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Iraq, for autumn 2022-2023 to study the effect of
each white fungus residue, date residues, and
biofertilizer on some soil properties. The experiment
included three factors: white mushroom residues at
three levels of 0, 10, and 20 tons ha, which was
symbolized by (MO, M1, M2), and date waste in
three levels of 0, 10, and 20 tons ha®. It was
symbolized by (DO, D1, D2) and the bacterial
inoculum consisting of (Azotobacter
chroococcum+Pseudomonas putida) in two levels
without adding and symbolizing, and it was
symbolized (B0) and adding the inoculate and
symbolizing it with (B1). A factorial experiment
with three replications was designed with a
randomized complete block design (RCBD).
Broccoli seedlings were planted on 10/7/2022 after
conducting land and crop service operations. The
crop was harvested on 3/3/2023, and soil samples
were analyzed before and after planting. The results
of the statistical analysis showed that the triple
interference with the highest levels (M2D2B1)
showed a significant increase in the content of
organic  matter,  microbial  density, and
concentrations of nitrogen, phosphorus, and
potassium available in the soil, which recorded
12.15 g kg "t and 3.81710xcfu gm™ soil and 154.40,
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18.07, 287.54 mg kg2, the single treatments of white
fungus residue, date residue, and bacterial inoculum
recorded a significant decrease in each of the bulk
density and saturated water conductivity, and a
significant increase in the total porosity of the soil,
which recorded bulk density rates of 1.30, 1.30 and
1.25 Mg.m?3, respectively. The saturated water
conductivity rates were 2.48, 2.55, and 2.56 cm h?,
respectively, and the total porosity rates were 51.32,
51.26, and 51.12%, respectively. The comparison
treatment without additions (MODOBO) showed the
lowest rates for all the studied soil characteristics,
namely organic matter content, microbial density,
concentrations of nitrogen, phosphorus, and
potassium available in the soil, bulk density,
saturated water conductivity, and total soil porosity,
as it recorded 2.10 g kg %, 0.54 710xcfu. gm™ soil,
32.13 mg kg, 9.55 mg kg, 206.55 mg kg?, 1.35
Mg. m3, 2.75 cm hl, 47.26%, respectively.

Keywords: Spent mushroom, Dates residues, Bio-Fertilizer, Organic residues.
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Introduction

Due to the vast population increase in recent decades, the urgent need for food has
dramatically increased plant consumption, so farmers have started to support plants
with nutrients to get the best production through chemical fertilizers. However, their
frequent use seriously affects human, animal, and environmental health. Recently,
alternatives or supplements to mineral fertilizers have been used, such as organic
fertilizers and biofertilizers, which are safe and less expensive. One of the organic
materials that has proven its worth in this field is white mushroom waste (spent
mushroom compost). It is the remains of materials used in mushroom cultivation after
harvesting, and it is considered one of the modern organic fertilizers that work to
improve the physical, chemical, fertility, and biological properties of the soil due to its
content of essential major elements, some minor elements, microorganisms, and
growth regulators (6, 24 and 30). There is another type of organic material that can be
used as organic fertilizer in agriculture, which is molasses factory waste (date waste),
which is the remaining material from the molasses industry (the remainder of date fruits
and date pits), which contains insoluble fibers consisting of cellulose, hemicellulose,
lignin, and lignocellulose. Enzymes' fermentation transforms these materials into
soluble compounds (1 and 2).

Using date waste significantly increased plant growth, yield, and leaf chlorophyll
content (7 and 20). Date waste increases the percentage of NPK nutrients in the soil
after decomposition by microorganisms present in the soil. Date waste improves soil
structure by increasing the cohesive forces and bonding between particles and forming
hydrophobic complexes that reduce soil structure breakdown during hydration (13 and
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23). The bacterial inoculum contains beneficial microorganisms that secrete many
enzymes, organic acids, growth regulators, and chelating materials, in addition to the
ability of these organisms to dissolve phosphorus (P) and potassium (K) compounds
and mineralize organic matter (OM) (31). Biofertilizers improve the soil's physical and
chemical properties. They increase the soil's ability to retain water, reduce bulk density
(BD), and increase soil aggregate stability (4, 21 and 31). Azotobacter bacteria can fix
the atmospheric nitrogen (N) they need to build their bodies, and whatever is more than
their need or when they decompose after their death is transferred to the soil, thus
improving the soil properties (27). Pseudomonas bacteria convert insoluble P
compounds into a soluble form, making it easier for the roots to absorb more P and
increase their growth (3, 5 and 9). Pseudomonas bacteria have been used to play a
major role in increasing the availability of major and minor nutrients for the plant and
their effectiveness in improving soil structure (1 and 8).

Materials and Methods

A field experiment was conducted in one of the College of Agriculture research
station fields in Ramadi City, Anbar Governorate, for the fall season of 2022 for a field
with dimensions of 18x18 m. The study aims to know the effect of white mushroom
waste, dates, and bacterial inoculum (Azotobacter chroococcum and Pseudomonas
putida) on soil properties and broccoli plants. The field soil had a sandy clay loam
texture. Agricultural operations such as plowing, leveling, and amendment prepare the
soil before planting. Soil samples were taken randomly from a depth of (30-0 cm), and
their chemical and physical properties were analyzed before planting Table 1.

Table 1: Pre-planting soil chemical and physical properties.

Soil Property Value Unit
EC 2.60 ds m?
pH 7.78
Organic Matter O.M. 2.10 g.kg?
Microbial Density in Soil 0.54 xgtxsoil 107 cfu
Auvailable Nitrogen 32.13 mg.kg?
Available Phosphorus 9.55 mg.kg*
Auvailable Potassium 206.55 mg.kg*
Bulk Density 1.35 Mg.g*3
True Density 2.56 Mg.g3
Weighted Diameter 0.29 mm
Cation Exchange Capacity 35.95 Cmol.kg soil
Total Porosity 47.26 %
Saturated Water Conductivity 2.75 h.cm?
Accumulative Penetration 55.34 Sec.cm™?
Sand 684 g.kg?
Silt 112 g.kg?
Clay 204 g.kg?
Soil Texture Sandy Clay Loam

Preparation of bacterial: Available isolates of bacteria (Azotobacter
chroococcum+Pseudomonas putida) were taken from the Microbiology Laboratory of
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the College of Agriculture, University of Anbar. The isolates were multiplied and
activated on the Nutrient Broth medium according to the method mentioned in (6).
Treatments and experiment design: The field was divided into three sectors
representing replicates; each sector was divided into 18 plots, and each plot represented
an experimental unit in which 11 plants were planted. The experiment was designed
using a randomized complete block design (R.C.B.D) with three replicates, so the total
number of treatments was 54. Agricultural operations were carried out, including
plowing, amendment, and leveling. Broccoli seedlings were planted on 10/7/2022
under the drip irrigation system, and harvesting was carried out in two batches, the first
on 12/30/2022 and the second on 1/16/2023. The results of the experiment were
statistically analyzed using the analysis of variance method, and the (F) value and
(LSD) value were tested under a significance level 0.05 as stated in SAS 2003. The
experimental treatments included the following:
1. White mushroom waste at three levels (0, 10, and 20 tons ha™) symbolized by
(MO, M1, M2)
2. Date waste at three levels (0, 10, and 20 tons ha™) symbolized by (D0, D1, D2)
3. Bacterial inoculum (Azotobacter+Pseudomonas) without addition and adding the
inoculum symbolized by (BO, B1).

Studied characteristics: The soil characteristics were studied and analyzed: organic
matter, microbial density, concentrations of available N, available P, available K in the
soil, BD, total porosity, and saturated water conductivity.

Results and Discussion

The effect of white mushroom waste, dates, and bacterial inoculum on the soil
organic matter content: Table 2 shows the effect of adding white mushroom waste, date
waste, and bacterial inoculum on the soil's OM content (g kg™). There is a significant
difference for adding white mushroom waste at a level of 20 t ha* (M2) compared to a
level of 10 t ha* (M1) and without adding (MO), as the rates were 8.73, 5.61, and 3.48
g kgt, respectively, with an increased rate of 55.61 and 150.86%, respectively. There
were significant differences for adding date waste at a level of 20 t ha* (D2) compared
to a level of 10 t ha! (D1) and without adding (DO0), recording rates of 7.21, 5.98, and
4.63 g kg, respectively, with an increased rate of 20.57 and 55.72%, respectively. The
treatment of bacterial inoculum (B1) to the OM had a significant difference compared
to the treatment without adding the inoculum (BO), recording rates of 6.77 and 5.11 g
kg, respectively, with an increased rate of 32.49%. The dual interaction of adding
white mushroom waste and date waste at the levels of 20 tons ha-1 (M2D2) showed a
significant difference compared to not adding organic waste (MODO) and recorded rates
of 10.55 and 3.02 g kg, respectively, with an increase rate of 249.33%. The dual
interaction of adding white mushroom waste at the level of 20 tons ha-1 and bacterial
inoculum (M2B1) recorded a significant difference compared to the treatment without
adding (MOBO), recording rates of 9.92 and 2.77g kg, respectively, with an increased
rate of 258.12%.

There were significant differences in the binary interaction between date residues at
the level of 20 t ha® and bacterial inoculum (D2B1) compared to the control treatment
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(DOBO) recording 8.32 and 4.17 g kg2, respectively, with an increased rate of 99.52%.
The triple interaction represented by adding white fungus residues and date residues at
the levels of 20 t ha™ and bacterial inoculum (M2D2B1) showed the highest rate of
OM content in the soil with significant differences compared to the control treatment
in which no organic residues and no bacterial inoculum were added (MODOBO)
recording 12.15 and 2.10 g kg™, respectively, with an increase rate of 478.57%.

Table 2: Effect of white mushroom waste, date waste, and bacterial inoculum on
the soil organic matter content (g kg™?).

White Mushroom Waste Date Waste Bacterial Inoculum MxD
M D B
BO B1
MO DO 2.10 3.94 3.02
D1 2.96 4,08 3.52
D2 3.25 4,55 3.90
M1 DO 3.96 4,55 4.25
D1 5.01 5.77 5.39
D2 6.11 8.26 7.19
M2 DO 6.44 6.79 6.62
D1 7.21 10.83 9.02
D2 8.95 12.15 10.55
LSD wm*p*B 0.65 LSDm+p 0.46
M * B
White Mushroom Waste BO B1 White Mushroom Waste Means

MO 2.77 4,19 3.48

M1 5.03 6.19 5.61

M2 7.53 9.92 8.73
LSD wm*B 0.37 LSDm 0.27

BxD
Date Waste BO Bl Date Waste Means

DO 4,17 5.09 4.63

D1 5.06 6.89 5.98

D2 6.10 8.32 7.21
Lsd p*s 0.37 LSDy 0.27

B
Bacterial Inoculum BO B1
Means of Bacterial Inoculum 5.11 6.77
LSD B 0.22

White mushroom waste at three levels (0, 10, and 20 tons hal) was symbolized by
MO, M1, and M2. Date waste at three levels (0, 10, and 20 tons ha) and symbolized
by (DO, D1, D2) and bacterial inoculum. It consists of (Azotobacter
chroococcum+Pseudomonas putida) at two levels without adding the inoculum and
marked with the symbol (B0) and adding the inoculum and marked with the symbol
(B1).

The effect of white mushroom waste, date waste, and bacterial inoculum on soil
microbial density: Table 3 shows the effect of white mushroom waste, date waste, and
bacterial inoculum on soil microbial density (710xcfu g soil). There are significant
differences for adding white mushroom waste at the level of 20 t ha™* (M2), compared
to the level of 10 t ha* (M1) and without addition (MO) recording 2.61, 1.67 and 1.27
710xcfu gt soil respectively, with an increase rate of 56.28 and 105.51%. There was a
significant difference in adding date waste at the level of 20 tons ha-1 (D2) compared
to the level of 10 tons ha (D1) and without adding (DO0), and the rates reached 2.21,
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1.80, and 1.54 710xcfu g? soil, respectively, with an increased rate of 22.77 and
43.50%. There is a significant difference for the treatment of adding bacterial inoculum
(B1) in increasing the soil microbial density compared to not adding inoculum (BO0),
recording 2.42 and 1.28 710xcfu g* soil, respectively, with an increase rate of 89.06%.
The binary interaction of adding white fungus waste and date waste at the level of 20 t
hal (M2D2) recorded significant rates in soil microbial density (710xcfu g-1 soil)
compared to not adding (MODO) by 3.06 and 0.95 710xcfu g soil, respectively, with
an increase rate of 222.10%. The binary interaction of adding white mushroom waste
at the level of 20 t.ha’* and bacterial inoculum (M2B1) showed a significant difference
compared to not adding mushroom waste and bacterial inoculum (MO0BO), recording
rates of 3.28 and 0.83 710xcfu g™* soil, respectively, with an increase rate of 295.18%.
There was a significant difference in the binary interaction between date waste at the
level of 20 t.ha! with the addition of bacterial inoculum (D2B1) compared to not
adding both (DOBO), recording rates of 2.85 and 0.99 710xcfu g soil, respectively,
with an increase rate of 187.87%. The triple interaction (M2D2B1) showed the highest
value of soil microbial density, which reached 3.81 710xcfu g* soil, compared to
without addition, which recorded 0.54 710xcfu g? soil, with an increased rate of
605.55%, to outperform all binary interactions and single treatments significantly.

Table 3: Effect of white mushroom waste, date waste, and bacterial inoculum on
microbial density in soil (710xcfu g sail).

White Mushroom Waste Date Waste Bacterial Inoculum MxD
M D B
BO Bl

MO DO 0.54 1.37 0.95
D1 0.92 1.77 1.34
D2 1.03 1.99 1.51

M1 DO 0.89 1.97 1.43
D1 1.02 2.06 1.54
D2 1.33 2.76 2.04

M2 DO 1.53 2.95 2.24
D1 1.97 3.07 2.52
D2 2.31 3.81 3.06

LSD m+p*s 0.04 LSDm*p 0.03

M*B

White Mushroom Waste BO B1 White Mushroom Waste Means

MO 0.83 1.71 1.27

M1 1.08 2.26 1.67

M2 1.94 3.28 2.61

LSD m*s 0.02 LSDn 0.02

BxD

Date Waste BO B1 Date Waste Means

DO 0.99 2.10 1.54

D1 1.30 2.30 1.80

D2 1.56 2.85 2.21

Lsd p*g 0.02 LSDy 0.02

B

Bacterial Inoculum BO B1

Means of Bacterial Inoculum 1.28 2.42

LSD g 0.01

MO, M1, M2: White mushroom waste at three levels (0, 10 and 20 tons ha*). DO, D1, D2: Date waste at
three levels of 0, 10 and 20 tons ha'. BO, B1: without adding inoculum and adding the inoculum. The
triple intervention (M2D2B1) showed the highest value for microbial density in the soil, amounting to

515



Anbar J. Agric. Sci., Vol. (23) No. (1), 2025. ISSN: 1992-7479 E-ISSN: 2617-6211

3.81x710 cfug™ soil, compared to without a recorded addition of 0.54x710 cfug-1 soil, with an increase
rate of 605.55%.

The effect of white mushroom waste, date waste, and bacterial inoculum on the
concentration of available soil nitrogen: Table 4 shows the effect of adding white
mushroom waste, date waste, and bacterial inoculum on the available N concentration
in the soil (mg kg™). There are significant differences for adding white mushroom
waste at a level of 20 tons ha (M2) compared to a level of 10 tons ha® (M1) and
without adding (MO0) recording 136.50, 83.27 and 44.64 mg kg™, respectively, with a
percentage of 63.92 and 205.77%. Adding date waste at a level of 20 tons ha* (D2)
recorded a significant difference compared to a level of 10 tons ha* (D1) and without
adding (DO), recording rates of 97.63, 87.98 and 78.80 mg kg™, respectively, with a
percentage of 10.97 and 23.90%, respectively. The treatment of adding bacterial
inoculum (B1) had a significant difference from that of not adding inoculum (BO),
recording 100.31 and 75.96 mg kg, respectively, and by 32%. The two-way
interaction of white mushroom waste at a level of 20 tons ha-1 and adding bacterial
inoculum (M2B1) showed a significant difference compared to the control treatment
(MOBO) by 150.02 and 37.79 mg kg, respectively, and by 296.98%, but the two-way
interaction of adding white mushroom waste and date waste and the two-way
interaction of adding date waste and adding bacterial inoculum did not give significant
differences. The triple interaction of adding white mushroom waste and date waste at
the levels of 20 tons ha and adding bacterial inoculum (M2D2B1) recorded the highest
significant rate of N content in the soil compared to the control treatment (MODOBO),
recording 154.40 and 32.13 mg kg, respectively, at a rate of 380.55%.
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Table 4: Effect of white mushroom waste, date waste, and bacterial inoculum on
the concentration of available soil nitrogen (mg kg™?).

White Mushroom Waste Date Waste Bacterial Inoculum MxD
M D B
BO B1

MO DO 32.13 42.50 37.31
D1 36.58 51.65 44.11
D2 44.68 60.29 52.49

M1 DO 53.78 89.87 71.82
D1 69.58 98.37 83.98
D2 77.97 110.04 94.01

M2 DO 109.22 145.29 127.25
D1 121.32 150.36 135.84
D2 138.39 154.40 146.40

LSD m+p*s 7.25 LSDm*p 0.03

M*B

White Mushroom Waste BO B1 White Mushroom Waste Means

MO 37.79 51.48 44.64

M1 67.11 99.43 83.27

M2 122.98 150.02 136.50

LSD w+g 4.19 LSDn 2.96

BxD

Date Waste BO Bl Date Waste Means

DO 0.99 2.10 1.54

D1 1.30 2.30 1.80

D2 1.56 2.85 2.21

Lsd ps 0.02 LSDq 0.02

B

Bacterial Inoculum BO Bl

Means of Bacterial Inoculum 75.96 100.31

LSD g 2.42

MO, M1, M2: White mushroom waste at three levels (0, 10 and 20 tons ha*). DO, D1, D2: Date waste at
three levels (0, 10 and 20 tons ha'). BO, B1: without adding inoculum and adding the inoculum. The
triple intervention (M2D2B1) recorded the highest significant rate for the percentage of N in the soil
compared to the control treatment.

The effect of white mushroom waste, date waste, and bacterial inoculum on the
concentration of available soil phosphorus: Table 5 shows the effect of white
mushroom waste, date waste, and bacterial inoculum on the concentration of available
P in the soil (mg kg™). There is a clear significant difference for adding white
mushroom waste at a level of 20 t ha* (M2) compared to a level of 10 t ha* (M1) and
without adding (MO), recording rates of 16.89, 13.54, and 10.97 mg kg%, respectively,
with a percentage of 24.74 and 53.97%, respectively. There were significant
differences for treating date waste at a level of 20 t ha (D2) compared to a level of 10
t ha (D1) and without adding (DO0), recording rates of 14.41, 13.83, and 13.16 mg kg
! respectively, with a percentage of 4.19 and 9.49%, respectively. There was a
significant difference between the treatment of bacterial inoculum (B1) and the
treatment without adding (BO0), and the rate of the two treatments was 14.81 and 12.79
mg kg, respectively, with a percentage of 15.79%. However, the double and triple
interactions between adding white mushroom waste, date waste, and bacterial
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inoculum did not show significant differences between their treatments regarding the
concentration of available P in the soil (mg kg™).

Table 5: Effect of white mushroom waste, date waste, and bacterial inoculum on
the concentration of available soil phosphorus (mg kg1).

White Mushroom Waste Date Waste Bacterial Inoculum MxD
M D B
BO B1

MO DO 9.55 11.25 10.40
D1 9.91 11.98 10.94
D2 10.65 12.47 11.56

M1 DO 11.89 13.89 12.89
D1 12.87 14.46 13.67
D2 13.12 15.01 14.07

M2 DO 14.88 17.48 16.18
D1 15.69 18.04 16.87
D2 16.55 18.69 17.62

LSD m*p*8 NS LSDm*p NS

M*B

White Mushroom Waste BO B1 White Mushroom Waste Means

MO 10.04 11.90 10.97

M1 12.63 14.45 13.54

M2 15.70 18.07 16.89

LSD w+g NS LSDm 0.73

BxD

Date Waste BO B1 Date Waste Means

DO 12.10 14.21 13.16

D1 12.82 14.83 13.83

D2 13.44 15.39 14.41

Lsd p*s NS LSDy 0.73

B

Bacterial Inoculum BO B1

Means of Bacterial Inoculum 12.79 14.81

LSD g 0.59

MO0, M1, M2: White mushroom waste at three levels (0, 10 and 20 tons ha*). DO, D1, D2: Date waste at
three levels (0, 10 and 20 tons ha). BO, B1: without adding inoculum and adding the inoculum. There
is a clear significant difference in adding white mushroom waste at a level of 20 tons ha* (M2) compared
to a level of 10 tons ha* (M1) and without adding (MO0).

The effect of white mushroom waste, date waste, and bacterial inoculum on the
concentration of available soil potassium: Table 6 shows the effect of adding white
mushroom waste, date waste, and bacterial inoculum on the available K concentration
in the soil (mg kg!). There is a significant difference for adding white mushroom waste
at the level of 20 t ha* (M2) compared to the level of 10 t ha™* (M1) and without adding
(M0), recording 272.10, 248.15 and 222.10 mg kg, respectively, with a percentage of
9.65 and 22.51%. Date waste at the level of 20 t ha® (D2) showed significant
differences in K concentration compared to the level of 10 t ha? (D1) and with
treatment without adding (DO0), as K concentration rates in the soil were recorded at
254.01, 246.80 and 241.53 mg kg%, respectively, with a percentage of 2.92 and 5.16%.
There was a significant difference between adding bacterial inoculum (B1) and without
inoculum (BO), recording 255.98 and 238.92 mg kg, respectively, with a percentage
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of 7.14%. However, the binary and triple interactions between adding white mushroom
waste, date waste, and bacterial inoculum showed no significant differences in their
treatments concerning the soil K concentration (mg kg™).

Table 6: Effect of white mushroom waste, date waste, and bacterial inoculum on
available soil K (mg kg™) concentration.

White Mushroom Waste Date Waste Bacterial Inoculum MxD
M D B
BO Bl

MO DO 206.55 226.69 216.62
D1 211.94 231.55 221.75
D2 220.18 235.67 227.93

M1 DO 233.42 251.11 242.26
D1 240.63 253.40 247.02
D2 249.92 260.43 255.18

M2 DO 255.45 275.99 265.72
D1 261.87 281.43 271.65
D2 270.32 287.54 278.93

LSD m*p*B NS LSDm+p NS

M*B

White Mushroom Waste BO B1 White Mushroom Waste Means

MO 212.89 231.30 222.10

M1 241.32 254.98 248.15

M2 262.55 281.65 272.10

LSD w+g NS LSDn 3.19

BxD

Date Waste BO Bl Date Waste Means

DO 231.80 251.26 241.53

D1 238.14 255.46 246.80

D2 246.81 261.21 254.01

Lsd p*s NS LSDy 3.19

B

Bacterial Inoculum BO B1

Means of Bacterial Inoculum 238.92 255.98

LSD g 2.60

MO0, M1, M2: White mushroom waste at three levels (0, 10 and 20 tons ha*). DO, D1, D2: Date waste at
three levels (0, 10 and 20 tons ha). BO, B1: without adding inoculum and adding the inoculum. Date
waste at the level of 20 tons ha* (D2) showed significant differences in K concentration compared to
the level of 10 tons ha'* (D1) and with the treatment without addition (DO).

The effect of white fungus waste, date waste, and bacterial inoculum on the soil bulk
density: Table 7 shows the effect of adding white mushroom waste, date waste, and
bacterial inoculum on the soil BD (Mg m3-). There is a significant difference for adding
white mushroom waste, especially at the level of 20 tons ha (M2) compared to the
level of 10 tons ha* (M1) and without adding (MO), recording rates of 1.25, 1.27, and
1.30 Mg m3- respectively, with a decrease rate of 2.30 and 3.84% respectively. Adding
date waste showed a significant difference at the level of 20 tons ha? (D2) compared
to the level of 10 tons ha™- and without adding (DO0), recording 1.24, 1.28, and 1.30
Mg m3- respectively, with a decrease rate of 1.53 and 4.61%. There is a significant
difference in the bacterial inoculum (B1) treatment compared to the treatment without
addition (BO0). The rate of the two treatments was recorded at 1.25 and 1.29 pg m3-
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respectively, with a decrease rate of 3.10%. However, the binary and triple interactions
of white mushroom waste, dates, and bacterial inoculum showed no significant
differences.

Table 7: Effect of white mushroom waste, date waste, and bacterial inoculum on
the soil bulk density (Mg m-3).

White Mushroom Waste Date Waste Bacterial Inoculum MxD
M D B
BO B1

MO DO 1.35 1.30 1.32
D1 1.33 1.27 1.30
D2 1.29 1.25 1.27

M1 DO 1.32 1.26 1.29
D1 1.29 1.25 1.27
D2 1.27 1.24 1.25

M2 DO 1.30 1.25 1.27
D1 1.26 1.23 1.24
D2 1.24 1.21 1.22

LSD m*p*B NS LSDm*p NS

M*B

White Mushroom Waste BO B1 White Mushroom Waste Means

MO 1.32 1.27 1.30

M1 1.29 1.25 1.27

M2 1.27 1.23 1.25

LSD w+g NS LSDn 0.01

BxD

Date Waste BO Bl Date Waste Means

DO 1.32 1.27 1.30

D1 1.30 1.26 1.28

D2 1.26 1.22 1.24

Lsd p*s NS LSDy 0.01

B

Bacterial Inoculum BO B1

Means of Bacterial Inoculum 1.29 1.25

LSD g 0.01

MO0, M1, M2: White mushroom waste at three levels (0, 10 and 20 tons ha*). DO, D1, D2: Date waste at
three levels (0, 10 and 20 tons ha). B0, B1: without adding inoculum and adding the inoculum. There
is a significant difference in adding the bacterial inoculum (B1) compared to without adding (B0). The
average rates for the two treatments were 1.25 and 1.29 mg/m3, respectively, with a decrease rate of
3.10%.

The effect of white fungus waste, date waste, and bacterial inoculum on soil
porosity: Table 8 shows the effect of adding white mushroom waste, date waste, and
bacterial inoculum on soil porosity (%). There are significant differences in soil
porosity for the treatment of white mushroom waste at a level of 20 tons hat (M2)
compared to a level of 10 tons ha® (M1) and without adding (MO), recording 51.32,
50.32 and 49.28% respectively, and at a rate of 1.98 and 4.13% respectively. There are
significant differences for adding date waste at a level of 20 tons ha* (D2) compared
to a level of 10 tons ha™* and without adding (DO), and their rates were 51.26, 50.32
and 49.34%, respectively, and at an increased rate of 1.86 and 3.89% respectively.
There is a significant difference between adding bacterial inoculum (B1) and not
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adding (B0), as the two treatments recorded 51.12 and 49.49%, respectively, with an
increase rate of 3.29%. The binary interaction of date waste at a level of 20 t ha™* and
adding bacterial inoculum (D2B1) showed a significant difference compared to without
adding (DOBO), recording 51.82 and 48.30%, with an increased rate of 7.28%.
However, the binary interactions between white fungus waste and date waste and the
interaction between white fungus waste and bacterial inoculum did not show
significant differences, nor did the triple interactions.

Table 8: Effect of white mushroom waste, date waste, and bacterial inoculum on
soil porosity (%0).

White Mushroom Waste Date Waste  Bacterial Inoculum MxD
M D B
BO B1

MO DO 47.26 49.21 48.24
D1 48.04 50.39 49.22
D2 49.60 51.17 50.39

M1 DO 48.43 50.78 49.60
D1 49.60 51.17 50.39
D2 50.39 51.56 50.98

M2 DO 49.21 51.17 50.19
D1 50.87 51.95 51.37
D2 52.12 52.73 52.43

LSD m+p*s NS LSDm*p NS

M*B

White Mushroom Waste BO B1 White Mushroom Waste Means

MO 48.30 50.39 49.28

M1 49.47 51.17 50.32

M2 50.70 51.82 51.32

LSD v+ NS LSDn, 0.475

BxD

Date Waste BO B1 Date Waste Means

DO 48.30 50.39 49.34

D1 49.47 51.17 50.32

D2 50.70 51.82 51.26

Lsd D*B 0.672 LSDd 0.475

B

Bacterial Inoculum BO B1

Means of Bacterial Inoculum 49.49 51.12

LSD g 0.388

MO, M1, M2: White mushroom waste at three levels (0, 10 and 20 tons ha*). DO, D1, D2: Date waste at
three levels (0, 10 and 20 tons ha'). BO, B1: without adding inoculum and adding the inoculum.
Significant differences in soil porosity for the treatment of adding white mushroom waste at a level of
20 tons ha'* (M2) compared to a level of 10 tons ha (M1) and without adding (MO0), recorded as 51.32,
50.32 and 49.28%, respectively.

The effect of white mushroom waste, date waste, and bacterial inoculum on soil
water conductivity: Table 9 shows the effect of white mushroom waste, date waste, and
bacterial inoculum on the soil-saturated water conductivity (cm h). There are
significant differences in the treatment of white mushroom waste on the saturated water
conductivity value at the level of 20 tons ha™* (M2) compared to the level of 10 tons ha”
1 (M1) and without adding (MO) recording 2.48, 2.62, and 2.69 cm hl, respectively,
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with a decrease rate of 2.60 and 7.80%. There is a significant difference for adding
bacterial inoculum (B1) compared to without adding (B0), recording 2.56 and 2.63 cm
ht, respectively, with a decrease rate of 2.66%, and adding date waste did not give any
significant differences in the saturated water conductivity value. The binary interaction
of white mushroom waste and date waste at the levels of 20 t.ha* (M2D2) showed a
significant difference compared to the absence of (MODO) addition, recording rates of
2.43 and 2.74 cm.h'?, respectively, with a decrease rate of 4.37%. However, the binary
interactions between adding white mushroom waste and adding bacterial inoculum and
between adding date waste and bacterial inoculum did not give any results, nor did the
triple interactions.

Table 9: Effect of white mushroom waste, date waste, and bacterial inoculum on
saturated soil water conductivity (cm™ h).

White Mushroom Waste Date Waste  Bacterial Inoculum MxD
M D B
BO B1

MO DO 2.75 2.73 2.74
D1 2.70 2.65 2.68
D2 2.66 2.62 2.64

M1 DO 2.70 2.58 2.64
D1 2.67 2.56 2.62
D2 2.63 2.55 2.59

M2 DO 2.57 2.45 2.51
D1 2.54 2.44 2.49
D2 2.45 2.41 2.43

LSD m+p*s NS LSDm*p 0.15

M*B

White Mushroom Waste BO Bl White Mushroom Waste Means

MO 2.70 2.67 2.69

M1 2.67 2.56 2.62

M2 2.52 2.43 2.48

LSD w+g NS LSDm 0.09

BxD

Date Waste BO Bl Date Waste Means

DO 2.67 2.59 2.63

D1 2.64 2.55 2.59

D2 2.58 2.53 2.55

Lsd ps 0.672 LSDq 0.475

B

Bacterial Inoculum BO Bl

Means of Bacterial Inoculum 2.63 2.56

LSD g 0.07

It is clear from Tables 2, 3, 4, 5, 6, 7, 8, and 9 that the addition of white fungus
residues Agaricus bisporus and date residues to the molasses and bacterial inoculum
consisting of (Azotobacter chroococcum+Pseudomonas putida) each individually and
some of their binary and triple interactions led to an increase in both OM and microbial
density in the soil, and the concentrations of available N, available P and available K
in the soil, and in the porosity and saturated water conductivity of the soil and a
decrease in the soil BD. The triple interaction treatment of the highest level of 20 tons
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ha* of fungus residues and date residues in the presence of the bacterial inoculum of
Azotobacter and Pseudomonas (B1D2M2) outperformed by showing the highest rates
of OM content, microbial density, and available N concentration in the soil. Many
studies have indicated the critical role of white mushroom waste, as it improves the
soil's fertile and physical properties and increases the necessary elements in it, such as
N, P, and K, in addition to the N it contains in the form of protein, which becomes
ready for absorption after the decomposition process is complete (11, 18 and 19). It is
characterized by its high content of OM, which ranges between 75-34% (25).

Date waste plays an essential role in increasing the OM in the soil, as it works to
increase the percentage of NPK nutrients in it after its decomposition by
microorganisms present in the soil, and it improves the soil structure by increasing the
cohesion and bonding forces between particles and forming water-repellent complexes
that work to reduce the breakdown of the soil structure during the hydration process
(22). (10 and 16) indicated the effect of palm waste on some soil properties by
increasing the percentage of OM. (28) mentioned the effect of adding levels of OM in
improving the physical properties of the soil, and the results were significant in
reducing the value of the true and BD of the soil and increasing the porosity of the soil
at the level of 20 tons ha™. The bacterial inoculum contains beneficial microorganisms
that secrete many enzymes, organic acids, growth regulators, and chelating materials,
in addition to the ability of these organisms to dissolve P and K compounds and
mineralize OM. They play a role in improving the physical and chemical properties of
the soil due to their positive effect on soil structure and porosity and increase the soil's
ability to retain water. They work to reduce the BD and increase the soil aggregates'
stability (29 and 31). (14) showed that adding a combination of biofertilizers containing
Azotobacter bacteria to the soil increased the percentage of OM and microbial density.
(26) The effect of using biofertilizers with organic fertilizers on the growth and yield
of broccoli was observed using Azotobacter and Azospirllum bacteria, and it improved
the physical properties of the soil. Pseudomonas bacteria have a significant role in
increasing the availability of major and minor nutrients for the plant and their
effectiveness in improving soil properties (5).

Conclusions

After the use of white mushroom farm waste and dates juice laboratory waste as
organic waste, as well as biomaries (pseudomonas and Azotobacter), a moral effect in
most of the characteristics of fertilizer and vital soil, increased its content of organic
matter, microbial density and important nutrients as well as improving its physical
qualities.
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