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Abstract

The pot assay was conducted in the plastic greenhouse at the Baqubah nursery,
Directorate of Diyala, Iraq, during 2024-2025 to evaluate the effects of PGPR,
mycorrhizae, vermicompost, and biochar on the growth of eggplant seedlings. The
various treatments included PGPR bacteria, mycorrhizae, vermicompost, biochar,
PGPR + mycorrhizae, PGPR + vermicompost, PGPR + biochar, mycorrhizae +
vermicompost, mycorrhizae + biochar, vermicompost + biochar, PGPR +
mycorrhizae + vermicompost + biochar, and control. The findings indicated that
PGPR and vermicompost recorded the highest shoot lengths (24.66 and 24.33 cm,
respectively). PGPR achieved the highest root weight (2.20 g) and chlorophyll content
(42.20 spad). The combination of PGPR, mycorrhizae, vermicompost and biochar
produced the highest dry shoot weight (0.80 g).
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Introduction microorganisms  known as  bio-
The Solanaceae family includes the fertilizers inhabit the rhizosphere zone
herbaceous vegetable eggplant and are crucial in helping plants absorb
(Solanum melongena), which is mostly the vital nutrients they need [10]. Some
cultivated worldwide; it ranks as the soil fungi and plant roots form
fifth most significant solanaceous crop symbiotic connections known as
[13]. Seedlings at the early stages of mycorrhizae, which enhance a plant's
growth require proper care to capacity to absorb nutrients, while the
withstand biotic and abiotic stresses fungi receive sugars from the plant.
and develop into strong, healthy plants. Earthworms  naturally — decompose
Farmers frequently wuse fertilizers organic waste to produce
because the main goal of increasing vermicompost, an organic fertilizer
yields requires high levels of chemical rich in nutrient. Recently, it has been
fertilizer use; however, this is costly, noted that using agricultural wastes can
leads to environmental issues and be a sustainable and advantageous
produces ecological pollutants [11]. To practice, especially when their bio-
improve seedling growth in nurseries processed products, including biochar
and enhance overall yield, there is a and vermicompost are used [3,14].
growing need to use environmentally Therefore, this study aimed to evaluate
friendly fertilizers instead of chemical the effects of PGPR, Mycorrhizae,
ones. Many researchers are currently vermicompost, and biochar on the
exploring sustainable alternatives such growth of eggplant seedlings.

as plant growth-promoting

rhizobacteria (PGPR), mycorrhizae, Materials and Methods

vermicompost, biochar, etc. Living
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A pot experiment was conducted
during the seasons 2024-2025 at the
Baqubah nursery, Directorate of Diyala
Agriculture, Diyala Province, Iraq, to

evaluate the impact of PGPR
represented by Bacillus megaterium,
Azospirillum brasilense, and
Pseudomonas  fluorescens as a

commercial formulation, mycorrhizae
loaded on a nutritional medium,
vermicompost, and biochar on the
growth characteristics of eggplant
seedlings. The physical and chemical
characteristics of the pot's soil were
analyzed in the soil lab belonging to

(Barcelona) was planted in cork plates
on 29/8/2024 and then transformed to
pots on 29/10/2024. The pots are 27
cm in length, 25 cm in width, and 9 kg
in weight with soil; the assay is divided
into twelve treatments and three
replicates according to the complete
randomized design (CRD). The
treatments were added to the pots at 5
g/pot on 17/11/2024. The traits of
chlorophyll and leaf area were taken
on 24/12/2024, and other traits such as
shoot and root length, shoot and root
weight, dry shoot and root weight on
19/1/2025. The statistical analysis was

the Directorate of Diyala Agriculture implemented by wusing the SPSS
(Table 1). The eggplant seeds cultivar program.
Table 1. The soil properties

Measurements Value Units

P 4.4 mg. kg™

K 46 mg. kg™

Clay 5.12 %

Silt 2.16 %

Sand 92.72 %

Texture of soil Sandy -

Organic matter 0.2 %

Ec 2.32 ds Siemens. m™
pH 7.2 -

Results and discussion

The data in Table 2 demonstrate that
individual applications of PGPR and
vermicompost significantly enhanced
shoot length, with values (24.66 and
24.33 cm, respectively) outperforming
all other treatments, followed by
mycorrhizae and biochar, with values
(23.16 and 22.16 cm, respectively),
while the control treatment had the
lowest shoot length (18.33 cm). There
were no significant  differences
between treatments in root length. The
shoot weight varied significantly
among treatments. The control
recorded the highest shoot weight
(4.56 g), followed by PGPR (3.93 g),
vermicompost + biochar (3.90 g), and
PGPR + mycorrhizae + vermicompost
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+ biochar (3.16 g), which showed
comparable results to the control. In
contrast, mycorrhizae + vermicompost
produced the lowest shoot weight
(2.10 g). Most other treatments showed
intermediate values with no significant
differences among them. PGPR
individual led to the highest root
weight (2.20 g), significantly greater
than mycorrhizae + vermicompost
(1.30 g), which recorded the lowest.
All other treatments, including the
control (1.96 g), showed intermediate
root weights with no significant
differences among them.

The data in Table 3 demonstrate that
the combination of PGPR +
mycorrhizae + vermicompost +
biochar produced the highest dry shoot
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weight (0.80 g), significantly greater
than most other treatments. Biochar
alone showed the lowest value
(0.36g). All other treatments,
including the control (0.50 g), showed
intermediate results with no significant
differences among them.
Vermicompost + biochar resulted in
the highest dry root weight (0.75 g),
significantly higher than most other
treatments.  Mycorrhizae  (0.27 g),
PGPR + vermicompost (0.25g), and
PGPR + biochar (0.28 g) recorded the
lowest values. The  remaining
treatments, including the control
(0.40 g), showed intermediate dry root
weights without significant
differences. There were no significant
differences between treatments in leaf
area. PGPR alone recorded the highest

chlorophyll content (42.20 spad),
significantly greater than all other
treatments. In contrast, the control

showed the lowest value (15.00 spad).
Other treatments such as biochar
(35.45  spad), mycorrhizae  +
vermicompost (37.50 spad), and PGPR
+ biochar (39.35 spad) also showed
relatively  high  values,  while
combinations like vermicompost +
biochar (21.80 spad) and the full
combination treatment (22.10 spad)
had low chlorophyll levels. This
outcome suggests potential antagonism
or resource competition among bio-
inputs when applied together, and
more is not always better, and careful
selection of individual bio-inputs may
be more effective than their mix
together. Inoculating eggplant
seedlings with PGPRs supports plant
growth and increases yield under
saline  conditions  [12]. The
combination of PGPR  bacteria
(Azospirillum brasilense,
Pseudomonas fluorescens, and
Bacillus megaterium) with the yeast at
various concentrations significantly
enhanced the vegetative growth traits
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of cucumber plants [10]. The
application of PGPR  (Bacillus

megaterium, Azospirillum brasilense,
and Pseudomonas fluorescens) in

combination  with  nitrogen  and
phosphorus  significantly  improved
morphological traits and yield in
cauliflower,  compared to the

application of nitrogen and phosphorus
alone. The treatment resulted in the
highest values for leaf length, leaf
width, stem height, plant weight, and
yield [9]. The findings demonstrated
that both vermicompost and biochar
enhanced plant growth and yield [6,8].
Adding biochar to the soil can enhance
plant development mostly because it
improves the soil properties, including
reducing bulk density and increasing
nutrient availability [2,15]. Biochar
increases the cation exchange capacity
and soil properties and improves
nutrient absorption by plants, which
leads to improved plant development
[5]. [7] reported that the application of
vermicompost and biochar increased
the levels of chlorophyll a and b in
eggplant leaves. This finding is
consistent with the results of [16,2]
which showed that biochar application
enhanced chlorophyll a and b content
by improving the uptake of magnesium
and nitrogen essential macronutrients
for chlorophyll  biosynthesis. [1]
reported that soil inoculation with
mycorrhizae increased the nitrogen and
phosphorus  content in  leaves,
enhanced cutting root formation, and
improved plant height, root length, and
root dry weight in myrtle. [4] indicated
that mycorrhizal inoculation enhanced
root and shoot fresh and dry weights,
plant height, and leaf diameter in
pepper plants.
Conclusion
The application of plant growth-
promoting  rhizobacteria  (PGPR),
mycorrhizae,  vermicompost, and
biochar applied individually or in
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combinations enhanced the vegetative

growth of eggplant. Among the
individual treatments, PGPR and
vermicompost ~ were  particularly

effective, significantly increasing shoot

length, shoot and root weight, and
chlorophyll content, highlighting their
strong potential to improve overall
plant vigor.

Table 2. Effects of PGPR, mycorrhizae, vermicompost, and biochar on shoot and root
length and shoot and root weight of eggplant seedlings

Treatments Shoot Root Shoot Root
length length weight | weight
cm cm g g
1 | PGPR 24.66 a 9.33a 393ab |220a
2 | Mycorrhizae 23.16 ab 7.83a 3.00bc | 1.46ab
3 | Vermicompost 24.33a 9.00 a 3.03bc | 1.80ab
4 | Biochar 22.16abc | 10.33a |[2.63bc |1.53ab
5 | PGPR + Mycorrhizae 21.50abc | 8.50a 2.76 bc | 1.83ab
6 | PGPR + vermicompost 20.83 abc | 8.66 a 2.73bc | 1.93ab
7 | PGPR + biochar 21.33abc | 7.33a 253bc |1.63ab
8 | Mycorrhizae + vermicompost | 19.00 bc 7.50 a 2.10c 1.30b
9 | Mycorrhizae + biochar 19.00 bc 9.83a 2.66 bc | 1.33ab
10 | Vermicompost+ biochar 21.00abc | 7.16a 3.90ab |1.40ab
11 | PGPR + Mycorrhizae + 20.33abc | 10.66a |3.16abc | 1.53ab
vermicompost+ biochar
12 | Control 18.33 ¢ 8.66 a 4.56 a 1.96 ab

Table 3. Effects of PGPR, mycorrhizae, vermicompost, and biochar in leaves content
of chlorophyll, Leaf area, dry shoot and root weight of eggplant seedlings

Treatments Dry shoot | Dry root | Leaf Chlorophyll
weight weight | area spad
g.plant® | g. plant® | cm.

plant™

1 | PGPR 0.60 ab 0.59ab |178.06a |42.20a

2 | Mycorrhizae 043b 0.27c 178.54 a | 27.20 cde
3 | Vermicompost 0.60 ab 0.43bc | 206.54 a | 33.85 bc
4 | Biochar 0.36 b 0.37bc | 193.80a | 35.45ab
5 | PGPR + Mycorrhizae 041b 0.36 bc | 191.26a | 31.15 bcd
6 | PGPR + vermicompost 0.37b 0.25¢ 168.80 a | 24.95 de
7 | PGPR + biochar 040D 0.28 c 193.21a | 39.35ab
8 | Mycorrhizae + vermicompost | 0.47 ab 0.38bc | 179.90a | 37.50 ab
9 | Mycorrhizae + biochar 0.43Db 0.36 bc | 197.02a | 25.40 de
10 | Vermicompost+ biochar 0.71 ab 0.75a 159.46 a | 21.80 ef
11 | PGPR + Mycorrhizae + 0.80a 0.46bc |161.18a | 22.10 ef

vermicompost+ biochar
12 | Control 0.50 ab 0.40bc | 186.11a | 15.00 f
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