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Cowpea (Vigna unguiculata L. Walp.) is an annual herbaceous plant in the Fabaceae family. It is 
an important legume plant with 20-25% protein, 1.3-1.5% fat and 5.1-5.8% fiber, and has an 
important place in human and animal nutrition. In recent years, the rapid increase in the world 
population, the zoning of agricultural areas and the excessive use of chemical fertilizers in order to 
obtain higher yields from the unit area cause deterioration of the soil structure. Different methods 
have started to be applied to improve soil structure. One of these methods is the use of microbial 
fertilizers. Microbial fertilizers are an innovative and sustainable approach that improves chemical, 
physical and microbiological properties of soil and facilitates the uptake of plant nutrients. In this 
study, it was aimed to determine the effect of different microbial fertilizer applications on the 
technological characteristics of Akkız 86 and Karagöz 86 cowpea varieties by multivariate analysis 
methods. The minimum and maximum values obtained in the study are as follows: dry weight 17.98 
- 19.29 g, dry volume 18.16 - 20.66 ml, fresh weight 42.15 - 46.53 g, fresh volume 44.16 - 47.83 
ml, water absorption capacity 0.24 - 0.27 g/piece, water absorption index 1.33 - 1.66%, hydration 
coefficient 132.80 - 142. 55%, swelling capacity 0.256 - 0.296 ml/grain, swelling index 2.25 - 
2.63%, unit volume weight 0.93 - 0.99 g/ml, cooking time 18.16 - 20.16 min and number of grains 
dispersed after cooking 0.33 - 2.66. In this study, İmed microbial fertilizer applied to cowpea plant 
had positive effects on cooking time, water absorption index, swelling index and swelling capacity 
parameters. 
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Introduction 

Cowpea (Vigna unguiculata L. Walp.), an annual 
herbaceous plant, is distributed in the tropical regions of 
Africa, South Asia and Latin America and is included in 
the Fabaceae family (Baukar et al., 2018). The Fabacea 
family, known as the largest group of flowering plants, 
consists of approximately 700 genera and 18,000 species, 
and the genus Vigna includes 80 species (Ovalıoğlu, 2023). 
In the cowpea plant, which has a taproot system, the main 
root is more developed than the side roots, and the cowpea, 
whose stem resembles the bean plant, has different growth 
forms such as erect, semi- prostrate, creeping and 
clumbing. The flowers of the self-fertilized cowpea plant 
have white and blue colors, depending on the variety. The 
fruits of cowpea plant vary in flat, cylindrical and 
decurved. In addition, the number of pods in the plant 
varies between 7-23 depending on the variety and 
environmental conditions (Çiftçi and Adak, 2011). 

Carbohydrates, fats and proteins are among the basic 
nutrients required for people to sustain their lives in a 
healthy way. In the world and in Turkey, edible grain 
legumes constitute the basis of plant-based proteins and 
meat 22% of the vegetable proteins used in human nutrition 
and 38% of the proteins used in animal nutrition (Tosun, 
2024; Şahin, 2016). The dry grains of cowpea have high 
nutritional content in terms of human nutrition, and the 
protein, fat and fiber ratio varies according to the variety 
and growing region conditions. The protein content 
between 20% and 25%, fat was between 1.3% and 1.5% 
and fiber rate between 5.1-5.8% (Tshovhote et al., 2003). 
Cowpea is consumed as dry grain and vegetable and used 
as a feed source in animal nutrition. İt contributes the 
nitrogen that is free in the atmosphere and the nitrogen 
fixation that cannot be used directly by the plant in the soil 
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to the soil by forming nodules through nitrogen-fixing 
bacteria. In addition, cowpea is considered as a cover crop 
for soil erosion protection and weed control since it has a 
morphologically spreading form (Wortman and Dawson, 
2015). 

The use of biological fertilizers is becoming 
increasingly important for sustainable agriculture. 
Biological fertilizers has accelerated the uptake of plant 
nutrients by improving soil structure and increasing 
symbiotic life activities (Wei et al., 2024). Microbial 
fertilizers are among the biological methods using 
beneficial bacteria, fungi and other organisms. In studies, 
microbial fertilizer applications provide 15-30% yield 
increase in legumes (Stamenković et al., 2018). 
Microorganisms, which are naturally found in the 
rhizosphere, positively affect the cultivated plants, increase 
productivity and increase the resistance of plants against 
pathogens and promote plant growth, are found in nutrient-
rich soil regions (Avan and Kotan, 2021). 

Cowpea is recognized as a source of high quality 
vegetable protein in many countries around the world. It is 
known as a plant food with high nutritional value and low 
energy density (Ton and Anlarsal, 2018). On a dry weight 
basis, cowpea grain contains an average of 50-60% 
carbohydrate (Jayathilake et al., 2018). Although cowpea 
is a low-cost source of energy and protein, its nutritional 
value is limited due to the presence of anti-nutritional 
compounds that can have a negative impact on human and 
animal nutrition (Ton, 2023). These anti-nutritional 
compounds may include trypsin inhibitors, tannins, phytic 
acids, lectins, protease inhibitors and flatus-producing 
oligosaccharides. If it is consumed regularly, these anti-
nutritional compounds can lead to toxin accumulation and 
have harmful health effects. These compounds can disrupt 
the functioning of metabolism in the human body and make 
nutrients difficult to digest (Abebe and Alemayehu, 2022). 
The effects of these anti-nutritional compounds can be 
easily and cheaply removed by methods such as 
germination, soaking or cooking. Heat treatments such as 
cooking are an effective method to eliminate the effects of 
trypsin inhibitors (Ibrahim et al., 2002). Legumes such as 
cowpea are usually ready for consumption after cooking. 
Cooking both increases digestibility by reducing the effect 
of anti-nutritional compounds and improves flavor. A short 
cooking time is a desirable feature for consumers and those 
who produce processed products such as canned products, 
as a long cooking time will cause more energy 
consumption. Cooking time in legumes is thought to be a 
hereditary trait, but growing conditions, environment and 
storage conditions are other factors affecting cooking time 
(Wood, 2017). For this reason, it is important for legume 
producers to develop new varieties to shorten the cooking 
time in legumes or to determine agricultural practices that 
shorten the cooking time in order to use energy efficiently 
and to provide products that can be cooked in a short time 
in accordance with the demands of the market.  

In this study conducted in Kayseri ecological 
conditions, different microbial fertilizer varieties were 
applied to cowpea plant and it was aimed to examine their 
effects on the technological characteristics of the seeds. 

Material and Method 
 
The cowpea grains obtained from the research 

conducted in the experimental plots of Erciyes University 
Agricultural Research and Application Center in 2022 
according to the split plots experimental design in 
randomized blocks were used. Experiments were set on 
27th of May 2022, with a hand marker and sowing was 
performed as to have 0.45 m row spacing and 0.10 m on-
row plant spacing. In the study, Akkız 86 and Karagöz 86 
cowpea varieties were used as plant material, while 
commercial fertilizers named Omed, İmed, Omed+4 and 
Çim+14-3, which have nitrogen-fixing and phosphorus 
solubilizing effects, were used as microbial fertilizers. 
While İmed is a liquid microbial fertilizer containing 
Bacillus nitratireducens strains isolated from our country's 
soil, Omed is a liquid microbial fertilizer containing 
Bacillus thuringiensis, Bacillus simplex, Bacillus 
amyloliquefaciens strains isolated from our country's soil. 
Dry weight, fresh weight, water absorption capacity, water 
absorption index, dry volume, fresh volume, swelling 
capacity, swelling index, hydration coefficient, cooking 
time and number of grains dispersed after cooking were 
examined according to (Özaktan 2021). The data were 
subjected to analysis of variance with the “JMP 17.0 Pro” 
statistical package program. The mean values of the 
treatments were compared with the Tukey multiple 
comparison test (Özaktan and Doymaz, 2022). 

 
Results and Discussion 

 
The results of the analysis of variance for dry weight, 

dry volume, fresh weight, fresh volume, cooking time and 
number of grains dispersed after cooking among the 
technological characteristics of the seeds obtained from 
different microbial fertilizers applied on two different 
cowpea varieties are given in Table 1.; The analysis of 
variance for water absorption capacity, swelling index, 
hydration coefficient, swelling capacity, water absorption 
index and unit volume weight values are given in Table 2.  

Among the sources of variation, the effect of bacteria 
treatment and cultivar*bacteria interaction on dry weight 
was found significant at 1% level. The highest value (19.29 
g) was obtained from Omed microbial fertilizer and it was 
in the same statistical group with Omed+4 (18.85 g) and 
Çim+14-3 (18.77 g) microbial fertilizers. When the 
cultivar*bacteria interaction was examined, the highest 
value with 19.65 g was obtained from Omed+4 application 
in Karagöz 86 cultivar, while the values obtained as a result 
of Omed application in Akkız 86 (19.64 g) and Karagöz 86 
(18.94 g) cultivars were statistically in the same group.  

Among the sources of variation, the effect of bacteria 
and cultivar*bacteria interaction on the dry volume 
parameter was statistically significant at 1% level, while 
the effect of cultivar was significant at 5% level. According 
to the general averages of the varieties were examined, 
Karagöz 86 variety was recorded as 19.47 ml and Akkız 86 
variety as 18.87 ml. According to the general averages of 
bacteria were examined, the highest value was recorded in 
Omed microbial fertilizer application with 20.67 ml, 
followed by Omed+4 microbial fertilizer application with 
19.50 ml.  
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Table 1. Averages and Tukey groups of Dry weight, Dry volume, Fresh weight, Fresh volume, Cooking time, Number of 
grains dispersed after cooking in some cowpea varieties of different microbial fertilizer sources 

  DW DW FW FW CT NGD 

Akkız 86 

Omed 19.64 a 22.00 a 47.48 a 48.27 ab 17.67 d 3.33 
İmed 18.25 bc 17.67 cd 42.57 cd 46.00 abc 18.67 bcd 0.00 
Omed+4 18.05 bc 18.67 bcd 42.32 cd 47.00 ab 20.00 ab 0.00 
Çim+14-3 18.96 ab 18.67 bcd 46.38 ab 48.67 ab 18.33 cd 0.67 
Control 17.62 c 17.33d 42.37 cd 44.00 bc 18.67 bcd 0.67 

Karagöz 
86 

Omed 18.94 ab 19.33 bc 45.58 ab 44.67 abc 19.33 abc 2 
İmed 17.78 c 18.67 bcd 44.78 bc 49.67 a 17.67 d 2.00 
Omed+4 19.65 a 20.33 ab 45.39 ab 46.33 abc 20.33 a 0.67 
Çim+14-3 18.58 bc 19.33 bc 44.10 bcd 41.67 c 19.00 a-d 1.33 
Control 18.34 bc 19.67 b 41.94 d 44.33 bc 19.67 abc 1.33 

General Average 

Bacteria 

Omed 19.29 A 20.67 A 46.53 A 46.47 AB 18.50 BC 2.67 
İmed 18.02 B 18.17 C 43.67  BC 47.83 A 18.17 C 1.00 
Omed+4 18.85 A 19.50 B 43.86 B 46.67 AB 20.17 A 0.33 
Çim+14-3 18.77 A 19.00 BC 45.24 AB 45.17 AB 18.67 BC 1.00 
Control 17.98 B 18.50 BC 42.16 C 44.17 B 19.17 B 1.00 

Cultivar  
Akkız 86 18.50 18.87 B 44.22 46.79 18.67 0.93 
Karagöz 86 18.66 19.47 A 44.36 45.33 19.20 1.47 

Sum of Squares 

Sources of 
Variation 
 

Block 0.53331 3.26667 0.88071 1.256 1.26667 10.4 
Cultivar (A) 0.17941 2.7* 0.13669 15.8413 2.13333 2.13333 
Error1 0.02899 0.2 1.27589 3.12267 0.46667 13.0667 
Bacteria (B) 7.71432** 23** 66.3094** 48.3653* 14.5333** 18.1333 
AxB 5.75792** 22.4667** 34.8995* 98.0987* 5.86667* 8.53333 
Error2 1.77704 6.533333 12.91755 47.248 3.6 40.533333 
General 15.99099 58.16667 116.4197 213.932 27.866667 92.8 

*,** It is statistically significant at the 0.05 and 0.01 probability levels, respectively; DW: Dry Weight (g); DW: Dry Volume (ml); FW: Fresh Weight 
(g); FW: Fresh Volume (ml); CT: Cooking Time (min.); NGD: Number of Grains Dispersed After Cooking (pcs.) 
 

Table 2. Averages and Tukey groups of Water absorption capacity, Swelling index, Hydration coefficient, Swelling 
capacity, Water absorption index, Unit volume weight values of some cowpea varieties of different microbial 
fertilizer sources   

WAC SI HC SC WAI UVW 

Akkız 86 

Omed 0.278 a 2.201 cd 141.78 abc 0.263 abc 1.337 bc 0.894 b 
İmed 0.243 de 2.606 ab 133.22 cde 0.283 ab 1.552 ab 1.034 a 
Omed+4 0.243 de 2.519 abc 134.61 b-e 0.283 ab 1.572 ab 0.968 ab 
Çim+14-3 0.274 ab 2.607 ab 144.62 ab 0.300 ab 1.582 ab 1.016 a 
Control 0.248 cde 2.539 abc 140.50 bcd 0.267 abc 1.514 ab 1.017 a 

Karagöz 86 

Omed 0.266 abc 2.317 a-d 140.79 bcd 0.253 bc 1.337 bc 0.982 ab 
İmed 0.270 ab 2.665 a 151.89 a 0.310 a 1.744 a 0.953 ab 
Omed+4 0.257 bcd 2.281 bcd 130.99 de 0.260 abc 1.323 bc 0.967 ab 
Çim+14-3 0.255 b-e 2.154 d 137.34 b-e 0.223 c 1.202 c 0.961 ab 
Control 0.236 e 2.255 cd 128.65 e 0.247 bc 1.345 bc 0.933 ab 

General Average 

Bacteria 

Omed 0.272 A 2.259 B 141.29 A 0.258 B 1.337 B 0.938 
İmed 0.257 BC 2.635 A 142.55 A 0.297 A 1.648 A 0.993 
Omed+4 0.250 CD 2.399 B 132.80 B 0.272 AB 1.447 B 0.967 
Çim+14-3 0.265 AB 2.381 B 140.98 A 0.262 B 1.392 B 0.989 
Control 0.242 D 2.397 B 134.57 B 0.257 B 1.429 B 0.975 

Cultivar Akkız 86 0.257 2.494 A 138.94 0.279 1.511 0.986 A 
Karagöz 86 0.257 2.334 B 137.93 0.259 1.390 0.959 B 

Sum of Squares 
Sources 
of  
Variation 

Block 0.00023 0.06532 179.169 0.00072 0.03684 0.00547* 
Cultivar (A) 0.00 0.19218* 7.65206 0.00316 0.10958 0.00527* 
Error1 0.00012 0.01607 33.4349 0.00039 0.01282 0.00014 
Bacteria (B) 0.00347** 0.44765* 469.256* 0.0066* 0.33536* 0.01156 
AxB 0.00236** 0.34689* 826.586** 0.00827* 0.29796* 0.03121* 
Error2 0.00080026 0.2197277 202.0318 0.00561013 0.13555244 0.02312068 
General 0.00698858 1.2878371 1718.1304 0.02474987 0.9281147 0.07676692 

*,** It is statistically significant at the 0.05 and 0.01 probability levels, respectively; WAC: Water Absorption Capacity (g/grain); SI: Swelling Index 
(%); HC: Hydration Coefficient (%); SC: Swelling Capacity (ml/grain); WAI: Water Absorption Index (%); UVW: Unit Volume Weight (g/ml) 
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When the mean values obtained from the 
cultivar×bacteria interaction were examined, the highest 
and lowest values were obtained from Omed (22.00 ml) 
and control (17.33 ml) treatments for Akkız 86 cultivar, 
respectively. 

Among the sources of variation on fresh weight 
parameter, bacteria application was found to be significant 
at 1% level and cultivar*bacteria interaction at 5% level. 
When the general averages of bacteria were analyzed, the 
highest value was obtained from Omed treatments while 
the lowest value was obtained from the control group. 
When the mean values of variety-bacteria interaction were 
analyzed, the highest value (47.48-45.58 g) was obtained 
from Omed treatments in both varieties. 

When the fresh volume parameter was analyzed, 
bacteria and cultivar*bacteria interactions were found to be 
significant at 5% level. When the general mean values of 
the bacteria treatments were examined, the highest fresh 
volume value (47.8 ml) was obtained in the case where 
İmed microbial fertilizer was applied, while the cases 
where Omed, Omed+4 and Çim+14-3 microbial fertilizers 
were applied were in the same statistical group. When the 
cultivar*bacteria interaction was examined, the highest 
value (49.67) was obtained when Imed microbial fertilizer 
was applied to Karagöz 86 cultivar. The closest value to 
this value (48.67) was obtained when Çim+14-3 microbial 
fertilizer was applied to Akkız 86 variety. Among the 
sources of variation on cooking time parameter, bacteria 
application was found to be significant at 1% level and 
cultivar×bacteria interaction at 5% level.  

When the general averages of the bacteria were 
considered, the grains obtained from Omed+4 microbial 
fertilizer application were cooked in the latest time with 
20.17 minutes, while İmed applications decreased the 
cooking time and contributed to the earliest cooking time 
with 18.17 minutes. 

When the mean values of variety×bacteria interaction 
were analyzed, the earliest cooking time with 17.67 
minutes was obtained from Omed and Imed treatments in 
Akkız 86 and Karagöz 86 varieties, respectively, while the 
latest cooking time with 20.33 minutes was obtained from 
Omed+4 treatment in Karagöz 86 variety. 

The effect of variation sources on the number of 
scattered grains after cooking was found to be 
insignificant. The number of scattered grains after cooking 
varied between 0.0-3.33 pieces.  

Among the sources of variation on water absorption 
capacity parameter, both bacteria treatment and 
variety*bacteria interaction were found significant at 1% 
level. When the general averages of bacterial treatment 
were analyzed, the highest value was obtained from Omed 
treatment with 0.272 g/grain. When the interaction mean 
values were examined, Omed microbial fertilizer 
applications caused Akkız 86 variety (0.278 g/grain) to 
have the highest value, while it was in the same statistical 
group with Karagöz 86 variety with 0.266 g/grain value. 

Variety, bacteria and variety*bacteria interactions were 
found to be statistically significant on swelling index 
parameter at 5% level. When the general averages of the 
varieties were analyzed, the swelling index values of Akkız 
86 and Karagöz 86 were 2.494% and 2.334%, respectively. 
When the general averages of bacterial treatments were 
examined, the highest value with 2.635% was obtained 

from İmed application and the lowest value with 2.259% 
was obtained from Omed application, while Omed+4 and 
Çim+14-3 applications were in the same statistical group. 
When the cultivar×bacteria interaction was analyzed, the 
swelling index values varied between 2.665%-2.154%.  

While the effect of bacteria application on the hydration 
coefficient parameter was found significant at 5% level, 
variety*bacteria interaction was found significant at 1% 
level. When the general mean values of bacteria 
application were considered, the highest values were 
obtained from İmed, Omed and Çim+14-3 treatments with 
142.55, 141.29 and 140.98%, respectively, and they were 
in the same statistical group. When the cultivar*bacteria 
interactions were analyzed, the highest value with 151.89% 
was obtained from İmed application to Karagöz 86 
cultivar.  

Among the sources of variation on the swelling 
capacity parameter, bacteria and cultivar*bacteria 
interactions were found significant at 5% level. When the 
general averages of bacterial treatments were examined, 
the highest value was obtained from İmed microbial 
fertilizer application with 0.297 ml/grain, while Omed+4 
application with 0.272 ml/grain was in the same group 
statistically. The values obtained from the external control 
group, Omed and Çim+14-3 microbial fertilizer 
applications were in the statistical group with the lowest 
value. When the interaction averages were examined, the 
highest value was obtained from Imed microbial fertilizer 
application in Karagöz 86 variety with 0.310 ml/grain, 
while the values obtained from all applications in Akkız 86 
variety were statistically in the highest group.  

When the effect of variation sources on water uptake 
index parameter was analyzed, bacteria and 
cultivar*bacteria interaction were found to be statistically 
significant at 5% level. When the general mean values of 
bacteria treatments were analyzed, the highest value was 
obtained from İmed treatment with 1.648%, while the data 
obtained from other bacteria treatments were in the lowest 
statistical group. When the interaction means were 
examined, the highest value was obtained from İmed 
application to Karagöz 86 variety with 1.744%, while the 
other microbial fertilizer applications except for Omed 
application in Akkız 86 variety were in the highest 
statistical group. 

Among the sources of variation, the effect of cultivar 
and cultivar*bacteria interaction on unit volume weight 
was found statistically significant at 5% level. When the 
general average values of the varieties were examined, the 
unit volume weight values of Akkız 86 and Karagöz 86 
varieties were recorded as 0.986 g/ml and 0.959 g/ml, 
respectively. When the interaction averages were 
examined, the lowest value was obtained from Omed 
microbial fertilizer application to Akkız 86 variety with 
0.894 g/ml, while the results obtained from the other 
treatments were in the highest statistical group. 

When the technological studies on cowpea plant are 
examined, Karaman and Türkay (2021) with dry weight, 
fresh weight, dry volume and fresh volume parameters and 
Özkorkmaz and Yılmaz (2022) with cooking time, water 
absorption capacity and swelling capacity parameters are 
in parallel with our findings. All the technological results 
obtained are also supported by some researchers (Gull et 
al. 2012 and Doğan et al. 2011). 
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Number Eigenvalue Percent  Cum Percent 

  1 4,659204 38,827  38,827 
  2 3,956846 32,974  71,800 
  3 1,347246 11,227  83,027 
  4 0,905929 7,549  90,577 
  5 0,622042 5,184  95,761 
  6 0,503186 4,193  99,954 
  7 0,004416 0,037  99,991 
  8 0,000884 0,007  99,998 
  9 0,000184 0,002  99,999 
 10 0,000063 0,001  100,000 
Figure 1. Biplot analysis and values on cultivars, microbial fertilizers and parameters studied 

 
 
 

 
Figure 2. Scatterplot matrix for overview of correlations and fit lines. 
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In addition, the technological data obtained by Hamid 
et al. (2016), Addo et al. (2016) (except swelling capacity), 
Aydın et al. (2008), Kabas et al. (2007), Nielsen et al. 
(1993) and Demooy and Demooy (1990) on cowpea plants 
differ with the technological data obtained from the studies 
on cowpea plants. The differences in some parameters in 
the literature may be due to the differences in the genotypes 
used as well as the climate and growing conditions of the 
cultivar used. 

The result of biplot analysis of different microbial 
fertilizer applications on the technological characteristics 
of cowpea plant is given in Figure 3. Three principal 
components with eigenvalues higher than 1 and 10 
independent principal component axes were obtained. The 
eigenvalues of the first 3 principal component axes, which 
account for 83.027% of the total variation, vary between 
1.347-4.659. As a result of these values obtained, principal 
component analysis can be interpreted successfully (Erol et 
al. 2023). 

The length of the independent axes formed by the 
examined parameters, the angle between each other and the 
region where they are located reveal the negative or 
positive relationship between these parameters (Özaktan et 
al. 2023). When Figure 3 is examined, it is seen that the 
water uptake index, swelling capacity, fresh volume, 
hydration coefficient and water uptake capacity axes are 
positively correlated with each other, while the water 
uptake index and swelling capacity axes; hydration 
coefficient and fresh volume axes have a higher positive 
relationship with each other. Dry volume, dry weight, dry 
weight, grain dispersed after cooking and fresh weight axes 
were positively correlated with each other since they were 
located in the same region, while a positive correlation was 
also observed between unit volume weight and swelling 
index. When the scatter of microbial fertilizer sources and 
cowpea varieties in the biplot output plane were examined, 
Imed microbial fertilizer source increased the water uptake 
index and swelling capacity values. The effect of Omed 
microbial fertilizer on the number of grains dispersed after 
cooking and Omed+4 microbial fertilizer application on 
cooking time was high. While Akkız 86 variety was the 
leader in terms of swelling index, water uptake index, 
swelling capacity, fresh volume, hydration coefficient and 
water uptake capacity parameters; Karagöz 86 variety was 
the leader in terms of dry volume, dry weight, number of 
grains dispersed after cooking and fresh weight 
parameters. 

The results and values of scatterplot, fit line and 
correlation analysis on the parameters examined in cowpea 
grains are given in Figure 2. Red circles define positive 
correlation, while blue circles define negative correlation. 

When the values in Figure 2 are analyzed, it is found 
that there is a positive relationship between the dry weight 
parameter and the fresh weight (r=0.72) and dry volume 
(r=0.69) parameters. While there is a positive relationship 
between dry volume and fresh weight (r=0.59), there is a 
negative relationship between unit volume weight (r=-
0.84), swelling index (r=-0.74) and water uptake index (r=-
0.56). There is a positive correlation between fresh weight 
parameter, water absorption capacity (r=0.94) and 
hydration coefficient (r=0.50). There is a positive 
relationship between the fresh volume parameter, swelling 
capacity (r=0.88) and water absorption index (r=0.73). The 

cooking time parameter showed a negative relationship 
with all parameters except for the unit volume weight 
parameter, while the highest negative relationship was 
recorded as the hydration coefficient (r=-0.55). There is a 
positive relationship between the water absorption capacity 
parameter and the hydration coefficient (r=0.76). There is 
a positive relationship between the swelling index 
parameter and water uptake index (r=0.95), swelling 
capacity (r=0.90) and unit volume weight (r=0.66). There 
was also a positive relationship between swelling capacity 
and water absorption index (r=0.95). As a result of the 
literature evaluation, Oral et al. (2022) reported that there 
were significant positive correlations between dry weight 
values and fresh weight, fresh volume, dry volume and 
swelling capacity, and significant and positive correlations 
between fresh weight values and fresh volume, dry volume 
and swelling capacity in bean plants. Erol et al. (2023) 
reported that there were significant positive correlations 
between dry weight and dry volume, fresh weight, fresh 
volume, water absorption capacity and number of grains 
dispersed after cooking and significant negative 
correlations with swelling index in chickpea plants. 
Özaktan (2021) reported that significant positive 
correlations were determined between dry weight values 
and fresh weight, freshvolume and water absorption 
capacity in chickpea plants and significant negative 
correlations were determined between fresh volume and 
swelling index and unit volume weight. Tripathi et al. 
(2012) reported that there were positive correlations 
between swelling capacity and swelling index in chickpea 
plants and that the correlations with cooking time were 
negative and insignificant.  

 
Conclusion 

 
As a result, the highest values in dry weight, dry 

volume, fresh weight and water uptake capacity parameters 
were recorded from Omed bacteria treatment; the highest 
values in fresh volume, swelling index, hydration 
coefficient, swelling capacity, water uptake index and unit 
volume weight parameters were recorded from Imed 
bacteria treatment. It is seen that the microbial fertilizers 
used had positive effects on the technological 
characteristics of cowpea plant. There was a highly 
significant positive correlation between swelling index 
parameter and swelling capacity, water absorption index 
and unit volume weight parameters. A highly significant 
negative correlation was recorded between the dry volume 
parameter and the swelling index and unit volume weight 
parameters. In order to ensure the sustainability of natural 
resources in agriculture, the use of microbial fertilizers 
should be increased, especially in natural, ecological and 
organic farming systems, in addition to conventional 
agriculture. 
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