484 498 0608 0592 521 6.23
PPV HO 665 66.2 39.1 39.8 26.3 27.0 460 485 0550 0567 452 529
HE 54.8 56.1 33.2 33.7 22.0 22.8 417 437 0471 0491 399 470
LSD 5% 13.6 11.0 7.9 8.0 5.4 5.1 064 058 0095 0.054 072 0.68

PP: Peat moss: Perlite (1:1,v/v) PV: Peat moss:VVermiculite (1:1,v/v) PPV: Peat moss:Perlite: Vermiculite (1:1:1, v:v:v)CO: Cooper HO: Hoagland HE: Hewitt

Table 4. Effect of different substrate mixtures, nutrient solutions and their interactions on heads yield components and
their ;?hys_lcal quality of soilless cultured head lettuce during 1% and 2" seasons after 65 days from
transplanting.

Characters Head FW* Edible head FW* Edible headdiameter  Edible head Head yield ~ Head
(o/ plant) (g/ plant) (cm/plant) compactness rate /PVC P unit(kg) yield/fed(ton)
Treatments 1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd
season  season  season season Season  season  Season  season  season  season season season

Growing media mixtures
PP 402.74 43792 27641 304.09 115 119 173 170 43496 47.295 30.447 33.106
PV 350.34 36794 25847 258.42 10.4 10.6 1.36 146  37.837 39.738 26.486 27.817
PPV 430.02 45221  306.27 324.03 121 122 1.87 173 46443 48.839 32.510 34.187
LSD 5% 39.80 61.04 31.26 48.28 0.7 0.7 0.34 023 4298 6.593 3.008 4.615
Nutrient solutions
CO 44828 484.26 316.06 336.04 124 127 1.89 183 48414 52300 33.890 36.610
HO 40820 42900 297.19 314.75 11.8 11.0 173 170 44086 46.332 30.860 32.432
HE 326.62 34482 22791 235.75 9.8 10.0 134 135 35276 37.241 24.693 26.068
LSD 5% 38.12 54.91 32.76 45.59 0.6 0.6 0.32 041 4116 5931 2882 4.151
Interaction between growing media mixtures and nutrient solutions

CO 47063 51649 329.00 361.10 127 131 197 192 50.828 55.781 35.579 39.046
PP HO 40469 43061 27124 308.10 119 123 1.88 185 43.707 46.506 30.595 32.554
HE 33290 366.65 229.00 243.08 9.9 101 134 133 35954 39598 25.167 27.719
CO 39738 416.74 283.47 284.09 111 116 157 162 42917 45.008 30.042 31.505
PV HO 38016 38864 287.92 279.07 10.8 109 135 153 41057 41.973 28.740 29.381
HE 27348 29846 204.03 212.09 9.1 9.3 1.16 123 29536 32.234 20.675 22563
CO 47682 51954 33570 362.94 134 133 213 196 51497 56.110 36.048 39.277
PPV HO 439.75 467.75 33242 357.09 12.7 12.7 1.98 172 47494 50517 33.245 35.362
HE 37349 369.35 250.70 252.07 10.2 10.6 152 150 40.337 39.890 28.236 27.923
LSD 5% 66.98 98.64 55.87 8043 11 11 0.56 0.62 7234 10653 5.064 7.457

“FW: Fresh weight PVC P unit: poly vinyl chloride pipes unit PP: Peat moss: Perlite (1:1, v/v) PV: Peat moss: Vermiculite (1:1, v / v)
PPV: Peat moss: Perlite: Vermiculite (1:1:1, v:v:v) CO: Cooper HO: Hoagland HE: Hewitt
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Q) (B)
Figure 4(A-B). A general view of the stages of plant growth; (A) growth development of head lettuce plants in growth units
after 45 days of transplantation, (B) growth development of head lettuce plants in growth units after 60 days

of transplantation.

Edible heads chemical quality:

Data presented in both Tables (5 and 6) indicate the
influence of substrate mixtures (PP, PV and PPV), nutrient
solutions (CO, HO and HE) and their interactions on fresh
edible head chemical quality parameters (VC, TSS and TA),
dry edible head ones (Protein %, Carbohydrate % and NOs
content) and dry matter % of outer and inner leaves of lettuce.

A glance to data in Tables (5 and 6) conclude that most
forecited parameters, except NOs content in the first season
only, had significantly been affected by different substrate
mixture treatments. Since, the best values were achieved with
PPV mixture and vice versa with PV mixture in both seasons.

Seeing to data shown in the same aforementioned two
tables, observe that the nutrient solutions of CO and HO gave
significant values for all previous parameters as compared
with the HE one in both seasons. The best means in this
connection were attained with CO treatment and conversely
for HE treatment in two growing seasons.

With relation to the effect of interaction treatments,
data presented in both Tables (5&6) elucidate that all former
characters had been affected by all different treatments as
compared with the combination treatment of PV mixture +
HE nutrient solution in both successive seasons. Since, the
best significant values were obtained with the interaction
treatment of PPV mixture + CO nutrient solution, while the
less significant values were registered with PV mixture + HE
nutrient solution treatment in these two consecutive seasons.

Table 5. Effect of different growing media mixtures,
nutrient solutions and their interaction on fresh
edible head VC, TSS and TA contents of soilless
cultured head lettuce during 1%t and 2" seasons
after 65 days from transplanting.

TSS

VC TA
Characters (Mg/100g FW*) (%) (%)
st 2nd 181 2nc| st 2nd
Treatments Season Season  Season  season  Season - season
Substrate mixtures
PP 39 40 5.7 58 021 0.19
PV 33 32 47 48 0.49 0.44
PPV 42 45 6.1 6.2 0.34 0.29
LSD 5% 0.6 0.8 0.1 0.1 011 0.04
Nutrient solutions
CO 46 48 6.6 6.8 031 027
HO 40 40 54 55 0.35 031
HE 29 29 45 46 0.39 034
LSD5% 05 05 0.1 0.1 0.07 0.06
Interaction between substrate mixtures and nutrient solutions
CcO | ) X | 0.16
PP HO 41 41 55 55 0.21 0.18
HE 30 29 47 49 0.25 0.23
CO 37 37 53 54 0.45 041
PV HO 36 33 50 52 049 045
HE 25 25 38 39 052 0.45
CO 54 58 77 79 0.29 0.25
PPV HO 41 46 58 59 0.35 0.29
HE 32 3.2 49 50 0.39 0.33
LSD 5% 0.9 11 0.2 0.2 0.15 0.09

PP: Peat moss:Perlite (1:Iv/v) _ PV: Peat moss:Vermiculite (1:1,v/v)
PPV: Peat moss:Perlite:Vermiculite (1:1:1, v:v:v)CO: Cooper HO:
Hoagland HE: Hewitt \VVC: Vitamin C TA: Total acidity

Table 6. Effect of different substrate mixtures, nutrient solutions and their interactions on dry matter of outer and inner
leaves and dry edible head lettuce protein, carbohydrate and NOs contents of soilless cultured head lettuce
during 1% and 2" seasons after 65 days from transplanting.

Dry matter (%) Protein Carbohydrate Edible head NOs”
Characters Outer leaves Inner leaves (%) (%) (mg/kgDW™)
Treatments 1%season 2™season  1%season 2™season 1¥season 2™season ISseason 2Mseason  1¥Season 2"%season
Substrate mixtures
PP 4.85 4.96 3.64 3.82 22.7 26.0 1371 14.29 101.03 104.88
PV 452 4.60 3.42 3.66 21.2 22.1 13.25 13.28 108.88 111.74
PPV 5.03 5.13 3.77 4.00 25.2 27.7 14.07 14.66 96.10 100.25
LSD 5% 0.34 0.40 0.16 0.03 2.6 41 057 0.91 14.87 5.67
Nutrient solutions
CO 5.12 5.20 3.98 4,09 26.0 28.7 14.36 14.83 90.13 95.43
HO 497 5.03 3.62 3.82 24.4 26.9 13.61 14.36 99.14 100.69
HE 431 4.45 3.22 3.56 18.7 20.1 13.07 13.05 116.74 120.76
LSD 5% 0.19 0.32 0.09 0.08 2.7 3.9 0.62 1.00 9.70 6.61
Interaction between substrate mixtures and nutrient solutions

CO 5.25 5.29 4.00 ! I . 14.37 14.96 88.39 94.33
PP HO 5.04 5.10 3.71 3.82 22.3 26.3 13.63 14.69 98.81 100.50

HE 424 4.48 3.20 3.54 18.8 20.7 13.13 13.22 115.89 119.81

CO 479 4.88 3.66 3.79 23.3 24.2 1357 13.74 100.30 102.79
PV HO 473 479 3.47 3.68 23.6 23.8 13.46 13.48 103.33 105.23

HE 4,05 414 3.12 351 16.7 18.1 12.74 12.63 123.01 127.21

CcO 531 544 428 4.40 27.6 31.0 15.13 15.79 81.69 89.15
PPV HO 5.14 521 3.69 3.96 27.3 305 13.74 14.90 95.29 96.34

HE 4.63 4.75 3.33 3.64 20.6 215 13.74 13.30 111.33 115.27
LSD 5% 0.43 0.59 0.20 0.12 4.6 6.9 1.04 1.67 20.20 10.93

PP: Peat moss:Perlite (1:1,v/V) PV: Peat moss:Vermiculite (1:1,v/v) PPV: Peat moss:Perlite:Vermiculite (1:1:1, v:v:v)CO: Cooper HO: Hoagland HE: Hewitt

NO3*: Nitrate DW**: Dry weight
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The cost analysis of both PV and diesel systems.

The life cycle costs of PV, and diesel-powered
systems as shown in Table (7) were compared. In each
system, the cost of a kilowatt of energy was calculated, and
this will tell us which system is economically viable.
Knowing that the common market prices in 2020 was
employed. The total cost in the PV, and diesel-operated
systems were 2.49, and 12.84 LE/h. Also, the cost of
producing energy (1KW.h) reaches 1.33, and 4.20 LE/KW.h,
and the operating cost (LE/m?) reaches 0.31, and 0.97 LE/m?,
consecutively. Similar comparison results were stated by Al-
Awady et al. (2015), Soliman et al. (2017), Bhattacharjee et
al. (2019), Tayel etal. (2019) and Ibraheam and Aslan (2023).

Table 7. The cost analysis of PV and diesel systems.

Term PV system  Diesel system
Price of system (P) LE 12100 15330
Yearly working hours (h) 2190 2190
Life expectancy (e), year 25 10
Interest rate (i) % 0.12 0.12
Taxes (t) % 0.10 0.20
Maintenance (r) 0.10 0.20
Fuel cost (w) LE/h 0 7.25
Monthly wages (m) LE/month 150 300
Monthly average working hours 180 180
Discussion

It is quite clear from the obtained results related to the
effect of soilless substrate mixtures, nutrient solutions and
their interactions on the growth and field performance
parameters of soilless cultured head lettuce plants that there
are generally significant influences of these studied factors on
all of the determined traits.

Respecting the influence of soilless substrate
mixtures, the acquired results go in line with the findings of
Schmilewski (2009), Bhat et al. (2013), Makhadmeh et al.
(2017), Saurabh et al. (2019), Hamaiel et al. (2020), El-
Biyaly (2021), Uy et al. (2021), Nasih et al. (2022) on lettuce
and Gaikwad et al. (2020) on spinach. The stimulatory effect
of substrate mixture may be due to that mixing coarse mineral
substances such as perlite and vermiculite with organic ones
like peat moss has leads to better growth and higher
productivity probably owing to increasing water-holding
capacity and better ventilation of the satisfactory loose
substrate mixture used (Gao et al., 2010), thus promotes
vigorous and efficient root formation and growth which may
allow plants to access important nutrients, which in turn could
allow rapid and strong growth of plant foliage (as shown in
table 2) and consequently increases yield (as shown in table
4) and quality (as shown in tables 5&6) (Olle et al., 2012) of
the obtained head lettuce plants grown in A-shaped plastic
PV/C pipe units of substrate cultures.

Concerning the impact of nutrient solutions, the
resultant data are in consistent with those obtained by
Genuncio et al. (2012), Kim et al. (2016), Santiago (2019),
Ahmed et al. (2021), EI-Biyaly (2021), Borres et al. (2022),
Kilic (2022), Ramos (2022), Solis and Magaret (2022),
Salama (2023), Solis and Gabutan (2023) on lettuce. The
positive increases in growth, yield and quality traits of
soilless head lettuce plants related to different nutrient
solutions used can be attributed to the difference in the
concentration of essential nutrients between those solutions.
As Cooper's nutrient solution contains the highest and most
appropriate concentrations of these essential nutrients,
followed by Hoagland's solution, then Hewitt solution (as
shown in table 1), which contains low and unbalanced
essential nutrient ratios compared to Cooper and Hoagland's

solutions, respectively. Therefore, it is possible to explain
the desired results obtained for all tested parameters of head
lettuce resulting from the use of Cooper's solution in
particular because it contains a balanced concentrations of
the basic nutrients, which together represent optimal
proportions that contribute fundamentally to stimulating the
basic physiological and biochemical processes in the plants,
resulting in activate the biosynthesis of many important
organic compounds such as nucleic acids, amino acids,
proteins, carbohydrates, vitamins, enzymes, photosynthetic
pigments, etc., which are considered essential components
for high head lettuce growth, productivity and quality.

CONCLUSION

Concerning the obtained results, it could be concluded that
using the combination treatment of PPV mixture + CO nutrient
solution is considered the best treatment to achieve a maximum
growth and productivity of soilless cultured head lettuce cv. Big
Bell with the use of cheap and safe renewable solar energy to
operate the fertigation system, especially in remote areas.
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