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Abstract: Adoption of suitable organic fertilizers and soil mulching are useful tools to enhance soil
quality, which will inevitably lead to improved growth and yield of crops. Little is known about
the soil organic amendments and Azolla (Azolla pinnata) under soil organic mulching on the growth
and yield of squash plant (Cucurbita pepo L.). A comparative study mainly focused on the impacts
of organic fertilizer treatments on soil fertility and squash growth under wheat straw mulch was
conducted on wooden boxes filled with silty loam soil. Wheat straw, as an organic mulch, and five
organic-fertilization treatments were added to the soil. Wheat straw with a size of <2 cm was added
to the soil surface with a 2 cm thickness. The fertilization treatments were: control (CO), chemical
fertilizer (CF), compost (CT), vermicompost (VC), and dry Azolla (DA). Wheat straw mulch had
positive effects on the soil properties, growth, and yield. The maximum fruit yield was obtained
from the soil fertilized with DA under wheat straw mulch, while the lowest one was found in the
control without mulching. Azolla and organic fertilizers showed a remarkable superiority over the
mineral fertilization in increasing the soil fertility as well as the growth and quality of squash fruits;
this superiority increased under the wheat straw mulching system. The application of recommended
mineral fertilization (CF), compost (CT), vermicompost (VC), and dry Azolla (DA) under wheat
straw mulch increased the soil available-N by 2, 20, 12, and 29%, respectively, above the control (CO),
while these organic fertilizers without mulching increased the soil available-N by 11, 32, 26, and
48%, respectively. The production of vegetable crops such as squash plants requires the addition of
organic fertilizers and mulching to increase yield and quality of fruits.

Keywords: zucchini; dry Azolla; compost; vermicompost; wheat straw; fruit quality

1. Introduction

Organic waste has been increased in recent years due to the increase in agricultural
production and thus the environmental concerns have increased [1,2]. Recycling and con-
verting of organic waste to organic fertilizers is an ideal solution to reduce environmental
problems and increase soil fertility [3,4]. Furthermore, the use of organic amendments
increases the soil quality and leads to enhancement of plant productivity [5,6]. The use of
these organic materials as soil covers improves the physico-chemical properties of the soil
and increases the activity of soil microorganisms and enzymes [7,8]. Therefore, it is of great
significance to study the effect of organic mulching on soil nutrients and moisture status in
arid and semi-arid areas for the sustainable development of regional agriculture. Organic
mulching can not only provide a buffer against high and low temperature, but also enhance
the water holding capacity of soil by improving the soil bulk density, porosity, and aggre-
gate stability [9]. In arid and semi-arid areas, the soil moisture content of cultivated land is
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a key factor affecting crop yield [10]. The level of organic mulching application will directly
affect the evaporation, infiltration, and runoff of soil water [11]. Nawaz et al. [12] found
that soil evaporation decreased with mulching, thus it can increase the soil available water
content. Organic mulching is a promising tool in increasing soil and plant productivity,
thus, the use of different organic mulching systems should be investigated under different
climate conditions. In today’s era, intensive use of chemical fertilizer has been found to
be obtain a better crop productivity and significantly enhance yield to various kinds of
crop and efficient methods compared to organic manures [13,14]. However, the continuous
application of chemical fertilizers has a negative impact on human health and several envi-
ronment threats such as soil erosion, air and water pollution, water logging, and reduction
in biodiversity [15–17]. The addition of high rates of chemical fertilizer adversely affects
soil properties such as soil fertility, organic matter, biological activity, structure, water
retention, salinity, and general soil quality [15–17]. Moreover, high rates of fertilization
lead to the high cost of energy and crop production [15–17]. Therefore, organic waste must
be recycled to become an alternative, even partially, to mineral fertilization. Different types
of organic fertilizers are made from plant residues and animal manures (i.e., farm yard
manure, compost, vermicompost, and green manure) [18,19]. Organic amendments have
several beneficial effects such as improving the recovery of applied nutrients, water holding
capacity, and minimizing ammonia volatilization [20,21]. According to Hu et al. [22] and
Ali et al. [23], there are many benefits from the application of compost, vermicompost,
and dry Azolla to soil. Besides, they can serve as good nutrient supplements to plants
and microorganisms [24]. Therefore, the use of organic fertilization is very important in
improving soil quality and supplying plants with nutrients, and improving plant growth
without having any undesirable impacts on environmental systems [25].

Azolla is one of the great biological N fixation (30–100 kg N ha−1 crop−1) and hence
has particular value for organic agriculture production systems [16,20,26]. Azolla has been
widely used as green amendments or bio-fertilizer, especially as it is a cheap source to sup-
ply plants with their N requirements [16,27,28]. Nitrogen is one of the elements necessary
for plant growth [29]. Furthermore, the emission of nitrogen gases from agricultural soils
is one of the most dangerous factors for the ecosystem [29]. Consequently, sustainable
development to increase N use efficiency and reduce gas has become an important issue,
especially, under climate changes [30,31]. The tissues of Azolla are an important source of
N, as these tissues decompose within 8–10 days and then N releases to the soil solution
and becomes available for plant uptake [27]. The addition of Azolla is a promising tool to
increase N use efficiency and plant productivity [20,31].

Squash or zucchini plant (Cucurbita pepo L.) is one of the most important vegetable
crops cultivated in Egypt for local market. Squash plants belong to the Cucurbitaceous
family, which is a highly polymorphic vegetable plant and liked for human nutrition world-
wide [32]. Squash fruit is rich with some essential nutrients (e.g., manganese, potassium,
phosphorus, copper, and magnesium) [33]. Furthermore, it is rich in protein and bioac-
tive compounds such as antioxidants, flavonoids, vitamins, and medicinal prospects [33].
Squash plants are widely cultivated in all soils [34], and can be planted in many temperature
conditions (e.g., Mediterranean, tropical, and sub-tropical regions) [35]. Squash production
in low fertility soils depends mainly on increasing the soil organic matter, which controls
the soil physicochemical properties and nutrient availability [4]. Increasing the soil content
of organic matter will lead to obtaining a safe product and savings in the consumption of
mineral fertilizers in line with the principles of sustainable development [25].

There is little available information on the effect of compost, vermicompost, and
Azolla under wheat straw mulching on squash growth, yield, and fruit quality. Therefore,
the current study aims to improve the growth, yield, and fruit quality of squash by organic
armaments and wheat straw mulching.
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2. Material and Methods
2.1. Experimental Design and Treatments

An experiment was conducted in wooden boxes under open field conditions in Assiut
University, Assiut governorate, Egypt. The soil samples were collected from the surface
soil layer (0–20 cm) from the Research Farm of Agriculture Faculty, Assiut University,
Egypt. The soil samples were air-dried, then sieved using a 2 mm stainless steel sieve,
and mixed thoroughly. Physicochemical properties of the studied soil were analyzed
as described by Carter and Gregorich [36] and the results are shown in Table 1. The
experiment was set up in wooden boxes (0.5 high and 1.5 × 0.70 m diameter) filled with
the studied soil. The experiment contained two factors: (1) mulching (with or without) and
(2) five fertilization treatments. The studied fertilization treatments were CO (control), CF
(chemical fertilizer; full recommended NPK, 112 kg N ha−1, 75 kg P2O5 ha−1, and 75 kg
K2O ha−1), CT (compost; 7.5 t ha−1), VC (vermicompost; 7.5 t ha−1), and DA (dry Azolla;
3.75 t ha−1). Organic fertilizers were mixed with the soil before the sowing of squash seeds
during soil preparation. The tested treatments were arranged in a random block design
with two factors and three replications: two levels for the first factor (with or without
muscling) and five levels for the second factor (CO, CF, CT, VC, DA). The total number
of the experimental units was 30 boxes. Table 2 shows the main chemical composition of
the studied organic fertilizers, which were carried according to the methods described by
FAO [37]. Compost was obtained from the National Research Center Cairo, Egypt and
consisted of animal manure and maize stover (1:5). Vermicompost, which was used in this
study, is a commercial product manufactured by the National Research Center Cairo, Egypt.
The vermicompost consisted of animal manure and maize Stover (1:5) and was digested
by some worm species (e.g., Red Wiggler worms and Tiger worms). Dry Azolla (Azolla
pinnata) was produced and then dried on the Laboratory of Soils and Water Department,
Faculty of Agriculture, Al-Azhar University, Assiut, Egypt. Squash seeds (Cucurbita pepo L.)
Hi-Tech cv. Eskandrani were sown in a 0.25 × 0.25 cm space on 14 October. After 15 days of
germination, the plants were thinned to 12 plants per box. Wheat straw mulch (0.5–2 cm)
was added to the surface of the boxes after 20 days of cultivation with a 2 cm thickness. All
boxes were irrigated to 75% of soil field capacity.

Table 1. Basic soil properties.

Property Unit Value

Particle size distribution
Sand (g kg−1) 467 ± 15
Silt (g kg−1) 327 ± 22

Clay (g kg−1) 206 ± 21
Texture Silty loam

Bulk density (g cm−3) 1.45 ± 0.03
CaCO3 (g kg−1) 33 ± 5

EC (1:2.5) (dS m−1) 0.63 ± 0.10
pH (1:2.5) — 7.91 ± 0.05

Organic matter (g kg−1) 14.4 ± 2.0
Available–N (mg kg−1) 52 ± 3
Available–P (mg kg−1) 23 ± 4

Extractable–K (mg kg−1) 422 ± 18
Each value represents a mean of three replicates. Data are means ± SE. EC: soil salinity as electrical conductivity
(EC) unit.
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Table 2. Chemical composition of organic amendments used in this study.

Characteristics Unit Compost Vermicompost Dry Azolla

EC (1:5) extract (dSm−1) 5.47 ± 0.55 4.90 ± 0.45 2.15 ± 0.61
pH (1:5) ——– 7.43 ± 0.08 7.60 ± 0.05 6.90 ± 0.08

Organic matter (g kg−1) 332 ± 9 440 ± 27 673 ± 32
Total N (g kg−1) 15.3 ± 1.3 15.6 ± 2.0 30.0 ± 2.5
Total P (g kg−1) 6.3 ± 0.4 11. 7 ± 1.84 16.8 ± 1.9
Total K (g kg−1) 12.7 ± 1.4 8.9 ± 0.69 29.0 ± 1.28
Total Fe (mg kg−1) 220 ± 11 235 ± 12 250 ± 14
Total Mn (mg kg−1) 120 ± 6 130 ± 7 140 ± 7
Total Zn (mg kg−1) 128 ± 5 150 ± 6 125 ± 5
Total Cu (mg kg−1) 36 ± 3 40 ± 2 38 ± 4

Each value represents a mean of three replicates. Data are means ± SE.

2.2. Plant Measurements and Crop Yield

Plant samples were taken after 45 days of sowing and the fresh biomass weight and
dry biomass weight (g plant−1) were recoded. Chlorophyll (SPAD value) in squash leaves
was measured using the SPAD device (SPAD-502-m Konica Minolta, Inc., Tokyo, Japan).
The following characters of fruit yield were recorded: fruit length (cm), diameter (cm),
number of fruit plant−1, and weight of fruit (g fruit−1). The plant samples were oven-
dried at 70 ◦C until constant weight to obtain the dry matter content and determined
according to official methods of analysis [38]. Total soluble solid (T.S.S) of fruit juice was
estimated by digital refractometer as Brix % (Hanna Instruments model HI 96801). The
dried plant samples were ground and digested by a 2:1 mixture of H2SO4 and HClO4. A
total of 20 mL of the digestion mixture was added to 0.5 g of the plant sample with heating
(100 ◦C) until the digestion process was complete. Nitrogen (N) in the extraction of plant
samples was determined by using the Kjeldahl distillation method as described by the
FAO [37]. Phosphorus (P) in the digested plant samples was measured by the ammonium
molybdate method using a JENWAY 6305 UV/Visible Spectrophotometer at 643 nm, as
described by Jackson (2005). Potassium (K) in the plant samples was determined by
flamephotometer (BWB Model BWB-XP, 5 Channel) as described by Motsara and Roy [39].
Following the final harvest, soil samples (0–20 cm) were collected, air dried, and sieved
through a 2 mm sieve, and prepared for chemical analyses. The soil samples were subjected
to the following analyses: electrical conductivity (EC; dSm−1), pH, organic matter (OM;
g kg−1), and available soil N, P, and K (mg kg−1). The available forms of N, P, and K
were extracted and measured by the standard procedures as described by Carter and
Gregorich [36]. Nutrient use efficiency (NUE) was calculated according to the following
equation: NUE = (Yt − Y0)/N, where Yt is the yield of treatment (g); Y0 is the yield of
control; and N is the amount of added nutrients [40].

2.3. Statistical Analysis

The obtained results were checked for normality by Shapiro–Wilk. Moreover, homo-
geneity of variance was tested. The data were subjected to analysis of variance (two-way
ANOVA) as described by Gomez and Gomez [41]. The differences between means were
compared by Duncan’s multiple range test at p < 0.05 levels of probability [42].

3. Results
3.1. Effect of Soil Mulching and Organic Amendments on Some Soil Chemical Properties

In the present study, the application of organic fertilizers and wheat straw mulch
significantly affected (p ≤ 0.05) soil salinity, pH, and organic matter (OM) (Table 3). The
highest significant value of soil organic matter was obtained in the soil treated with Azolla
and covered with wheat straw. The availability of N, P, and K in the studied soil under
wheat straw mulch was significantly higher than the non-mulching treatments. The
application of recommended mineral fertilization (CF), compost (CT), vermicompost (VC),
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and dry Azolla (DA) under wheat straw mulch increased the soil available-N by 2, 20,
12, and 29%, respectively, above the control (CO), while these organic fertilizers without
mulching increased the soil available-N by 11, 32, 26, and 48%, respectively, above the
control. In general, the concentrations of available soil N in the soil under the mulching
treatments were higher than the non-mulching treatments. The behavior of P and K
availability in the studied soil was similar to nitrogen in its effect by covering and organic
fertilization. The highest significant values of available N, P, and K were recorded in the
soil treated with Azolla and covered with wheat straw.

Table 3. Effects of organic amendments and mulching system on soil properties and nutrient availability.

Treatment
pH EC

(dSm−1)
O. M

(g kg−1)
Available (mg kg−1)

Mulching Fertilizers N P K

No-mulch

CO 7.81 ± 0.01 abc 0.344 ± 0.01 c 10.09 ± 0.63 cd 49.37 ± 0.31 h 20.77 ± 0.97 d 413 ± 5.51 e

CF 7.83 ± 0.01 a 0.464 ± 0.02 bc 9.75 ± 0.97 d 54.53 ± 0.33 g 27.71 ± 0.57 bcd 552 ± 12.74 cd

CT 7.71 ± 0.01 e 0.513 ± 0.03 abc 15.91 ± 0.37 a 65.11 ± 0.14 d 23.24 ± 1.18 cd 866 ± 20.84 a

VC 7.77 ± 0.01 dc 0.410 ± 0.02 c 12.77 ± 1.14 b 62.41 ± 0.28 e 25.54 ± 1.21 bcd 530 ± 20.58 cd

DA 7.78 ± 0.00 abcd 0.405 ± 0.02 c 12.39 ± 0.16 bc 72.85 ± 0.44 b 31.43 ± 0.90 bc 505 ± 9.43 d

Wheat straw
mulch

CO 7.78 ± 0.01 bcd 0.412 ± 0.01 c 11.88 ± 0.92 bcd 60.24 ± 0.55 f 24.66 ± 2.58 bcd 430 ± 4.04 e

CF 7.82 ± 0.01 ab 0.589 ± 0.11 ab 11.65 ± 0.18 bcd 61.55 ± 0.70 ef 33.14 ± 2.45 ab 781 ± 5.05 b

CT 7.70 ± 0.01 e 0.648 ± 0.07 a 16.32 ± 0.33 a 72.35 ± 0.68 b 26.79 ± 1.79 bcd 572 ± 9.02 c

VC 7.76 ± 0.02 d 0.480 ± 0.03 bc 14.23 ± 0.51 ab 67.44 ± 0.38 c 27.83 ± 1.87 bcd 775 ± 22.49 b
DA 7.77 ± 0.00 dc 0.429 ± 0.05 bc 14.00 ± 0.60 ab 77.41 ± 0.33 a 40.24 ± 4.44 a 913 ± 1.68 a

Source of variance (p-value)
Mulching ns ns * ** ** *
Fertilizers ns * * ** ** *

Mulching × Fertilizers * * ** ** ** **

CO = Control (without fertilization), CF = Recommended mineral fertilization (112 kg N ha−1 + 50 kg P2O5 + 75 kg K2O ha−1),
CT = Compost (7.5 t ha−1), VC = Vermicompost (7.5 t ha−1), DA = Dry Azolla pinnata (3.75 t ha−1). Different superscript letters in the same
column indicate significant differences according to Duncan’s multiple range test at p ≤ 0.05. Data are means of three replicates ± SE.
ns = not significant. * p < 0.05, ** p < 0.01, and ns indicates non-significant differences (p ≥ 0.05).

3.2. Effect of Soil Mulching and Organic Amendments on the Growth of Squash Plants

Covering the soil with wheat straw mulch caused significant increases in the growth
of squash plants (Figures 1 and 2). Squash plants grown under the wheat straw mulch
had the highest chlorophyll (SPAD) and dry biomass weight. In most cases, the highest
value of chlorophyll (SPAD)was observed with the application of DA and CF with and
without wheat straw mulch. On the other hand, the lowest value of chlorophyll (SPAD)
was recorded for CO with or without wheat straw mulch (Figure 1). The application of
recommended mineral fertilization (CF), compost (CT), vermicompost (VC), and dry Azolla
(DA) under the wheat straw mulch increased the dry biomass by 93, 141, 56, and 203%,
respectively, above the control, while these organic fertilizers without mulching increased
the dry biomass by 121, 151, 31, and 220%, respectively, above the control (Figure 2). The
highest significant values of growth and chlorophyll (SPAD) were recorded in the soil
treated with dry Azolla and covered with wheat straw.
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Figure 1. Effect of organic amendments and mulching system on chlorophyll (SPAD) in the leaves of
squash plants. CO = Control (without fertilization), CF = Recommended mineral fertilization (112 kg
N ha−1 + 50 kg P2O5 + 75 kg K2O ha−1), CT = Compost (7.5 t ha−1), VC = Vermicompost (7.5 t ha−1),
DA = Dry Azolla pinnata (3.75 t ha−1). Different letters indicate significant differences according to
Duncan’s multiple range test at p ≤ 0.05. Data are means of three replicates ± SE.
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Figure 2. Effect of organic amendments and mulching system on the growth of squash plants. CO
= Control (without fertilization), CF = Recommended mineral fertilization (112 kg N ha−1 + 50 kg
P2O5 + 75 kg K2O ha−1), CT = Compost (7.5 t ha−1), VC = Vermicompost (7.5 t ha−1), DA = Dry
Azolla pinnata (3.75 t ha−1). Different letters indicate significant differences according to Duncan’s
multiple range test at p ≤ 0.05. Data are means of three replicates ± SE.

3.3. Effect of Soil Mulching and Organic Amendments on Nutrient Use Efficiencies

Nutrient use efficiencies significantly affected by the application of the fertilization
treatments and wheat straw mulching are shown in Figure 3. The highest significant
values of N, P, and K use efficiencies were recorded in the plants amended with DA under
wheat straw mulching, while the lowest values were found in the VC under no mulching
treatment. Nitrogen, phosphorus, and potassium were used efficiently when dry Azolla
was added under wheat straw mulching.
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Figure 3. Effect of organic amendments and mulching system on nutrient use efficiency. CO =
Control (without fertilization), CF = Recommended mineral fertilization (112 kg N ha−1 + 50 kg P2O5

+ 75 kg K2O ha−1), CT = Compost (7.5 t ha−1), VC = Vermicompost (7.5 t ha−1), DA = Dry Azolla
pinnata (3.75 t ha−1). Different letters indicate significant differences according to Duncan’s multiple
range test at p ≤ 0.05. Data are means of three replicates ± SE.

3.4. Effect of Soil Mulching and Organic Amendments on Fruit Yield Quality

The fruit length, diameter, number of fruit, and weight of fruit were significantly
affected (p ≤ 0.05) by mulching treatments and organic amendments (Table 4). The wheat
straw mulching increased the fruit yield compared to the non-mulching treatments. The
application of CF, CT, VC, and DA under mulching treatment increased the fruit length
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by 23, 14, 11, and 23%, respectively, above the control, while these increases were 26, 13,
9, and 25%, respectively, above the control under the non-mulching treatments. In most
cases, the highest significant value of the fruit weight was observed by applying DA under
the wheat straw mulch. The maximum fruit number and weight was obtained from the
soil covered by wheat straw and treated with dry Azolla.

Table 4. Effects of different organic fertilizers and mulching system on squash yield and its components.

Treatment Fruit Number
(Fruit Plant−1)

Fruit Length (cm) Fruit Diameter
(cm)

Fruit Weight
(g Fruit−1)Mulching Fertilizers

No-mulch

CO 6.67 ± 0.27 b 8.37 ± 0.18 d 2.57 ± 0.03 d 35.60 ± 1.60 a

CF 7.67 ± 0.27 ab 10.50 ± 0.54 ab 2.83 ± 0.03 cd 35.81 ± 1.45 a

CT 8.33 ± 0.26 ab 9.43 ± 0.72 abcd 2.70 ± 0.08 cd 36.72 ± 1.02 a

VC 7.33 ± 0.26 ab 9.10 ± 0.19 bcd 2.63 ± 0.03 cd 35.68 ± 1.25 a

DA 8.00 ± 0.82 ab 10.47 ± 0.53 ab 2.80 ± 0.19 cd 37.14 ± 2.04 a

Wheat straw
mulch

CO 7.00 ± 0.82 b 8.87 ± 0.35 cd 2.77 ± 0.17 cd 36.69 ± 5.16 a

CF 9.00 ± 0.82 ab 10.93 ± 0.47 a 3.63 ± 0.07 a 37.24 ± 3.00 a

CT 9.33 ± 1.09 ab 10.10 ± 0.36 abc 3.17 ± 0.19 abc 41.16 ± 5.04 a

VC 7.67 ± 0.27 ab 9.80 ± 0.33 abcd 3.00 ± 0.17 bcd 40.01 ± 1.39 a

DA 10.33 ± 1.52 a 10.90 ± 0.46 a 3.50 ± 0.17 ab 43.39 ± 4.48 a

Source of variance (p-value)
Mulching * ** * *
Fertilizers * ** * **

Mulching × Fertilizers * * ** **

CO = Control (without fertilization), CF = Recommended mineral fertilization (112 kg N ha−1 + 50 kg P2O5 + 75 kg K2O ha−1), CT =
Compost (7.5 t ha−1), VC = Vermicompost (7.5 t ha−1), DA = Dry Azolla pinnata (3.75 t ha−1). Different letters in the same column indicate
significant differences according to Duncan’s multiple range test at p ≤ 0.05. Data are means of three replicates ± SE. ns = not significant.
* p < 0.05, ** p < 0.01, and ns indicates non-significant differences (p ≥ 0.05).

The quality of squash fruit was evaluated and the data are shown in Figure 4. The
highest total soluble solid (4.17 Birx) was found in the case of DA without mulching, while
the lowest was found in the control with mulching. N content in the fruit reached the
highest (29.05 g kg−1 DW) value with DA and mulching, while the lowest (11.03 g kg−1

DW) was found in the case of the control without mulching. The highest K content in the
fruit (20.45 g kg−1 DW) was found with CF and mulching, while the lowest (13.56 g kg−1

DW) with the control without mulching.
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Figure 4. Effect of organic amendments and mulching system on squash fruits. CO = Control (without fertilization), CF
= Recommended mineral fertilization (112 kg N ha−1 + 50 kg P2O5 + 75 kg K2O ha−1), CT = Compost (7.5 t ha−1), VC =
Vermicompost (7.5 t ha−1), DA = Dry Azolla pinnata (3.75 t ha−1). Different letters indicate significant differences according
to Duncan’s multiple range test at p ≤ 0.05. Data are means of three replicates ± SE.

4. Discussion

Agricultural waste has increased dramatically in recent years due to the increase in
agricultural production and thus the burden has increased on environmental scientists
to devise innovative methods to recycle the agricultural waste [1,2]. Converting the
agricultural waste into organic fertilizers is an ideal solution to reduce environmental
problems and at the same time increase the soil fertility [3,4]. In the current study, wheat
straw was used to cover the soil to increase the productivity of squash with the use of
organic fertilizers instead of the chemical ones. The application of compost, vermicompost,
and dry Azolla to the soil increased the growth and yield of squash plants. Moreover,
the results of the yield and fruit quality were also controversially close to those obtained
from the mineral fertilization. The use of Azolla to fertilize the soil and wheat straw
mulch led to obtain the best results in yield, growth, and quality. The studied organic
fertilizers were able to significantly increase the availability and uptake of the essential
plant nutrients, which led to an increase in photosynthesis and thus increased the growth
of squash plants. These results regarding the improvement in soil quality as a result of
organic fertilization are consistent with those obtained from the studies of Alharbi et al. [4]
and Rekaby et al. [43]. Organic fertilizers increase the organic matter content and nutrient
availability in soil [43,44]. Moreover, organic fertilizers play important roles in balancing
plant nutrition by improving soil properties such as soil structure, soil organic matter,
cation exchange capacity, and soil microbial activity [44–47].

Covering the soil surface has many benefits that lead to a noticeable improvement in
soil quality and thus increase plant production [12,46–48]. In this study, wheat straw was
used as mulch. The results of the current study showed the superiority of covering the soil
with wheat straw and increasing the growth of squash plants growing in the soil covered
with wheat straw. It was revealed that the use of mulching improved the soil quality, soil
moisture content, and microbial activities [29]. Improving the quality of the soil enables
the plant to absorb its nutrient requirements from the soil and provides better growth
and development of roots, which ultimately increases the number of roots [1–4,29]. The
findings of the current study are in agreement with those of Sun [6,8,46]. Effects of organic
mulching include an increase in specific mineral elements in the soil as the organic com-
pounds decompose and improve the nutrient availability and soil quality [8,9,46]. Different
mulches with different compositions will affect a growing medium differently [6,7,12,46].
Soil moisture is higher under a mulched area than a non-mulched area and the mulch
caused less fluctuation in soil moisture compared to in the non-mulched areas [12,47].
Mulching is an important factor for successful crop yield. It absorbs the heat from the solar
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radiation, increases the soil temperature, and helps to increase the crop production [7,8].
Additionally, it reduces the cost through reducing the weed infestation in the field and
moisture conservation [46]. The use of organic mulches has several benefits including soil
moisture retention, reduction of soil temperatures, enhancing plant growth, and nutrient
availability [47–52].

The addition of dry Azolla (Azolla pinnata) in the current study showed a remarkable
superiority over compost and vermicompost in increasing the growth and productivity
of squash plants. The dry Azolla added to the soil contained 30, 16.8, and 29 g kg−1 of
N, P, and K (dry weight basis). Moreover, Azolla contained 673 g kg−1 of organic matter
(Table 2). Azolla’s high content of nutrients and organic matter improved its ability to
enhance the soil quality and nutrient availability, and consequently caused significant
increases in the growth and quality of squash fruits. These findings are in agreement with
those of El Husieny et al. [16]. The addition of Azolla to soil has several advantages such
as improving soil physico-chemical properties, improving soil organic matter, enhancing
nutrient availability, and reducing the ammonia loss [16,20,26]. The addition of Azolla to
soil minimizes the negative effects of soil salinity, reduces the soil pH, increases the nitrogen
use efficiency, and promotes plant growth [16,28]. Nitrogen is one of the necessary elements
for plant growth, and is one of the elements that plants consume in large quantities [29].
Furthermore, the emission of nitrogen gases from agricultural soils is one of the most
dangerous effect for environmental ecosystems [29]. Consequently, research dealing with
how to increase the efficiency of nitrogen fertilizers and reduce the emission of gases has
become important matters for those working in plant nutrition, especially under climate
changes and the increase in demand for food [30]. The current research paper confirmed
the ability of Azolla (Azolla pinnata) in increasing the availability and uptake of N over the
other organic and inorganic fertilization treatments. The tissues of Azolla are important
sources of N, as these tissues decompose within 8–10 days and then N releases to the soil
solution and becomes available for plant uptake [27]. Dry Azolla addition increased the
nutrient use efficiencies of N, P, and K compared to other fertilization treatments. The
superiority of Azolla in increasing the efficiency of the use of nutrients was clearly shown
under the straw mulching system. Increasing the nutrient use efficiency is the result of
increasing the availability of these elements in the soil, which facilitates their absorption by
the plant and increases the production of dry matter for plants [53–61].

5. Conclusions

Developing growth of squash (Cucurbita pepo L.) plants generally reflected the positive
effects of organic fertilization and mulching. The mulching of soil with wheat straw
improved the growth and yield, enhanced the soil fertility, and increased the nutritive
value of fruit. Moreover, the better plant development of squash was recorded under
dry Azolla treatment with wheat straw mulching, followed by seam treatment without
wheat straw mulching. It was concluded from this study that organic fertilization under an
organic mulching system of soil showed a positive increase in the growth characteristics,
fruit yield, and all the soil studied traits compared to the chemical fertilization without
mulching.
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