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Abstract: The selection of adequate substrate for soilless culture is based on technical and economic
considerations. Therefore, the search for alternatives by the valorization of natural by-products
is gaining importance. The main objective of this study was to compare the effects of local farm
resources, date-palm waste, as culture substrate, to coconut fiber (CF) (commonly used in soilless
culture) on melon (Cucumis melo L.) plant growth, water relations, photosynthesis, chlorophyll
fluorescence as well as phytochemical analysis under hydroponics culture system. Two growing
substrates were tested: the compost of date palm waste added to animal manure (7:3 w w−1)
(DPAM) and the date palm trunk compost (DPT). Coconut fiber and soil were used as positive and
negative controls, respectively, in randomized blocks. Results showed that the vegetative growth was
improved under DPT and CF substrates while CF substrate enhanced fruit yield and phytochemical
properties: Total soluble solids TSS (% Brix), total dissolved solutes (TDS); Titratable acidity (as citric
acid); Sugar content and juice pH of melon fruit. Date-palm waste-based substrates enhanced the
vegetative growth and the fruit yield of melon as compared to soil-based culture. It seems that date
palm waste-based substrates, especially trunk compost, could be promising and cheaper alternatives
compared to coconut fiber substrates commonly used in Tunisia in soilless cultures.

Keywords: date-palm compost; soilless cultures; melon fruit; photosynthesis; chlorophyll
fluorescence; phytochemical analysis

1. Introduction

The emphasis in the horticulture sector has historically been on yield. However, the
need for high-quality horticultural products has grown significantly, and this demand
will continue to grow in the future. The lack of certain soil qualities, such as salinity,
aridity, erosion, poor soil structure, infertility, contamination, etc., can occasionally prevent
sustainable plant production in places where the climate conditions for cultivation are
adequate. Therefore, the creation of soilless cultivation systems appears to be a required
strategy [1]. Many nations, including those in the Mediterranean region, where the climate
is favorable, and the soil has problematic qualities, employ these systems extensively [2].
Soilless farming has the potential to boost production [3,4]. With the ability to grow crops
in greenhouses and obtain high yields and good quality, even on saline, sodic or non-arable
soils with poor structure. It can also enhance early yield in crops planted during the cold
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season because of higher temperatures in the root zone during the day [5,6]. Additionally,
the recirculation of drained water permits the limited loss of water, which implies ecological
benefits for arid zones with low availability of fresh water, leading to the approval of soilless
growing systems as ecologically beneficial agricultural practices.

At the close of the 20th century, as substrates began to pose environmental risks, a focus
was placed on research to develop modern horticulture practices that respect ecological
requirements [7–9]. Hence, Research continues to be performed on a variety of novel
organic growth mediums that are based on renewable raw resources [10]. There are many
different materials used nowadays for soilless culture systems and growth mediums [7,11].

In recent years, Coconut-fiber (CF) has been adopted as a renewable soil substi-
tute [12,13]. CF has sufficient physical properties that provide plant roots with high water
content and high total pore space; it has low bulk density, low shrinkage and slow biodegra-
dation [14]. Given that CF is obtained from coconut trees, its production and industry
are geographically limited to America, tropical Africa and Asia [15]. Every year, huge
amounts of money are spent on importing CF substrate from other countries [13], in ad-
dition to the risk of phytopathogen disease propagation. On the other hand, date-palm
(Phoenix dactylifera L.), which belongs to the same family as coconut, presents high sim-
ilarity with a fiber of coconut fruit hull [16] and is considered an important product in
Tunisia and the Mediterranean basin. These findings suggest that date palm residues may
be considered a proper substitute for CF in the future.

Worldwide, there are approximately 105 million palm trees and an estimated number
of over 3,675,000 tons of residues that are discarded annually, leading to environmental
problems [17]. Tunisia has about 4.5 million trees extending over an area of 32,000 ha, with
more than 0.2 Mt of leaves produced every year [18]. Date palm tree waste includes leaves,
branches, stem barks and fronds. They are the most commonly generated waste. They are
obtained by seasonal pruning of palm trees, which is an essentially agricultural practice
and discarded with no valorization. Due to the low cost, availability and abundance of
date-palm cultivation as well as its physiochemical properties, the date-palm substrate can
substitute the well-used substrates.

Date-palm substrate presents a low amount of bulk density and a high amount of
porosity related [19] that allows the plant root to penetrate in substrate easily, and it could
use more volume and space of media [20,21]. It has a higher water-holding capability
than CF and can absorb water 8.5 times its dry weight [13]. Wastes of date-palm trees
seem to be an innovative material in the Horticulture industry, to be used as growing
media [17] or as an organic fertilizer when used as biochar [22]. The performance of palm-
date wastes substrate for plant growth may be leveraged in the production of potted plants,
but only a few studies have used palm-date wastes as a substitute for green-house culture
substrates [18,23].

Based on this collection and considering the data scarcity on date palm wastes valoriza-
tion and the promising opportunities that compost from date palm waste might present
for plant production as an efficient substrate, the present study aimed to investigate the
feasibility of using composted date palm waste: compost of date palm residues and animal
manure (DPAM) and compost of date-palm trunk (DPT) compared to CF and local soil
substrate on plant growth, water relation and photosynthetic performance of melon as well
as the quantity and quality of fruits. Melon (Cucumis melo L.) belongs to the Cucurbitaceae
family and is one of the most important vegetables worldwide. The world production of
melon was estimated to be about 27.3 million tons from 1.04 million ha [24]. Melon fruit
is a significant source of substances able to provide human health benefits. It is known
to be a good source of health-promoting compounds, especially phenolic compounds,
valuable nutrients (such as vitamin C and β-Carotene) and high contents of sugar, calcium,
phosphorus, etc. [25]. Additionally, it has a diuretic effect, preventing acidification of the
body constituents, with glucose and fructose also helping fatigue recovery owing to their
swift absorption [26].
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2. Materials and Methods
2.1. Experimental Design and Plant Material

This study was carried out in a 600 m2 mono-tunnel covered with a 200 µm polyethy-
lene film at the experimental station of the technical center of protected and geothermal
crops, Gabes, Tunisia.

The experiment was carried out under greenhouse conditions involving complete
randomized blocks with five replicates and four treatments: (1) Control (sandy loam soil),
(2) Compost of date palm residues (70%) + animal manure (30%), (DPAM), (3) Compost
of date palm trunk (DPT) and (4) Coconut fiber (CF) (a commercially imported substrate).
Plots were planted with melon.

The transplant took place in February 2019 using the hybrid melon F1 ‘Perseo’ grafted
on ‘Matrix’. Plants were grown under natural light conditions. They were grown with
one stem. The average ambient temperature and relative humidity in the tunnel were in
the range of 19.7 ± 2.3 ◦C and 63 ± 9%, respectively. An open soilless cultivation system
was adopted. This system is an open trench system, where a ditch was dug basically in
the ground and then covered by a plastic film. The parameters of the trenches were as the
following: length = 28 m, width at the top = 40 cm, width at the bottom = 30 cm, depth
at the beginning = 30 cm, depth at the end = 50 cm and a decline of 1.43%. After that, we
disposed of perforated PVC tubes, then a fine layer of gravel to drain the excess water then
substrate. The drains were collected into a 1 m3 nutrient tank.

2.2. Physicochemical Properties of the Substrates

The pH measurement was carried out according to the international standard ISO
10390:2005. Briefly, a suspension of the substrate in five times its volume of water was
prepared, stirred for 1 h, then allowed to precipitation for at least two hours. The pH is
then measured using a portable multi-parameter meter HI9828 (Hanna Instruments US
Inc., Smithfield, RI, USA).

The electrical conductivity (EC) was determined according to the ISO 11265:1994
standard, which consists of dissolving the electrolytes from substrates with water in a
proportion of 1/5. After agitation and filtration, the EC (dS m−1) was measured in the
extract using a multi-parameter (Hanna instruments) at 25 ◦C.

The field capacity or water retention capacity of substrates was determined after the
total saturation of substrates with water, then the excess water (drained) was measured.
This parameter estimates the water retention capacity of the substrate (%).

Bulk density is an indicator of substrate compaction. It is calculated as the dry weight
of the substrate divided by its volume (%). This volume includes the volume of particles
and the volume of pores among substrate particles.

2.3. Nutrient Solution and Irrigation

During the experiment, plants were irrigated by the open soilless system irrigation
technique. The amount of nutrient solution applied was determined based on a measured
drainage fraction. The range of drainage fraction measured was from 20 to 40% during
the experimental period. Melon plants were supplied with the following nutrient solution
(in ppm): NO3-N (150–175), NH4-N (20–25), P (30–40), K (250–300), Ca (150–180), Mg
(40–55), SO4 (50–60), Fe (2.5–3), Mn (0.8–1.0), Cu (0.3–0.4), Zn (0.3–0.4), B (0.3–0.4) and Mo
(0.05–0.08). The pH and EC of the nutrient solution were maintained within a range of
6.0–6.5 and 1.5–2.5 dS m−1, respectively.

2.4. Plant Growth and Yield

Growth parameters were measured on 5 months old plants. The length of shoots was
measured from the base to the top of the plant. Leaves were numbered par plant, and the
diameters of each stem were determined at the collar using a vernier caliper. For the plant
yield, the fruits of each plant were collected and freshly weighed.
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2.5. Leaves Water Parameters

The water content (WC) provides information on the hydration of plant tissues. It was
determined by the difference between the weights of the fresh weight (FW) and the dry
weight (DW), according to the following equation (Equation (1)):

WC (mL H2O g−1DW) = (FW − DW)/DW (1)

The relative water content (RWC) indicates the actual water content of the leaf tissues
in relation to its maximum water absorption capacity. It allows a physiological assessment
of the water status of the leaves and, therefore, of the plant. Leaves were immediately
weighed to determine their fresh weight (FW). Then brought to saturation overnight and at
a low temperature (to avoid degradation of the plant material) with distilled water. After
saturation, the leaves are then removed and well wiped to remove surface water. Then,
weighed the determination of the saturation weight (SW). The DW was determined after
72 h in an oven (60 ◦C). The RWC is calculated using the following equation (Equation (2)):

RWC (%) = [(FW − DW)/(SW − DW) × 100] (2)

Leaf water potential is the energy status of water in leaf tissue. Measurements of this
potential are made using the sap pressure chamber method “Scholander”. The measure-
ments refer to a fully developed leaf. The severed petiole was introduced into a silicone
plug; the blade was introduced into the pressure chamber so that the severed end appeared
outside the lid to a height of 1.5 cm, and the air was sent under pressure until when the first
drop of sap appeared at the section of the petiole. The pressure necessary for the excretion
of a drop of sap is equal, with the opposite sign, to the water potential of leaf tissues. Water
potential is expressed in Mega Pascals (MPa).

Leaf osmotic potential was essayed by using a micropipette; 10 µL of xylemic sap was
taken, and the osmolality was determined by a vapor pressure osmometer Wescor type
(5500; Wescor Inc., Logan, UT, USA). The osmotic potential is determined according to the
Van’t Hoff equation as follows (Equation (3)):

Ψs (MPa) = −Ψ (mosmol kg−1) × 2/58 × 10−3 (3)

Turgor pressure (Ψp) was estimated as the difference between water potential and
osmotic potential according to the following equation (Equation (4)).

Ψp (MPa) = Ψw − Ψs (4)

2.6. Photosynthetic Parameters
2.6.1. Extraction, Separation and Quantification of Pigments

To extract the pigments, 0.5 g of fresh leaf material was collected from each exper-
imental series of plants and ground with a pestle and mortar in 10 mL of 80% acetone
(CH3COCH3). The homogenate was centrifuged at 5000 rpm for 15 min, and the super-
natant was collected and used for pigment determination. To quantify the pigments,
the absorbance of the solution was measured at 460, 645 and 663 nm using the UV-
spectrophotometer. Acetone (80%) was used as the blank. The concentrations of pigments
(in mg g−1 FW) were calculated according to Najar et al. [27].

2.6.2. Gas Exchanges

Leaf gas exchanges were measured on fully developed leaves under the following
conditions: an atmospheric pressure of 103 KPa; an atmospheric CO2 concentration of
540–580 ppm; a relative humidity of 45–50%; a light intensity of 1000–1080 µmol PAR
m−2s−1 and a leaves a temperature of 20 ± 2 ◦C. A portable CI-340 Handheld Photosyn-
thesis System (CI340 Bio-Science, Inc., Camas, WA, USA) was used to determine the net
photosynthesis rate (PN; µmol (CO2) m−2 s−1); stomatal conductance (gs; moles (H2O) m−2



Agronomy 2023, 13, 212 5 of 18

s−1); transpiration rate (E; mmol (H2O) m−2s−1) and intercellular CO2 concentration (Ci;
µmol (CO2) mol–1 or ppm).

2.6.3. Chlorophyll Fluorescence

Chlorophyll fluorescence quantifications were performed using a Hand Held Chloro-
phyll Fluorometer (OS30p+, Opti-Sciences. Inc., Hudson, NH, USA) on previously adapted
leaves to the darkness (30 to 40 min). As a result of the application of a pulse of saturat-
ing light, fluorescence increases the fundamental state Fo (all reaction centers are open)
toward a maximum level of Fm (all reaction centers are closed). This situation allows us to
determine the maximum photochemical quantum yield of PSII (designated Y) as follows
(Equation (5)):

Y = Fv/Fm = (Fm − Fo)/Fm. (5)

Just after the transfer of plants in continuous light, we can measure the efficiency of
open quantum centers as follows (Equation (6)):

Φexc = Fv’/Fm’ = (Fm’ − Fo’)/Fm’. (6)

The coefficient of the photochemical quenching (photochemical quenching) allows us
to estimate the proportion of reaction centers open in the PSII, as follows (Equation (7)):

qP = (Fm’ − Fs)/(Fm’ − F0
′). (7)

The dissipated energy in heat form NPQ (non-photochemical quenching) is given by
the ratio: (Equation (8)):

(Fm − Fm’)/Fm’. (8)

The quantum yield of electron transport of PSII, designated φPSII, estimates the effi-
ciency of all the reaction centers of PSII in the light. It determines the quantum yield of the
photochemistry (Equation (9)):

φPSII = (Fm’ − Fs)/Fm’ or even φPSII = Φexc.qP. (9)

2.6.4. Physicochemical Analyses of Fruits

The moisture (% H2O) was determined by the difference between the weights of
the fresh weight (FW) and the dry weight (DW) fruit tissues, according to the following
equation (Equation (10)):

M (% H2O) = 100× [(FW − DW)/FW]. (10)

The ash content was estimated by igniting the weighed samples in the weighed
crucible at a temperature of 500◦C for about 3 h in a muffle furnace.

The total soluble solids (TSS) were measured with a digital hand-held refractometer
(Model: PAL-1, ATAGO Co., Ltd., Tokyo, Japan). The refractometer was standardized by
using distilled water (0 ◦Brix). 1 to 2 drops of aliquot juice were dropped onto the prism,
and thus the reading was noted and washed with distilled water every time after each
sample and dried with tissue paper. The resulting values were expressed as ◦Brix.

Total soluble sugars were extracted in 80% ethanol (v v−1) in a shaker for 1 h. The
extracts were then filtered using the Whatman paper. Soluble sugar concentration was
investigated colorimetrically, according to a modified phenol-sulfuric acid method [28],
at 490 nm, using a UV-Vis Spectrophotometer (2005, JP Selecta S.A., Barcelona, Spain).
Glucose aqueous solutions were used for the standard curve.

The titratable acidity (TA) of the melon fruit was determined by the titration method
explained by Teka [29]. About 5 mL of the prepared juice was taken and diluted with 95
mL of distilled water and phenolphthalein as an indicator. TA of the juice was calculated
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by titrating against 0.1 N NaOH. Titratable acidity was expressed as a percentage of citric
acid, and it was calculated by using the following equation (Equation (11))

TA = (VNaOH × 0.1 × 0.064)/M (11)

where 0.1 is the normality of NaOH, 0.064 is the citric acid milliequivalent factor, and M is
the mass of fresh fruit.

2.7. Preparation of Methanol Extracts

Dried fruit biomass was extracted using methanol with a constant solid/liquid ratio
of 1:10 (w v−1) for 2 h. The suspension was continuously mixed using a magnetic agitator
(AREX Velp-Scientifica, Usmate Velate, Italy). The extraction was carried out in the dark
at room temperature. Then the liquid phase was separated from solids by centrifugation
(5000 rpm) for 10 min at 20 ◦C using a HERMLE Z 513 K centrifuge (Hermle Labortech-
nik, Wehingen, Germany). Then, evaporated using a rotary vacuum evaporator, Büchi
Rotavapor R-200 (Büchi Labortechnik, Flawil, Switzerland). The supernatant samples were
dissolved in methanol (10 mg mL−1).

2.8. Total Polyphenols Content (TPC)

TPC was determined spectrophotometrically using the Folin-Cioclateu method [30].
Briefly, 0.1 mL of sample extract was mixed with 0.5 mL of 10-fold diluted Folin-Ciocalteu’s
phenol reagent and allowed to react for 5 min. Then 0.4 mL 7% Na2CO3 solution was
added, and the final volume was brought to 2 mL with distilled water. After 1 h at room
temperature, the absorbance at 760 nm was measured using a UV-Vis Spectrophotometer
(2005, JP Selecta S.A., Barcelona, Spain). A calibration curve was prepared using gallic acid
(GA) as a positive control. Results were expressed as mg GA equivalents (E) per g of the
fruit DW.

2.9. Total Flavonoids Content (TFC)

TFC was done using a colorimetric method described by Ahmed et al. [1]. An aliquot
(500 µL) of the extract or standard solution of catechin (C, 0 to 500 µg mL−1) was added
to 1.5 mL distilled water, 150 µL 5% sodium nitrite solution and mixed for 6 min before
the addition of 150 µL 10% aluminum chloride. Volume was adjusted with distilled water
to 2.5 mL and incubated at room temperature for 6 min. The reaction was completed by
adding 500 µL 4% sodium hydroxide. The final absorbance was determined at 510 nm
against a blank. The TFC was reported as mg CE per g DW against the calibration curve of
catechin, from 0 to 500 µg mL−1.

2.10. Total Antioxidant Activity (TAC)

The TAC was determined using the phosphate molybdate method [31]. Briefly, 0.1 mL
of extract was combined with 1 mL of a solution composed of sulfuric acid (0.6 M), sodium
phosphate (28 mM) and ammonium molybdate (4 mM). The mixture was then incubated
at 95 ◦C for 90 min. The absorbance was measured at 695 nm after cooling to room
temperature. Results were expressed as mg GAE g−1 DW.

2.11. Statistical Analysis

Data were expressed as the mean value ± SD of 6 replicate samples (3 for phytochem-
ical composition and antioxidant activity). The statistical analyzes were done using the
one-way analysis of variance (ANOVA) procedure with the Statistical Package for the Social
Sciences (SPSS) version 20.0 software (IBM Corp, released 2011, Armonk, NY, USA). When
p < 0.05, differences were considered statistically significant according to Fisher’s LSD test.
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3. Results
3.1. Physiochemical Characteristics of Substrates

Data in Table 1 shows that there was a significant difference between the pH and EC
of the different growing substrates. CF was the most acidic with the highest EC substrate.
However, the soil was slighter. The field capacities of substrates varied between 16.5%
and 79.2% in soil and CF, respectively. Local organic substrates (DPAM and DPT) show
intermediate values circa 32–49%.

Table 1. Physico-chemical properties of the studied substrates. DPAM: compost of date palm
residues and animal manure; DPT: compost of date palm trunk; CF: coconut fiber, compared with
soil substrate.

Substrate Soil DPAM DPT CF

pH 7.35 ± 0.06 c 7.88 ± 0.11 a 7.45 ± 0.04 b 6.89 ± 0.05 d
CE (dS.m−1) 3.97 ± 0.07 d 8.32 ± 0.18 a 4.51 ± 0.12 b 4.19 ± 0.11 c
Field capacity (%) 16.5 ± 1.30 d 32.3 ± 1.25 c 49.4 ± 1.56 b 79.2 ± 2.43 a
Bulk density (%) 1.46 ± 0.09 a 0.15 ± 0.03 c 0.26 ± 0.02 b 0.12 ± 0.01 c

Results are the means of three replicates± SD. Numbers followed by a different letter within a line are significantly
different at p ≤ 0.05 according to the least significant difference (LSD) analysis.

Bulk density varied significantly between substrates. The mineral substrate was
characterized by higher densities than organic substrates. CF had the lowest density with
0.12 ± 0.01%, and soil had the highest density (1.46 ± 0.09) then was the most compact.
The local organic substrates (DPAM and DPT) have respective densities of 0.15 ± 0.03 and
0.26 ± 0.02.

3.2. Growth

After the cultivation period, growth data were examined on 5 months old plants.
Shoot length data (Table 2) reveals considerable differences within culture substrates. The
longest stems were repaired on the DPT substrate. Oppositely, the shortest shoots were
obtained on a soil substrate. Moreover, intermediate shoot heights were shown by melon
grown under CF and DPAM substrates. At the end of the experiment, the stem diameter
of the melon plants cultivated on local unfertilized soil showed the largest stem diameter
(15.52 cm). The DPAM substrate gives the thinnest stems (14.74 cm). On the CF and DPT,
results were also intermediate. Leaf numbers per plant also varied as substrates varied.
Melon grown under the DPT substrate exhibited the most foliated plants compared to the
three other substrates.

Table 2. Growth parameters of 5 months old melon plants cultivated on different substrates. DPAM:
compost of date palm residues and animal manure; DPT: compost of date palm trunk; CF: coconut
fiber, compared with soil substrate.

Substrate Soil DPAM DPT CF

Shoot height
(cm) 305.04 ± 7.36 c 332.44 ± 11.74 b 368.6 ± 10.37 a 356.56 ± 11.56 b

Stem diameter (cm) 15.52 ± 0.79 a 14.74 ± 0.88 b 15.06 ± 0.85 a 14.84 ± 0.98 b
Leaves number

(plant−1) 46.84 ± 2.58 b 48.52 ± 1.74 b 50.76 ± 2.37 a 49.84 ± 1.56 ab

Fruit yield
(kg plant−1) 1.98 ± 0.09 c 2.26 ± 0.13 b 2.62 ± 0.12 a 2.83 ± 0.18 a

Results are the means of six replicates ± SD. Numbers followed by a different letter within a line are significantly
different at p ≤ 0.05 according to the least significant difference (LSD) analysis.

Melon fruit yield was significantly affected by the substrate nature. It reached the
highest yields for CF and DPT, respectively, which were significantly higher than soil and
DPAM substrates.



Agronomy 2023, 13, 212 8 of 18

3.3. Water Parameters

Leaves tissue hydration was estimated by the water content (WC) as mL H2O per g
DW (Figure 1A). Results showed significant effects of the substrates on leaf hydration. WC
was significantly higher on organic substrates exceeding 6.57 mL g−1 DW, as compared to
Soil with only 6.25 mL g−1 DW.

Figure 1. Variation of water parameters in leaves of melon plants cultivated on a different substrate.
DPAM: compost of date palm residues and animal manure; DPT: compost of datepalm trunk;
CF: coconut fiber, compared with soil substrate. (A): water content (WC: mL g−1 DW); (B): Relative
water content (RWC: %); (C): Water saturation deficit (WSD: %); (D): Water potential (Ψw; MPa);
(E): Solute potential (Ψs; MPa); (F): Pressure (turgor) potential (Ψp; MPa). The plants were 5 months
old. Results are the mean of six replicates ± S.D. Numbers followed by a different letter within a
panel are significantly different at p ≤ 0.05, according to LSD analysis.

The relative water content (RWC) estimates thewater content of the leaf tissues relative
to the maximal water content. It can hold at full turgidity. As shown in Figure 1B, leaves of
plants cultivated on organic substrate showed no significant effects on RWC, with more
than 89%. Nevertheless, it should be noted that RWC was slightly reduced in leaves of
melon plants cultivated on soil substrate (87%).

The water saturation deficit (WSD) is commonly used for the detection of plant
tolerance to temporary water shortages. Results (Figure 1C) showed that the WSD varied
between 10% with CF to 12.5% with Soil. It was 11% with DPT and CF substrates.

Plant water potential, and particularly leaf water potential (LΨw), represent valuable
indicators of plant water status because they integrate both environmental conditions
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(e.g., soil water availability and evaporative demand) and plant physiological processes
(e.g., root water uptake, xylem transport, and stomatal regulation). Data in Figure 1D
show that LΨw was significantly influenced by the substrate. Plants grown on soil and CF
showed a reduction in LΨw compared to plants grown on compost DPAM and DPT, with
mean values reaching−1.6 to −1.5 and −1.3 to −1 MPa, respectively.

The osmotic potential of leaf tissue (LΨs) was reduced in the organic substrate
(Figure 1E). Plants grown on DPT and DPAM showed the lowest values of LΨs signif-
icantly compared to CF. Plants with soil substrate had higher LΨw.

The turgor potential (Ψp) of leaf cells was affected by the kind of substrate used. Ψp
was the lowest with 0.19 MPa. It was more than 2 MPa with DPT. With DPAM and CF, the
cell turgor was intermediate with 1.5 and 1 MPa, respectively (Figure 1F).

3.4. Photosynthetic Pigment Contents

Data are summarized in Figure 2. Results showed a strong predominance of chloro-
phyll a (Chlr a) over chlorophyll b (Chlr b), independently of the treatment (Figure 2A).
Total chlorophyll contents were higher in plants cultivated on DPAM and CF than in those
on Soil and especially on DPT. The Chl a/b ratio was significantly affected by the substrate
(Figure 2A). This was the most important with DPT and the lowest with CF substrate.
Regarding carotenoid pigment (Figure 2B), there was variability between the studied sub-
strate. This was more accumulated with DPAM substrate as compared to DPT and CF. On
soil substrate, it was the lowest content of carotenoid.

Figure 2. Variation in assimilating pigments content (mg g−1 FW) in leaves of 5 months old melon
plants cultivated on different substrates. DPAM: compost of date palm residues and animal manure;
DPT: compost of datepalm trunk; CF: coconut fiber, compared with soil substrate. (A) chlorophylls
(B) carotenoids. Numbers in histograms correspond to the chlr a/b ratio. Results are the means of six
replicates ± SD. Vertical bars indicate standard errors of means.
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3.5. Leaf Gas Exchange

The photosynthetic activity was estimated by the net assimilation rate (PN) accord-
ing to changes in CO2 content in inflowing and outlet gas flow during the measurement.
Results showed that the most important photosynthesis rate was observed in plants cul-
tivated on CF substrate in the range of 20 µmol m−2 s−1 (Figure 3A). This activity was
significantly reduced with the substrate and was only 13.8 µmol m−2 s−1 with soil and
11.5 µmol m−2 s−1 with DPAM substrate.

Figure 3. Effects of the culture substrates on photosynthesis parameters in leaves of melon plants.
DPAM: compost of date palm residues and animal manure; DPT: compost of datepalm trunk;
CF: coconut fiber, compared with soil substrate. (A): photosynthetic assimilation rate (PN: µmol CO2

m−2 s−1); (B): transpiration rate (E: mmol (H2O) m−2 s−1); (C): stomatal conductance (gs: mmol
(H2O) m−2 s−1); (D): intercellular CO2 concentration (Ci: µmol (CO2) mol–1). The plants were
5 months old. Results are the mean of nine replicates ± S.D. Numbers followed by a different letter
within a panel are significantly different at p ≤ 0.05 according to the least significant difference
(LSD) analysis.

As shown in Figure 2B, substrate culture affected the transpiration rate of melon
leaves. The leaf transpiration was more important with CF and DPT substrates in the range
of 3.2 mmol m−2 s−1. This parameter was significantly decreased under DPAM and soil
culture with only 2.6 mmol m−2 s−1 (Figure 3B).

Stomatal conductance determines the stomata status. Generally, the decrease in
this parameter indicates closed stomata and a reduction of carbon dioxide and oxygen
exchange between mesophyll and the atmosphere. In the studied substrate, there was
variability in this parameter (Figure 3C). The stomatal conductance was more important
with DPT and CF substrates and affected with DPAM and soil; the decrease reached 30% as
compared to DPT.
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The intercellular CO2 concentration (Ci) values varied with the substrate used
(Figure 3D). This parameter was the highest with DPAM and soil substrates. A signif-
icant decrease was observed in DPT and CF substrates.

3.6. Chlorophyll Fluorescence

The evaluation of PSII functioning and its photochemistry variation with different
substrates were estimated by five parameters: the maximum quantum yield of PSII (Y) that
can represent the greatest photochemical efficiency or the primary efficiency of light energy
transitions; the real quantum yield (φexc) indicating the transfer efficiency of absorbed
photons to the reaction center of PSII; the photochemical quenching coefficient (qP) that
gives an indication on the proportion of PSII reaction centers that are open; the quantum
yield for electron transport, harvested from H2O, of PSII (φPSII) to PSI; and the non-
photochemical quenching (NPQ) which is the portion of light energy absorbed by antenna
pigment but not used in electron transport and dissipated as thermal energy.

As shown in Table 3, the maximum photochemical efficiency of PSII (Y) was the lowest
on soil in the range of 0.717. However, this parameter reached a value of 0.789 on the CF
substrate. On the local compost substrate, Y was intermediate with 0.743 and 0.759 on
DPAM and DPT, respectively.

Table 3. Variation of the fluorescence parameters of melon leaves grown on a different substrate.
DPAM: compost of date palm residues and animal manure; DPT: compost of date palm trunk;
CF: coconut fiber, compared with soil substrate. The maximum quantum yield of photosystem II
(Y = Fv/Fm). Photosystem II maximum efficiency (φexc = Fv’/Fm’). Photochemical quenching
coefficient (qP = Fv’/Fs). Quantum yield for electron transport of PSII (φPSII = (Fm’ − Fs)/Fm’).
Non-photochemical quenching (NPQ = (Fm − Fm’)/(Fm’)).

Substrate Soil DPAM DPT CF

Y 0.717 ± 0.01 c 0.743 ± 0.02 b 0.759 ± 0.02 b 0.789 ± 0.02 a
φexc 0.556 ± 0.01 c 0.582 ± 0.01 b 0.598 ± 0.01 b 0.654 ± 0.02 a

qP 0.736 ± 0.01 b 0.738 ± 0.01 b 0.748 ± 0.01 a 0.750 ± 0.01 a
φPSII 0.427 ± 0.01 b 0.437 ± 0.01 b 0.452 ± 0.01 a 0.490 ± 0.02 a
NPQ 0.045 ± 0.01 a 0.034 ± 0.01 b 0.029 ± 0.01 c 0.027 ± 0.01 c

Results are means of nine replications ± S.D. Numbers followed by a different letter within a line are significantly
different at p ≤ 0.05, according to LSD analysis.

Photosystem II maximum efficiency (φexc) was slightly different in the melon leaves
among the substrate. φexc was higher in the leaves plant cultivated on CF (0.65) than that
in those on soil (0.55). With the local compost substrate, this parameter was intermediate
(circa 0.59).

Results of the estimation of opened PSII reaction centers (qP) showed that with soil
substrate, qP was the lowest as compared to the organic substrates. The most important
value was observed with CF.

The quantum yield for electron transport by PSII (φPSII) was also higher under the
CF substrate. This parameter significantly decreased under DPT, DPAM and especially
soil medium. The substrate composition affected electron transport from PSII to PSI in
melon plants.

The effect of substrate on the non-photochemical quenching (NPQ) that dissipated as
thermal energy was also determined. On the coco fiber substrate, NPQ was the lowest. The
compost substrate maintains NPQ with moderate values. However, this parameter was
affected by the soil medium. The loss of light energy on the soil was increased by 42% as
compared to the CF substrate.

3.7. Physicochemical Properties of Melon Fruit

The physicochemical properties of fruits are presented in Table 4. Results of the water
content of the fruits (product of interest), according to the type of culture substrate, showed
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obvious variability, with the highest hydration in culture on coconut fiber (CF) as the most
important substrate. However, the lowest moisture was detected on melon fruit at DPAM
culture, which was significantly different from all other treatments.

Table 4. Physico-chemical parameters of melon fruit. Plants were grown on different substrates.
DPAM: compost of date palm residues and animal manure; DPT: compost of date palm trunk;
CF: coconut fiber, compared with soil substrate. TSS: Total soluble solids.

Substrate Soil DPAM DPT CF

Moisture (%) 87.90 ± 0.2 a 86.49 ± 0.2 b 87.47 ± 0.3 a 88.28 ± 0.4 a
Ash (%) FW 1.18 ± 0.1 a 1.18 ± 0.1 a 1.12 ± 0.1 b 1.11 ± 0.1 b
TSS (◦Brix) 12.2 ± 2.0 b 16.7 ± 1.8 a 16.1 ± 1.4 a 17.3 ± 1.5 a
pH 6.1 ± 0.2 a 5.9 ± 0.1 a 5.8 ± 0.2 a 6.1 ± 0.1 a
Sugar (mg g−1 FW) 22.3 ± 2.4 d 54.4 ± 4.5 b 28.6 ± 2.4 c 69.7 ± 5.5 a
Acidity (mg g−1 FW) 1.7 ± 0.1 a 1.5 ± 0.1 b 1.43 ± 0.1 b 1.5 ± 0.1 b

Results are mean of triplicate determinations ± S.D. Numbers followed by a different letter within a line are
significantly different at p ≤ 0.05, according to LSD analysis.

The ash content represents the total quantity of mineral salts present in a sample. As
illustrated in Table 4, the ash content in melon fruits is between 1.11% (for fruits grown
on CF) and 1.18% (for fruits grown on soil and DPAM). For the DPT substrate, this rate
was intermediate.

The total soluble solids (TSS) or Brix degrees (◦Bx) of melon fruits harvested from
the different treatments studied were significantly different. Results in Table 4 show that
the Brix degree is more important in the fruits of plants grown on organic substrates with
a higher value on CF and DPAM. However, on the soil, this was significantly reduced
(12 ◦Bx). Soluble sugar accumulation in fruits varied among used substrates (Table 4). The
highest sugar accumulation was detected in fruits from plants cultivated on CF and DPAM.
A significant decrease in sugar amounts was observed in DPT and soil plants.

The potential of hydrogen (pH) is one of the variables used to characterize the
organoleptic qualities of products. The results obtained show that the pH value of melon
fruits varies between 5.8 and 6.1 depending on the type of growing medium. The lowest
values (more acidic juice) were obtained in cultivation on DPT. However, the fruits obtained
in culture on soil and CF showed values close to 6.1.

Titratable acidity is a measure of total acid concentration. In titration with a base, all
H+ ions are neutralized, whether they are ionized or not. Acidity is closely related to the
biochemical composition of the melon fruit. In this study, the acidity of melon fruits varies
between 1.4 in DPT and 1.7 mg g−1 FW in soil substrate (Table 4).

3.8. Phytochemical Analysis and Antioxidant Activity
3.8.1. Total Polyphenol Contents

Polyphenols are among the secondary metabolites that participate in the interactions of
plants with their environment. In addition, they constitute signaling molecules involved in
recognition of certain pathogens and confer resistance to various environmental aggressions.

The determination of total polyphenols was carried out on methanolic extracts by
the spectrophotometric method with the Folin-Ciocalteu reagent. The results obtained are
expressed in equivalent mg of gallic acid per gram of dry matter (mg GAE g−1 DW), using
the linear regression equation of the calibration curve drawn using acid gallic.

Our results show that the methanolic extracts of melon fruits reveal polyphenol
contents that vary between 30 and 43 mg g−1 DW depending on the type of substrate used.
The use of CF gives the highest values in polyphenols, whereas the low contents were
identified in cultivation on soil (Figure 4A).
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Figure 4. Phytochemical composition and antioxidant activity of extract of melon fruit grown on a
different substrate. DPAM: compost of date palm residues and animal manure; DPT: compost of date
palm trunk; CF: coconut fiber, compared with soil substrate. (A): Total polyphenols content. (B): Total
flavonoid content. (C): Antioxidant activities. Results expressed as gallic acid or catechin equivalents
(mg Equivalent g−1DW) are the mean of triplicate determinations ± S.D. Numbers followed by a
different letter within a panel are significantly different at p ≤ 0.05, according to LSD analysis.

3.8.2. Flavonoids Content

Flavonoids constitute the most important polyphenolic class. The determination of
flavonoids was carried out by the colorimetric method. Catechin was considered a positive
control. The contents are expressed in mg equivalent of catechin (EC) per gram of dry
matter (Figure 4B).

The results of the flavonoid contents show values ranging from 10 to 23 mg g−1 DW.
Cultivation on CF always shows the highest values. At the same time, the use of soil and
oasis compost gives the lowest flavonoid contents of around 10 mg g−1 DW.

3.8.3. Total Antioxidant Activity

The total antioxidant activity (TAA) of the methanolic extracts of melon fruit was
evaluated by the phosphomolybdenum method. The results obtained are expressed in
equivalent mg of gallic acid per gram of dry matter (mg GAE g−1 DW).
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The results of the TAA are reported in Figure 4C, which shows values varying be-
tween 15 (on soil) and 26 mg GAE g−1 DW (on DPT and DPAM) according to the type of
substrate used.

4. Discussion

Previous funding comparing date palm waste to other growing substrates in soilless
culture concluded that date palm waste is an appropriate medium for soilless culture with
suitable physical and chemical properties, availability, and low cost [21]. Therefore, it
might be a novel substrate that displaces other media. In this study, the possibility of using
two locally developed composts from date-palm wastes (DPT and DPAM) as a growing
substrate has been tested by measuring the physiological and productive performance of
melon compared to the most popular among the hydroponic grower (CF) and the local
soil. To do that, the physical and chemical properties of the growing substrates have been
evaluated based on pH, EC, bulk density and water-holding capacity. The vegetative growth,
physiological responses and fruit yield and qualities of Cucumis melo plants were analyzed.

The vegetative plant growth parameters of melon after 5 months showed a significant
variation between the used substrates (Table 2). Organic substrates enhanced shoot size
and left the number as compared to the local soil substrate. The DPT was the most adequate
for plant growth parameters. It was reported by Ahmad et al. [32] that the application
of compost for the Bombax ceiba (Simal) culture plants indicated better performance as
compared to soil substrate.

The superiority of organic substrate as compared to soil could be due to physiological
and/or biochemical ameliorating parameters. For the physiology of plants, water relations
could inform about the cell turgor and then its physiological performance. Results showed
that leaf tissues’ water content was significantly more important with organic substrates
indicating a more suitable water absorption and transport from roots to shoots. The organic
substrate showed a lower amount of bulk density, and a higher amount of porosity (Table 1)
allowed the plant root to penetrate in substrate easily and to use more volume and space.
It was found by Rostami et al. [33] that date palm waste increased water availability to the
strawberry plants.

The RWC estimates the current water content of the tissues relative to the maximal
water content it can hold at full turgidity. Results showed that the leaves of plants cultivated
on the organic substrate were more turgescent than those on the soil. This can confirm
water availability for plants. The soil is more compact, with less space (Table 1), therefore
more binding of water molecules (adsorption forces on soil particles), which induces
stabilization and maintenance of water in the soil. This can explain its low availability for
plants. The water saturation deficit (WSD) is commonly used for the detection of plant
tolerance to temporary water shortages. Results (Figure 1C) show that the WSD was more
important (12.5%) in melon leaves cultivated on Soil. The increase of RWC and then the
decrease of WSD with organic substrates was previously reported in wheat, bean and
lettuce plants [34–36].

The leaf water potential (LΨw) represents valuable indicators of plant water status,
i.e., root water uptake, xylem transport, and stomatal regulation. Local compost substrates
(DPAM and DPT) showed the highest values. The lowest LΨw was detected in Soil culti-
vated plants that reduced their water potential to uptake water. For the osmotic adjustment
to occur, the internal osmotic potential must be lowered either by absorption of solutes or
synthesis of organic solutes. Plants cultivated on organic substrates showed higher levels
of potentials and water content, allowing them to sustain high organ hydration and turgor
level with less energy cost; the osmotic adjustment in these conditions could be less active.
This turgor level maintained the overall physiological activities of the cells, especially those
linked to the photosynthetic apparatus. Bolla et al. [37] showed that the positive effect of the
substrate, on Rosa ‘Euro red’ plants grown in soilless greenhouse conditions, was related to
the improvement of water retention. The organic substrates can develop microorganisms
promoting plant growth. These benefit microorganisms-mediated mechanisms include
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modifications in the content of plant hormones (e.g., auxin, cytokinin, and gibberellin) and
improvement in plant water status by increasing hydraulic conductivity [38,39].

Photosynthetic traits constitute an important tool for studying the performance of
plants. Our results showed an increase in chlorophyll pigment synthesis and stomatal
conductance, in plants cultivated on organic substrates. This improvement of physiological
traits can lead to an increase in CO2 assimilation for photosynthesis which was verified
by the decrease in internal CO2 content. Similarly, several studies have demonstrated the
positive effects of organic substrates on plant growth by improving photosynthesis, water
status, and mineral nutrition [40,41]. In this study, organic substrate induces synthesis of
total chlorophyll a and b and carotenoid. A higher photosynthetic pigment with a higher
leaf number suggests a better performance of the photosynthetic apparatus. Our data show
that organic substrate (especially DPT and CF) not only increases water parameters but also
improves stomatal conductance. Several studies have reported the existence of positive
effects of organic substrates on photosynthetic efficiency maintenance in plants [42–44].

In this study, the measurement of chlorophyll fluorescence was performed. The quanti-
fied changes in chlorophyll fluorescence parameters can indicate the PSII function in response
to different environmental variables [27]. Organic substrates lead to enhance PSII function,
and the maximum quantum yield of PSII (Y) was significantly increased as compared to soil
substrate, which may be attributed to the photosynthetic performance of plants.

In Soil, the decrease in Fv/Fm can be attributed to the down regulation of photosystem
II activity and/or impairment of photochemical activity, which indicates damage to the
functionality of the photosynthetic apparatus [45]. The maximum efficiency of Photosystem
II (φexc) significantly declined in plants cultivated on the soil. Results of the photochemical
quenching coefficient showed that PSII reaction centers were partially closed with soil
substrate. Similar results were found for studies of drought and salt stress [27,46].

In the soil-cultivated plants, the electron transport from PSII to PSI was affected, and
the light energy was dissipated as thermal energy as our results of the non-photochemical
quenching (NPQ) showed that it was increased by more than 40% as compared to CF
plants (Table 3). Shin et al. [47] showed similar results under drought-stress conditions in
lettuce seedlings. It was previously reported that water deficit reversibly inactivated photo-
synthetic electron transport via shrinkage of the intracellular space [27,48]. The reduced
electron transport chain efficiency can also be the result of the loss of PSII activity and the
damage to PSI function [49]. Foyer and Hanke [50] found that when electron transport
from the manganese complex to plastoquinone was limited, reactive oxygen species (ROS)
were formed on both the electron acceptor and donor side of PSII. The photosynthesis
parameters and fluorescence maintenance of the organically cultivated plants could also
result from the higher activity of antioxidant enzymes. AlKahtani et al. [51] found that salt
tolerance of the wild tomato (Lycopersiconpennellii) was due to the increased activities of
superoxide dismutase (SOD), ascorbate peroxidase (APX) and guaiacol peroxidase (POD)
as compared to the cultivated tomato (L. esculentum). The physiological performance of
plants has a direct impact on the quality of the fruit. In this study, the organic substrates
increase the nutraceutical properties of melon fruits as compared to soil media. Total
soluble solute and sugar content and titratable acidity were significantly improved. Total
polyphenols and flavonoïds contents as well as antioxidant activity, were stimulated in
CF and DPT substrates. These results corroborate other findings on basil plants [52] and
blueberry, strawberry and tomato fruits [53–55].

5. Conclusions

In summary, this study showed that growth parameters prove that the growth of the
melon plants is influenced by the use of different substrates and that the date palm trunk
compost gave the highest values of lengths and diameters of the stems and leaves. With
regard to yield, no significant difference was recorded between the treatments used. The
physiological parameter was improved under organic substrates as compared to soil. CF
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and DPT induced the most important water content and RWC, pigment synthesis and then
the higher photosynthesis activities and the lowest fluorescence and light dissipation.

Regarding the physicochemical, biochemical and organoleptic parameters of the fruits,
DPT and CF substrates allows the more suitable quality regarding TSS, sugar, pH, and TA,
as well as phytochemical parameters and in vitro antioxidant activity.

Following all the results obtained, we can deduce that the local DPT compost can be
used as an adequate substrate that will replace the imported CF.

This study could be supplemented by other investigations, such as a study of the
root part and its behavior, a more in-depth study of the characteristics of the substrates
(the biological characteristics) and of the biochemical parameters of the fruits (contents of
proteins, nitrogen, mineral elements and vitamin C and an investigation on the probable
development of benefic microorganisms (bacteria and fungi) that can promote plant growth.
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