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ABSTRACT

This study aimed to estimate the association of P2Os doses with and without rhizobia inoculation to maximize the
agronomic performance and yield of cowpea on an Oxisol in the Cerrado region of Tocantins. The experiments
were carried out in two periods during the 2014/2015 growing season at the Experimental Farm of Gurupi belonging
to the Federal University of Tocantins, using the variety BRS Novaera. Inoculation was carried out with a standard
strain recommended for cowpea. The experimental designs were randomized in blocks in a 2x6 factorial
arrangement, with the first factor consisting of the inoculation (presence and absence) and the second factor
consisting of six phosphorus doses (0, 30, 60, 90, 120, and 150 kg ha™! of P.Os), totaling 12 treatments with four
replications. Total chlorophyll, leaf P content, flowering, hundred-grain weight, and yield were evaluated.
Phosphorus fertilization had a positive influence on the total chlorophyll, flowering, and leaf P content of cowpea
on the Oxisol in the Cerrado region of Tocantins. The application of 113.42 kg ha™! of P,Os provided a yield of
1,124 kg ha™! in the first planting period, corresponding to an 83% increase. However, phosphorus fertilization and
inoculation increased grain yield in the second period, with the maximum yield reaching 145.94 kg ha~!, obtained
with the maximum effect dose of 123.04 kg ha™' of P2Os, with a yield gain of 257.3%.

Keywords: Cowpea, Doses P20s, Rhizobia, Productivity.

Bradyrhizobium japonicum and phosphate fertilization in Vigna unguiculata (1.) walp.

RESUMO

Objetivou-se estimar a combinacdo de doses de P20s com e sem inoculagdo de rizobio, para maximizar o
desempenho agrondmico e a produtividade do feijao-caupi em um Latossolo da regido do cerrado Tocantinense.
Os experimentos foramconduzidos em duas épocas, na safra do ano agricola 2014/15 na Fazenda Experimental de
Gurupi pertencente & Universidade Federal do Tocantins, com a variedade BRS Novaera. A inoculag¢do foi com
estirpe padrdo recomendada para a cultura do feijdo-caupi. Os delineamentos experimentais foram blocos
casualizados, em arranjo fatorial (2 x 6) sendo o primeiro fator (presenca e auséncia inoculacdo) e o segundo fator
seis doses de fésforo (0, 30, 60, 90, 120 e 150 kg ha™! de P.Os), totalizando 12 tratamentos, com quatro repeticdes.
As caracteristicas avaliadas foram clorofila total, teor foliar de P, florescimento, massa de cem grdos e
produtividade. A adubacdo fosfatada teve influéncia positiva nas variaveis: clorofila total, florescimento e teor
foliar de P de feijdo-caupi em Latossolo, no cerrado do Tocantins. Na primeira época de plantio, a aplicagdo de
113,42 kg ha! de P.Os proporcionou produtividade de 1.124 kg ha™!, valor correspondente a 83% de acréscimo.
Na segunda época, a adubacdo com fésforo e a inoculagdo aumentou a produtividade de graos, sendo a maxima
produtividade 145,94 kg ha™! obtida com a dose de maximo efeito de 123,04 kg ha™' de P.Os, com ganho de
produtividade de 257,3%.

Palavwras-chawe: Feijdo-caupi, Doses P20s, Rizobio, Produtividade.
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1. Introduction

Cowpea (Vigna unguiculata (L.) Walp.) stands out
for its socioeconomic importance for low-income
families living in the North and Northeast regions of
Brazil. It is a high nutritional value food due to its high
protein content, surpassing the common bean (Phaseolus
vulgaris), in addition to generating employment and
income (Fernandes et al., 2013).

The Brazilian production of cowpea in 2019/2020
reached approximately 718 thousand tons, accounting for
20.8% of the total bean production, and occupied an area
of 387.5 thousand hectares, with a mean yield of 550 kg
ha! (CONAB, 2020).

Bezerra et al. (2014) studied cowpea growth
characteristics under the residual effect of phosphorus
fertilization and found a requirement for phosphorus
levels higher than 160 kg ha™! to achieve maximum
growth.

However, Cerrado soils are naturally deficient in
phosphorus and have high acidity, but these
characteristics are not necessarily factors that prevent
bean cultivation and the increase in grain yield when
using  phosphorus-efficient  cultivars,  adequate
phosphorus fertilization, and soil acidity correction
(Fidelis et al., 2017).

Thus, phosphorus fertilization has been studied with
great emphasis because this nutrient participates in
various physiological processes in plants and helps in the
nodulation, consequently optimizing the process of
biological nitrogen fixation (BNF) (Silva et al., 2019).

Aradjo (2019) evaluated the effects of inoculation
with Bradyrhizobium sp. and Azospirillum brasilense in
association with phosphorus fertilization on the
morphological and production components of cowpea
and observed significant effects of the interaction
between bacteria and phosphorus dose.

Considering the importance of phosphorus
fertilization and biological nitrogen fixation on the
cowpea crop, which has shown good acceptance of low-
cost technologies, it is necessary to develop studies to
reach efficiency levels equal to or close to what occur in
the case of soybean and the elaboration of a
recommendation for phosphorus fertilization for this
region.

In this sense, this study aimed to estimate the
association of P.Os doses with and without rhizobia
inoculation to maximize the agronomic performance and
yield of cowpea on an Oxisol in the Cerrado region of
Tocantins.

2. Material and Methods

The experiments were conducted in two planting
seasons at the BExperimental Farm of Gurupi of the
Federal University of Tocantins (UFT), located in

Gurupi, State of Tocantins, Brazil, at the geographic
coordinates 11°43' S and 49°15’ W and an altitude of 300
m, on a soil classified as an Oxisol (Santos et al., 2018).
Planting in two seasons was carried out to observe the
possible repetition ofthe effects of treatments at the same
planting site. The local climate is a humid tropical
climate with a small water deficit (BIwA'a') according to
the Thornthwaite classification, with mean temperatures
of 26.14 and 26.25 °C, relative humidity values of
81.08%, and precipitations of 164.88 and 148.8 mm in
the first and second experiment in the 2014/2015
agricultural year, respectively, according to the UFT
weather station on the campus of Gurupi, with
precipitation data provided by INMET.

A soil chemical and particle size analysis at a depth
of 0-20 cm was carried out in the experimental area
approximately 30 days before planting and presented the
following results: pH in CaClz of 5.1, H+Al of 3.40 cmolc
dm3, Ca of 2.2 cmolc dm™, Mg of 0.7 cmole dm™3, K of
0.10 cmole dm™, S of 2 mg dm™3, P (Mehlich 1) of 0.5 mg
dm3, CEC of 6.40 cmolc dm™3, base saturation of 47%,
organic matter of 2.4 dag kg™, clay of 285 g kg~!, of silt
37gkg!, and sand of 678 g kg~'. Liming was carried out
by applying 3t ha! of dolomitic limestone with 6-10%
MgO and 80-85% relative neutralizing power by the base
saturation method (Ca+Mg+K). The limestone was
applied to the soil and incorporated into the 0-20 cm
layer.

Conventional soil tillage was carried out using a
harrow (25") and a leveling harrow (16"), with
subsequent soil furrowing. The experimental unit
consisted of four rows of 5 min length, with an inter-row
spacing of 0.50 m, totaling an area of 10 m2. The data on
production components were obtained from the two
central rows, with a useful area of 4.0 m?, excluding
borders, formed by the external rows and half a meter
from the ends of the central rows. Manual sowing
practices were carried out in November 2014 and January
2015 using the cultivar BRS Novaera under the presence
and absence of inoculation with the INPA 03-11B
rhizobia strain, characterized as Bradyrhizobium
japonicum, identified by the 16S sequencing, and
obtained at the Laboratory of Applied Agromicrobiology
and Biotechnology of the Graduate Program in Crop
Production of UFT. After growth in YMA medium (yeast
extract, mannitol, and agar) for five days, it was
suspended in saline solution (0.2% MgSQ4) added to the
seeds ata concentration of 10° cells mL™! one hour before
sowing and using 50 mL kg~'.

The experimental designs were randomized in blocks
in a 2x6 factorial arrangement, with the first factor
consisting of the inoculation (presence and absence)and
the second factor consisting of six phosphorus doses (0,
30, 60, 90, 120, and 150 kg ha™! of P,0s), totaling 12
treatments with four replications in the first planting
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season (November 2014) and three replications in the
planting season (January 2015). Moreover, 60 kg ha™
K20 with potassium chloride as a source and 20 kg ha™!
of N with urea as a source were added at planting.

Topdressing fertilizations were carried out at 15 and
30 days after emergence (DAE), each with 30 kg ha™! of
N only fortreatments that did not receive inoculation and
treatments with a dose of 0 kg ha™! of P20s.

Crop management consisted of manual weeding
whenever necessary. Water supply for the crop was
carried out through rainwater and/or complementary
irrigation when necessary.

The emerged plants were thinned from the 12th day
after sowing, leaving 10 plants per linear meter and a
population of 200,000 plants ha™'.

Readings of the total chlorophyll content (CHLOR)
on cowpea leaves at full bloom were always carried out
in the morning using a clorofiLOG® CFL 1030
chlorophyll meter. The measurement units, called Falker
chlorophyll index (FCI), are products of photodiodes that
emit at 635, 660, and 880 nm. The reading value assigned
to the plot was represented by the mean of 5 trifoliate
leaves per plot. The chlorophyll meter readings avoided
sampling very old or very young leaves, that is, it was
carried out using new, fully expanded leaves. After
selecting the leaf to be sampled (3rd or 4th complete
trifoliate leaf from the plant apex), the reading was
carried out in at same place on each leaf (middle portion
of the leaf).

Thirty trifoliate leaves were collected per plot to
determine the leaf P content (dag kg=') (LPC) at full
bloom (45 DAE). Sampling was carried out in the middle
third of the plants in the useful area of the plots. These
samples of plant material from the leaves were placed in
paper bags, dried in a forced-air circulation oven at 65
°C, ground, weighed, and subjected to sulfuric digestion
to determine the P content by colorimetry using the
molybdenum blue method, with ascorbic acid as a
reducing agent (Braga and Defelipo, 1974).

Flowering (FLO) was evaluated when the plants
reached 50% flowering. Harvest was carried out at stage
R5 (90% maturity of pods) and more than once per plot.

Subsequently, the hundred-grain weight (100W) was
determined in the useful area by weighing and correcting
the moisture to 13%, and the grain yield (YIELD) was
determined by the grain weight of the useful area in
kilograms, corrected for 13% moisture, transforming the
data into kg ha'!. The means of flowering, total
chlorophyll, hundred-grain weight, and grain yield were
transformed using square root in the first experiment. In
addition, flowering and hundred-grain weight were
transformed using square root and grain yield was
transformed using log base 10 y in the second
experiment.

The data were subjected to analysis of variance using
the statistical program SISVAR (Ferreira, 2019) by the F-
test. Regressions were generated using the software
SigmaPlot 14.0 by adjusting to the beta values and the R?
value.

3. Results and Discussion

The analysis of variance (Table 1) for the isolated
behaviorofthe source of variation P doses showed that all
evaluated characteristics were significant at 1%
probability by the F-test. The source of variation
inoculation (Table 1), separately, showed a significance at
the 1% probability level by the F-test only for hundred-
grain weight and grain yield.

The analysis of variance (Table 1) showed that leaf
phosphorus content, hundred-grain weight, and grainyield
had asignificant effect on the interaction between P doses
and inoculation at 1% probability by the F-test. P2Os
application had a significant effect on the total chlorophyll
content (Figure 1A). The quadratic regression model
showed that the maximum technical efficiency for total
chlorophyll content (6357 FCI) resulted from the
application of 1155 kg ha™! of P20s. Therefore, the
increase in P2Os doses leads to a positive influence relative
to the total chlorophyll content.

Leaf phosphorus content (0.37 dag kg~!) increased by
61% compared to the mean value of 0.23 dag kg~' of the
control without inoculation and 68% compared to the
inoculated control (0.22 dag kg~!') (Figure 2A). Silva et al.
(2019) observed that adose 0f 90 kg ha™! of P2Os presented
the best differentiation regarding the effect of strains,
while 0 kg ha™! of P20s had the lowest means for most
strains, demonstrating the synergistic effect of phosphorus
fertilization on the strains to increase the shoot dry mass.
The highest estimated mean was conditioned by the strain
INPA 03-11B, with a value of 1.75 g at a dose of 107 kg
ha ! of P.0s. The estimated mean for the control was 0.36
g for the same dose, and the bacteria was superior to the
control treatment at approximately 5 times when using the
same rhizobium strain as that used in our study, thus
corroborating, in general, the data obtained in thhis study.

According to Taiz et al. (2017), as nutrient availability
and absorption continue to increase, a point is reached at
which further nutrient addition is no longer related to
increases in growth or yield but is reflected only in
increased concentrations in the tissues. The hundred-grain
weight showed a significant effect at 1% probability for
the applied P.Os doses. The regression equation modelthat
best fit the applied P.Os doses was the quadratic regression
in the presence of inoculation. P doses increased the
variable up to the point of maximum effect, with the
maximum hundred-grain weight (28.75g) estimated with
the dose of 97.67 kg ha™! of P,Os (Figure 2B).
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Table 1. Summary of the analysis of variance for total chlorophyll (CHLOR), leaf P content (LPC), flowering (FLO), hundred-grain
weight (100W), and grain yield (YIELD) of cowpea submitted to phosphorus doses with and without inoculation in the first planting

season (November 2014), Gurupi, State of Tocantins, Brazil.

p (0.01< p <0.05)

Source of variation DF

CHLOR LPC FLO 100W YIELD
P doses (D) 5 0.0000** 0.0000** 0.0000** 0.0000** 0.0000**
Inoculation (1) 1 0.6801™ 0.2858™ 0.5441™ 0.0042** 0.0000**
(D x1) 5 0.0974™ 0.0023** 0.9948™ 0.0000** 0.0000**
Block 3 0.2670 0.9213 0.0603 0.4166 0.3600
Residual 33 - - - - -
CV (%) 1.12 9.09 2.06 1.83 0.31
Mean 7.76 0.32 7.48 5.21 30.11

Not significant; ** significant at P < 0.01 and * significant at P < 0.05 by the F-test.
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Figure 1. Regression analysis for total chlorophyll (A) and flowering (B) of BRS Novaera cowpea as a function of phosphorus doses

in the first planting of the 2014/2015 growing season.

The quadratic regression model had the best fit in the
absence ofiinoculation, with a reduction up to the dose of
the minimum effect of 95.75 kg ha™! of P20s, resulting in
a value of 26.25 g. The maximum grain weight (28.07 g)
was found in the controlwithout inoculation (Okg ha™! of
P20s). Santos et al. (2019) reported different results when
evaluating the efficiency of rhizobium strains and
phosphorus doses in cowpea cultivars. The authors found
that the estimated hundred-grain weight for the maximum
agronomic efficiency of 13.72 g was obtained with the
dose of 101.5 kg ha™! of P,Os for the strain INPA 03-11B.
There was also an isolated effect of the P2Os dose with the
maximum agronomic efficiency of 19.95 g obtained at the
dose of 84.6 kg ha™! for the control treatment without
bacteria (BRS Sempre Verde).

The statisticalanalysis showed significant effectsatthe
1% probability level for grain yield among the studied
treatments (Table 1). The best fit was observed for the
quadratic polynomial regression in both inoculation
factors (with x without) as a function of P doses. Grain
yield in the presence of inoculation obtained a maximum
agronomic efficiency of 1,574.65 kg ha™! at the dose of
maximum effect of 149.26 kg ha™! of P20s, with an

increase of 521.3% when compared to the control
treatment, whose grain yield was 302.06 kg ha™!. Thus, the
phosphorus doses used associated with inoculation
provided maximum yield. On the other hand, the
maximum grain yield in the absence of inoculation was
1,124.82 kg ha™! (113.42kg ha™! of P.Os), with an increase
of 82.8% compared to the control treatment, whose grain
yield was 615.19 kg ha™' (Figure 2C), showing the
expressive effect of using phosphorus fertilization for this
variety on an Oxisol in the Cerrado of the State of
Tocantins. The trend to increase yield when applied at
higher doses possibly occurred because phosphorus is a
basic component ofseveral molecules, such as ATP, DNA,
and RNA, influencing plant growth and development
(Taiz et al., 2017). Moreover, grain yield was much higher
than the Brazilian mean of 550 kg ha™! in the 2019/2020
growing season (CONAB, 2020).

P doses make symbiosis more efficient, maybe because
phosphorus assists root development and nodule
formation, thus increasing the sites of infection for the
rhizobium, making nitrogen available to the plant,
absorbing more phosphorus, improving the plant nutrition,
and resulting in higher yield. (Rocha et al. 2018b).
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Figure 2. Regression analysis for leaf phosphorus content (A), hundred-grain weight (B), and grain yield (C) of BRS Novaera cowpea
as a function of the interaction between phosphorus doses and inoculation in the first planting of the 2014/2015 growing season.

In the experiment 1, Rocha et al. (2018a) observed a
linear response (p<0.05) for grain yield using the variety
BRS Novaera for the tested P2Os doses. However, these
results corroborate with those found in the present study
regarding the maximum grain yield (1,411 kg ha™)
obtained with the estimated dose of 150 kg ha™! of P20s
and was very close to the yield observed in this
experiment (1,574.65 kg ha™).

In the experiment 2, analysis of variance (Table 2)
showed that all evaluated characteristics were significant
at 1% probability by the F-test for the isolated behavior
of the source of variation P doses. The source of variation
inoculation (Table 2), separately, showed significance at
the 1% probability level by the F-test for almost all
characteristics, except for leaf phosphorus content.

The analysis of variance (Table 2) showed that only
leaf phosphorus content and hundred-grain weight did
not present a significant effect of the interaction between
P doses and inoculation at 1% probability by the F-test.
The maximum leaf phosphorus content was 0.39 dag
kg~!, obtained with the estimated maximum effect dose

of 135.30 kg ha™! of P.Os (Figure 3A). As expected, the
lowest value was observed at a dose of 0 kg ha™! ofP20s
(0.24 dag kg™'), with an increase of 62.5% compared to
the control treatment, showing that the absence of
phosphorus is a limiting factor to leaf phosphorus
content. The linear polynomial model presented the best
fit to the behavior ofthe variable leaf phosphorus content
as a function of P doses.

Silva et al. (2014) evaluated the residual effect of
phosphorus fertilization in three successive cowpea
cultivations on an Entisol and found the highest values
for leaf P content in the first cultivation (4.43 g kg™!). On
the contrary, the third cultivation presented the lowest
leaf P concentration (1.56 g kg™'). The reason for these
reductions was probably due to a higher absorption by
cowpea as a function of higher P contents in the soil
during the first and second cultivations, that is, 41 and 49
mg dm!, respectively. The hundred-grain weight (Figure
3B) presented a quadratic response to P2Os application,
with a minimum technical efficiency dose of 64.46 kg
ha ! of P.0s, showing a value of 14.65 g.
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Table 2. Summary of analysis of variance for total chlorophyll (CHLOR), leaf P content (LPC), flowering (FLO), hundred-grain weight
(100W), and grain yield (YIELD) of cowpea submitted to five phosphorus doses with and without inoculation in the second planting

season, Gurupi, State of Tocantins, Brazil, 2015.

p (0.01< p <0,05)

Source of variation DF

CHLOR LPC FLO 100W YIELD
P doses (D) 5 0.0000** 0.0005** 0.0000** 0.0000** 0.0000**
Inoculation (1) 1 0.0000** 0.3081™ 0.0000** 0.0003** 0.0000**
(D x1) 5 0.0000** 0.7541™ 0.0000** 0.1628™ 0.0000**
Block 2 0.9802 0.3140 0.0106 0.0635 0.1289
Residual 22 - - - - -
CV (%) 1.32 21.95 0.58 2.13 0.34
Mean 48.85 0.32 7.23 3.92 2.03

Not significant; ** significant at P < 0.01 and * significant at P < 0.05 by the F-test.
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Figure 3. Regression analysis for leaf P content (A) and hundred-grain weight (B) of BRS Novaera cowpeaas afunction of phosphorus

doses in the second planting of the 2014/2015 growing season.

Table 3. Mean of hundred-grain weight (100W) for theisolated
effect of the variable inoculation.

Inoculation 100W (g)*
Without 3.98a
With 3.86Db

M eans followed by the same uppercase letter in the column do
not differ statistically from each other at the 5% probability
level by the F-test. *Mean transformed into the square root.
Our results corroborate with those found by Chagas
Junior et al. (2010), who evaluated the agronomic
efficiency using the shoot, root, and nodule biomass
accumulation, number and biomass of nodules, relative
efficiency, and yield ofthree cowpea cultivars under field
conditions. Authors also observed the occurrence of
spontaneous nodulation and positive results of
inoculation with rhizobium strains under field conditions.
The data regarding chlorophyll content of cowpea
plants (Figure 4A) grown in the presence of inoculation
fit the linear regression model, with a value of 45.8 FCI
on average. Maximum technical efficiency was observed
with the dose of 144.57 kg ha™! of P,Os (47.74 FCI), with

an increase of 15.9% relative to the control (0 kg ha™!
P20s). On the other hand, plants grown in the absence of
inoculation presented data fit to the quadratic regression
model, with an increase in estimation from48.29 to 54.06
FCI when increasing the effect of level from 0 to 74 .25
kg ha™! P,0s, corresponding to an increase of 11.9% in
the leaf chlorophyll content of cowpea.

Our results corroborate those found by Silva et al.
(2016), who analyzed the variable chlorophyll content
and observed a significant difference with adjustment to
a linear regression model. The authors concluded that
fertilization with reactive phosphate rock promoted a
positive influence on the chlorophyll content of pigeon
pea cv. Fava Larga on the Oxisol of the Cerrado hiome.

Benicio et al. (2012) found a similar result when
evaluating the effect of different biofertilizers on cowpea
nodulation. On the one hand, the results indicate the
positive relationship of phosphorus fertilization on the
action of chlorophyll molecules; otherwise, they indicate
that it is not necessary to use high doses for these
molecules to be expressed.
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Figure 4. Regression analysis for total chlorophyll (A), flowering (B), and grain yield (C) of BRS Novaera cowpea as a function of
the interaction between phosphorus doses and inoculation in the second planting of the 2014/2015 growing season.

Both control treatments of variables with and without
inoculation provided lower values than the other
treatments with P.Os doses. Nascimento et al. (2012)
studying changes in chlorophyll levels in cowpea plants
grown under different nitrogen sources and found similar
results.

The minimum time for the estimated flowering of
plants was 50.5days when analyzing the significant effect
on flowering of cowpea plants as a function of phosphorus
and inoculation doses, both being adjusted to the quadratic
regression model (Figure 4B). The dose of 130.8 kg ha™!
of P,Os promoted this minimum point (Figure 4B) in the
absence of inoculation, showing a percentage time
reduction of 15.8% relative to the control treatment. The
dose with the highest technical efficiency was 65.5kg ha™!
of P,0s in the presence of inoculation, taking 52.5 days to
flowering, that is, higher P doses are required to reduce the
time for flowering of cowpea in the absence of inoculation,
while the time for flowering can be reduced even at low P
contents in the presence of inoculation.

Grain yield showed a linear response to phosphorus
doses inthe presence of inoculation (Figure 4C), similar to
the statistical model obtained for leaf phosphorus content

(Figure 3A). Thus, phosphorus application had a positive
effect on grain yield, ranging from40.8 kg ha™! (Okg ha™!
of P20s) to 145.94 kg ha™!, obtained with the maximum
effect dose of 123.04 kg ha™! of P20s, indicating a yield
gain of 257.3%. The adjustment in the absence of
inoculation was performed to the quadratic polynomial
model and maximum technical efficiency was observed
with the dose of 94.58 kg ha™! of P2Os, with an estimated
maximum yield of 159.48 kg ha™! of grains, demonstrating
a 96% increase. The increase in yield is achieved only with
aphosphorus supply at quantities compatible with thecrop
demand (Resende et al., 2006). Thus, applications of
higher phosphorus doses are important for the maximum
expression of grain yield for the cowpea crop under the
studied conditions.

Plants with P and inoculation showed a favored root
development and nodule formation, that is, sites of
rhizobium infection, making nitrogen available to the plant
through BNF, which may have affected grain yield. This
same effect may have occurred for non-inoculated plants,
as several types of native rhizobia that can also promote
nodulation of legumes can be found in the soil. According
to Soares et al. (2006), nodulating nitrogen-fixing bacteria
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in legumes (rhizobia) are microorganisms present and
usually abundant in soils of many ecosystems. Rhizobia
have high diversity and wide variability regarding
symbiotic efficiency. Pereira Junior et al. (2015) estimated
the best association of recommended N and P205 doses,
as well as the critical N and P levels in the plant for the
maximum economic production of irrigated cowpea and
found similar results. The authors also observed that the
increase in nitrogen and phosphorus doses applied to the
soil for cowpea increased the nitrogen and phosphorus
contents in the leaves and the grain yield.

4. Conclusions

Phosphorus fertilization had a positive influence onthe
total chlorophyll, flowering, and leaf P content of cowpea
on an Oxisol in the Cerrado region of Tocantins.

Phosphorus fertilization of 102.42 kg ha™! of P20s
alone reduced the time to flowering to 53.7 days. The
association of 97.67 kg ha! of P20Os and inoculation with
rhizobia increased grain weight and leaf P content.

The application of 113.42 kg ha™! of P.Os in the first
planting period provided a yield of 1,124 kg ha™! ofgrains,
corresponding to an 83% increase.The dose of 64.46 kg
ha™! of P,Os reduced the grain weight by 13% in the
second season.

The results ofthe second season showthat phosphorus
fertilization and inoculation increased grain yield, with the
maximum grain yield of 145.94 kg ha™! obtained with the
maximum effect dose of 123.04 kg ha™! of P,Os, with a
yield gain of 257.3%.
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