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ABSTRACT

In the northeastern of Para, cowpea is one of the main protein sources of the population. This study aimed to
evaluate the effects of liming, the P and K mineral fertilization, and the combination of seed inoculatitizeiium
associated with mineral N supplementation in the growth and production of cowpea cultiMaesperiments were
carried out in two consecutive years at the Federal Rural UniverdiityaZzonia (Capitdo Po¢oAp. A randomized
block experimental design with subdivided plots was used with four replications, two cowpea cultivafajBIR8m
and BRS Marataod) and six fertilization and liming treatments: i) without fertilization and without liming; ii) P and K
mineral fertilization, liming and seed inoculation wRhizobiumiii) P and K mineral fertilization and seed inoculation
with Rhizobiumiv) N, P and K mineral fertilization and liming; v) P and K mineral fertilization and liming; and vi) N, P
and K mineral fertilization, liming and seed inoculation withizobium Cowpea responded to liming and P and K
mineral fertilization, but not N fertilization. There was no difference between the supply of N through seed inoculation
or mineral fertilization. Thus, it is suggested to inoculate seeds with Rhizobium in order to maintain the soil N reserve.

Keywords: acidity correction; biological nitrogen fixatioRhizobiumleguminous crops; amazon soils.

INTRODUCTION the population of rhiabia as well as the efficiency of BNF

Cowpea Yigna unguiculatgL.) walp.] (Fabaceae) is (Gualteret al.,2011). On the other hand, BNF might be
a legume consumed as a high quality plant protein soure@mpromised in conditions of low technological input,
worldwide, especially in Brazil, in which it is important formainly due to the lack of correction of soil acidity
economy and food securjtgspecially for small farmers fertilization, irrigation and adequate crop management
in northeastern Para (Silvet al., 2012). Despite its (Melo & Zilli, 2009). Attributes related to soil such as pH,
socioeconomic importance, productivity of cowpea is stiff\l ** and nutritional deficiency are capable of altering the
low in Brazil, with an average of 476 kg-h&€CONAB, symbiotic efficiency and development of beans (Soares
2020). etal.,2014; Fariast al.,2016).

Biological nitrogen fixation (BNF) is a technology = Weathered soils are characteristic of tropical regions
capable of increasing cowpea productivity (Guadteal., and present chemical restrictions to agriculture, especially
2011). The association of cowpea cultivation with N-fixingconsidering Fabaceae plants, through soil agidibych
bacteria guarantees the supply of N, reducing productidiecreases the efficiency of BNF (Faisal.,2016). Thus,
costs due to the lower use of N-mineral fertilizers (Soares®il acidity correction in the cultivation of cowpea is
et al., 2014; Chakirweet al., 2019). The practice of essential not only regarding the efficiency of BNF but
inoculating seeds with rhizobacteria causes increasesaiso related to higr crop yields (Fariaet al.,2016).
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The combination of seed inoculation with rhizobia andnine its granulometry: 834 g k@f total sand, 46 g Kgof
the application of mineral N is a strategy commonly usesllit and 120 g kg of clay, which is characteristic of soft
in the cultivation of bean$paseolus vulgarik.) (Brito  sandy soils. The results of the chemical characterization
et al.,2015). Howeverfor the success of the combinationof the soil in the experimental areas are showrabie 1.
of biological and mineral fertilization, it is important to All soil analyzes were performed in the Soil Laboratory of
know the dose of mineral N capable to meet the nutrition&imbrapaAmazénia Oriental (BelémA.
demands of the plant so there is not a reduction or The experiment was conducted in a randomized block
inhibition of NBF (Britoet al.,2011). design (RBD) with four replications, using a split plot

This study aimed to evaluate the effects soil aciditgchemeTwo cowpea cultivars, BREapaihum (C1) and
correction, the P and K mineral fertilization, and th&RS Marataoa (C2), were cultivated in the main plots and
combination of seed inoculation with rhizobia associatesix fertilization and liming treatments were applied in each
with supplementation of mineral N on the growth an@xperimental subplots: i) without fertilization and without
production of two cowpea cultivars. liming (T1); ii) P and K mineral fertilization, liming and

seed inoculation witRhizobiun(T2); iii) P and K mineral
MATERIAL AND METHODS fertilization and seed inoculation witRhizobium(T3);

The study was carried out at the Campus of the Fede} N, P and K mineral fertilization and liming (T4); v) P
ral Rural University of thAmazon (UFRA-CCP) (01°44'47" and K mineral fertilization and liming (T5); and vi) N, P
S and 47°03'34" W), in Capitéo Poco, state of Para, Brazidnd K mineral fertilization, liming and seed inoculation
in two consecutive years (July to October of 2018 angith Rhizobium(T6).

July to September 2019). The areas of the experiments In both experiments, soil preparation was carried out
(2018 and 2019) were arranged in parallel and spacati44 days before sowing at the end of the rainy season in
approximately 20 m apart. the Amazon region and consisted of two harrows and

According to the Kdppen classification, the regioriming. Dolomitic limestone (total neutralization power =
has a tropical altitude climate (Am) with an averag®2%) was incorporated in the 0-0.20 m layer in the plots
temperature of 26.2 °C, average annual precipitation ©2, T4, T5 and T6, in order to reduce the saturation by
2,500 mm and relative humidity between 75 and 89%l%* to 20% (Cravo & Souz&007). Three seeds were
(INMET, 2020). During the experimental period, data osowed per hole at 0.2 x 0.6 m spacifsfier emegence,
temperature and precipitation (Figure 1) were obtaingdo plants were left per hole (166,667 plant$)hdahe
from theAutomatic Surface Observation Meteorologicakxperimental plots were composed of six sowing lines of 5
Station of the National Institute of Meteorology (INMET),m each and the two central lines were selected for the
located at UFRA (CCP). evaluations, excluding 1 m at the ends of each line.

Prior to the installation of the experiment in 2018, 15 Seeds were inoculated one hour before sowing, with
simple samples (0 - 0.20 m) were randomly collected withoculant “TotalNitro Bean-cowpea”’Bradyrizobium
Dutch auger to form a composite sample of the soil in thep.), registered with MAR(PR 93923 10060-1), which was
area. This soil sample was sent to the laboratory to detprovided byTotal BiotecnologiaA dose of 2 mlkg* of
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Figure 1: Average air temperature (°C) and precipitation (mm) in Capitdo PAgal(ifing the first (A) and second year (B) of
cowpea cultivation. Source: INME2020.
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seeds was used following the manufacttiser RESULTSAND DISCUSSION
recommendation. For treatments T4 and T6, 20 Kgha The plant height (PHin 2018 was higher for BRS

N (urea) were applied as top dressing at 27 glays aﬁﬁ%rataoé (C2) (Figure 2a) and, in 2019, PH did not differ
;owmg (Qravo & 509?3* _2007)’ performmg theoetween cultivars (Figure 2b). For both cultivation
incorporation of the fertilizer in the soil (0.05 m) at th%/ears, plants grew less in height when cultivated in the

beginning of_the day period at !ower tempergture ar]gbsence of liming and fertilization (T1) (Figures 2a and
subsequentlyirrigated. For the mineral fertilization of P 2b). This fact highlights the importance of correcting

(exception T1), 70 kg feof 0, were applied as simple the acidity of the soil in order to neutrali2é** and

superphosphate on the day of sowing. For mineral - .
increase the availability of nutrients (Craetaal.,2012),
fertilization of K (exception T1), a dose of 60 kg'taf y ( )

. . . . . with t plant th. In 2018, the ab f
K.,O was applied as potassium chloride, which was d|V|d(%’YjI cons';quen prant growtn. in © "’? Sence o
. o : . me application (T3) also promoted low PH (Figure 2a),
in two equal applications; the first application at day o*

. . S Iindicating that for the greater efficiency of rhizobia the
planting (along with P application) and the second one at . S . . .
. ) o .correction of soil acidity is essential. Studies carried
27 days after planting (along with N application). The mi- . . e
o out with nitrogen fertilization on cowpea have shown

neral fertilization of N, P and K followed the

recommendation of the culture in the state of Para (Cra@'?f‘”t he',ght of approximately 0.4 m (Montemp .al.,
. S . . 2010). Silveet al.(2019), by evaluating the efficiency

& Souza 2007), performing all fertilizations in each pit of t thizobia strai BRS Marataod culti found
the plantsAll mineral fertilizers were applied manually to© Ir 120 Ila S ra'gSSSO” o 3_:_? aoa cu IvarI ounf
the seeding line at a depth of approximately 0.05 m frogftues close t0 0.35m o - 'he average va ues.; or
the soil surface. During the experiments, due to th%H were 0.31 and 0.24 m, for 2018 and 2019, respectively
oscillation of precipitation observed in the region (Figurvg:Igures 2a a'nd 2b). . i i

1), on days when there was no rain the plants were irrigated The combined supply of mineral and biological N

(localized micro sprinkler irrigation) on alternate days af"tilization (T6) dd not decrease PH in both years of
an average flow of 18.8 mnth cultivation, since it was used a low dose of mineral N (20

Weed control was carried out 14 days before sowin5,9 ha!) and it was applied at 27 days after the inoculation

using the herbicide N- (phosphonomethyl) gryciné’f the seeds with rhizobacterfa study carried out with

(glyphosate isopropylamine salt) (4804 at a dose of 1 covypea. inQicated that thel excessive use of mipgral N
L ha'. Weeding was also necessary at the end of tfigrtilization in supplementation has reduced the efficiency

vegetative phase of the plarT@ prevent the attack of of NBF (Britoet al.,2011). There were similar values of PH
fungi, Carbendazim (500 g¥)was applied at a dose of 0.5When N was supplied via mineral fertilization (T4) or
L hat. There were no outbreaks of insect pests in tHaoculation of seeds with rhizobia (T2).
experiments and, therefore, control was not necessary N 2018 and 2019, stem diameter (SD) presented higher
At 46 days after sowing (beginning of the reproductivt‘éalues for the cultivar BREapaihum (C1) and there were
period), the growth of cowpea was evaluated by p|a,lﬁwer values only when liming and fertilization was not
height (PH), stem diameter (SD), number of leaves (N@pplied (Figures 2c and 2d). The SD of cowpea in both
and the ration PH/SD. Plant height was obtained with tfs&lltivation years also did not differ between the treatments
aid of a graduated rule8D with the aid of a digital caliper with mineral and/or biological nitrogen fertilization,
NL by simple counting. The production of cowpea wa¥dicating the capacity of the rhizobia to supply the
evaluated at the end of the experiments (68 days aff¢mand of N of the plants. Nitrogen directly interferes
sowing) by the number of pods per plant (NP), pod Ieng’eMith the metabolism of vegetables because it is a
(PL), pod weight (PW), number of grains (NG), grain weigHgonstituent of amino acids and proteins capable of
(GW) and grain yield (GY)lo measure NBnd NGa simple increasing the vegetative growth of plants (Dechen &
count was performeds for PWand GWa semi-analytical Nachtigall, 2007; Souza & Fernandes, 2018). The supply
balance was used. For the PL, a graduated ruler was uédN was able to promote greater vegetative growth of
and GY was estimated from GW and the number of plarg§wpea both by mineral and biological fertilization in both
per plot, in which the values were extrapolated to't ha cultivation years. Studies with rhizobia in cowpea
After meeting the assumptions of normality andndicated their capacity to supply the N demand of plants,
homoscedasticitythe data were submittedAnalysis of ~ similarly replacing mineral fertilizers (Britet al.,2011).
Variance (ANOM). Regarding the significance of the F For the ratio between plant height and stem diameter
test, the means were compared using the Tukey te§tH/SD) cultivar C2 showed higher values and there were
Analyzes were performed usiAgroestat software (Bar NO differences between fertilization and liming treatments
bosa & Maldonato Junipr2015) and tested at 5% for that variable in both evaluated years (Figures 3a and
probability level. 3b). The values of PHISin bot cultivations were higher
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than 3.5 and without prejudice to the development of the Regarding the number of leaves (NL), there were no
plants. Roza & Rosa (2016) stated that cowpea is a rudfifferences between cultivars in the first year of the
species capable of adapting under adverse conditioegperimentand, in 2019, NL was higher in cultivar C1 (Figu-
However it requires liming and fertilization practices tores 3c and 3d). The NL of the studied cultivars were lower
obtain satisfactory grain production. Plant growth studiga plots that did not receive fertilization and liming (T1),
have determined the ideal PH/SD range of 3.5 to 4 abdth in 2018 and 2019. In 2018, for C2, there was also less
lower values are indicative of low growth (Maraetal., NL in the absence of liming, but with the inoculation of
2008). In this sense, it is essential to establish a growisgeds with rhizobia (T3), this is an indication of the
balance between the PH and SD for great plairportance of correcting soil acidity to increase the
development. The cultivar with the lowest PH (C1) (Figuefficiency of NBFEThe increase in soil pH by liming increases
re 2a) was precisely the one that obtained the lowest PH¢ activity of bacteria (Soaresal.,2014). In 2019, a lower

SD quotient (Figure 3a). NL was also observed in the treatment without application
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Figure 2: Plant height in 2018 (A) and 2019 (B) and stem diameter in 2018 (C) and 2019 (D) for cowpea cultivaiap@R8n
- C1 and BRS Marataod - C2) as a function of fertilization and soil correction (Treatments - T). Means comparing cultivars and
fertilization treatments followed by the same letter do not differ from each other by the Tukey test (p > 0.05).
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of N (T5) when compared with treatments with the presence Studies carried out with nitrogen fertilization (mineral
of N (T2, T3, T4 and T6) (Figure 3d). This indicates ther biological) in cowpea suggested that variables such as
effect of this nutrient in increasing leaf growth. TheNP and PW did not suffer interference from N sources
absorbed N is incorporated into plants as amino acids aflartinset al.,2013). The supply of N in plants is related
later, transformed into proteins capable of promoting ledb vegetative growth, but its excess can stimulate the
growth and increasing the photosynthetic area in vegetabtasergrowth of plants at the expense of grain production
(Dechen & Nachtigall, 2007). (Martinset al.,2013). In this sense, the supply of N via
For the variables number of pods (NP) and pods weightineral and/or biological fertilization did not directly
(PW) there were no differences between cultivars in bothfluence the characteristics of NP and PW in both
evaluated years. Howevéor the treatments, there werecultivation years (Figures 4a, 4b, 4c and 4d).
lower values for the lack of liming and fertilization (Figu- Regarding pod length (PL), there were no differences

res 4a, 4b, 4c and 4d). between cultivars in both evaluated years (Figures 4e and
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Figure 3: Relationship of height and stem diameter in 2018 (A) and 2019 (B) and number of leaves in 2018 (C) and 2019 (D) for
cowpea cultivars (BR$apaihum - C1 and BRS Marataoa - C2) as a function of fertilization and soil correcgatn{@nts T).

Means comparing cultivars and fertilization treatments followed by the same letter do not differ from each other by the Tukey test
(p > 0.05).
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Figure 4: Number of pods in 2018 (A) and 2019 (B), weight of pods in 2018 (C) and 2019 (D), and length of pods in 2018 (E) and
2019 (F) for cowpea cultivars (BREapaihum - C1 and BRS Marataod - C2) as a function of fertilization and soil correction
(Treatments - T). Means comparing cultivars and fertilization treatments followed by the same letter do not differ from each other
by the Tukey test (p > 0.05).
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4f). In the first yegrcultivar C2 showed higher Rithen  via seed inoculation (T2), via mineral fertilization (T4) or
cultivated in treatments that received liming and/oboth (T6) (Figure 5). In both cultivation years, the
nitrogen fertilization (mineral and/or biological) (Figuretreatment inoculated with rhizobacteria (T2) and the
4e). In 2019, PL was also higher in plants that receivdérbatment fertilized with mineral N (T4) obtained the same
liming and/or nitrogen fertilization (T2, T4, T5 and T6)GY (Figures 5e and 5f). Thus, it is interesting to supply
(Figure 4f). N via inoculation of cowpea seeds in relation to the
The number of grains (NG), grains weight (GW) an@pplication of mineral N, given the relatively lower cost
grains yield (GY) did not differ between cultivars for bothof inoculation. In 2019, the average price of urea (44.4
evaluated years (Figures 5a, 5b, 5c, 5d, 5e and 5Kpg), equivalent to 20 kg Haof N (recommendation for
However in both periods of evaluation, there was @owpea; Cravo & Souz&007) in the country was R$
tendency for a higher GY of cultivar C1 when comparef9.30 (CONAB, 2020), whereas, depending on the region,
with cultivar C2 (Figures 5e and 5f). In 2019, cultivar Cthe cost to the producer of the inoculant (100 mL)
also had presented higher NL (Figures 3d), which is aufficient for 50 kg of seeds was only around R$ 5.50
indicative of a direct relationship between GY and NL(Total Biotechnology). Unfortunatelyhe inoculation of
Higher NL might represent greater leaf area, witlbeans with rhizobacteria is a practice still not commonly
consequently higher photosynthetic rates, carbarsed by farmers in Brazil, mainly in the northeast region
assimilation and greater plant production. Nitrogen isf Para, especially by the lack of positive results in field
essential to the physiological activities of beans, presemnditions (Chagas Juniat al., 2010), making the
in the chlorophyll molecule, a pigment responsible for thpresent work a practical tool for producers in the region.
photosynthetic process and for the transformation ®floreover despite the application of mineral N being the
nutrients into photoassimilates and grains, with main source of supply of this nutrient to cultivated plants,
reflection on the productivity gain (Sorragbal.,2006). when in high doses, part of the supply is lost due to
In 2018, there was lower NGW and GYin the plants leaching and volatilization in tropical regions (Sorreto
grown in T1 treatment (Figures 5a, 5¢ and 5e), while intled., 2006; Martinset al., 2013), which increases
second year there were lower values of these variableximntamination mainly in sandy soil and in a region with
T1 and T3 (Figures 5b, 5d and 5f). high rainfall. In addition, the use of urea as a mineral
In 2018, GY was negatively influenced by the absenamurce of N must be done with correct management, such
of liming and fertilization with P and K (T1) (Figure 5e)as at lower temperatures, incorporation and/or irrigation,
and, in 2019, also by the lack of soil acidity correction (TX)therwise losses of volatile N can reach 80% of the total
(Figure 5f). Itis important to highlight that when the seedapplied (Sangoét al.,2003), mainly in the region with
were inoculated with rhizobia and it was not applied limaigher temperatures (Figure 1).
(T3), the condition of lower soil pH and greatdrs Considering the contribution of NBF by rhizobia to
concentration at second yeaafle 1) was most limiting the cowpea culture, seed inoculation was able to supply
to production of cowpea (Figure 5f). Such observatiothe N demand of the plants in a similar way to the supply
indicates the importance of liming and the supply athrough mineral fertilization, providing similar responses
macronutrients (K, Ca and Mg) to enhance thé@éncy in grainyield (Zilliet al.,2009; Chavest al.,2018). Thus,
of rhizobia to supply N for cowpea. It is also interesting tthese studies prove that the supply of N via mineral
note that when comparing T2 and T3 treatments in 201f@rtilization or inoculation with rhizobia is able to meet
there was a decrease in GY in the latter treatment (Figutee nutritional demand without difference in GY of
5f). This fact indicates the benefit of correcting the aciditgowpea.
of the soil in increasing the pH and thus NB#th a There was no response from the production variables
contribution in increasing GY in T2 when compared withio the application of N (Figures 4 and 5). Similar values
T3. Strategies for increasing NBF in agriculturalvere observed between its omission (T5) and its supply
ecosystems include, among other factors, the use of limi(it2, T4 and T6), which cannot be interpreted as a no
and fertilization (Furtini Netet al.,2000). indication of nitrogen fertilization, since there might be a
Liming ensures the correction of soil aciditicreases decrease in the N reserve in the soil in subsequent crops.
the availability of nutrients to plants, promotes greatd?Practical observations in the region have indicated a
efficiency of fertilizers and, finallyresults in optimal higher frequency of responses to nitrogen fertilization in
conditions for crop development (Caires & Joris, 2016)0ils with intensive use and that are cultivated for several
even for those considered tolerant to relatively high leveygars without organic fertilization or green fertilizers (Bra-
of acidity such as cowpea (Furtini Negbal.,2000). sil & Cravo, 2009), which is not the case of areas of the
When liming was performed, there were no differencgeresent study @ble 1). Furthermore, it is necessary to
in the production variables in relation to the supply of Monsider replacement fertilization (Cantarella, 2007), which
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Figure5: Number of grains in 2018 (A) and 2019 (B), weight of grains in 2018 (C) and 2019 (D), and grain yield in 2018 (E) and 2019
(F) for cowpea cultivars (BREapaihum - C1 and BRS Marataoa - C2) as a function of fertilization and soil correcgatn{énts

- T). Means comparing cultivars and fertilization treatments followed by the same letter do not differ from each other by the Tukey
test (p > 0.05).
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aims to supply the amount of N exported by the cropthis sense, liming provided greater grain production to
For cowpea, this value is in the order of 30 k§j{Randall cowpea (Figure 5), which can be explained by the increases
et al.,2006). Thus, for maintaining the reserve of N in théhe levels of soil N by correcting the soil acidity (Fonseca
soil and due to the environmental aspects already al.,2010) because of the pH increase and acceleration
mentioned, it is recommended the inoculation of seed$the mineralization process of SOM.
with rhizobia aiming at the supply of N to cowpea. Gualter In addition, wetting the dry soil can stimulate
et al., (2008) also found no difference in productivitymineralization and cause a peak release of available N (Foth
between inoculated and non-inoculated treatments causeéllis, 1996). This fact might have occurred in the present
by the ability of native bacteria to perform symbiosis witlstudy once the areas were irrigat@dditionally, the
cowpea. The culture has low specificity of nodulationmineralization of organic N is stimulated by the addition
being able to obtain different responses of the rhizobd nitrogen fertilizers (priming effect), which increases the
from the conditions of cultivation, cultivars and regioravailability of N in the soil from SOM, in addition to the
(Chagas Junicet al.,2010; Borgest al.,2012). Cowpea revolving of the soil reducing the stock of organic N over
BNF fully meets the demand for N via seed inoculatiotime (Cantarella, 2007). Howeyéne immobilization of N
with rhizobia, being able to replace nitrogenous mineragrried out by microorganisms occurs concomitantly with
fertilizers (Britoet al.,2011). its mineralization. There is a condition of balance between
Soil organic matter (SOM) is the main source of N ithese two processes when the C/N ratio of the substrate
the soil for plants and it can represent up to 95% of the in the range of 20 to 30, this fact influences the
total N of the soil (Silva & Mendonga, 2007). Thus, thavailability of N for the crops and the waseason and
lack of response of cowpea in production to nitrogedose of fertilizer applied (Cantarella, 2007). In 2018 and
fertilization can be partly explained by the contribution 02019, the C/N ratio in the soil was 10/1 and 124b(& 1),
SOM due to its mineralization, although in soil with lowrespectively which favored mineralization rather than
content of SOM (@ble 1Alvarezet al.,1999) and region immobilization, which must have increased the release of
with high temperatures and rainfall (Figure 1). In newlN from SOM for plant absorption and decreased
deforested areas, the organic carbon content might beependence on N added via fertilizer
good indicator of the N stock in the soil, allowing its gra-  Finally, it is noteworthy that even though there was
dual release in the first years of agricultural explorationo significant response in GY to the application of N in
(Wadt & Cravo, 2005)About 2 to 3% of the ganic N in  both cultivation years (Figures 5e and 5f), there was a
the soil is mineralized annually (Foth & Ellis, 1996), whicmumerical difference in GY when comparing the treatment
represents an annual release of 16 to 180 Kgdfia without supply of N (T5) to the treatments with its
inorganic N for different types of Brazilian soils (Cantarellaapplication (T2, T4 and T6). This difference can be
2007). The demand for N from cowpea is in the order g@fractical order for the producé&or example, in 2019, there
106 kg h& (Neveset al.,2009). Estimates of the potentiallywas GY of 1,177 kg ha-1 in T5 and 1,270 kd' irathe
mineralizable N in Oxisols and Neossols in the state tifeatment with seed inoculation with rhizobia (T2),
Goias indicate that this fraction represents less than ifference of 93 kg hiefor the farmerwith emphasis again
of the total N of the soils (Silva & Mendonca, 2007)for the importance of nitrogen fertilization for the
although management practices such as liming caultivation of cowpea in the region (Cravo & Sou2@07).
increase the mineralization rate of the N of SOM (Seliva Moreover high grain yields were verified in the present
al., 1999), meeting the demand for crops regarding trgtudy mainly in the treatments with fertilization and liming
nutrient. In addition, liming can contribute to increasingT2, T4, T5 and T6) (Figures 5e and 5f), when compared
the content of N and NBF (Fonsestaal.,2010), thus in with the averages of the municipality of Capitdo Poco
soils with low SOM content the N mineralized is no{585 kg h&), Para (776 kg hg and Brazil (493 kg hg
sufficient to supply the demand for cowpealfle 1). In  (IBGE, 2017). Unfortunatelyiming and fertilizing practices

Table 1: Chemical characterization of the soil (0 to 0.20 m) of the area immediately before the installation of the experiments in 2018
and 2019

Year pH P K Ca*? Mg* Al*s H+Al sOC N \% m
(H,0) mg dm-3 cmol_dm® %

2018 5.11 2 21 0.34 0.11 0.55 3.97 0.62 0.06 12.36 49.53

2019 4.60 3 13 0.47 0.20 0.61 4.39 0.87 0.07 14.07 45.93

pH in water (ratio 1:2.5). Rnd K extraction by Mehlich-1. & Mg*andAl*3, extraction by KCI (1 mol £). H+Al extraction by butred
calcium acetate at pH 7,0. Soilganic carbon (SOC) - extraction by sodium dichromate and sulfuric Baidl nitrogen (N) - sulfuric
digestion / method KjeldahV- Bases saturation. m Aluminum saturation.
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are still rarely used in the region, only 18.8% of ruraBorges PRS, Saboya RCC, Saboya LM&ntos ER & Souza SEA
establishments use these practices in the state of Palg®12) Distribuicdo de massa seca e rendimento de feijdo-
. . caupi inoculadas com rizébio em Gurupi, TO. Revista Caatin-

(IBGE, 2017). In both cultivation years of cowpea there ga, 25:37-44.

Wa.s.an _average_ Of 1320 nghIf GY for treatments with Caires EF & Joris HW (2016) Uso de corretivos granulados na

fertilization and liming (T2, T4, T5 and T6) (Figures 5e and agricultura. International Plant Nutrition Institute, 154:17-21.

5f), which represents 70% more in relation to the averag@ntarella H (2007) Nitrogénio. In: Novais RRvarez VH, Barros

GY of Para (IBGE, 2017). This fact proves the importance NF, Fontes RLFCantarutti RB & Neves JC[Ed.) Fertilidade do

of adopting soil management practices, such as fertiliza-SOIO'V'gosa’ Sociedade Brasileira de Ciéncia do Solo. p.375-470.

tion and liming, in increasing the productivity of the crop"hagas JunioAF, Rahmeietw, Fidelis RR, Santos GR & Chagas

in th . ith t gain f d LFB (2010) Eficiéncia agrondmica de estirpes de rizébio inocu-

In the region, with a consequent gain for producers. ladas em feijdo-caupi no Cerrado, Gurupi-TO. Revista Ciéncia

Agrondmica, 41:709-714.

CONCLUSIONS Chakirwa ZPAddo SJ, GyapongT, LuboboAK & Bashagaluke BJ
The lack of soil acidity correction and mineral (2019) Growth, Nodulation and Nutrients Uptakes of Cowpea

R . P (Vigna unguiculata L.Walp) following Zinc Fertilizer
fertilization with P and K proved to be limiting to the growth Applications in the Semi-deciduous Forest Zone of Ghana.

and production of cowpea. Journal of ExperimentaAgriculture International, 35:1-13.

There was no plant response to nitrogen fertilizatiorchaves Js, Oliveira GA, Rodrigud&, Maia SS,Teixeira Junior
However it is suggested to inoculate the seeds with DL, Sousa FG & Rodriguez CA (2018) Produtividade do feijéo-
. . - . caupi sob inoculacdo em area alterada no estado de Roraima —
rhizobia due to less environmental impact and lower cost; Nucleus, 15:319-324.

in order to maintain the N reserve in the soil over time.
Cravo MS, Smyth TJ & Brasil, EC (2012) Calagem em Latossolo

In general, the cultivar§apaihum and Marataod amarelo distréfico da amazédnia e sua influéncia em atributos

differed in growth, but not in the production variables. guimicos do solo e na produtividade de culturas anuais. Revista
Brasileira de Ciéncia do Solo, 36:895-907.
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