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Cowpea cultivar 'Manteiguinha' shows increased yield under
combined treatment with bioinoculants, mineral fertilizers
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Cowpea (Vigna unguiculata) is an important crop for food security. However, its yield is limited by low
technology adoption and high production costs, mainly due to fertilization requirements. In this study, a greenhouse
experiment was conducted to examine yield-enhancing strategies for cowpea cultivar 'Manteiguinha'. Seeds were sown
in pots containing Yellow Latosol. Six treatments were evaluated, as follows: control, mineral fertilizer, biofertilizer,
inoculation with Bradyrhizobium sp., inoculation with Bradyrhizobium sp. + mineral fertilizer, and inoculation with
Bradyrhizobium sp. + biofertilizer. Plants were evaluated for plant height, stem diameter, grain number per pod, pod
length, pod weight per plant, hundred grain weight, shoot dry weight, and grain yield. The results show that inoculated
plants have greater height, whereas biofertilizer-treated plants exhibited increased shoot dry weight and grain number
per pod. Inoculation with Bradyrhizobium sp. + mineral fertilizer treatment resulted in increased yield compared to the
control (p<0.05). Correlation analysis showed positive relationships between yield and shoot dry weight and between
grain number per pod and hundred grain weight. Overall, these findings indicate that combined application of organic
amendments and bioinoculants is a promising strategy to enhance the yield of cowpea 'Manteiguinha’, contributing to
the sustainability of cowpea cropping systems.
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Introduction

Cowpea (Vigna unguiculata (L.) Walp.) is a crucial crop for food security, particularly among economically vulnerable
populations, given its rich contents of proteins (23% to 32%) and carbohydrates (50% to 60%) (Jayathilake etal., 2018;
Fasolin et al., 2019). Although Brazil is a major producer of cowpea (Ferreira et al., 2022), some regions of the country
have consistently reported low yields, owing to limitations in technology adoption (Sousa et al., 2022). Cowpea
production is primarily carried out by family farmers (Owade et al., 2020). Although the crop is also grown on a large
scale under high-yield management practices (Freire Filho 2011), there are low-yield regions where the conditions of
cropping systems play a decisive role in limiting the crop's potential (Mbuma et al., 2022).

Agricultural soils require substantial levels of nitrogen (N) (Gao et al., 2022). However, the high cost of N fertilization
poses a challenge (Sinha et al., 2022), especially for producers with limited financial resources (Mizik etal., 2022; Bonilla-
Cedrez etal., 2021). It should also be noted that excessive use of N fertilizers generates negative environmental impacts
(Martinez-Dalmau et al., 2021), such as reduced soil microbial diversity (Wang et al., 2018; Dai et al, 2018). An
alternative fertilization strategy is biological N fixation, a process carried out by soil bacteria. This approach aligns with
sustainable agriculture and provides considerable annual savings in soybean cultivation (Freitas et al., 2022). However,
biological N fixation remains underutilized in cowpea production.

Another alternative technique to enhance crop sustainability is biofertilization (Mahapatra et al., 2022). Biofertilizers,
by-products of biogas production through anaerobic fermentation of organic residues, can be applied to soil and foliarly,
complementing the action of mineral fertilizers (Kumar et al., 2022). Nevertheless, fertilization with N, phosphorus, and
potassium (NPK) remains a widely used practice to enhance the growth and yield of crops (Rawal et al., 2022). NPK
fertilizers combine three macronutrients with key roles in plant metabolism. However, it is essential to follow technical
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recommendations for mineral fertilization (Yin et al, 2019) to prevent problems with over-fertilization and the
consequent impacts on plants and the environment (Van et al.,, 2022).

In view of these observations, this study aimed to assess the effects of mineral fertilization, biofertilization, and
inoculation with Bradyrhizobium sp. on the agronomic characteristics of cowpea 'Manteiguinha'.

Results

Cowpea 'Manteiguinha' plants grown under NPK or BIOF treatments did not differ in height from the control. On the
other hand, INOC plants showed increased height compared with the control, as did NPKI and BIOFI plants (Fig. 1a).
The stem diameter of NPK-fertilized plants was smaller than that of the control. On the other hand, BIOF and BIOI
treatments resulted in larger stem diameters compared with the control. It is noteworthy that treatments containing the
inoculant, either alone (INOC) or combined with mineral fertilizer (NPKI), did not result in significant differences from
plants grown without inoculant (Fig. 1b).

The shoot dry weight of BIOF plants was higher than that of the control and NPK plants. INOC, NPKI, and BIOI plants did
not differ from each other, but differed from the control treatment by having higher shoot dry weight. The NPK treatment
did not produce significant differences in shoot dry weight compared to the control (Fig. 2c).
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Fig. 1 (a) Plant height, (b) stem diameter, and (c) shoot dry weight of cowpea 'Manteiguinha' subjected to different
treatments. Treatments were as follows: control, mineral fertilizer (NPK), biofertilizer (BIOF), Bradyrhizobium sp.
inoculation (INOC), Bradyrhizobium sp. inoculation + mineral fertilizer (NPKI), and Bradyrhizobium sp. inoculation +
biofertilizer (BIOI). Different letters indicate significant differences between treatments by the t-test (LSD) at p < 0.05.
Error bars represent the standard error of the mean.

Pod length was not influenced by treatments (Fig. 2a). BIOF plants showed a higher number of grains per pod than NPK
and control groups, as did NPKI and BIOI treatments compared with the control. However, NPK and INOC groups did not
exhibit a higher grain number per pod than the control (Fig. 2b).

Grain weight per plant was higher in INOC plants than in NPK and NPKI groups. INOC plants also differed from BIOI
plants in this variable. The BIOF group did not differ in grain weight from the control (Fig. 2c). Thousand grain weight
was higher in NPKI and INOC groups than in the control. BIOI plants differed from the control but not from INOC plants.
BIOF and NPK groups did not differ from the control in thousand grain weight (Fig. 2d).

NPKI treatment improved the yield of cowpea '"Manteiguinha' compared with the control. However, the use of NPK alone
did not promote a significant difference in yield in relation to the control. Similarly, INOC, BIOI, and BIOF plants exhibited
higher yield than the control (Fig. 2e).
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Fig. 2 (a) Pod length, (b) grains per pod, (c) grain weight per plant, (d) thousand grain weight, and (e) yield of cowpea
'Manteiguinha' subjected to different treatments. Treatments were as follows: control, mineral fertilizer (NPK),
biofertilizer (BIOF), Bradyrhizobium sp. inoculation (INOC), Bradyrhizobium sp. inoculation + mineral fertilizer (NPKI),
and Bradyrhizobium sp. inoculation + biofertilizer (BIOI). Different letters indicate significant differences between
treatments by the t-test (LSD) at p < 0.05. Error bars represent the standard error of the mean.
Pearson's correlation analysis revealed positive relationships among variables (Fig. 3). Cowpea yield was positively
correlated with stem diameter (r = 0.61, p < 0.001), dry shoot weight (r = 0.71, p < 0.001), grains per pod (r = 0.67, p <

0.001), and thousand grain weight (r = 0.83, p < 0.001). Furthermore, plant height was positively correlated with yield (r
=0.59, p < 0.001). Regarding the other variables, no strong or significant correlations were observed (p = 0.05).

Discussion

Adequate plant growth has a direct impact on crop performance, influencing productivity and yield (Taiz et al,, 2017). A
lack of balanced fertilization can compromise the growth of cells and tissues responsible for stem elongation, resulting
in smaller plants (Soure et al., 2019). Here, NPK and BIOF fertilization did not influence plant height, whereas INOC seed
treatment enhanced height (Fig. 2a). The combined use of inoculant and BIOF (BIOI) led to an increase in stem diameter.
The bacterium used as inoculant, Bradyrhizobium sp., can establish symbiosis with roots, forming nodules for N fixation.
This association increases the availability of N to plants, ultimately resulting in enhanced growth (Zeffa et al,, 2020), as
evidenced by an increase in stem length and diameter.
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Fig. 3 Pearson correlation matrix for vegetative and productive variables of cowpea 'Manteiguinha'. Blue and red squares
indicate positive and negative correlations, respectively. Lighter colors represent weaker correlations, whereas darker
colors represent stronger correlations.

A plant suffering from a nutritional disorder may have a smaller diameter due to several factors, such as N deficiency.
This type of deficiency reduces the rate of cell growth, resulting in a smaller stem diameter (Ciriello et al., 2014).
Biofertilizers may be a source of N for plants (Ahmed et al., 2019), resulting in an increase in stem diameter (Alves et al,,
2009). Similar findings were observed in common beans (Giomo et al., 2001).

Dry weight determination is fundamental in the evaluation of agricultural crop yield. This variable is used to estimate
the total biomass, organic matter, crop yield, and efficiency of different cultivation systems (Poorte et al., 2019). Here,
BIOF increased the dry weight of cowpea plants compared with the control, in agreement with the literature. Chagas
Junior et al.,, (2014), in studying the growth of inoculated cowpea, found that the N-fixing capacity of the tested rhizobia
strains was important for plant biomass production and yield. Sousa et al., (2018) observed higher average height in
cowpea treated with N fertilization, which did not occur in the current study.

Pod length was not influenced by treatments. This finding may be explained by heritability. This characteristic is
independent of phenotypes, being mainly influenced by the genetic load (Martos-Fuentes et al., 2019). Number of grains
per plant, by contrast, is highly correlated with environmental factors (Mofokeng et al., 2020). Here, plants treated with
NPKI exhibited a higher number of grains than the control (Fig. 2b). The combined use of seed inoculation and NPK
fertilizer probably enhanced nutrient use efficiency (Burbano-Figueroa et al., 2022), translating into a higher number of
grains per plant.

Factors such as crop management techniques and growing season are determinants of the increase or decrease in pod
weight (Freire-Filho et al., 2005). For example, organic cultivation may increase pod weight (Vidal et al, 2022).
Treatments significantly influenced this variable, with BIOF and INOC affording a higher pod weight than the control (Fig.
2c). Biofertilizer provides nutrients that are absorbed efficiently and quickly, acting positively on plant metabolism
(Mahapatra et al,, 2022). Moreover, the beneficial interactions between microorganisms and plants can promote a
healthy and favorable environment for crop growth and development (Shahwar et al., 2023).

A decrease in cowpea grain yield is caused by a reduction in either pod number or grain weight (Freire-Filho etal., 2005).
Thousand grain weight is influenced by grain size or weight; in plants subjected to inoculation, there is an increase in N
availability promoted by biological fixation. This nutrient can then be used by plants in biological processes (Gedamu et
al,, 2021). These effects were observed in the current study in plants treated with INOC and NPKI (Fig. 2d). Biological N
fixation can reduce the crop's dependence on synthetic N fertilizers. Inadequate fertilization can have negative
environmental impacts (Brito et al., 2011).

Similar findings for yield were reported by Chagas et al.,, (2010) in studying the agronomic efficiency of plants inoculated
with rhizobia. The authors found that yield increased with combined application of fertilization and inoculation. Here,
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NPKI plants had a higher number of grains per pod and higher thousand grain weight, leading to an increase in yield,
which did not occur in the NPK treatment.

Correlation analysis demonstrated the relationships between variables (Fig. 3). An increase in stem diameter led to an
increase in grains per pod and, consequently, grain yield. This association is related to the high levels of NPK and soil
bases (Ca and Mg) provided by the biofertilizer (Table 2). These findings are in agreement with those obtained by Thu et
al,, (2023), who observed improved yield in common bean, attributed to an increase in nutrient intake via organic
fertilization. Parameters such as dry weight accumulation, grain yield, and crop productivity are strategic factors for
decision making with regard to fertilization and soil management (Magalhaes et al., 2019).

Material and Methods

Study site and plant material

The experiment was conducted in a greenhouse under 50% shade at the Federal University of Western Para (UFOPA),
Santarém, Para State, Brazil, to reduce excessive solar radiation and temperature fluctuations typical of the region and
to ensure uniform plant development across treatments. Seeds of the heirloom cowpea cultivar 'Manteiguinha' were
used in this study.

The cowpea cultivar ‘Manteiguinha’ was selected because it is a traditional, locally cultivated landrace widely used by
smallholder farmers in the western Para region, Brazil. This cultivar is valued for its grain quality and adaptability to
low-input production systems but is characterized by limited agronomic information regarding its response to
fertilization strategies and biological nitrogen fixation. Therefore, ‘Manteiguinha’ represents an appropriate model to
evaluate the potential of bioinoculants, organic amendments, and mineral fertilization to improve productivity under
sustainable and low-cost management conditions.

Prior to sowing, seeds were disinfected by immersion in 96% alcohol for 1 min and 1% sodium hypochlorite for 3 min,
followed by successive washing with autoclaved distilled water.

Seeds were planted in 5 L polyethylene pots filled with 3.5 kg of substrate. The substrate was collected from the 0-0.20
m layer of a Yellow Latosol at the UFOPA experimental farm, located at km 37 of the Santarém Curud-Una Highway
(PA370), Santarém, Para, Brazil. Subsequently, the soil was declumped and sieved through a 2 mm mesh sieve. The air-
dried fine earth fraction was used for texture and fertility analyses (Table 1). The soil added to pots was sieved through
a 5 mm mesh sieve.

Table 1. Physicochemical characteristics of the soil used for cowpea production.
Ca + c M A CE Sa

pH P K Mg a g 1 H C nd Silt Clay
Wa CaC mg = 1
ter I dms  e— cmole dMBie gRE L
2 0 0 5
5.4 4.7 33 28.8 2.8 . . . . 8.1 15 17 669.

6.0 5.0 0

CEC, cation-exchange capacity

Experimental design and treatments

The experiment followed a completely randomized design with six treatments and six replications, totaling 36 pots.
Treatments consisted of an untreated control (no fertilization or inoculation); mineral fertilization (NPK), with soil
application of urea, single superphosphate, and potassium chloride; biofertilization (BIOF), with weekly soil applications
of liquid biofertilizer; Bradyrhizobium sp. inoculation (INOC), performed by seed inoculation; mineral fertilization
combined with Bradyrhizobium sp. inoculation (NPKI); and biofertilization combined with Bradyrhizobium sp.
inoculation (BIOI).

The soil added to the pot was corrected by liming. NPK and NPKI pots were fertilized with urea as a source of N, single
superphosphate as a source of phosphorus, and potassium chloride as a source of potassium. Fertilizer rates were
defined according to the Fertilization and Liming Manual for Para State (Cravo et al.,, 2007).

For seed inoculation, a 10% sugar solution was prepared by mixing 30 g of sugar and 300 mL of water. Then, the solution
was added with 1 g of Bradyrhizobium sp. BR3262 (SEMIA 6464) per 250 seeds (Araujo; Gualter, 2017). Three seeds
were planted manually in each pot, and seedlings were thinned to one per pot.

Liquid biofertilizer was obtained from a domestic composter. The chemical characteristics of the biofertilizer are
described in Table 2.

Biofertilization consisted of weekly applications of 10 mL of biofertilizer diluted in 100 mL of water. The biofertilizer
was applied directly to the soil. Field capacity was maintained at the desired level throughout the experimental period
by watering the pots daily. Weeding was performed manually, as needed.
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Table 2. Chemical characteristics of the biofertilizer produced by a domestic composter in Santarém, Par4, Brazil.
C M A N TO

pH P N K Ca + Mg a g 1 a C oM
Wa CaC . g
-3 -3
ter I mgdm=3 cmolec dm=3.....eoeneen. Kg-1.....
2
9.3 8.9 387.6 7 0. 16. 28.
3 6 - 0 1289.00 33 4 9 0 3 82 99

TOC, total organic carbon; OM, organic matter.

Assessments and data collection

Agronomic variables were measured 65 days after sowing, when the first pods were maturing, according to the stages
described by Freire Filho etal., (2008). Plant height, stem diameter, and pod length were measured using a digital caliper.
Grain number per pod was determined by manual counting. Pod weight per plant and hundred grain weight were
determined using a precision analytical balance.

Plant shoots were collected and washed in 1% neutral detergent in distilled water, followed by a second washing with
3% hydrochloric acid in distilled water, and a third washing in autoclaved distilled water. Then, the plant material was
dried to constant weight in a forced circulation oven at about 65 °C. The shoot dry weight was measured using a precision
analytical balance. After grain variables were determined, it was possible to calculate the grain yield, expressed in kg
ha-1.

Statistical analysis

The data were analyzed for outliers (Dixon's Q-test), normality (Shapiro-Wilk test), and homogeneity of variances
(Levene's test). As the assumptions were met, the data were subjected to analysis of variance (ANOVA), followed by
comparison of means using Tukey's test at the 5% significance level (p < 0.05). All statistical analyses were performed
using R software version 4.1.0 (R Team, 2022).

Conclusions

Treatment of cowpea 'Manteiguinha' with biofertilizer or mineral fertilizer combined with inoculant showed promise,
resulting in a greater number of grains per pod, increased grain weight per plant, and enhanced yield compared to the
control. Fertilization with NPK only did not lead to significant differences from the control. Therefore, the application of
organic amendments combined with inoculants is a promising approach to improving crop quality and yield, thereby
contributing to sustainability and economic viability in agriculture. This research highlights several opportunities for
future investigations to address existing knowledge gaps in the cultivation of cowpea, particularly the understudied
'Manteiguinha' cultivar.
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