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Abstract

This study aimed to determine the effects of different microbial fertilizers and vermicompost
levels on yield and quality traits of two chickpea (Cicer arietinum L.) cultivars under Fethiye (Mugla)
ecological conditions during the 2018 and 2019 growing seasons. Inci and Hasanbey cultivars were
evaluated using two microbial fertilizers (Rhizobium ciceri and Bacillus megaterium) and four
vermicompost doses (0, 2500, 5000, and 7500 kg ha™) in a split-split plot design with three replications.
The treatments significantly affected biological yield, harvest index, hundred-grain weight, protein ratio,
phosphorus content, and nodulation characteristics. Across both years, inci produced a higher biological
yield (5757 kg ha™) than Hasanbey (5542 kg ha™). Vermicompost applications increased biological yield
from 4994 kg ha™ (0 kg ha™) to 6167 kg ha™ (5000 kg ha™). Rhizobium inoculation improved biological
yield to 5781 kg ha™' compared with the control (5419 kg ha™'). The harvest index ranged between 25.1
and 27.9%, with higher values generally observed in Hasanbey. Hundred-grain weight varied between
37.2-38.5 g in the combined analysis, with the highest values obtained from 5000 kg ha™ vermicompost
and Bacillus treatments. Protein ratio increased from 20.3% in Hasanbey to 21.1% in Inci, and microbial
fertilizers — particularly Rhizobium — enhanced protein content. Vermicompost and microbial fertilizers
also improved nodule number and nodule fresh weight. Overall, the combined use of vermicompost
(5000-7500 kg ha™') and microbial fertilizers, especially Rhizobium, enhanced yield and quality traits in
chickpea under the ecological conditions of Fethiye.
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Introduction

Chickpea is an edible legume plant that has been
used in both human and animal nutrition since ancient
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times. Its dry grains contain 18-31% protein with
76-88% digestibility and are rich in essential amino
acids and various minerals. Since legumes are vital
sources of protein, calcium, iron, phosphorus, and other
minerals, they form a significant part of the diet of
vegetarians since the other food items they consume do
not contain much protein [1]. It is known that chickpea
cultivation, which has an important place in human
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and animal nutrition, has been carried out for 8000 years
[2]. On the other hand, nutrients such as N, Ca, P, and K
in the roots remain in the root zone of the soil as a result
of decomposition [3]. It is accepted that approximately
25% of the Rhizobium bacteria population naturally
found in the soil is effective in biological nitrogen
fixation. In order to increase this rate, seeds should be
inoculated with specially prepared bacterial cultures.
Soil moisture significantly affects the survival and
reproduction of Rhizobium bacteria added to the soil
by grafting. Too little or too much moisture in the soil
causes bacteria to be largely destroyed. It is a well-
known fact that increasing crop production and farmers’
income depends on increasing productivity, and one of
the most effective ways to improve productivity is the
use of correct fertilizers. Although the share of fertilizers
in productivity increase varies according to conditions,
it is generally stated to be around 50% [4]. Among
the aims of organic agriculture are the enrichment of
biodiversity, the biological cycle, and biological activity
in the soil in order to ensure the social, ecological, and
economic sustainability of natural systems. The effect
of organic matter can be direct or indirect. Organic
matter plays a direct role as a source of plant nutrients
and also affects the physical and chemical properties
of the soil. Excessive chemical fertilization used in
agriculture causes some nutrients to decrease and
some to accumulate excessively. The best way to keep
the organic matter in the soil at the maximum level is
organic fertilization [5, 6].

Materials and Methods

In the study, inci and Hasanbey chickpea cultivars
were used as material, Rhizobium ciceri as nitrogen-
fixing bacteria, and Bacillus megaterium as phosphate-
solubilizing bacteria. In addition, vermicompost
containing 2% N, 1% P,0,, 1% K,O, and 3% Ca was
used. This study was carried out in the Kayakdy
neighborhood of Fethiye district of Mugla province in
2018 and 2019. The effects of two chickpea cultivars,
two different bacterial species (nitrogen-fixing
Rhizobium bacteria, phosphate-dissolving bacteria), and
four different doses of vermicompost (0, 2500, 5000,
and 7500 kg ha™) on yield, quality, and nodulation were
investigated.

The long-term average annual precipitation of the
study area is 170.3 mm, with an average temperature of
20.64°C and an average relative humidity of 63.32%.
During the 2017-2018 and 2018-2019 growing seasons,
the total precipitation was 118.6 mm and 160.5 mm,
respectively. The mean temperatures were 23.08°C
in the first year and 21.54°C in the second year. The
average relative humidity values were 61.6% in the first
year and 59.46% in the second year [7].

According to the soil analysis results, the soil sample
taken from the experimental area in 2018 was classified
as clay-loam in texture, slightly alkaline in reaction,

medium in organic matter content, rich in lime, slightly
saline, medium in potassium and phosphorus levels, and
deficient in zinc. Based on the 2019 analysis results,
the soil sample from the same area was also clay-loam
in texture and slightly alkaline, with medium organic
matter content; however, its lime content was lower
compared to the first year. The soil remained slightly
saline, with medium potassium and phosphorus levels,
and continued to be deficient in zinc.

The experiments were conducted using a randomized
complete block design with a split-split plot arrangement
and three replications. Cultivars were assigned
to the main plots, bacterial treatments to the sub-plots,
and vermicompost doses to the sub-sub plots. A total
of 72 plots were established. Each plot consisted of five
rows, with a row spacing of 30 cm, and the plot size was
arranged as 1.5 m X 5 m (7.5 m?). The seed rate was
calculated to ensure that approximately 60 seeds were
sOwn per square meter.

The Rhizobium ciceri strain used in the experiment
was obtained from the Ankara Soil and Fertilizer
Research Institute and stored under refrigeration until
use. A few hours before sowing, chickpea seeds were
moistened with a sugar solution and thoroughly mixed
with the inoculant to ensure effective inoculation.
Nodulation was verified at the flowering stage by
examining root nodules. Bacillus megaterium, supplied
by the Department of Plant Protection, Faculty of
Agriculture, Atatiirk University, was propagated
under laboratory conditions and prepared as a liquid
suspension. It was applied to the seeds immediately
prior to sowing using seed coating. Vermicompost
was broadcast onto the soil surface before sowing and
incorporated with a rake at rates equivalent to 0, 2500,
5000, and 7500 kg ha™. Weed control was performed
mechanically twice, once before flowering and once
after flowering. The experiment was conducted under
dry farming conditions. Harvesting was carried out
manually at physiological maturity, when pods turned
yellow but before shattering, on July 6, 2018, and
June 30, 2019, respectively. Post-harvest residues were
removed to avoid cross-contamination between plots.

At harvest, plants within 50 cm on each side of
the five rows forming the plot and within 50 cm of the
row heads were excluded from observation as an edge
effect. All observations were carried out on 10 randomly
selected plants from 0.9 m x 4 m = 3.6 m? areas.

The crop was harvested at physiological maturity,
when the pods had turned yellow but before pod
shattering occurred. All harvested plants were
measured, counted, and hand-threshed with care, and
mean values were calculated based on the observations.
Plot yields were determined by threshing the plants
manually and converting the results to yield per
hectare. After completing all treatments applied to the
chickpea cultivars, the data were subjected to analysis
of variance (ANOVA) appropriate for the split—split
plot design. Mean separations were performed using
Duncan’s multiple range test at the 5% significance level
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[8]. Statistical analyses were carried out using the JMP
(SAS Institute, USA) and Costat software packages.

Results and Discussion

The yield, quality, and nodule trait values of the Inci
and Hasanbey chickpea cultivars were determined as
described in the Materials and Methods section. Mean
comparisons for all examined traits were performed using
Duncan’s multiple range test at the 5% significance level.

Biological Yield

The mean biological yield values and the
corresponding group classifications for the two chickpea
cultivars under different vermicompost doses and
microbial fertilizer treatments are presented in Table 1.

In both years of the experiment and in the two-
year combined averages, the average biological yield
values obtained from Inci and Hasanbey chickpea
cultivars were found to be 5493-5226 kg ha™ in 2018,

6021-5858 kg ha in 2019, and 5757-5542 kg ha!
in the combined averages of the two years, respectively.
The highest values in the years when the study was
carried out and in the combined averages of the two
years were obtained from the Inci cultivar (Table 1). [9]
reported that the biological average yield values of the
chickpea cultivars he used in his chickpea adaptation
study carried out under Van ecological conditions
varied between 1719-3133 kg ha™. [10] reported that
vermicompost and leonardite applications significantly
improved biological yield and nutrient content in
chickpea. Similarly, [11] found that NPK combined with
vermicompost enhanced growth characteristics and
biological yield. [12] also confirmed that phosphorus
fertilization and bacterial inoculation positively
influenced chickpea yield and nutrient uptake. The
discrepancies between the findings obtained by some
researchers and those obtained in this study are thought
to be due to differences in climatic conditions and
application techniques.

The general biological yield averages obtained
from vermicompost dose applications varied between
4873-5853 kg ha™ in 2018, 5114-6773 kg ha™ in 2019,
and 4994-6167 kg ha™ in the combined averages of
the two years. While the lowest biological yield values
were obtained from the plots where no vermicompost
was applied (0 kg ha™) in both years in which the study
was conducted and in the combined averages of the
two years, they were obtained from the 7500 kg ha™!
vermicompost application in 2018. Although the highest
values in 2019 and in the combined averages of the two
years were obtained from 5000 kg ha™! vermicompost
application, the result was in the same group as the
7500 kg ha™ vermicompost application in the combined
averages of the two years (Table 1). [10] reported that
vermicompost and leonardite applications significantly
improved biological yield and nutrient content in

Table 1. Biological yield (kg ha™) of chickpea cultivars under microbial fertilizer and vermicompost treatments.
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*Means followed by the same letter are not significantly different at p<0.05 according to Duncan’s multiple range test.
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chickpea. Similarly, [11] found that NPK combined
with vermicompost enhanced growth characteristics
and biological yield, with differences between higher
vermicompost doses not being statistically significant.
The findings obtained from this study are partially
similar to the findings obtained by the researchers in
question.

The general average biological yield values obtained
from bacteria applications were 5106-5637 kg ha™!
in the first year, 5731-6272 kg ha™ in the second year,
and the combined averages of the two years were
5419-5781 kg ha'l. In the first year and two years’
combined averages, the lowest values were obtained
from the control plots without bacteria application, while
in the second year, Bacillus bacteria were applied, but
they were in the same letter group as the control plots
without bacteria application. The highest value in the first
year of the study was obtained from the application of
Bacillus bacteria. In the second year of the study and in
the combined averages, the highest values were obtained
from the Rhizobium bacteria application, but in the two
years’ combined averages, they were in the same letter
group as the Rhizobium bacteria application (Table 1).
The interaction effects of bacteria X vermicompost
are illustrated in Fig. 1. [12] reported that phosphorus
fertilization combined with bacterial inoculation
significantly increased biological yield in chickpea. [13]
further emphasized that symbiotic nitrogen fixation and
appropriate bacterial strains are critical for sustaining
chickpea productivity under varying climatic conditions.
The findings in this study are similar to those obtained by
these researchers. In particular, the increase in biological
yield under Rhizobium inoculation can be explained by
enhanced nitrogen fixation, which supported vegetative
growth and biomass accumulation. Bacillus inoculation
contributed by improving phosphorus solubilization and
nutrient uptake, thereby strengthening root development
and overall plant productivity. Vermicompost further
enriched soil organic matter, creating favorable
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conditions for microbe—soil—plant interactions that
sustained higher biological yield.

Harvest Index

The mean harvest index values and the corresponding
group classifications for the two chickpea cultivars under
different vermicompost doses and microbial fertilizer
treatments are presented in Table 2.

In both years and in the combined averages of the
two years in which the study was conducted, the average
harvest index values obtained from Inci and Hasanbey
cultivars were found to be 25.5-25.8% in 2018,
247-30% in 2019, and 25.1-27.9% in the combined
averages of the two years, respectively. The harvest
index values measured in the Hasanbey cultivar in the
years and in the combined averages of the two years
in which the study was conducted were found to be
higher than the values measured in the Inci cultivar
(Table 2). [9] reported that the harvest index averages of
the chickpea cultivars used in the study conducted in the
Van ecological conditions varied between 40.00-42.33%,
and [14] reported that harvest index values varied
significantly among chickpea genotypes depending on
phenology and genetic background.

The overall plant harvest index averages obtained
from vermicompost dose applications varied between
24.5-27.1% in 2018, 25.7-28.8% in 2019, and 25.1-27.9%
in the combined averages of the two years, and the
lowest harvest index values were obtained from
the 7500 kg ha' vermicompost application. While
the highest harvest index values were obtained from
the 2500 kg ha™ vermicompost application in 2019,
the difference between them and the 5000 kg ha'
vermicompost application was not found to be
statistically significant (Table 2). The main effects of
vermicompost are illustrated in Fig. 2. [15], in his study
conducted in the Mardin ecological conditions, found
that the effect of different applications on the harvest
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Fig. 1. Biological yield (kg ha™) of chickpea cultivars under vermicompost doses and microbial fertilizer treatments.
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index was significant; it was stated that the lowest
harvest index value (28.3%) was obtained from the
untreated plots, followed by the DAP/2 application, the
highest harvest index value (33.0%) was obtained from
the chicken manure application, followed by the farm
manure and vermicompost applications, and similar
results were obtained. [14] also reported that harvest
index values varied significantly among chickpea
genotypes depending on phenology and genetic
background, supporting our findings. Our findings are
similar to those obtained by the researchers.

The harvest index values obtained from the bacterial
species applied in the study varied between 25.2-26.2%
in the first year of the study, 26.7-27.9% in the second
year, and 26.2-26.8% in the combined averages of the
two years. The lowest values were obtained from the
application of Bacillus bacteria in the first year, and
from the control plots without bacteria application in the
second and the two-year combined averages. The highest
values were obtained from the Rhizobium bacteria
application in the first year and two-year combined
averages of the study, and from the Bacillus bacteria
application in the second year of the study (Table 2).
[16] reported that when fertilizer applications were
compared in his study, the highest harvest index value
was obtained in bacterial inoculation, and the lowest
harvest index value was obtained in plots applied with
farmyard manure. [17] reported that the harvest index
was higher in plants applied with Rhizobium bacteria
compared to control doses. [18] reported that different
Rhizobium isolates significantly affected yield attributes
and harvest index values in chickpea. In our study, the
variation in harvest index under Rhizobium inoculation
can be explained by enhanced biological nitrogen
fixation, which increased assimilate production and
allocation to seeds. Bacillus inoculation contributed by
improving phosphorus availability, thereby supporting
energy metabolism and more efficient partitioning of
assimilates, resulting in higher harvest index values.

Hundred-Grain Weight

The mean hundred-grain weight values and the
corresponding group classifications for the two chickpea
cultivars under different vermicompost doses and
microbial fertilizer treatments are presented in Table 3.

In the years when the study was conducted and in the
combined averages of the two years, the mean hundred-
grain weight values obtained from Inci and Hasanbey
chickpea cultivars were found to be 39.9-37.2 ¢
in the first year of the study, 35.5-38.4 g in the second
year, and 37.7-37.7 g in the combined averages of the
two years, respectively. The hundred-grain weight
values measured in the Inci cultivar in the first year of
the study were found to be higher than in the Hasanbey
cultivar. In the second year of the study, the hundred-
grain weight values obtained from the Hasanbey
cultivar were found to be higher than in the inci cultivar.
The hundred-grain weight values obtained from

Table 2. Harvest index (%) of chickpea cultivars as affected by microbial fertilizer and vermicompost treatments.

Microbial fertilizers / Vermicompost levels (kg ha™)

Bacillus

7500
23.3hi

22.7%

2421
26.4M

23.8h

245"

25.1P

5000
25.1¢

24.9%
29.2¢

27.9%n
27.1%F

26.4¢¢

26.98

26.548

2500
25.4¢%¢

28.1°

29.3¢
30.5%f

27.4b

29.3%®

2018-19

27.94

27.94

26.84

0
23.8¢7

27.9*
27.0¢
28.6%"

25.4¢

28.3%d

25.18

26.2¢

26.28

Rhizobium

2500
27.7%

7500
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26.2f

22.0k
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28.6%¢

25.7¢

5000
25.4¢%¢

25.3¢f

24 4
3.0
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28.8abe

28.44
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27.1¢
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30.04
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27.548

0
25.1¢t
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23.21
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24.7%
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Control
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24.1en
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Cultivar

inci

Hasanbey

inci

Hasanbey
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Hasanbey

Year

2018

2019

2018-19

Cultivar

Vermicompost

Microbial fertilizer

Traits

Harvest
index

General

mean

*Means followed by the same letter are not significantly different at p<0.05 according to Duncan’s multiple range test.
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Fig. 2. Harvest index (%) of chickpea cultivars under vermicompost doses.

the cultivars in the combined averages of the two years
were found to be equal (Table 3). [9] reported that the
average hundred-grain weight of chickpea cultivars used
in a study conducted under Van ecological conditions
varied between 32.2 and 39.66 g; [17] reported that the
hundred-grain weight varied significantly depending
on Rhizobia and phosphate-solubilizing bacteria
applications. Our findings are parallel to the findings of
the researchers.

The overall hundred-grain weight averages obtained
from vermicompost doses varied between 38.0-38.8 g
in 2018, 36.3-37.5 g in 2019, and 37.2-38.2 g in the
two-year combined averages. The lowest values were
obtained from plots where no vermicompost was applied
(0 kg ha') in the years the study was conducted and
in the two-year combined averages, while the highest
values were obtained from plots where 5000 kg ha™
vermicompost was applied (Table 3). [15] reported in his
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study that the effect of different applications on 100-grain
weight was significant, with the lowest 100-grain weight
values being obtained from plots where no application
was made, and the highest 100-grain weight values
were obtained from plots where chicken manure was
applied. [19] reported that the lowest hundred-grain
weight values were obtained from untreated (control)
plots in their study, while plots where commercial
fertilizer and vermicompost were applied were in the
same letter group. [20] reported that organic manures
and biofertilizers significantly improved hundred-grain
weight and seed quality traits in chickpea.

The overall average hundred grain weight values
obtained from the bacterial species applied in the
study varied between 38.0-39.0 g in 2018, 36.8-37.1 g
in 2019, and 37.5-38.1 g in the two-year combined
averages. The lowest values were obtained from the
control plots where no bacteria were applied in 2018
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Fig. 3. Hundred-grain weight (g) of chickpea cultivars under vermicompost and microbial fertilizer interaction.
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and in the two-year combined averages, and they were
in the same group as the Rhizobium-applied plots in
the two-year combined averages. The highest values
were obtained from Bacillus-applied plots in 2018 and
in the two-year combined averages. The values obtained
in 2019 (36.8-37.1 g) were not found to be statistically
significant (Table 3). The interaction effects of bacteria
x vermicompost are illustrated in Fig. 3. [17] reported
that the maximum 100-grain weight from seedbeds
cultivated using conventional tillage was obtained from
plots treated with 60 kg ha™ P,O; along with Rhizobia
and phosphate-solubilizing bacteria. [21] reported that
phosphorus plus biofertilizer applications under rainfed
conditions significantly improved yield attributes,
including hundred-grain weight. [22] showed that
PGPR-based biofertilizers enhanced nutrient uptake and
yield components of chickpea in arid environments. In
our study, the increase in hundred-grain weight under
Bacillus inoculation can be explained by improved
phosphorus solubilization, which enhanced nutrient
uptake and seed filling. Rhizobium inoculation
contributed through biological nitrogen fixation,
supporting assimilate production and allocation to
seeds, thereby improving seed weight and quality traits.

Protein Content

The mean protein content values and the
corresponding group classifications for the two chickpea
cultivars under different vermicompost doses and
microbial fertilizer treatments are presented in Table 4.

In the years when the study was conducted and in
the combined averages of the two years, the average
protein ratios obtained from inci and Hasanbey cultivars
were found to be 20.2-19.7% in the first year of the
study, 22.1-20.8% in the second year, and 21.1-20.3% in
the combined averages of the two years, respectively.
The protein content values measured in the Inci cultivar
in the years when the study was conducted and in the
combined averages of the two years were found to
be higher than the values measured in the Hasanbey
cultivar (Table 4). The varietal differences are illustrated
in Fig. 4. [9], in his cultivar adaptation study conducted
in Van ecological conditions, stated that the average
protein ratio in the grains of the cultivars varied
between 20.32-24.35%. [23], in their study, reported
that bio-based and synthetic phosphorus applications
significantly influenced protein content in chickpea
genotypes. [15] reported that the protein ratios for
cultivars varied between 21.1-23.2% as a result of their
study. Our findings are parallel to those obtained by the
researchers.

The overall average protein content values obtained
from vermicompost dose applications varied between
19.6-20.2% in 2018, 21.0-21.9% in 2019, and 20.3-21.1%
in the combined two-year averages. In both years and
the combined two-year averages, the lowest values were
obtained from plots without vermicompost (0 kg ha™),
and the highest values were obtained from the

Table 3. Hundred-grain weight (g) of chickpea cultivars under microbial fertilizer and vermicompost treatments.
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7500 kg ha™ vermicompost application (Table 4). [24]
stated in his study that the average protein content in
the grain obtained from different fertilizations varied
between 19.7-23.8%. [25] reported that legume-derived
biological nitrogen fixation contributes to sustainable
nutrient management and indirectly supports protein
accumulation in grains. Our findings are similar to those
obtained by the researchers.

The average protein ratios obtained from the
bacterial species applied in the study ranged from
19.1 to 20.8% in the first year of the study, from 20.5
to 22.5% in the second year, and from 19.8 to 21.6% in
the two-year combined means, with the lowest values
obtained from the control plots without bacterial
application. The highest values were obtained from
the Bacillus bacteria application in the first year of the
study, while the highest values in the second year and in
the two-year combined means were obtained from the
Rhizobium bacteria application (Table 4). [26] reported
that the co-application of phosphorus fertilizers,
organic manures, and Bacillus sp. MN-54 significantly
improved nutrient uptake, yield, and protein content in
chickpea. [16] reported that when comparing fertilizer
applications, all applications (bacterial inoculation,
barnyard manure, chemical fertilization, and rose pulp
applications) yielded protein levels similar to the control
application, and that different fertilizer treatments
did not affect protein levels. In contrast, our study
demonstrated that Rhizobium inoculation increased
protein content through enhanced biological nitrogen
fixation, directly supporting amino acid and protein
synthesis. Bacillus inoculation contributed indirectly by
improving phosphorus availability, thereby supporting
energy metabolism and facilitating protein accumulation
in chickpea grains.

Phosphorus Content

The mean phosphorus content values and the
corresponding group classifications for the two chickpea

24

23
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2018

a
b

a

I |

2019

cultivars under different vermicompost doses and
microbial fertilizer treatments are presented in Table 5.

In both years and in the combined two-year averages,
the average grain phosphorus content values obtained
in Inci and Hasanbey cultivars were found to be
0.283-0.249% in 2018, 0.342-0.283% in 2019 and
0.313-0.266% in the combined averages of the two years,
respectively. In both years and in the combined two-
year averages, the phosphorus content values in grain
measured in the Inci cultivar were found to be higher
than the values measured in the Hasanbey cultivar
(Table 5). [15] reported that as a result of the study
conducted in 2018 and 2019, the combined average
values of both years showed that Arda cultivar had
a grain phosphorus content of 299.1 ppm, while Azkan
cultivar had a rate of 310.7 ppm. [26] also confirmed that
phosphorus fertilizers combined with organic manures
and Bacillus inoculation improved nutrient uptake
and grain quality traits, [27] stated that there were
significant differences in the phosphorus content in
the grain among the chickpea genotypes, and the
phosphorus content values in the grain varied between
225.7-359.0 mg.

The overall phosphorus content averages obtained
from vermicompost dose applications varied between
0.243-0.291% in 2018, 0.284-0.343% in 2019, and
0.263-0.317% in the combined two-year averages.
While the lowest grain phosphorus content values
were taken from the plots where no vermicompost was
applied (0 kg ha™), the highest values were obtained
from the plots where 7500 kg ha™ vermicompost was
applied (Table 5). [10] reported that vermicompost and
leonardite applications significantly improved macro
and micro nutrient contents, including phosphorus,
in chickpea grains. Similarly, [11] found that NPK
combined with vermicompost enhanced growth
characteristics and grain nutrient composition. [28§],
in their study conducted to determine the effect of
organic and inorganic fertilization on yield parameters
in lentil; they stated that the lowest values in terms of

2018-1%

minci ® Hasanbey

Fig. 4. Protein content (%) of Inci and Hasanbey chickpea cultivars.
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phosphorus content in grain were obtained from plots
without application, followed by compost manure, and
the highest phosphorus content was obtained from farm
manure and 100% NPK application.

The overall average grain phosphorus values
obtained from the bacterial species applied in the
study ranged from 0.197-0.329% in 2018, 0.215-0.416%
in 2019, and 0.206-0.372% in the combined
two-year averages. The lowest values were obtained
from the control plots without bacterial application,
while the highest values were obtained from the Bacillus
bacteria application (Table 5). The interaction effects
of bacteria X vermicompost are illustrated in Fig. 5.
[15] reported that the phosphate-solubilizing bacteria
applications applied in his study positively affected
grain phosphorus content. Similarly, in our study,
Bacillus inoculation enhanced phosphorus solubilization
in the rhizosphere, thereby increasing grain phosphorus
content. Vermicompost further improved soil organic
matter and nutrient availability, supporting root uptake
and contributing to higher phosphorus accumulation in
chickpea seeds.

Number of Nodules

The mean nodule number values and the
corresponding group classifications for the two chickpea
cultivars under different vermicompost doses and
microbial fertilizer treatments are presented in Table 6.

In both years and in the combined two-year averages,
the average nodule numbers obtained from Inci and
Hasanbey cultivars varied between 16.9 and 15.4 in 2018,
17.2 and 16.0 in 2019, and 17.1 and 15.7 in the combined
two-year averages, respectively. The average nodule
number values obtained in the Inci cultivar were found
to be higher than those obtained in the Hasanbey cultivar

(Table 6). [29] reported in his study that the differences
between the cultivars in terms of nodule number per
plant were significant, and the nodule number values
varied between 77.9 in Taek-Sagel cultivar and 98.3 in
Diyar-95 cultivar. [13] stated that climatic factors such
as rainfall and soil nitrogen dynamics strongly influence
Rhizobium symbiosis, affecting nodulation and nitrogen
fixation in chickpea, and further reported that genetic
variation among chickpea cultivars leads to significant
differences in nodulation potential, which is critical for
sustainable productivity. [30] reported in his study that
the number of nodules in chickpeas ranged from 24.6 to
54.6 per plant.

The average nodule numbers obtained from
vermicompost dose applications varied between 11.3-20.0
pieces in 2018, 11.6-20.8 pieces in 2019, and 11.5-20.4
pieces in the combined two-year averages. The lowest
values were obtained from plots where no vermicompost
was applied (0 kg ha™), while the highest values were
obtained from plots where 7500 kg ha' vermicompost
was applied (Table 6). [24] reported that the highest
nodule number was obtained from the chicken manure
application, which is in the same group as farm manure,
with 25.3 pieces/plant, and the lowest values were
obtained from the 0 kg ha™ (control) application with
8.9 pieces/plant.

The average nodule numbers obtained from the
bacterial species applied in the study ranged from 9.0
to 20.5 in 2018, 9.3 to 19.5 in 2019, and 9.1 to 20.8 in
the combined two-year averages. The lowest values
were taken from the control plots, while the highest
values were taken from the Bacillus application in
2018, and from the Rhizobium application in the
combined 2019 and the two-year averages (Table 6).
The interaction effects of bacteria X vermicompost
are illustrated in Fig. 6. [31] emphasized that organic
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Fig. 5. Phosphorus content (%) of chickpea cultivars under microbial fertilizer treatments and vermicompost doses.
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Fig. 6. Nodule number per plant of chickpea cultivars under microbial fertilizer treatments.

nutrient management practices, including Rhizobium
inoculation and vermicompost, significantly enhanced
nodulation and overall chickpea productivity. [17]
stated that the maximum nodule number, 6.7, was
obtained from plots where both bacteria were applied
together and no phosphorus fertilizer was applied,
and the lowest nodule number (4.3) was obtained from
60 kg ha™' phosphorus fertilization and phosphate-
solubilizing bacteria application. These findings can be
explained by the enhanced symbiotic nitrogen fixation
capacity of Rhizobium, which increases root nodulation
and contributes to higher biomass accumulation under
favorable soil moisture conditions. Bacillus megaterium,
by improving phosphorus availability in the rhizosphere,
indirectly supports root development and nodulation.

Nodule Weight

The mean nodule weight values and the
corresponding group classifications for the two chickpea
cultivars under different vermicompost doses and
microbial fertilizer treatments are presented in Table 7.

In the years when the experiment was conducted and
in the combined averages of the two years, the average
nodule weight values obtained from Inci and Hasanbey
cultivars varied between 0.683-0.247 g in 2018,
0.667-0.567 g in 2019, and 0.675-0.555 g in the combined
averages of the two years, respectively. The values
obtained in the first year of the study were not found to
be statistically significant. In 2019 and in the combined
averages of the two years, the values obtained from the
Inci cultivar were higher than those from the Hasanbey
cultivar (Table 7). [30] reported that the nodule dry
weight varied between 0.659-1.234 g in his study.
[12] reported that phosphorus fertilization combined
with bacterial inoculation significantly influenced
nodulation and nodule dry weight in chickpea. [13]
further emphasized that symbiotic nitrogen fixation
under varying climatic conditions plays a critical role
in determining nodule biomass and sustainability of
chickpea yield.

The overall nodule weight averages obtained
from vermicompost dose applications varied between
0.309-0.777 g in 2018, 0.300-0.817 g in 2019, and
0.300-0.797 g in the combined two-year averages.
The lowest values were obtained from plots where no
vermicompost was applied (0 kg ha™). Although the
highest values were obtained from plots where 5000 kg ha™
vermicompost was applied, the differences between
these and the plots where 7500 kg ha™ vermicompost
was applied were not found to be statistically significant
(Table 7). [12] reported that phosphorus fertilization
combined with bacterial inoculation significantly
influenced nodulation and nodule dry weight in
chickpea. [13] further emphasized that symbiotic
nitrogen fixation under varying climatic conditions
plays a critical role in determining nodule biomass and
sustainability of chickpea yield. It can be said that the
difference between the researchers’ findings and our
findings is due to differences in the plant’s genotype,
application, and ecological characteristics.

The overall average nodule weight values obtained
from bacteria applications were 0.1891.263 g in
the first year, 0.163-1.266 g in the second year, and
0.176-1.261 g in the combined averages of the two years.
In both years of the study and in the combined averages
of the two years, the lowest values were obtained from
the control plots without bacteria application, while
the highest values were obtained from the Rhizobium
bacteria application (Table 7). [17] reported that the
highest nodule weight (0.27 g) was obtained from plant
roots in plots applied with Rhizobium bacteria, while
the lowest nodule weight (0.17 g) was obtained from
plant roots in plots without bacteria application and only
with phosphate-solubilizing bacteria application. [12]
reported that phosphorus fertilization combined with
Rhizobium and PGPR inoculation significantly increased
nodule dry weight compared to control plots. [13]
further emphasized that symbiotic nitrogen fixation and
appropriate bacterial strains are critical for enhancing
nodule biomass and sustaining chickpea yield.
In our study, the higher nodule biomass observed under
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Rhizobium inoculation can be attributed to effective
root colonization and nitrogen fixation, while Bacillus
inoculation likely improved phosphorus solubilization
in the rhizosphere, indirectly contributing to greater
nodule weight.

Conclusions

The indiscriminate use of synthetic inputs (such as
fertilizers and pesticides) causes serious damage to the
environment, particularly to the soil. Considering the
recent increase in synthetic fertilizer consumption, this
will have a significant negative impact on the country’s
economy. Due to the use of chemical fertilizers and
pesticides, the contamination of drinking water, lasting
effects on food and permanent, destructive impacts
on populations of living organisms in the ecosystem
are increasing day by day. Not only does it take many
years to eliminate these harmful effects, but they may
also lead to irreversible consequences. It is crucial to
promote the use of environmentally friendly organic
resources for sustainable agriculture. In this context,
it is necessary to promote the use of organic fertilizer
sources, increase the use of organic inputs to enable
beneficial soil microorganisms to function actively,
apply proper agricultural techniques, and, when
necessary, compensate for any shortfalls with microbial
fertilizers. These practices are important for protecting
human health, other living organisms in the ecosystem,
and the soil, which is the source of life. As a result,
considering the soil analysis results in organic chickpea
cultivation under Fethiye conditions, the application
of 2500-5000 kg ha™ of vermicompost and the use of
microbial fertilizers in areas where planting is to be
done for the first time can be recommended.
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