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Abstract

Widely grown in diverse regions of Brazil, cowpea has high nutritional value, is easily cultivated, and can fix
nitrogen (N) symbiotically. Although there are commercial inoculants for cowpea, it is difficult for small
producers to acquire them. A nodule preparation is an inexpensive and easily prepared option for small farmers.
The aim of this study was to test a nodule preparation as a low-cost inoculant, increasing cowpea seed grain
production. Thus, different cowpea cultivars were compared in two locations, the municipalities of Crato and
Madalena, both in Ceara. Two field experiments were performed to evaluate gain derived from this inoculation
method. The nodule preparation was created from nodules removed from roots of cowpea grown in the
experimental locations. The nodules were macerated and added to water, obtaining a liquid (inoculant) that was
applied to the seeds. The experiment was conducted following a randomized block design with four replicates
and a 4 x 3 factorial arrangement (N sources x cultivars). Results indicate little interaction between the sources
of N and the cultivars because only the shoot dry matter (Crato experiment) exhibited interaction between both.
The differences provided by the nodule preparation were more notable among cultivars and between the
environments, Crato and Madalena. The nodule preparation differed little from the commercial inoculant; they
were comparable. However, gain in relation to the zero control also proved to be reduced, indicating little
contribution of the nodule preparation to cowpea under the conditions tested.
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1. Introduction

Cowpea is one of the most important grain-producing legumes in tropical and subtropical regions in the world
and is one of the main sources of proteins, calories, crude fiber, minerals, and vitamins for a large number of
people throughout the world (Phillips et al., 2003). In Brazil, this crop is highly relevant, especially in the North
and Northeast regions, which concentrate 84% of the areas planted to cowpea. However, the Central-West region,
and most notably the state of Mato Grosso, has a planted area of 209 thousand hectares and a yield that exceeds
1000 kg ha™ (CONAB, 2018). The crop is also well known for its tolerance to unfavorable edaphic and climatic
conditions, as well as promotion of recognized nutritional benefits for local populations.

Legume species such as cowpea are used in crop rotation, providing protection to the soil, reducing erosion, and
even serving as a green manure crop to improve soil fertility (Kambashi et al., 2014; Timko et al., 2007).
Although cowpea shows high adaptability to unfavorable climate and soil conditions, there are impediments to a
higher mean yield, brought about by problems such as irregular rains or inadequate irrigation, plant health
problems, or a production system that incorporates little technology in sowing and management of the crop.
Some producers seek to adopt mechanization at all stages of the crop to improve the production system,
optimizing the steps in production, from sowing to harvest (Matos Filho et al., 2009).

The use of mineral fertilization to supply nitrogen (N) is a high cost process that is not very accessible to small
producers; in addition, it is potentially more polluting, due to the risk of groundwater contamination from nitrate
(Moreira & Siqueira, 2000).
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In this respect, growing cowpea has the distinct advantage of being able to establish symbiosis with root
nodulating bacteria (rhizobia). Rhizobia, for their part, can establish symbiotic association with legume species,
increasing crop production and soil organic matter content. In this environment, the adoption of rhizobia strains
efficient in biological N fixation (BNF) can supply cowpea with the adequate amount of N required for its
development, increasing production without increasing costs (Rufini et al., 2014).

Rhizobia are excellent examples of soil bacteria capable of providing nutrients for plant growth. When they are
in the initial stages of symbiosis, the molecular complex promotes communication involving Nod factors,
synthetized by the bacteria and flavonoids released by the roots of the legume; both become symbiotic partners
and can recognize one another and begin nodulation (Oldroyd, 2013).

In the soybean crop, adoption of inoculants to replace nitrogen fertilizers has made the crop very competitive
internationally. The savings generated is around U$ 9.8 billion/year (Reis Junior et al., 2011). For cowpea, there
are already strains recommended; however, they may have wide variability in response according to the
specificity of the crop (Soares, 2007). Another difficulty in the association of rhizobia with cowpea is the
promiscuity of cowpea, which can establish symbiosis with a variety of nodulating bacteria. However, there is a
more limited response of the crop when it is inoculated with strains selected in the field (Guimardes et al., 2012;
Moreira, 2006).

BNF in legumes has proven to be quite variable depending on the species, and its adoption has significant
potential for improving cowpea nutrition (Alcantara et al., 2014). Native rhizobia in the soil are highly important
for legumes by providing for greater growth of these species; however, their performance depends on the size of
the population, survival capacity, and effectiveness of plants in fixation of these native populations (Sanginga et
al., 1996; Sinnsiri & Homchan, 2002).

Although the practice of inoculation is widely used in the soybean crop and even in second crop common bean
on large agricultural properties, the practice is not often used on small properties directed toward family farm
agriculture. Many small farmers are unaware of this product, and those that have knowledge of it are unable to
acquire it, due to the distance from production and distribution centers. Since it is a biological product, its
durability is reduced (durability of approximately six months). This becomes an obstacle to crop and livestock
product shops if the stocks of the product are not all sold within the period of the crop season.

Within this context, the aim of this study was to test the use of a nodule preparation as an alternative low-cost
inoculant that is easy to prepare and that can increase production of cowpea grain for small farmers.

2. Method
2.1 Nodule Preparation

The alternative inoculant was made from a preparation of root nodules from cowpea cv. Setentdo in a small area
near the location where the experiment was set up. This area consisted of six 5-m rows with dimensions of 5 x
20 m. After 35 days, the plants were removed, and the roots carefully washed for minimum loss of nodules.
After that, the nodules were detached from the roots and placed in a glass container to which water was added,
equivalent to double the volume of the nodules, and the material was macerated. Seeds for use in plots with the
treatment of inoculation with the nodule preparation were immersed in the container with the macerated nodules,
remaining at rest for 10 minutes. They were then placed to dry on a flat surface over paper toweling. After this
phase, the seeds were placed in bags for transport to the field. The entire procedure was carried out on the
afternoon prior to sowing day because inoculation should be carried out a maximum of 24 h before sowing in the
field, at risk of the seeds becoming inadequate for sowing.

2.2 Field Experiment

To confirm the agronomic efficiency of the nodule preparations under field conditions two experiments were
carried out, the first in Crato, CE, in the south of the state (07°14'08.8” S 39°22'09.8” W) in the period of
February to May 2017, and the second, from March to June 2017, in Madalena, CE, in the central hinterlands
(sertdo) (4°47'15.3" S, 39°40'16.4" W). Combined soil samples were taken in the locations of setting up the
experiments at the depth of 0-20 cm for soil fertility analyses (Table 1).

The experiments were set up following a randomized block design in a 3 x 4 factorial arrangement, with four
replicates. The first factor was composed of the following cowpea cultivars: Sempre Verde, Setentdo, and BRS
Guariba. The second factor was composed of four sources of N: nodule preparation (NP), commercial inoculant
(INOC), nitrogen fertilized control (NFC) that received only chemical fertilization at the rate of 50 kg ha™ of N
in the form of urea, and the absolute control (CO0), free of addition of N and inoculant.
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Table 1. Fertility analysis of the soils where the field analyses were carried out

Local pH Ca®* Mg* K P O.M. Texture
water - cmolc kg™ - mg kg’ g kg

Crato 5.2 0.5 0.4 0.13 2 4.76 sandy

Madalena 54 2.4 1.9 0.31 5 9.41 medium

Note. O.M. = Organic Matter.

The area was first tilled through plowing and disking. Each block was constituted of 12 plots, each plot
measuring 5 m length and 3.2 m width, containing six rows at a spacing of 0.8 m, with 0.30 m between plants.
Each block had an approximate length of 58 m and spacing between blocks was 1.5 m.

Three seeds were sown per plant hole, but only one plant was left after thinning, performed 14 days after sowing.
The plots were fertilized with only K,O in the form of KCI and P,Os in the form of single superphosphate; only
the positive control received application of urea. The plants were monitored weekly and, when necessary, plant
health control measures and weeding were performed for control of pests and weeds, respectively.

At 35 days after planting, two plants were collected per plot for analysis of root and shoot dry matter. The plants
were carefully removed by digging around them to have minimum loss of roots. Then, the shoots and the roots
were separated, and placed separately in paper bags. The roots were washed and then dried in a laboratory oven
at 65 °C for 72 hours.

The following variables were analyzed: Shoot Dry Matter (SDM), Root Dry Matter (RDM), Pod Length (PL),
Number of Pods per Plant (NPP), Number of Seeds per Pod (NSP), Pod Weight (PW), Weight of Seeds per Pod
(WSP), Yield (YIELD), and 100 Seed Weight (100SW).

Analysis of Variance was conducted on the results and, subsequently, the means were compared by the Tukey
test at the level of 5% significance, with analyses performed by the Genes software (Cruz, 2013).

3. Results and Discussion

The nitrogen sources evaluated in the first locale (Crato) were not influenced by the choice of the cowpea
cultivars, indicating no interaction between the two factors, except for the variable SDM (P < 0.05). Although
the N sources were not significantly different regarding the variables analyzed, the cowpea cultivars were
significantly different from each other (P < 0.01) with respect to nearly all the variables, the exceptions being
PW, RDM, WSP and YELD (Table 2).

In the second locale (Madalena), there were no significant differences between the treatments, but between the
environments there were variables that differed significantly (PL, NSP and 100SW). No variable presented a
significant interaction of N source x cultivar, indicating absence of interaction between these factors. The values
of CV in Crato varied from 4.85 (PL) to 51.51 (PW), while in Madalena the values ranged from 4.02 (PL) to
49.01 (NPP). According to Pimentel-Gomes and Garcia (2002), the coeficiente of variation helps to determine
the variability of the data analyzed.

Results showed that the treatments differed little in relation to most of the variables because they did not exhibit
statistically significant differences. The plots inoculated with the nodule preparation were identical to the
controls, both for the experiment conducted in Crato and for the experiment conducted in Madalena. The only
variable that exhibited interaction between the cultivars and the N sources was SDM in Crato (Figure 1), in
which the cultivar Setentdo with the mineral nitrogen treatment had the best value (27.48 g pl™"). The second best
value was observed with the nodule preparation treatment, with 24.52 g pl'. In the second location
(Madalena-CE), the results for these variables had the same behavior, though with lower mean values (Figure 1).

The SDM of the experiment conducted in Crato exhibited differences among the cultivars compared within the
mineral N fertilized treatment and also in the treatment inoculated with the nodule preparation. The cultivar
Setentdo was superior to the cultivar Sempre Verde (Figure 1). When we compared the sources of N, there were
no differences within the cultivar Setentdo and BRS Guariba, only for the cultivar Sempre Verde.
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Table 2. Summary of the analysis of variance for the effect of nitrogen source with different cowpea cultivars in
two locales

Crato Mean Square

SV PF SDM RDM NPP PL PW NSP WSP 100SW YIELD
Block 3 59.11 0.19 7.18 0.69 1.63 2.54 0.19 5.84 253.072
sources of N (SN) 3 2747ns  0.54ns 6.76 ns 0.72 ns 2.64ns 1.18ns 0.18ns 3.45ns 29.953 ns
Cultivars (C) 2 45.69 * 0.53ns 5790 **  33.60** 0.60ns 13.39* 0.00ns 32.88 **  98.271ns
SN x C 6 30.23 * 0.30ns 4.70 ns 0.48 ns 1.15ns  0.92ns 0.10ns  2.89ns 18.828 ns
CV(%) 1604 1413 2400 485 5151 1193 1408 777 3243
Madalena DF Mean Square

SV SDM RDM NPP PL PW NSP WSP P100SW  YIELD
Block 3 61.11 1.81 28.51 0.84 0.21 1.45 0.13 2.08 27726
sources of N (SN) 3 9.03 ns 021ns 8.82ns 0.10 ns 0.04ns 0.57ns 0.08ns 4.63ns 1273 ns
Cultivars (C) 2 1.46 ns 0.09ns 2.97ns 4636 **  022ns  20.39**  0.11ns 66.95ns 1224 ns

SN x C 6 12.15ns  0.24ns 2091ns  0.21ns 0.05ns  0.33ns 0.06ns  2.95ns 21260 ns
CV(%) 3046 2346 4901 412 902 773 1 1063 1605 1848

Note. Source of Variation (SV), Degrees of Freedom (DF), Shoot Dry Matter (SDM), Root Dry Matter (RDM),
Number of Pods per Plant (NPP), Pod Length (PL), Pod Weight (PW), Number of Seeds per Pod (NSP), Weight
of Seeds per Pod (WSP), 100 Seed Weight (100SW) and Yield (YIELD), ** Significant at 1% by the F test, *
Significant at 5% by the F test, not significant (ns).
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Figure 1. Shoot dry matter of cowpea plants (g pl"") under different forms of nitrogen in Crato and Madalena,
CE, Brazil.

Note. C0: absolute control without N and without inoculant; NFC: mineral nitrogen fertilization with 50 kg ha™
of N; INOC: commercial inoculant; NP: nodule preparation. Mean values followed by the same letter do not
differ from each other by the Tukey test at the level of 5% probability.
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In the experiment conducted in Madalena, there were no differences among the cultivars or among the sources of
N (Figure 1), although the commercial inoculant exhibited superiority to the other treatments when inoculated on
the cultivar Sempre Verde. The same was observed for the cultivar Setentdo, however, when the mineral
nitrogen treatment was used. Furthermore, in the case of the cultivar BRS Guariba, there was an increase of 42%
in the plot with application of the nodule preparation compared to CO0, reaching a value of 9.53 g plant™. In this
sense, the means for this variable within the Madalena environment were lower, indicating less plant growth,
probably as a result of environmental responses. Mean rainfall for Crato was 440 mm throughout the period of
the experiment, whereas in Madalena, mean rainfall values were lower, around 280 mm (FUNCEME, 2017).

The RDM in the experiment in Crato (Table 3), in the same way as the previous variable, showed little variation,
with more notable differences within the cultivar Setentdo, where the mineral nitrogen treatment was superior to
that of the commercial inoculant, with mean values of 4.21 and 3.25 g of roots per plant, respectively. The
nodule preparation treatment had an intermediate value (3.5 g of roots). Differences were observed among the
cowpea cultivars within the mineral N treatment; the cultivar Setentfo had a better result than the cultivars BRS
Guariba and Sempre Verde. In relation to the Madalena experiment, there was significant variation only among
the cultivars and considering only the nodule preparation treatment. The greatest RDM was observed with the cv.
BRS Guariba (1.98 g of roots), significantly superior to that of the cultivar Sempre Verde, with 1.34 g of roots
(Table 4).

Table 3. Mean of production variables evaluated for three cowpea cultivars under different sources of N in Crato,
CE, Brazil

Treat. RDM (g) Trait NSP (unit)
S. Verde Setentdo BRS Guariba S. Verde Setentdo BRS Guariba
Co 3.66 Aa 3.32 Aab 3.61 Aa Cco 13.10 Aa 12.75 Aa 13.95 Aa
NFC 327 Ba 421 Aa 3.79 ABa NFC 12.75 Aa 1290 Aa 1540 Aa
INOC 3.00 Aa 325 Ab 3.51 Aa INOC 1290 Aa 12.80 Aa 1475 Aa
NP 3.18 Aa 3.50 Aab 3.54 Aa NP 12.75 Aa 12.60 Aa 13.50 Aa
NPP (unit) WSP (g)
Co 11.75 Aa 10.50 Aa 9.38 Aa Co 270 Aa 2.51 Aa 2.59 Aa
NFC 11.63 Aa 14.25 Aa 10.38 Aa NFC 258 Aa 2.84 Aa 297 Aa
INOC 11.63 Aa 12.38 Aa 7.75 Aa INOC 2.79 Aa 2.67 Aa 2.66 Aa
NP 11.50 Aba 12.63 Aa 7.75 Ba NP 2.60 Aa 2.58 Aa 236 Aa
PL (cm) 100SW (g)
Cco 20.23 Aa 17.50 Ba 17.60 Ba Cco 20.62 Aa 19.55 Aa 18.58 Aa
NFC 20.10 Aa 17.33 Ba 18.88 ABa NFC  20.27 ABa 22.12 Aa 19.29 Ba
INOC  20.25 Aa 17.38 Ba 18.00 Ba INOC 21.60 Aa 20.78 Aa 18.05 Ba
NP 19.80 Aa 16.95 Ba 17.78 Ba NP 20.38 Aa 20.64 Aa 17.13 Ba
PW (g) YIELD (kg ha™)

Cco 333 Aa 3.61 Aa 329 Aa Co 476.25 Aa 597.79 Aa 551.21 Aa
NFC 526 Aa 3.83 Aa 3.89 Aa NFC  573.26 Aa 614.19 Aa 657.54 Aa
INOC 3.54 Aa 3.67 Aa 344 Aa INOC 481.10 Aa 585.41 Aa 526.20 Aa
NP 322 Aa 344 Aa 3.19 Aa NP 438.68 Ba 781.24 Aa 666.83 ABa

Note. Mean values followed by the same uppercase letter in the line and by the same lowercase letter in the
column do not differ from each other by the Tukey test at 5% probability. Legend: C0O-absolute control without
N and without inoculant, NFC-Nitrogen Fertilized Control with 50 kg ha! of N, INOC-Commercial Inoculant,
NP-Nodule Preparation, Root Dry Matter (RDM), Number of Seeds per Pod (NSP), Number of Pods per Plant
(NPP), Weight of Seeds per Pod (WSP), Pod Length (PL), 100 Seed Weight (100SW), Pod Weight (PW), and
Yield (YIELD).

In relation to the NPP for the experiment in Crato, significant differences were only found among the cultivars
that received the nodule preparation. The cv. Setentdo exhibited a mean of 12.63 units, a mean superior to BRS
Guariba; nevertheless, the highest value observed for this variable was 14.25 in reference to the cultivar Setentdo
fertilized with urea (Table 3). Statistical differences were not observed, however. The results from Madalena
show an absence of significant differences; the means were in the interval from 7.88 (cv. Setentdo and nodule
preparation) to 13.25 (nitrogen fertilization and the cultivar Sempre Verde) (Table 4). Such values are near those
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observed by Matos Filho et al. (2009), who obtained values from 8.43 to 12.13 cm in reference to diverse
cowpea progenies and lines.

The PL variable was quite affected by the choice of cultivar, and Sempre Verde was superior to the others in
both locations, showing that this response is associated with the cultivar. The mean size of the pods for the cv.
Sempre Verde was approximately 20 cm, which is within the commercial standard (Silva & Neves, 2011).

Although the cv. Sempre Verde exhibited longer pods, this did not lead to greater NSP, showing a mean value
lower than 13 seeds. However, the cv. BRS Guariba had higher values for this variable in both locations, ranging
from 13.5 to 15.4 seeds in Crato (Table 3) and from 13.9 to 15.1 seeds in Madalena (Table 4). Such values agree
with Silva et al. (2016), who obtained values in the range of 13.13 to 15.83 seeds in evaluating 20 genotypes in
Roraima. This difference, especially between Sempre Verde and BRS Guariba, can be found when we observe
100SW, in which the cv. BRS Guariba had inferior mean values compared to the other cultivars, in both
locations of evaluation.

Table 4. Mean of production variables evaluated for three cowpea cultivars under different sources of N in
Madalena, CE, Brazil

RDM (g) . NSP (unit)
Treat. - Trait -
S. Verde Setentdo BRS Guariba S. Verde Setentdo BRS Guariba
Co 1.19 Aa 1.28 Aa 145 Aa Cco 12.45 Ba 13.30 Aba 1480 Aa
NFC 149 Aa 1.82 Aa 140 Aa NFC 12.45 Ba 12.85 Ba 1470 Aa
INOC 1.65 Aa 1.33 Aa 145 Aa INOC 1245 Aa 12.85 Aa 13.90 Aa
NP 1.34 Ba 1.51 Aba 1.98 Aa NP 12.45 Ba 13.05 Ba 1510 Aa
NPP (unit) WSP (g)
Co 9.38 Aa 11.88 Aa 9.50 Aa Co 2.68 Aa 2.99 Aa 2,57 Aa
NFC 13.25 Aa 12.63 Aa 10.88 Aa NFC 2.69 Aa 2.64 Aa 272 Aa
INOC 12.25 Aa 11.75 Aa 10.38 Aa INOC 2.67 Aa 2.68 Aa 244  Aa
NP 11.88 Aa 7.88 Aa 12.75 Aa NP 2.54 Aa 2.63 Aa 2.56 Aa
PL (cm) 100SW (g)
Co 20.40 Aa 16.98 Ba 17.88 Ba TO 21.56 Aa 22.71 Aa 17.39 Ba
NFC 20.63 Aa 16.88 Ba 18.05 Ba NFC 21.58 Aa 20.60 Aa 18.53 Aa
INOC 19.85 Aa 17.05 Ba 18.03 Ba INOC 21.41 Aa 20.89 ABa 17.55 Ba
NP 20.18 Aa 16.80 Ba 18.10 Ba NP 20.37 Aa 20.01 ABa 16.94 Ba
PW (g) YIELD (kg ha™)
Co 337 Aa 353 Aa 326 Aa Co 507.43 Aa 577.15 Aab 494.09 Aa
NFC 334 Aa 345 Aa 349 Aa NFC 490.21 Aa 596.02 Aa 530.22 Aa
INOC 333 Aa 3.59 Aa 3.14 Aa INOC 503.66 Aa 572.35 Aab 506.65 Aa
NP 320 Aa 343 Aa 323 Aa NP 574.18 Aa 398.79 Bb 567.92 Aa

Note. Mean values followed by the same uppercase letter in the line and by the same lowercase letter in the
column do not differ from each other by the Tukey test at 5% probability. Legend: NFC-Nitrogen Fertilized
Control with 50 kg ha"' of N, INOC-Commercial Inoculant, NP-Nodule Preparation, Root Dry Matter (RDM),
Number of Seeds per Pod (NSP), Number of Pods per Plant (NPP), Weight of Seeds per Pod (WSP), Pod Length
(PL), 100 Seed Weight (100SW), Pod Weight (PW), and Yield (YIELD).

In relation to seed production, the mean yield was 579 kg ha™ in Crato and 526 kg ha™ in Madalena, exceeding
the Brazilian average of 506 kg ha™' in the 2016/2017 crop season (CONAB, 2018). In addition, the two highest
values obtained for the experiment in Crato were 781 kg ha™' for the cv. Setentdo plus the nodule preparation and
667 kg ha' for the cv. BRS Guariba plus the nodule preparation (Table 3). The mean yields were at levels lower
than the values generally obtained under experimental conditions because the population adopted was
approximately 41,600 plants, similar to that adopted by small farmers. In contrast, some studies, such as Silva et
al. (2016) and Souza et al. (2017), adopt more than 100,000 plants ha™, achieving yields of 1,200 and 1,400 kg
ha, respectively. In addition, the two experiments were set up on dryland that, together with low rainfall indices,
compromise production.

The nodule preparation proved to have little effect under the conditions presented, both in relation to the
treatment with commercial inoculant and in relation to the absolute control, in both locations. The commercial
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inoculant maintained a mean very near that of the nodule preparation and that of the nitrogen treatment, but
without statistical differences from the absolute control. The yield generated by the NP in Crato was 628 kg ha™,
whereas in the NFC, it was 614 kg ha”, a difference of 2.3%. In Madalena, for its part, the NP produced only
513 kg ha™' and the NFC obtained 539 kg ha™, which represents a reduction of 4.6% for the NP. Rocha (2013)
observed gains of 32% with the nodule preparation over the absolute control in evaluation of cowpea plants at 28
days in a greenhouse. However, at 35 days, the gains were only 15%. This shows how responses can change
according to conditions such as plant age and, especially, when the treatments and cultivars are evaluated under
field crop conditions. There is the action of the community of soil microorganisms that interact among
themselves, promoting plant growth and increasing soil fertility through phosphate solubilization and also
biological nitrogen fixation (Costa & Melo, 2012; Ryan et al., 2008). In addition, in both locations, there was a
history of cowpea cultivation, reinforcing the idea of a well-established, N-fixing microbial community.

In addition, the increases in concentration of bacterial cells on the seed surface increase the rhizobia population
that occupies the nodulation sites at the plant root, while the low density of rhizobia cells, together with the low
specificity of cowpea in relation to the microsymbiont, may be one of the explanations for the low response of
the plant to inoculation (Silva Junior et al., 2014). Moreover, in relation to the nodule preparation, the number of
cells that are applied on the seed surface may still be low, and additional and more detailed tests are necessary
with different concentrations of nodules at different locations to show which situation is more advantageous.

4. Conclusion

The use of the nodule preparation led to yield identical to that from the commercial inoculant and from N
fertilization in both locations evaluated.

The response from the nodule preparation can change according to the crop region in response to the existing
microbial community.
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