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Abstract

A field experiment was conducted for potato plants in the field of the Agricultural Research and
Experiment Station in Al-Muradiyeh of the Directorate of Agriculture of Babylon _ Babylon
Governorate for the agricultural season according to the Factorial experience RCBD design . The
addition of bacterial biofertilizer to treatment B1 gave the highest rate of microbial respiration to the
soil with a value of 5.88 (mg CO2 g™ dry soil) and the highest percentage of total organic carbon in
the soil, which amounted to 1.61%, as well as the highest percentage of organic matter in the soil
after harvest, which amounted to 0.65 %, led to the addition of phosphorus sourcesThe treatment P2
gave the highest rate of microbial respiration for the soil with a value of 6.35 (mg CO2g™ dry soil)
and the highest percentage of total organic carbon in the soil as it reached 1.54% and the highest
percentage of organic matter gave 0.98%. Also, the addition of vermicompost to treatment F2 gave
the highest Soil microbial respiration rate Its value was 5.36 (mg CO2 g™ dry soil), the highest
percentage of total organic carbon in the soil, which reached 1.66%, and the highest percentage of
organic matter in the soil after harvest, which reached 0.68%. (mg CO2 g™ dry soil) and higherThe
percentage of total organic carbon in the soil reached 2.02% and the highest percentage of organic
matter amounted to 0.75, and the binary interaction treatment B1F2 excelled by giving the highest
rate of microbial respiration of the soil with a value of 6.73 (mg CO2 g™ dry soil) and the highest
percentage of total organic carbon in soil Where it reached 1.83% and the highest percentage For
organic matter, it amounted to 0.83%, and the two-overlap treatment P2F2 excelled by giving the
highest rate of microbial respiration for soil with a value of 7.10 (mg CO2 g™ dry soil), the highest
percentage of total organic carbon in the soil, which amounted to 1.79%, and the highest value for
organic matter amounted to 1.50%, as well The B1P2F2 overlap treatment outperformed by giving
the highest Soil microbial respiration rate of 6.63 (mg CO2 g™ dry soil) and the highest percentage of
total organic carbon in the soil amounted to 2.55% and the highest percentage of organic matter
amounted to 0.93%, and thus we recommend the use of biofertilizer, phosphate rock and
vermicompost to achieve an improvement in microbiological characteristics and increase inThe
percentage of organic matter in the soil after harvest.
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Introduction use of mineral fertilizers in high quantities, up

Biofertilizers are  considered  natural to 50% of the recommended amount. Among
preparations that contain one or more types of these bacterial species, the most common are
beneficial and safe microorganisms, because Bacillus magaterium (1). The use of
they are not genetically modified and have an biofertilizers increases the yield of pollinated
effect on increasing soil fertility due to their plants by (20-30%) and compensates for the
ability to release nutrients continuously when element nitrogen and phosphorus by 25%, thus
appropriate conditions are available, as they improving plant growth standards as well as
cover most of the plant's needs The preserving the fertility and composition of the
environment and contribute to reducing the soil and providing protection for plants from
added mineral fertilizers . Studies have pathogens endemic in the soil as well as
confirmed that biofertilizers can reduce the reducing pollution the soil agricultural
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chemicals represented by fertilizers and
pesticides  (2).Bacillus  megaterium s
characterized by its ability to form internal
spores that give it a high degree of stability,
drought tolerance, and its ability to produce
enzymes, organic solvents, and secondary
metabolic compounds. Therefore, these
bacteria are of great importance in terms of
increasing nutrient processing and resistance
to pathogens in plants (3).And one of the
reasons for the low productivity of the crop is
the lack of its supply of necessary nutrients,
especially phosphorus, without which the
plant cannot grow and develop normally.
Phosphorus is one of the basic elements that
plants need in relatively large quantities, and it
cannot be replaced by another -element
because of its important role in many
physiological processes. Phosphorus is the key
of life because of its direct role in most of the
vital processes that take place inside the plant
and that would not take place without it(4) .
And vermicompost is one of the necessary
growth requirements due to its importance in
preparing the nutritional needs of the plant and
its positive impact in increasing the yield in
terms of quantity and quality on the one hand
and improving the physical, chemical and
biological properties of the soil rich in
nutrients such as nitrogen, magnesium, iron
and other nutrients and helps It helps plant
growth through its good absorption. It also
contains many enzymes that enhance the
activities of living organisms (5) . The potato
plant grows in hot, tropical and subtropical
regions. Moreover, it is one of the most
important tuber crops and one of the most
widely used vegetable crops. Humans
consume it in relatively large quantities, as it
constitutes an important source of many
foodstuffs, as it contains a high percentage of
starch, protein, amino and organic acids,
vitamins and mineral elements(6) .

Materials and Methods
A field experiment was carried out at the
Muradia Research Station of the Directorate of

366

Agriculture of Babylon on 1/20/2022 to the
Factorial experience

RCBD design to know the effect of bacterial
biofertilizer, sources of phosphorus and
vermicompost on the preparation of bacterial
and fungal cells for the two phases of
vegetative growth and flowering of potato
plants addition) and is symbolized by (BO,
B1).The second factor is phosphorus sources
at three levels (0, 100 kg hat of
superphosphate, 200 kg hectare-1 of
phosphate rock) and is symbolized by (PO, P1,
P2). The third factor is vermicompost with
three levels (0, 8, 12) ton ha™ and symbolizes
it (FO, F1, F2). Soil samples were randomly
taken before planting from a depth of 0 - 30
cm, dried, ground and sieved with a sieve with
holes of 2 mm to estimate Soil chemical,
physical and biological characteristics Table
(1) shows the results of the analysis The field
was divided into three replications, and in
each replicate there were 18 experimental
units, the area of the experimental unit was 12
m2, with dimensions of 3 x 4 m, with three
paths, the length of the path was 3.5 m, and
the distance between one path and another was
0.75 m. The biological fertilizer, Bacillus
megaterium, and sources of phosphorus (triple
superphosphate and rock) were added.
Phosphate) and vermocompost and mix
withThe soil was good, and potato tubers of
the Burin variety were planted in a hollow,
and the field was irrigated after planting,
according to the plant's need, and service
operations were carried out as needed. The
plant was harvested at the stage of full
maturity, and the microbiological
characteristics and the percentage of organic
matter in the soil after harvest were calculated,
and the statistical analysis of the data was
conducted wusing the least significant
difference (LSD) at the level of probability
0.05. B. megaterium was obtained from the

Graduate Research Laboratory of the
Department of Soil Sciences and Water
Resources and were activated before

conducting the study.
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Table No. (1) The chemical, physical and biological properties of the soil before the agriculture.

Property unit The value

(EC) dSm™ 2.9

Soil pH - 7.8

Gypsum kgt 2.2

Carbonate minerals gxg 18.46

Soil organic matter (SOM) | % 0.54

CEC Cmolc kg™ 10.67

Positive and negative dissolved ions

Ca* 9.1

Mg** 4.33

Na** 9.21

cL”' 13.31

HCOs™ 2.41

CO;"’ Nil

Available nutrients

Nitrogen 24.3

Phosphorous mg kg ™ soil 7.21

Potassium 112.6

Soil Particals

Sand 320

Silt g kg™ 600

Clay 80

Texture class - Silt Loam

Bulk density mg m™ 1.35

Total number of fungi 10°*1.6

Total number of bacteria CE U am™ soi 10°* 2.4
- F.U gm™ soil

The number of magaterium 106 * 0. 87

Bacillus bacteria
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Table No. 2 the characteristics of vermicompost

unit of | value adjective
measure

- 7.66 pH
dSm™ 1.1 EC

% 32.77 o.M

% 20 0.C

% 1.69 Total nitrogen
% 0.0103 Phosphorus
% 0.394 potassium
% 25 Humidity
Ppm 36-50 Fe

Ppm 27-40 Zn

Ppm 15-25 Mn

Ppm 5-9 Cu

- 11.83 C/N Ratio

Results and discussion

1- The effect of biofertilization, sources of
phosphorus and vermicompost and their
interactions on some microbiological
properties

1-1 -Microbial respiration in the soil (CO2

mg™ g dry soil)

It is noted from the results of Table (3) that
bacterial biofertilization, phosphorus sources,
vermicompost and their interactions had a
significant effect on the microbial respiration
rate of the soil, as the bacterial fertilization of
the inoculated treatment Bl reached the
highest value of 5.88 mg CO2 g™ dry soil ,
compared to treatment BO that was given A
value of 5.22 mg CO2 g™ dry soil , Also, the
effect of adding phosphate rock had a
significant effect on the microbial respiration
rate, and its highest value was in treatment P2,
which had a value of 6.35 mg CO2 g* dry
soil, compared to treatments P1 and PO, which
had a value of 6.18 and 5.66 mg CO2 g™ dry
soil , as well as the addition of
vermicompostThere was a significant increase
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in the microbial respiration rate, and its
highest value was in the F2 treatment, which
amounted to 5.36 mg CO2 g dry soil ,
compared to the FO treatment, which had a
value of 4.14 mg CO2 g* dry soil. To a
significant increase in the rate of microbial
respiration and the highest valuelt was when
the treatment of the binary interaction of
phosphorus sources with biofertilization for
the treatment B1P2, which amounted to 5.88
compared to the treatment of BOPO, which
amounted to 4.03 mg CO2 g dry soil. Binary
overlap treatmentB1F2 with a value of 6.73
mg CO2 g™ dry soil , compared to the binary
interaction treatment BOFO with a value of
4.25 mg CO2 g dry soil. It was at the P2F2
binary overlap treatment that amounted tolts
value is 7.10 mg CO2 g™ dry soil , compared
to the lowest value for the binary interference
treatment POFO, which amounted to 4.52 mg
CO2 g dry soil .It is also noted from the
same table that the effect of the triple
interaction of the study factors all had a
significant effect on increasing the microbial
respiration rate mg CO2 g™ dry soil, and that
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its highest value was when the triple
interaction treatment B1P2F2 had a value of
6.63 mg CO2 g dry soil, as measured by the
lowest value of the microbial respiration ratelt

is represented by the triple overlap treatment
BOPOFO, which amounted to 3.75 mg CO2 g*
dry soil, with an increase of 76.8%.

Table 3: Effect of biofertilization, sources of phosphorus and vermicompost and their
interactions on microbial respiration in the soil (mg CO2 g dry soil)

Average |B*P vermicompost F Sources  of | Biofertilization
B F2 F1 FO phosphorous | B
P
4.03 4.25 4.10 3.75 PO Without: BO
5.22 4.15 4.85 4.63 3.82 P1
4.68 5.10 4.93 4.00 P2
4.88 5.53 5.25 4.13 PO
5.88 5.29 5.90 5.73 4.25 P1 With: B1
5.88 6.63 6.10 4.93 P2
LSD: B= | LSD:B*P \ LSD: B*P*F = 1.20 value LSD
0.24 0.73 BxF
LSD: B*F=1.13 6.10 5.33 4.25 BO
6.73 6.20 4.71 Bl
Average P PxF
5.66 6.73 5.75 4.52 PO
6.18 6.93 6.81 4.80 P1
6.35 7.10 6.97 5.00 P2
LSD: P =0.40 LSD: P*F =0.13 value LSD
|536 [512 [4.14 | Average F
| LSD: F=0.10 value LSD

1-2- The effect of biofertilization, sources of
phosphorus and vermicompost and their
interactions on the percentage of total
organic carbon in the soil.

The results of the statistical analysis Table (4)
indicated that the effect of Dbacterial
fertilization had a significant effect on the
percentage of organic carbon, as the effect of
biological fertilization had a significant effect
on increasing the percentage of total organic
carbon in the soil. The inoculated treatment
reached a value of 1.61% for treatment Bl
compared to treatment BO, which amounted to
Its value is 1.47%, and the addition of
phosphorus sources, including phosphate rock,
increased the percentage of total organic
carbon in the soil, and its highest value was in
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treatment P2, which amounted to 1.54%,
compared to the treatment of adding triple
superphosphate to treatment P1 and PO, whose
values were 137 and 1.30. % each
sequentially, as ledThe addition of
vermicompost to a significant increase in the
total organic carbon in the soil, and its highest
value was in treatment F2, which amounted to
1.66%, compared to treatments F1 and FO,
which amounted to 1.48 and 1.25% each,
respectively. The binary interactions of the
study factors also led to a significant increase
in the percentage of total organic carbon in the
soil, and the effect of the bilateral interaction
of bacterial fertilization and phosphorous
sources resulted in a significant increase in the
percentage of organic carbon, and its highest
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value was in the treatment B1P2, which
amounted to 2.02%, compared to the treatment
BOPO, which It amounted to 1.17%, and the
bilateral interaction of vermicompost with
biofertilization led to a significant increase in
the percentage of total organic carbon in the
soil, and the highest value was in the binary
interaction treatment B1F2, which amounted
to 1.83%, compared to the comparison
treatment BOFO, which amounted to 1.43%.
Also to overlap The combination between
phosphorus sources and vermicompost had a
significant effect on increasing the percentage
of total organic carbon in the soil, and its
highest value was when the binary interaction
treatment P2F2, whose value amounted to
1.79%, compared to the binary interaction
treatment POFO, whose value amounted to
1.25%.

as it is noted from the same table that to the
interference effect The three factors of the
study had a significant effect on increasing the
percentage of total organic carbon in the soil,
and its highest value was in the triple
interaction  treatment  B1P2F2,  which
amounted to 2.55%, compared to the lowest
value of the percentage of total organic carbon
in the soil, represented by the comparison
treatment BOPOFO, which amounted to 1.10%

It is noted from Tables (3) and (4) that the
effect of bacterial biofertilization, phosphorus
sources, vermicompost and their interactions
all had a significant effect on increasing the
microbial respiration rate in the soil (CO2 mg
! g dry soil) and the percentage of total organic
carbon in the soil, as Inoculation with bacterial
biofertilizer leads This result is consistent with
what they found (7) of an increase in the rate
of microbial respiration in the soil and the
liberation of CO2 by 9%. The microorganisms
are different nutrition in the soil as well as
chemical  fertilization  represented by
phosphorus sources, including phosphate rock
and triple superphosphate, to increase the rate
of microbial respiration in the soil and its
reflection on the percentage of total organic
carbon in the soil because chemical
fertilization with phosphate fertilizer leads to a
decrease in the percentage of infected roots
This leads to a decrease in the percentage of
fixed aggregates in the soil with the levels of
phosphate chemical fertilization sources.
Bacterial fertilization also led to the ability of
this bacteria to decompose vermicompost,
secrete organic acids, and liberate CO2, which
contributes to increasing the activity of
microorganisms. Also, the treatment of
vermicompost to the soil and its interaction
with other factors led to the availability of
organic carbon, which is an energy source and

contributes significantly to increasing the respiration rate.
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Table 4: The effect of biofertilization, sources of phosphorus and vermicompost and their
interactions on the percentage of total organic carbon in the soil.

Average |B*P vermicompost F Sources of | Biofertilization
B F2 F1 FO phosphorous | B
P
1.17 1.25 1.17 1.10 PO Without: BO
1.47 1.24 1.30 1.28 1.15 P1
1.32 1.39 1.35 1.22 P2
1.37 1.45 1.41 1.26 PO
1.61 1.63 2.00 1.59 1.31 P1 With: B1
2.02 2.55 2.10 1.43 P2
B=LSD | LSD:B*P | LSD: B*P*F = 0.86 value LSD
0.08 0.35 BxF
LSD: B*F = 0.25 1.52 1.47 1.43 BO
1.83 1.61 1.47 B1
Average P PxF
1.30 1.35 1.31 1.25 PO
1.37 1.43 1.39 1.29 P1
1.54 1.79 1.50 1.34 P2
LSD: P =0.06 LSD: P*F =0.20 value LSD
|1.66 | 1.48 | 1.25 | Average F
| LSD: F =0.07 value LSD

Microbial and increase the percentage of
total organic carbon in the soil. These results
are consistent with what they found (8)
.Biofertilization also has a major role in the
decomposition of phosphate rock and in
increasing the availability of nutrients,
including phosphorous, as vermicompost has
the ability to secrete clomaline, proteins and
sugars, and thus make the soil mediumSuitable
for the growth of other microorganisms
(9).The increase in the rate of microbial
respiration and the percentage of total organic
carbon in the soil (Tables 2) and (3) is
attributed to the settlement of bacteria in the
rhizosphere, where it works to stimulate the
physiological response, which is clearly
reflected in the increase in root branches,
which increases the mass of the vital roots and
its secretions that affect on activityBiological,
as well as the bilateral interactions between
bacterial ~ fertilization and sources of
phosphorus and vermicompost works to
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encourage plant growth through several
mechanisms, as it works to fix atmospheric
nitrogen and dissolve phosphorus and
decompose organic matter and the production
of chelating compounds and reduction of
ethylene and used in biological control
because the interaction of factorsThe studies
together lead to an increase in the rate of
microbial respiration (CO2 mg™ g dry soil)
and its reflection on the increase in the
percentage of total organic carbon in the soil
(10).

2- The effect of biofertilization, sources of
phosphorus and vermicompost and their
interactions on the percentage of organic
matter in the soil.

It is noted through the results of Table (5)
that the effect of bacterial biofertilization,
sources of phosphorus and vermicompost and
their interactions all had a significant effect on
increasing the percentage of organic matter in
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the soil after harvest, as the inoculation with
bacterial fertilizer led to a significant increase
in the percentage of organic matter in the soil
after harvest and gave treatment B1 had the
highest value of 0.65% compared to treatment
BO, in which the percentage of organic matter
in the soil reached 0.51%, which amounted to
0.98%, compared to treatment P1, which is a
source of triple superphosphate, and control
treatment PO, which amounted to 0.68 and
0.57% for each of them, respectively.
percentage of organic matter inSoil after
harvest and the highest amount of it was in
treatment F2, which amounted to 0.68%,
compared to treatments F1 and FO, which
amounted to 0.64 and 0.44%, with an increase
of 6.25 and 54.5% for each of them,
respectively.

The effect of vermicompost through its
decomposition, as most of the organic acids
that work to increase the percentage of organic
matter in the soil after harvesting (%) are
released from it. Membership in soil after
harvest, and its highest value was when the
binary overlap treatment B1P2, which
amounted to 0.75%, compared to the lowest
value for the binary overlap treatment BOPO,
which amounted to 0.48%, with an increase of
56.3%. in increasing the ratioThe percentage
of organic matter and its highest value was in
the treatment of binary interference B1F2,
which amounted to 0.83%, compared to the
lowest value of the percentage of organic
matter represented by treatment BOFO, whose
value amounted to 0.35%And the highest
value was in the treatment of binary
interference P2F2, which amounted to 1.50%
compared to the lowest value of the
percentage of organic matter in the soil after
harvest, and was in the control treatment
POFO, which amounted to 0.45%.

It is also noted from the same table that the
influence of the study factors represented by
their triple interactions led to a significant
increase in the percentage of organic matter in
the soil after harvest, and that the highest
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value was in the treatment of the triple
interaction B1P2F2, which amounted to
0.93%, which did not differ significantly from
the treatment of the triple interaction B1P1F2,
which reachedlts value was 0.73%, while the
lowest percentage of organic matter in the soil
after harvesting was represented by the triple
overlap and comparison treatment, which
amounted to 0.35% . as biofertilization may be
attributed to its role in improving plant growth
because it contains many organic acids and
nutrients, which increased the secretions of
roots and increased the number of bacterial
cells than increased organic carbon and its
reflection on the increase in the percentage of
organic matter in the soil after harvest. These
results are consistent with what they found
(11), and bio-fertilization produces organic
acids and releases CO2 during the
mineralization process and its union with
water (soil moisture), which leads to the
formation of acid carbonic, which in turn leads
to reduce the degree of interaction of the soil
pH with an increase in the readiness of
macronutrients and its reflection on the
increase in the percentage of organic matter in
the soil after harvesting, and this was
confirmed by (12) and that the effect of adding
phosphorus sources had a significant effect on
increasing the percentage of organic matter in
the soil after harvesting. Since the
vermicompost and its decomposition release
most of the nutrients and increase the organic
acids that work to increase the percentage of
organic matter in the soil (8).  The effect of
phosphorus sources had a significant effect on
the percentage of organic matter in the soil
after harvest, and its highest value was in the
treatment of P2, whose source is phosphate
rock, which when dissolved releases most of
the nutrients, including phosphorus and some
organic acids, which have a major role in
increasing the percentage of matter.
Membership in soil, and its highest value was
in treatment P2.
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Table 5: Effect of biofertilization, sources of phosphorus and vermicompost and their
interactions on the percentage of organic matter in the soil after harvest.

Average |[B*P vermicompost F Sources of | Biofertilization
B F2 F1 FO phosphorous | B
P
0.48 0.56 0.53 0.35 PO Without: BO
0.51 0.52 0.59 0.58 0.39 P1
0.54 0.62 0.60 0.41 P2
0.92 0.67 0.64 0.45 PO
0.65 0.64 0.73 0.70 0.50 P1 With: B1
0.75 0.93 0.79 0.52 P2
LSD: B= | LSD:B*P | LSD: B*P*F =0.28 value LSD
0.09 0.15 BxF
LSD: B*F =0.40 0.63 0.55 0.35 BO
0.83 0.72 0.41 Bl
Average P PxF
0.57 0.69 0.59 0.45 PO
0.68 0.85 0.73 0.48 P1
0.98 1.50 0.93 0.51 P2
LSD: P =0.21 LSD: P*F =0.55 value LSD
10.68 | 0.64 | 0.44 | Average F
| LSD: F=0.02 value LSD
CONCLUSIONS
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