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Abstract

The experiment was carried out during the growing season of 2024-2025 in a plastic
greenhouse at Al-Musayyib District, Al-Mashrooa area of Babylon Governorate in a
private agricultural field in Hilla city (32047'00"N, 44019'00"E). This was a three
replication Randomized Complete Block Design (RCBD) experiment. In sandy loam soil,
the Least Significant Difference (LSD) was used to compare the means for treatment at a
5% level of probability. The objective of the study was to study the effect of bacterial
biofertilizers ( Azotobacter vinelandii and Bacillus subtilis) as well as the four levels of
application of compost organic manure (0, 1, 2, 3 tons per hectare) on the leaf nitrogen (N),
phosphorus (P), and potassium (K) content. At the flowering stage, the results indicated
that the treatment with the three —way interaction between the study factors in the
proportion of 3t ha™ of A. vinelandii, B. subtilis or compost presented significant values
for the contents of N, P and K, in mg per kg of dry matter: 7.8900, 0.6000 and 4.6100,
respectively. The treatment with A. vinelandii was followed by the treatment with A.
vinelandii + compost at 3 tons per hectare, which was the best in all traits except leaf P
content, where the combined biofertilizer treatment ( A. vinelandii + B. subtilis ) recorded
the value highest .
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Introduction

Eggplant (Solanum melongena L) is an 2023, 594.16 dunams of eggplant were

annual herb of the Solanaceae family and it cultivated, yielding 170.63 tons (6).

is the fifth largest crop grown worldwide

with an annual production of 56 million reported that biofertilizers consist of
tons. It is rich in vitamins, minerals, fiber microorganisms living in the rhizosphere
and phenolics (8). and is widely grown (0-30 mm around roots). According to
throughout the tropical and temperate (10) biofertilizers are living organisms
regions.it is found that china is the largest which are introduced in soil or seeds to
producer ( 36.6 million tons) followed by improve the nutrient level,is reflected in
India and Egypt (7) . Eggplant is an plant growth decrease mineral fertiliser
important economic crop in Irag, and in ?nddto provide good, environment-friendly

ood.
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In the case of eggplant, (14) evaluated
four biofertilizers and reported that the
Azotobacter plants contained more N,P,K
in their leaves than the un-inoculated
plants. In the same way, (3) reported that
the Azotobacter chroococcum
significantly increased N, P and K in
tomata ( Solanum lycopersicum L.) plants.
Addition various organic manures also

Materials and Methods

A field experiment was conducted to
cultivate eggplant in one of the plastic
greenhouses  within a  private
agricultural field in Babylon
Governorate, Al-Musayyib District, Al-
Azawiya area, during the 2024-2025
season. The total area was 468 m?2 (52
m X 9 m) in sandy loam soil, to study
the effect of bacterial biofertilizer and

resulted in higher levels of N,P,K in
tomato leaves (1) and eggplant leaves (13).
Organic fertilizers such as poultry waste,
vermicompost, dried blood and palm
fronds were found to improve the
concentration of NPK in ( Capsicum
annuum L.) leaf (3.40%, 0.42%, 4.11%

respectively) by (4).

compost in the content of the major
nutrients N.P.K eggplant. The soil was
prepared by plowing twice
perpendicularly. Random soil samples
were taken from the plastic house at a
depth of 0-30 c¢cm to determine some

physical,

chemical,

soil

before starting the experiment.

properties

Table (1): Some physical and chemical properties of the plastic house soil

Property Value Property Unit
Clay 110 g kg~ *soil
Silt 291 g kg™ *soil
Sand 599 g kg™ *soil
Texture Sandy loam | —

Bulk density 1.37 gem- 3
Electrical conductivity (EC) 2.16 dSm™1

pH 7.4 —

Cation exchange capacity (CEC) | 19.32 cmol* kg~ *soil
Organic matter (OM) 1.7 g kg™ tsoil
Available N 26.4 mg kg~ ® soil
Available P 7.3 mg kg~ * soil
Available K 158 mg kg~ * soil
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The soil was then leveled and well-tilled. It
was divided into three ridges along the
plastic house, with a 1 m isolation distance
between each ridge. Each ridge was divided
into 16 experimental units per sector. Drip
irrigation networks were placed along each
ridge. The experimental unit area was 5.8
m2 (2.90 m x 2 m). The distance between
experimental units within the same sector
was 30 cm. The total number of
experimental units was 48, arranged in a
factorial experiment using a Randomized
Complete Block Design (RCBD) with three
replications.  Treatment means  were
compared using the Least Significant
Difference (LSD) at 5% probability.

The experimental units were randomly
distributed by digging furrows on both sides
of the ridge, adding compost table (2) at

suspension of A. vinelandii and B. subtilis
by dipping roots for 15 minutes with a
concentration of 10° (16). The hybrid
variety (Barcelona F1) was planted on both
sides of the ridge, with 40 cm spacing
between plants. After seedlings , thinning
was performed after there were 2 plants
leaving one plant per furrow. Chemical
fertilizers were added according to the
fertilizer recommendation for eggplant as
reported by (11).

Soil particle size distribution  was
determined according to (5). Bulk density
was measured as per (5) Electrical
conductivity was determined following (12)
. pH and cation exchange capacity were
measured according to (5). Organic matter
was determined according to (5). Available
nitrogen (Kjeldahl), available phosphorus

levels (0, 1, 2, 3 tons per hectare) to each (spectrophotometer), and available

furrow and mixing it with the soil. potassium  (flame  photometer)  were

Seedlings were planted on February 12, determined following (5).

2025, after being inoculated with a liquid

Table (2) shows the properties of the organic fertilizer used

Variety From To
Weight of a cubic meter wet ( kg) 600 700
Weight of a cubic meter dry ( kg) 450 550
Moisture content % 25 30
PH IN 1:10 extract 7.5 8.5
Conductivity (EC) IN 1ds\m® (10) extract | 4.5 6.5
Water cross- sectional capacity% 200 300
Total N % 1.4 1.8
OM% 40 48
Organic carbon % 22.2 228
YC/N ratio( 1:15:4 1:16:6
Total p % 0.4 0.8
Total K% 0.8 1.8
Fe( ppm) 1500 2000
Mn(ppm) 100 150
Cu(ppm) 160 240
Zn (ppm) 40 80

Study Indicators

Leaf N, P, and K content of eggplant at flowering stage
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Samples were collected from the fourth leaf
below the growing tip (physiologically
active) from six randomly selected plants
per experimental unit at the flowering
stage. Leaves were washed with tap water,
then distilled water, dried in an oven at
65°C for 48 hours until constant weight,
and ground separately using an electric
mill. The ground material was passed

Results and Discussion

through a 0.5 mm sieve, mixed well, and
0.2 g from each sample was placed in a
conical flask. Digestion was performed
using a mixture of sulfuric and perchloric
acids. After digestion, nitrogen was
determined by distillation using a Kjeldahl
apparatus, phosphorus was measured using
a spectrophotometer, and potassium was
determined using a flame photometer (2).

1. Effect of Bacterial Biofertilizer (A. vinelandii and B. subtilis) and
Compost Levels on Leaf N Content (mg N per kg dry matter) at Flowering

Stage

The averages of leaf nitrogen
concentration as obtained by statistical
analysis (Table 3) revealed that the
bacterial biofertilizers and compost levels
(either as single, dual or triple application)
resulted significant increase in leaf nitrogen
concentration as compared to the control
treatment. In this case the three — way
interaction between the study factors with
mixed biofertilizer with compost at 3 ton
ha' recorded a highest moral value
compared to all the other treatments with
an average of 7.8600 mg NKkg. It was
followed by treatment with A. vinelandii
and compost at 3 tons per hectare
averaging 7.2300 mg N per kg when
compared to the control.

786

The enhanced activity and abundance of
soil microorganisms under composts may
be explained by the fact that compost is an
easily decomposed material that boosts soil
microbial activity and abundance due to
improved  nutrient  availability and
microbial secretion, which boosts the
activity of the root system, nutrient uptake,
and hence nutrient concentrations in plant
vegetative parts.

Moreover, the dual inoculation of A.
vinelandii and B. subtilis with the highest
compost dose could be attributed to better
fertilizer use efficiency and nutrient supply
capacity to the soil, which resulted in more
uptake of nutrients (including nitrogen) by
the eggplant roots and consequently higher
plant concentration.
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Table ( 3) Effect of bacteril biofertilizer ( A. vinelandii and B. subtilis) and compost
levels on leaf nitrogen content (mg N per kg dry matter)

Mean Compost levels (C) (tons per hectare) Bacillus Azotobacter
AZ AZ+BS | C3 C2 C1 co (BS) AZ
4.5725 48200 |4.6800 |4.5100 |4.2800 |BSO
4.9225 152725 55800 |5.3900 [5.1800 |4.9400 |BS1 AZ0
6.1775 6.6000 | 6.4400 |5.8900 |5.7800 | BSO
6.6825 7.1875 7.8600 7.1500 | 6.8800 | 6.8600 | BS1 AZ1
0.01179 | 0.01668 0.03335 L.S.D
AZ*C
L.S.D AZ*C =0.02358 | 5.2000 | 5.0350 |4.8450 |4.6100 | AZO
7.2300 6.7950 | 6.3850 |6.3200 | AZ1
BS Mean BS*C
5.3750 5.7100 5.5600 5.2000 5.0300 BSO
6.2300 6.7200 6.2700 6.0300 5.9000 BS1
L.S.DBS=0.01179 | L.S.D BS*C =0.02358
L.S.DC=001668 | 6.2150 | 5.9150 5.6150 | 5.4650 Mean C

AZ1 = Vaccination A.vinelandii

AZ+BS= Vaccination A.vinelandii + B.subtilis

AZ0 , BSO= Without vaccination

C= compost

BS1= Vaccination B.subtilis

2. Effect of Bacterial Biofertilizer (A. vinelandii and B. subtilis) and
Compost Levels on Leaf P Content (mg P per kg dry matter) at Flowering

Stage

The result of statistical analysis gave
Table (4) which revealed that the averages
of the leaf phosphorus content applied with
the bacterial biofertilizers and compost
levels singly,
significant increases compared with the

dually and triply were

787

control. The treatment triple interference
and compost (3 Ton ha') showed
significantly  higher than all  other
treatments with the average of 0.6000 mg
P/kg. It was followed by the treatment with
dual biofertilizer (A. vinelandii + B.
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subtilis) with an average of 0.5917 mg P
per kg, compared to the control. This could
be attributed to not only the nutrient
content of the manure but also the
contribution of compost to the substrates

for soil microbial communities and to
extending the activity of the added
biofertilizer bacteria (particularly in the
root-surface zone) that positively influence
the availability and uptake of phosphorus.

Table (4): Effect of bacterial biofertilizer (A. vinelandii and B. subtilis) and compost levels on
leaf phosphorus content (mg P per kg dry matter) at flowering stage

Mean Compost levels (C) (tons per hectare) Bacillus | Azotobacter

AZ AZ +BS C3 C2 C1 Co BS | AZ
0.4758 0.4933 | 0.4800 0.4700 0.4600 BSO

0.5113 0.5467 0.5367 | 0.5600 0.5500 0.5400 BS1 AZ0
0.5150 0.5300 | 0.5200 0.5100 0.5000 BSO

0.5533 0.5917 0.6000 | 0.5900 0.5967 0.5800 BS1 AZ1

0.02061 0.02915 0.05830 L.S.D

AZ*C

L.S.D AZ*C =0.04122 0.5150 | 0.5200 0.5100 0.5000 AZ0

0.5650 | 0.5550 0.5533 0.5400 AZ1
Mean BS BS*C

0.4954 0.5117 | 0.5000 0.4900 0.4800 BSO

0.5692 0.5683 | 0.5750 0.5733 0.5600 BS1

L.S.D BS | L.S.D BS*C =0.04122

=0.02061

L.S.D C=0.02915 | 0.5400 | 0.5375 0.5317 0.5200 Mean C

AZ1 = Vaccination A.vinelandii

AZ+BS= Vaccination A.vinelandii + B.subtilis

AZ0 , BSO= Without vaccination
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3. Effect of Bacterial Biofertilizer (A. vinelandii and B. subtilis) and
Compost Levels on Leaf K Content (mg K per kg dry matter) at

Flowering Stage

Leaf potassium content averages
significantly increased with increase in
bacterial biofertilizers and compost levels
when applied singly, dually or triply as
revealed by the statistical analysis
presented in Table (5). The treatment with
triple  interference biofertilizer and
compost with 3 tons per ha rate showed
significant improvement over all the
treatments with average of 4.6100 mg K
kg-1. This was followed by the treatment
triple interference A. vinelandii and B.
subtilis (without compost) which showed

an average of 4.443 mg K per kg as
compared to the control.

This increase in potassium content of
leaves was probably due to the additional
compost and to interaction with the study
factors it plays an important role in plant
physiological processes, which in turn
leads to an increase in the ability of the
plants to absorb the nutrients (including
potassium) and an increase in their content
in the vegetative organs.

Table (5): Effect of bacterial biofertilizer (A. vinelandii and B. subtilis) and compost
levels on leaf potassium content (mg K per kg dry matter) at flowering stage

Mean Compost levels (C) (tons per hectare) Bacillus | Azotobacter
BS AZ
AZ AZ +BS C3 C2 C1 Co
2.306 2.420 | 2.693 2.220 1.890 BSO
3.167 3.088 4.220 | 4.180 3.930 3.780 BS1 AZ0
4.028 3.440 | 3.310 3.020 2.580 BSO
3.765 4.443 4.610 | 4.460 4.380 4.320 BS1 AZ1
0.1034 0.1463 0.2925 L.S.D
AZ*C
L.S.D AZ*C =0.2069 3.320 | 3.437 3.075 2.835 AZ0
4.025 | 3.885 3.700 3.450 AZ1
BS Mean BS*C
2.697 2.930 3.002 2.620 2.235 BSO
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4,235 4.415 4.320 4,155 4.050 BS1

L.S.D BS | L.S.D BS*C =0.2069

=0.1034

L.S.D C=0.1463 | 3.673 3.661 3.388 3.143 C Mean

AZ1 = Vaccination A.vinelandii

AZ+BS= Vaccination A.vinelandii + B.subtilis

AZ0 , BSO= Without vaccination
Conclusions

The dual bacterial biofertilizer
(Azotobacter vinelandii and Bacillus

subtilis) along compost at 3 ton per hectare
significantly enhanced the level of
nitrogen (N), phosphorus (P) and
potassium (K) in leaf tissues of eggplant
during flowering stage as compared to
other treatments. The dual inoculation
alone (no compost) also resulted in
significant improvements, especially in
phosphorus and potassium, suggesting that
the bacteria themselves also are important
in  mobilizing nutrients. The higher
compost rate (0 to 3 tons/ha) always
increased the nutrient content of the leaves
for most of the inoculation treatments.
Based on this, the results suggest that use
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