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This study was conducted to investigate the effect of different foliar microbial fertilizer applications
on yield and yield components of some cowpea (Vigna unguiculata L. Walp) cultivars (Akkiz-86
and Karag6z-86). The research was conducted in 2022 growing season under Kayseri ecological
conditions. When the results of the study were evaluated, average values of plant height varied
between 80.294-84.668 cm, number of main branches per plant varied between 1.749-1.919
pieces/plant, first pod height varied between 44.326-50.012 ¢cm, number of pods varied between
8.449-11.056 pieces/plant, number of seeds per pod varied between 4.925-5.591 pieces/plant; the
highest value in unit area grain yield was obtained from Imed microbial fertilizer with 232.814
kg/da. It can be said that microbial fertilizers positively affect grain yield in cowpea plants.
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Introduction

Cowpea (Vigna unguiculata L.), belonging to the
Fabaceae family, is an annual herbaceous plant cultivated
in tropical regions of Africa, Latin America and South
Asia. The cowpea plant is a member of the genus Vigna
and has a chromosome number of 2n=22 (Baukar et al.,
2018). The Fabaceae family is the largest group of
flowering plants and consists of approximately 700 genera
and 18000 species. The genus Vigna, which is distributed
in tropical regions, contains 80 species (Ovalioglu, 2023).

Thanks to the legume-rhizobium  symbiotic
relationship, legume plants bring nitrogen, which is free in
the atmosphere and not used by plants, into the soil and
transform it into a form that plants can use (Jena et al.,
2022). Although the amount of nitrogen that legumes bind
to the soil varies according to the variety and
environmental conditions, it averages 5-19 kg/da per year.
This value is 9 kg/da in cowpea (Ciftgi & Adak, 2011).
Cowpea, which is used both in human nutrition and animal
nutrition, has a high protein content. In developing
countries with low protein-based nutrition, cowpea is
widely used in human nutrition due to its 23-25% protein
content (Erdogan, 2019.;Y1lmaz & Elmas, 2024).
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Due to the increase in population in the world and
Tirkiye, there has been a significant increase in
agricultural production. However, since this increase has
occurred due to the excessive use of chemical fertilizers
and pesticides, it has caused impoverishment and pollution
in agricultural areas (Baran & Erbas Kose, 2023). It has
become necessary to reduce the use of chemical fertilizers
to maintain food supply and preserve the natural balance
(Stamenkovi¢ et al., 2018).

Microbial fertilizers are biological methods that use
beneficial bacteria, fungi and other organisms. Plant
growth-promoting microorganisms, which are naturally
found in the rhizosphere, positively affect cultivated plants,
increase productivity and increase the resistance of plants
against pathogens, and are found in nutrient-rich soil
regions (Avan & Kotan, 2021). Microorganisms promoting
plant growth are divided into fungi and other organisms
(Stamenkovi¢ et al., 2016).

When the effects of microbial fertilizers on plants are
examined; nodule-forming bacteria increase the number of
nodules in the roots of legume plants and convert free
nitrogen in the atmosphere into a form that plants can use,
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nitrogenobacteria increase nitrogen fixation of the plant,
phosphobacteria accelerate phosphate solubility, silicate
bacteria meet the potassium requirements of plants,
antibiotic bacteria are used to increase soil fertility as well
as to protect plants against pathogens (Song, 1994; Li et
al., 1998).

Beneficial microorganisms are used as microbial
fertilizers and have a great importance in sustainable
agriculture. Nowadays, the use of microbial fertilizers is
encouraged in different agricultural systems. In this study,
it was aimed to determine the effects of different microbial
fertilizer applications on yield and yield components of
cowpea plant.

Material and Method

The study was conducted at Yildirim Beyazit Station
located in Erciyes University Agricultural Research and
Application Center (ERUTAM). The study was established
in accordance with the split-plot experimental design in
randomized blocks with 3 replications. Sowing was done
on May 27, 2022 with a hand marker with 45 cm between
rows and 10 cm above rows. A gap of 1 m was left between
the plots and 1 m between the blocks, irrigation was made
with sprinkler irrigation system after sowing and after
cultural control of weeds after emergence, drip irrigation
was applied. The microbial fertilizers to be used in the
experiment were applied by mixing 3 ml of microbial
fertilizer with 1.5 liters of water and spraying the plant
leaves and soil in each plot where fertilizer will be applied
during the formation of the first real leaf. In the control
treatment, 1.5 liters of pure water was applied to the leaves
and soil. In harvesting, 0.5 m from the beginning and end
of the plot and one row from the edges were removed as
edge effect and the plants in the remaining area were
harvested and seeds were obtained.The climatic data for
the vegetation period of 2022, during which the experiment
was conducted, are presented in Table 1. When Table 1 is
considered, the monthly average temperatures of the region
where the study was conducted were outside of June and
values below the long-term average were recorded. When
the total monthly precipitation amounts in April-August
are analyzed, there was approximately twice the
precipitation in April, May and June compared to the long-
term average.

Soil samples were taken from different depths in the
experimental area and some physical and chemical
analyzes were made the results of the analysis are
presented in Table 2. When Table 2 is examined, the soil
of the test area is poor in organic matter and belongs to the
sandy loam texture class.

Two different cowpea varieties, Akkiz 86 and Karagdz
86, were used in this study, while commercial microbial
fertilizers named Omed, Tmed, Omed+4 and Cim+14-3,
which have nitrogen fixing and phosphorus solubilizing
effects, were used as microbial fertilizers. While Tmet is a
liguid  microbial  fertilizer  containing  Bacillus
nitratireducens strains isolated from the soils of our
country, Omet is a liquid microbial fertilizer containing
Bacillus thuringiensis, Bacillus simplex, Bacillus
amyloliquefaciens strains isolated from the soils of our
country.

In this study, plant height, number of main branches,
first pod height, number of pods, number of seeds per plant,
number of seeds per pod and unit area grain vyield
parameters were analyzed. The data obtained as a result of
the researches were subjected to correlation, biplot and
variance analysis with “JMP 17 Pro” statistical package
program according to split plots experimental design in
randomized blocks. The mean values of the treatments
were compared with Tukey multiple comparison test.
Biplot analysis was performed to determine the
relationships between the parameters examined. (Ozaktan
and Doymaz, 2022).

Results and Discussion

Two different cowpea varieties were used in the study
and four different microbial fertilizer applications were
made. According to the results of the variance analysis,
plant height and the number of main branches’ values were
statistically insignificant considering the yield elements
examined (Table 3). Fayetorbay et al. (2014) reported that
bacterial application provided a significant increase in the
number of main branches of Hungarian vetch plants.
Karadavut and Ozdemir (2001) reported that bacterial
application increased the number of main branches in
chickpea. It can be stated that the use of microbial fertilizer
on the number of main branches varies according to the
fertilizers and plants used. Among the sources of variation,
the only parameter in which the variety was effective was
recorded as the height of the first pod. Akkiz 86 variety had
the highest value (50.012 cm) and belonged to a different
statistical groups compared to the Karagdz 86 variety
(Table 3).

When the values of bacteria application were analyzed,
it was found that the effect on the number of pods, number
of seeds per plant and unit area grain yield parameters
(p<0.01) and the effect on the number of seeds per pod
values (p<0.05) were significant. When the general mean
values were analyzed, the highest value of the humber of
pods parameter (11.056 pcs/plant) was obtained from Imed
treatment and it was in the same statistical class with the
number of pods obtained from Omed+4 treatment (10.527
pieces/plant). In addition, it was recorded that the highest
values in the number of pods, number of seeds per plant
and unit area grain yield parameters were obtained from
Imed application, while the highest value in the number of
seeds per pod parameter was obtained from Grass+14-3
application unlike the other parameters (Table 3). The
positive effects of bacteria application on the parameters
examined were reported by Tekin et al. (2024) and Aldemir
et al. (2019) in their studies.

When the cultivar*bacteria interaction values were
analyzed, the number of seeds per plant (p<0.01) and unit
area grain yield (p<0.05) were found to be statistically
significant. The highest value in the number of seeds per
plant parameter was obtained from Imed treatment of
Akkiz 86 variety with 60.645 pieces/plant. The study
conducted by Kagar et al. (2005) supports these results. In
the unit area grain yield parameter, the highest value was
recorded as 247.407 kg/da in the case of Imed application
to Akkiz 86 variety (Table 3).
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The biplot output and obtained values of different
microbial fertilizer applications on the yield parameters of
cowpea plant are given in Figure 1. When Figure 1 is
analyzed, 3 principal component axes with eigenvalues
higher than 1 and 7 independent principal component axes
were obtained. The values of the first 3 principal
component axes, which account for 78.179% of the total

that the principal component analysis can be interpreted
successfully (Mohammadi & Prasanna, 2003; Gozen 2008;
Ozaktan et al, 2022). When the lengths and angles of the
principal component axes were examined, a positive
relationship was found between grain yield, number of
seeds in the plant and number of pods in the plant
(Figurel,2).

variation, vary between 1.235-2.821. These values indicate

Table 1. Climate data for Kayseri province in 2022 and for many years

Months
Climate data April May June July August September
2022 Y1ihi
Tort(°C) 134 13.8 19.9 21.6 25.1 18.5
Tmax(°C) 29.7 32.3 34.9 36.3 37.2 27.2
Tmin(°C) -4.8 1.0 9.0 7.6 13.6 10.1
RHori(%) 46.0 60.7 54.5 46.9 40.9 **
Rainfall(mm) 23.1 72.1 82.9 0.6 ikl 0.0
Long-Term Average

Tort(°C) 10.6 15.0 19.0 22.2 22.0 17.3
Tmax(°C) 17.7 22.5 26.8 30.6 30.7 26.5
Tmin(°C) 3.1 6.8 9.7 11.9 114 7.3
RHort(%) 62.3 61.2 55.8 49.5 49.2 54.1
Rainfall (mm) 52.1 51.8 39.5 10.5 8.8 15.0

Tort: Average Temperature Tmax: Maximum temperature Tin: Minimum temperature RHo: Average relative humidity

Table 2. Soil analysis results of the experimental area

Silt  Sand EC Organic matter P20s Lime

Years | Clay (%) %) %) Texture Classroom  pH (Mmhos/cm) (%) (ko/da) (%)
2022 16.64 1456 68.80 Sandy loam 7.41 271.7 0.83 6.76 1.28

Table 3. Means and Tukey groups of agromorphological traits of some cowpea cultivars of different microbial fertilizer

sources
PH NBP FPH NPP NKP NKPP GY
Omed 84.167 1.817 54.661 10.344  53.925bc 5.234 228.735ab
Imed 86.095 1.981 49.171 11.182 64.044°a 5.773 247.407a
Akkiz 86 Omed+4 87.337 1.904 51.026 10.45 50.565 cd 4.857 197.209bcd
Cim+14-3 90.967 2.125 45.556 9.292 53.347 bc 5.739 183.770cde
Control 84.5 1.625 49.642 9.373 46.125 de 4.920 158.063’¢
Omed 82.2 1.847 455 8.269 42.397°¢ 5.148 174.532°de
Imed 79.619 1.809 44.238 10.929 56.786 b 5.197 218.220abc
Karagoz 86 Omed+4 75.849 1.809 42.762 10.605  52.952 bc 4.993 196.928 bed
Cim+14-3 78.369 1.714 45.589 7.607 41.399%e 5.443 164.955’de
Control 76.087 1.873 43.539 8.786 45.365 de 5.164 157.145%¢
General Average
Omed 83.183 1.832 50.081 9.307B 48.161C 5.191ABC 201.634B
Imed 82.857 1.895 46.705 11056 A 60.415A 5485AB  232.814A
Bacteria Omed+4 81.593 1.857 46.894 10527 A 51.758B 4925C 197.068B
Cim+14-3 84.668 1.919 45572 8.449B  47.373C 5501 A 174.363C
Control 80.294 1.749 46.591 9.079B  45.745C  5.042BC 15.604C
Variety Akkiz 86 86.613 1.890 50.012A  10.128 53.601 5.305 203.037
Karagoz 86  78.425 1.811 44.326B 9.239 47.779 5.188 182.356
Sum of Squares
Block 60.173 0.3124 12.4117  0.46259  6.51303 0.01179 31.7995
Variety (A) 502.856  0.04771 242.425* 592995  254.175 0.10106 3207.8
Sources of Error 1 59.049 0.0202 7.87342 247727  32.2341 0.08342 765.093
Variation Bacteria (B)  65.895 0.10483  69.9106 27.7446** 825.38**  1.94395* 19656**
AxB 108.032  0.35667  78.2655  5.43307 247.749**  0.65714 3009.45*
Error 2 942.097 2.983333 253.70425 7.389916  57.996 15116309  2554.341
General 1738.102 3.8251495 664.59075 49.437359 1424.047 4.3089921 29224.459

PH: Plant height (cm); NBP: The number of branches per plant (pieces/plant); FPH: The first pod height (cm); NPP: The number of pods per plant
(pieces/plant); NKP: The number of kernels per plant (pieces/plant); NKPP: The number of kernels per pod (pieces/pod); GY: Grain yield (kg/da)
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Figure 1. Biplot analysis and values on the parameters studied in some cowpea cultivars with different microbial
fertilizer sources
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Figure 2. Scatterplot analysis and correlation values on the parameters studied in some cowpea cultivars treated with
different microbial fertilizer source
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Likewise, when the angle between the axes of plant height
and first pod height, which are located in different regions
and have the same axis length, was examined, a positive
relationship was found between these two values
(Figure.1;2). When the location of Imed fertilizer, one of the
microbial fertilizers, in the biplot analysis output was
examined, Imed treatments had the highest values especially
in terms of the number of pods in the plant, the number of
seeds in the plant and grain yield. When analyzed in terms
of varieties, Akkiz 86 variety was located in the same region
with the independent axes and Karagéz 86 variety was
located in the completely opposite region compared to the
origin. Therefore, Akkiz 86 variety had the highest values in
all parameters examined (Figure 1; Table 3). The findings
obtained are consistent with the literatures (Ozaktan and
Doymaz 2022; Ozaktan et al., 2022; Okumus et al., 2023).

Conclusion

The study was conducted to determine the effects of
different microbial fertilizer applications on yield and yield
components in some cowpea varieties. As a result of the
study, IMED, one of the microbial fertilizers, increased the
number of seeds in the plant and grain yield in cowpea
cultivation. In addition to the producers practicing
conventional agriculture, IMED application can be
recommended to cowpea producers practicing ecological
agriculture, natural agriculture or organic agriculture
practices. However, for more precise results, it is thought
that it would be appropriate to repeat the experiment for
one more year or to repeat it in a different location.
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