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Phosphorus and zinc fertilization for cowpea in
Amazonia

Jodo Elias Lopes Fernandes Rodrigues'
Sonia Maria Botelho?

Raimundo Parente de Oliveira (in memoriam)?
Edson Alves Bastos*

Maria Carolina Sarto Fernandes Rodrigues®

Abstract — Phosphorus (P) fertilization can increase zinc (Zn) requirement of
cowpea for grain production. The objective of this study was to evaluate the
effects of P and Zn rates on two cowpea cultivars grown under field conditions
in Amazonia. The cultivars were BRS Imponente and BRS Tumucumaque.
Each cultivar was studied in a field experiment separately. The experiments
were 4 x 4 factorials conducted in randomized complete block designs with
three replicates. Treatments in each experiment were combinations of P
(0 kg P,O, ha', 40 kg P,O, ha", 80 kg P,O, ha” and 120 kg P,0, ha") and Zn
(0 kg Zn ha', 2 kg Zn ha, 4 kg Zn ha' and 6 kg Zn ha"') rates. P application
increased grain yield of both cultivars. Response to Zn application was
found only for the cultivar BRS Imponente. The highest yield for the cultivar
BRS Imponente (2,195 kg ha™') was achieved with combined application of
120 kg P,O, ha” and 2 kg Zn ha™. P rate of 77 kg P,O, ha™' was sufficient for
maximum yield (1,984 kg ha™) of the cultivar BRS Tumucumagque. The need for
combined P and Zn fertilization for cowpea in Amazonia depends on the cultivar.

Index Terms: fertilizer, Humid Tropics, micronutrient, Vigna unguiculata.
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Fertilizacdo com fésforo e zinco para feijao-
-caupi na Amazonia

Resumo - Fertilizagcdo com fésforo (P) pode aumentar a exigéncia de
zinco (Zn) do feijao-caupi para producao de gréos. O objetivo deste estudo
foi avaliar os efeitos de doses de P e Zn em cultivares de feijao-caupi em
condigdes de campo na Amazbnia. As cultivares foram BRS Imponente
e BRS Tumucumaque. Cada cultivar foi estudada separadamente em
um experimento de campo. Os experimentos foram fatoriais 4 x 4 em
delineamento em blocos ao acaso com trés repeticbes. Os tratamentos em
cada experimento foram combinagdes de doses de P (0 kg ha™, 40 kg ha”,
80 kg ha' e 120 kg ha' de P,0,) e Zn (0 kg ha", 2 kg ha", 4 kg ha" e
6 kg ha' de Zn). Aplicagdo de P aumentou a produtividade de gréos de
ambas as cultivares. Resposta a aplicagdo de Zn foi constatada somente
para a cultivar BRS Imponente. A mais alta produtividade da cultivar BRS
Imponente (2.195 kg ha') foi conseguida com aplicagdo combinada de
120 kg ha” de P,O, e 2 kg ha" de Zn. Dose de P de 77 kg ha' de P,O,
foi suficiente para produtividade maxima (1.984 kg ha') da cultivar BRS
Tumucumagque. A necessidade de fertilizagdo combinada com P e Zn para
feijdo-caupi na Amazonia depende da cultivar.

Termos para indexagdo: fertilizante, micronutriente, Trépicos Umidos,
Vigna unguiculata.
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Introduction

Cowpea [Vigna unguiculata (L.) Walp.] is one of the most important and
strategic staple foods in tropical and subtropical world. In Brazil, including
Amazonia region, this crop is an important social and economic alternative to
supply food for smallholders (Salvador, 2017).

However, cowpea grain yields in Brazilian lands are low, varying from
300 kg ha' to 900 kg ha™, particularly due to the non-use or inadequate use
of fertilizers (Freire Filho et al., 2005). In highly weathered tropical soils (as
Latossolos in the Brazilian classification system or Oxisols in Soil Taxonomy),
phosphorus (P) fertilization is essential to increase the yield of most crops of
economic interest (Sanchez; Salinas, 1981), since such soils are characterized
by low P availability and high phosphate adsorption capacity (Melo, 2002;
Melo et al., 2003; Falcao; Silva, 2004).

Results of field experiments have revealed high response potential of cowpea
to P fertilization in soils of the brazilian Amazonia region. In Roraima State, Silva
et al (2010) have observed higher grain yield (944 kg ha') with the application
rate of 90 kg P,0O, ha™ in a Latossolo (Oxisol). In another Latossolo (Oxisol) of
Roraima, Oliveira (2010) have found maximum economic yield (1,343 kg ha)
of the cultivar BRS Novaera with 120 kg P,O, ha™. In a field study performed in
Para State, maximum grain yield (1,322 kg ha™') of the cultivar BR-3 Tracuateua
has been reached with 103 kg P,O, ha™" applied to a Latossolo Amarelo distrofico
(Oxisol) (Rodrigues et al., 2014). These studies show optimum P rates for cowpea
varying from 90 kg P,O, ha'to 120 kg P,0O, ha", which could be considered
relatively high.

Abundant P supplying has been showed inducing zinc (Zn) deficiency in
crop plants (Loneragan; Weeb, 1993). Although the factors responsible for
this P-Zn interaction are incompletely understood, Zn application seems to
avoid negative effect on yield of cowpea under high P rate. Rosal (2013) has
shown maximum grain yield of the cultivar BRS Guariba (1,648 kg ha™) by
applying 125 kg P,O, ha™' combined with 2.6 kg Zn ha™ to a stony soil of Piaui
State, northeast Brazil. No study on P and Zn application for cowpea in the
Amazonia region was found.

The objective of this study was to evaluate the effects of P and Zn rates on
two cowpea cultivars grown under field conditions in Amazonia.
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Material and Methods

Two experiments were carried out at the Experimental Station of Embrapa
Amazonia Oriental (Embrapa Eastern Amazon) (01°27°21”S, 48°30'16"W and
elevation 10 m), in the Belém municipality, Para State, Brazil. The climate of Belém
is Af, according to the Kdppen classification, with annual average temperature
of 26 °C, average annual rainfall of 3,000 mm and relative air humidity around
80% (Instituto..., 2017). The soil of the experimental site was classified as a
Latossolo Amarelo distréfico (Oxisol) (Falesi; Veiga, 1986) and it was physically
and chemically characterized following methods described in Silva et al (2009)
and Teixeira et al (2017). Characteristics of this soil at the surface layer (0—20 cm)
are shown in Table 1.

Table 1. Characteristics of the soil at the 0-20-cm depth in the experimental site before
the installation of the experiments.

oM™ M1-P@ K Ca Mg Al H+Al CEC,,®| BS®
pHH,0
2 gkg' mgdm?

cmol_dm? %
5.8 16.8 1 0.03 1.2 0.2 0.2 35 4.9 29
M1-Cu?® MA1-Fe® M1-Mn® MA1-Zn@ Geplie LD Uzl silt Clay
CET sand CE

0.5 167 1.2 1.5 634 213 847 33 120

(™ Organic matter.
@ Nutrient extracted with Mehlich 1.
© Cation exchange capacity at pH 7.

® Base saturation.

The experiments were 4 x 4 factorials conducted in randomized complete
block designs with three replicates. Treatments in the two experiments
were combinations of P (0 kg P,O, ha™, 40 kg P,O, ha", 80 kg P,O, ha"
and 120 kg P,0, ha') and Zn (0 kg Zn ha", 2 kg Zn ha", 4 kg Zn ha™
and 6 kg Zn ha') rates. Cowpea cultivar BRS Imponente was used in an
experiment while in another one the cultivar was BRS Tumucumaque. Both
cultivars were included in this study due to high commercial acceptance of
their grains. Triple superphosphate and zinc sulfate were the sources of P
and Zn, respectively.
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The experimental plots of 15.0 m? were composed of six 5.0 m row, spaced
0.50 m between rows, with 0.20 m between plants within the row, being evaluated
as useful area the two central rows of the plot, corresponding to an area of 5.0 m2.

Limestone (32% CaO and 17% MgO) was incorporated at the 0-20-cm soil
depth 30 days before cowpea sowing to increase base saturation at 60%. P
and Zn fertilizers were applied into sowing furrow immediately before planting.
Potassium (K) was also applied in this occasion at the rate 60 kg K,O ha”,
according to Cravo and Souza (2007), using KCl as a source.

Seeds were inoculated using inoculant prepared with a specific rhizobium
(SEMIA 6462) and applied at the rate 100 g of product per 25 kg of seeds.
Inoculated seeds were then sown in small holes located in the sowing row (four
seeds per hole). Seedlings were thinned to two plants per hole.

Leaf sampling was performed by collecting in each plot 30 fully expanded
trifoliate leaves from the main branch of plants at the beginning of flowering.
Leaf samples were prepared and digested according to Miyazawa et al. (2009).
P was measured colorimetrically by the molybdenum blue method and Zn was
determined by microwave plasma atomic emission spectrometry.

Plants were harvested 70 days after sowing, when 100% of pods were dry.
Grains were weighted for determination of grain yield.

Analysis of variance (ANOVA) was carried out for each experiment separately.
When ANOVA was significant, polynomial regression analysis was conducted.
All analyses were performed in R (R Core..., 2018) at the 5% significance level.

Results and Discussion

There were significant effects of P rate, Zn rate and P x Zn interaction on
grain yield for the cowpea cultivar BRS Imponente (Table 2). The interaction
effect was evaluated by the response of yield to P rates within each Zn rate.
Figure 1 shows the result of this evaluation. Grain yield increased linearly with
increasing P rate in all Zn levels. The highest yield (2,195 kg ha™') was achieved
with the combined application of 120 kg P,O, ha” and 2 kg Zn ha™". These P and
Zn rates are similar to those (125 kg P,O, ha™ and 2.6 kg Zn ha™') which have
resulted in the highest grain yield (1,648 kg ha™') of the cultivar BRS Guariba in
the work of Rosal (2013).
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Table 2. Effect of P (expressed as P,0,) and Zn rates on grain yield and P and Zn
concentration in leaf for two cowpea cultivars.

Cowpea cultivar BRS Imponente Cowpea cultivar BRS Tumucumaque

Fertilization Grainyield  Leaf P LeafZn | Grain yield Leaf P Leaf Zn
(kg ha") (g kg™) (mg kg") (kg ha") (g kg") (mg kg")

P,O, rate (kg ha)

0 961 1.41 79.6 1,280 1.29 68.7
40 1,285 1.92 81.7 1,702 2.02 723
80 1,686 2.61 68.6 2,092 2.92 72.0
120 1,722 3.28 57.3 1,723 3.10 63.9
Zn rate (kg ha'')
0 1,179 2.25 68.8 1,517 2.53 59.8
2 1,517 2.25 68.2 1,689 2.38 68.4
4 1,455 2.41 723 1,657 2.23 747
6 1,504 2.33 78.0 1,934 2.18 741
-\ [e)V/.N
P.O, rate *hx x ok ok *hx .
Zn rate ** ns ns ns ns *
P,O, x Zn * ns ns ns ns ns
CV (%) 17.4 24.0 16.8 23.8 31.3 18.7

ns: not significant; * significant at the 5%probability level; ** significant at the 1% probability level;

*** significant at the 0.1% probability level.

24007, - 701.87+7.05x | y=840.13+11.20x |y=1210.07 +4.08x |y =1289.40 + 3.57x
R’ = 08564 R’ = 0.996* R’ = 0.756* R’ = 0.385%
—~2,000 4 il J
‘© °
=
- - . ® -
1600 /. - °
e [ )
@ 1,200 . 4 . °
S © ®
k=
® 800 « - -
S
o ®
400- . - -
0 kg Zn ha" 2 kg Zn ha' 4 kg Zn ha' 6 kg Zn ha’
0 T T T T T T T T

1 1 1 1
0O 40 80 120 0 40 80 120 0 40 8 120 0 40 80 120
P rate (kg P,O, ha")

Figure 1. Effect of P (expressed as P,O,) rates within each Zn rate on grain yield of the

cowpea cultivar BRS Imponente.
* significant at the 5% probability level; *** significant at the 0.1% probability level.
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There was a significant effect of P rate on P concentration in leaf of the
cowpea cultivar BRS Imponente (Table 2). However, there were no significant
effects of both Zn rate and P x Zn interaction (Table 2). Leaf P concentration
increased linearly with increasing P rate (Figure 2A), varying from 1.36 g kg™
without P application to 3.26 g kg™ with 120 kg P,O, ha'', according to estimates
derived from the regression equation. This leaf P concentration in the control
treatment (0 kg P,O, ha') was below the critical levels calculated by Smith and
Cravo (1990) (1.8 g kg™") and Rosal (2013) (2.01 g kg™'), this last exclusively for
the cultivar BRS Guariba. This indicates P-deficient cowpea and explains why
the plant responded to P application in the present work. Such P insufficiency
and consequent response to P fertilization are supported by the low soil
available P content before the experiment installation (M1-P = 1 mg dm3; Table
1). The P rate also significantly affected the leaf Zn concentration (Figure 2B).
Foliar Zn decreased linearly with increasing P rate (Figure 2B), varying from
83.8 mg kg without P application to 59.8 mg kg" with 120 kg P,O, ha™ as
estimated by regression. This occurred probably due to dilution of Zn in plant
tissues. Such phenomenon has also been suggested as one of the mechanisms
for the decline of Zn concentration in common bean (Phaseolus vulgaris L.)
fertilized with P (Singh et al., 1988).

49 120

y =1.3634 + 0.0158x y = 83.83 - 0.2004x
R’ = 0.996*** R? = 0.845***
100
34 N
o= o
. T -
2 < 809
o £
w2 « 60 -
3 3
E £ 404
o (=
1 N
20
(A) (B)
O ] ) 1 O 1 L) 1
0 40 80 120 0 40 80 120
P rate (kg P,0; ha™) P rate (kg P,0, ha”)

Figure 2. Effect of P (expressed as P,O,) rates on P (A) and Zn (B) concentration in

leaf of the cowpea cultivar BRS Imponente.
*** Significant at the 0.1% probability level.
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Although there was a significant effect of Zn rate on grain yield, applied
Zn had no significant effect on Zn concentration in leaf of the cultivar BRS
Imponente (Table 2). Type of sampled leaf, chosen sampling time, or both
factors may not have been appropriate to express the effect of Zn fertilization
on foliar Zn level. In addition, P fertilization may have contributed to this lack of
Zn application effect. Zn concentrations for this cultivar (Table 2) were higher
than those for the cultivar BRS Guariba in the work of Rosal (2013).

For the cowpea cultivar BRS Tumucumaque there was a significant effect
of P rate on grain yield (Table 2). Grain yield increased quadratically with
increasing P rate (Figure 3). Maximum estimated yield (1,984 kg ha') was
achieved with the P rate of 77 kg P,O, ha'. This rate is quite lower than
that for the cultivar BRS Imponente (Figure 1), suggesting large difference in
P requirement between these two cultivars. Differential response of cowpea
genotypes to P supply has been reported in literature (Ankomah et al., 1995;
Sanginga et al., 2000; Krasilnikoff et al., 2003). Unlike the effects for the
cultivar BRS Imponente, there were no significant effects of Zn rate and P x
Zn interaction on grain yield of the cultivar BRS Tumucumaque (Table 2). This
lack of response suggests lower Zn requirement in relation to the cultivar BRS
Imponente. Furthermore, soil available Zn content (M1-Zn: 1.5 mg dm3; Table
1) before experiment installation could be considered sufficient to meet the
need of the cultivar BRS Tumucumaque.

2,500 7 y =1243.1 + 19.15x - 0.1238x*
R? = 0.920**
~— 2,000 - =
‘©
= ()
£ 1,500 -
)
(]
> 1,000
£
(3]
S
O 500
0 T J ;
5 40 80 120

P rate (kg P,0, ha")

Figure 3. Effect of P (expressed as P,0,) rates on grain yield of the cowpea cultivar
BRS Tumucumaque.
** Significant at the 1% probability level.
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P concentration in leaf of the cowpea cultivar BRS Tumucumaque was
significantly affected by P rate (Table 2). Increasing P rate increased P
concentration linearly (Figure 4A). Estimates from regression (Figure 4A) show
P concentrations varying from 1.38 g kg™ to 3.29 g kg in the range of the P
rates tested in the experiment. This variation is very close to that of the cultivar
BRS Imponente. P concentration associated to the maximum estimated yield
was calculated to be 2.60 g kg'. This concentration is above the critical levels
defined by Smith and Cravo (1990) and Rosal (2013), corroborating high
grain yields in P-sufficient plants. Similarly to the cultivar BRS Imponente,
no significant effects of Zn rate and P x Zn interaction were observed on P
concentration in leaf of the cultivar BRS Tumucumaque (Table 2).

Zn concentration in leaf of the cowpea cultivar BRS Tumucumaque was
significantly affected only by Zn rate (Table 2). Linear increase in Zn concentration
as a function of Zn rate was observed (Figure 4B). According to estimates
derived from regression (Figure 4B), foliar Zn varied from 61.9 mg kg™ without Zn
application to 76.6 mg kg™ with application of 6 kg Zn ha™. This variation is slightly
greater than that for the cultivar BRS Imponente, which could explain at least
partially the significance for the effect of Zn rate on leaf Zn concentration of the
cultivar BRS Tumucumaque and the lack of effect on the cultivar BRS Imponente.

4 4 120 A
y = 1.3788 + 0.0159x y = 61.87 + 2.4545x
R® = 0.947** 1004 Ri=0.845"

w
1

N
1
©
o
1

B
o
1

Zn in leaf (mg kg™)
(o2}

P in leaf (g kg™)

N
o
1

(A) (B)

0 T T 1 T T
0 40 80 120 2 4 6

P rate (kg P,O, ha”) Zn rate (kg ha™)

o

o

Figure 4. Effect of P (expressed as P,0,) and Zn rates respectively on P (A) and Zn

(B) concentration in leaf of the cowpea cultivar BRS Tumucumaque.
** Significant at the 1% probability level; *** Significant at the 0.1% probability level.
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Conclusions

P application increased the grain yield of the cowpea cultivars BRS
Imponente and BRS Tumucumaque. Response to Zn application was found
only for the cultivar BRS Imponente. The highest yield for cultivar BRS
Imponente was achieved with combined application of 120 kg P,O, ha™' and
2 kg Zn ha™'. P rate of 77 kg P,O, ha" was sufficient for maximum yield of the
cultivar BRS Tumucumaque. The need for combined P and Zn fertilization for
cowpea in Amazonia depends on the cultivar.

Acknowledgments

To Embrapa (activity number 02.14.01.006.00.04.003) for the financial
support to this research. To Juvenal Soares Galdino, Luiz Otavio de Almeida
Silva and Jorge Luiz Ramalho da Silva for their support in conducting the
field experiments. To Dr. Moacyr Bernardino Dias Filho and Dr. Ruth Linda
Benchimol, for their support reviewing the text. To Dr. Francisco Rodrigues
Freire Filho, for the suggestions regarding the cultivars used in this work. To
Dr. Alysson Roberto Baizi e Silva for performing statistical analysis of the
experimental data of this work. To referees and CLP’s editor for suggestions
addressed to improving the manuscript.

References

ANKOMAH, A. B.; ZAPATA, F.; DANSO, S. K. A; AXMANN, H. Cowpea varietal differences in
uptake of phosphorus from Gafsa phosphate rock in a low-P Ultisol. Fertilizer Research, v. 41,
n. 3, p. 219-225, 1995. DOI 10.1007/BF00748311.

CRAVO, M. S; SOUZA, B. D. L. Feijao Caupi. In: CRAVO, M. S_; VIEGAS, |. J. M.; BRASIL,
E. C. Recomendacoes de adubagao para o Estado do Para. Belém: Embrapa Amazonia
Oriental, 2007. p. 147-149.

FALCAO, N. P. de S.; SILVA, J. R. A. de. Caracteristicas de adsorcéo de fésforo em alguns
solos da Amazoénia Central. Acta Amazénica, v. 34, n. 3, p. 337-342, 2004.

FALESI, I. C.; VEIGA, J. B. Solo e as pastagens cultivadas. In: PEIXOTO, A. M.; MOURA, J. C,;
FARIA, V. P. Pastagens na Amazénia. Piracicaba: FEALQ, 1986. p. 1-26.

FREIRE FILHO, F. R.; LIMA, J. A. A.; RIBEIRO, V. Q. Feijao-caupi: avangos tecnoldgicos.
Brasilia: Embrapa Informagao Tecnoldgica, 2005. 519 p.

INSTITUTO NACIONAL DE METEOROLOGIA (Brasil). Disponivel em: http://www.inmet.org.br/.
Acesso em: 24 maio 2017.



Phosphorus and zinc fertilization for cowpea in Amazonia 15

KRASILNIKOFF, G.; GAHOONIA, T.; NIELSEN, N.E. Variation in phosphorus uptake
efficiency by genotypes of cowpea (Vigna unguiculata) due to differences in root and root
hair length and induced rhizosphere processes. Plant and Soil, v. 251, p. 83-91, 2003.
DOI10.1023/A:1022934213879.

LONERAGAN, J.; WEBB, M. J. Interactions between zinc and other nutrients affecting
the growth of plants. In: ROBSON, A. D. Zinc in soils and plants. Dordrecht: Springer
Science+Business Media, 1993. p. 119-134.

MELO, V. F. Solos e indicadores de uso agricola em Roraima: area indigena Maloca do
Flechal e de colonizacédo do Apiau. 2002. 145 f. Tese (Doutorado em Solos e Nutrigdo de
Plantas) - Universidade Federal de Vigosa, Vigosa, 2002.

MELO, V. F.; GIANLUPPI, D.; UCHOA, S. C. P. Caracteristicas edafolégicas dos solos
do Estado de Roraima. Boa Vista, RR: Embrapa Roraima, 2003. 28 p. (Embrapa Roraima.
Boletim de Pesquisa e Desenvolvimento, 1).

MIYAZAWA, M.; PAVAN, M. A.; MURAOKA, T.; CARMO, C. A. F. S;; MELO, W. J. Analise
quimica de tecido vegetal. In: SILVA, F. C. (ed.). Manual de analises quimicas de solos,
plantas e fertilizantes. 2. ed. rev. ampl. Brasilia: Embrapa Informag&o Tecnolodgica, 2009.
p.191-233.

OLIVEIRA, G. A. Efeito da irrigagao e doses de fosforo sobre o feijao-caupi cultivado
em campo e casa de vegetagao. 2010. 52 f. Dissertacdo (Mestrado em Agronomia) —
Universidade Federal de Roraima, Boa Vista, 2010.

R CORE TEAM. R: A language and environment for statistical computing.Vienna: R Foundation
for Statistical Computing, 2018. Disponivel em: http:// www.R-project.org/. Acesso em: 30 jun.
2021.

RODRIGUES, J. E. L. F;; BOTELHO, S. M.; TEIXEIRA, R. N. G.; RODRIGUES, E. F.; BASTOS,
E. A. Fosforo e potassio para o feijao-caupi [Vigna unguiculata (L.) Walp] em solo acido
de baixa fertilidade na llha de Marajé, Para. Belém, PA: Embrapa Amazonia Oriental, 2014. 4
p. (Embrapa Amazénia Oriental. Comunicado Técnico, 257).

ROSAL, C. J. de S. Doses de fosforo e zinco na cultura do feijao-caupi. 2013. 48 f. Tese
(Doutorado em Agronomia — Produgéo Vegetal) - Universidade Estadual Paulista, Faculdade
de Ciéncias Agrarias e Veterinarias de Jaboticabal, Jaboticabal, 2013. Disponivel em: http://hdl.
handle.net/11449/108442. Acesso em: 31 jul. 2019.

SALVADOR, C. A. Feijao: analise da conjuntura agropecuaria. [Curitiba]: SEAB, 2015.
3 p. Disponivel em:http://www.agricultura.pr.gov.br/sites/default/arquivos_restritos/files/
documento/2019-09/feijao_2019_v1.pdf. Acesso em: 22 jul. 2019.

SANCHEZ, P. A.; SALINAS, J.G. Low input Technology of managing Oxisols and Ultisols, in
tropical América. Advances in Agronomy, v. 34, p. 279-406, 1981.

SANGINGA, N.; LYASSE, O.; SINGH, B. Phosphorus use efficiency and nitrogen balance of
cowpea breeding lines in a low P soil of the derived savanna zone in West Africa. Plant and
Soil, v. 220, p. 119-128, 2000. DOI 10.1023/A:1004785720047.

SILVA, F. C.; ABREU, M. F.; PEREZ, D. V.; EIRA, P. A;; ABREU, C. A;; VAN RAlJ, V;;
GIANELLO, C.; COELHO, A. M.; QUAGGIO, J. A.; TEDESCO, M. J.; SILVA, C. A;;
CANTARELLA, H.; BARRETO, W. O. Métodos de analises quimicas para avaliagdo da
fertilidade do solo. In: SILVA, F. C. (ed.). Manual de analises quimicas de solos, plantas e
fertilizantes. 2. ed. rev. ampl. Brasilia: Embrapa Informagao Tecnoldgica, 2009. p. 107-189.



16 BOLETIM DE PESQUISA E DESENVOLVIMENTO 154

SILVA, A. J. da; UCHOA, S. C. P; ALVES, J. M. A;; LIMA, A. C. S.; SANTOS, C. S. V;;
OLIVEIRA, J. M. F.; de MELO, V. F. Resposta do feijao-caupi a doses e formas de aplicacéo
de fésforo em Latossolo Amarelo do Estado de Roraima. ACTA Amazoénia, v. 40, n. 1, p.31-36,
2010.

SMYTH, T. J.; CRAVO, M. S. Critical phosphorus levels for corn and cowpea in a Brazilian
Amazon Oxisol. Agronomy Journal, v. 82, n. 2, p. 309-312, 1990. DOI 10.2134/agronj1990.00
021962008200020027x.

SINGH, J. P.; KARAMANOS, R. E.; STEWART, J. W. B. The mechanism of phosphorus-induced
zinc deficiency in bean (Phaseolus vulgaris L.). Canadian Journal of Soil Science, v. 68, n.2,
p. 345-358, 1988. https://doi.org/10.4141/cjss88-032

TEIXEIRA, P. C.; DONAGEMMA, G. K.; FONTANA, A.; TEIXEIRA, W. G. Manual de métodos
de analise de solo. 3. ed. rev. ampl. Embrapa: Brasilia. 2017. 573 p.






En@a

Amazonia Oriental

MINISTERIO DA
AGRICULTURA, PECUARIA
E ABASTECIMENTO

==

PATRIA AMADA

BRASIL

GOVERNO FEDERAL

CGPE 017349



	Capa01
	Miolo
	Capa04
	Blank Page
	Blank Page

