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Changes of nutritional status during a phenological cycle of coffee 
under high nitrogen supply by fertigation 
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Abstract: High-technology coffee cultivation systems involving fertigation commonly apply high 

rates of nitrogen (N). However, there is little information on the plants’ uptake of N under these 

conditions. The objective of this study was to evaluate the changes in the nutritional status of coffee 

plants during a phenological cycle in response to nitrogen applied by fertigation. The study was 

conducted with seven-year old trees of Coffea arabica L., under pivot irrigation and fertigation, with 

five N rates (0, 200, 400, 600 and 800 kg ha-1) applied on the plants. The changes in nutritional 

status were monitored during the phenological cycle and the yield was measured at the end of the 

cycle. The N concentration increased with the N rates and varied with the phenological period, with 

the highest concentration occurring during anthesis, the same as for the sulfur level. But N rate did 

not affect the concentrations of other nutrients. Highest concentrations of phosphorus, calcium and 

magnesium were obtained in the final fructification phases, and for potassium in the initial phases. 

Micronutrient concentrations were higher in the vegetative phases and anthesis, but reduced in the 

fruit-formation phase and increased again when the berries started to mature. The maximum yield, 

considering a relative production of 90%, was obtained with application of 415 kg ha-1 of N. Leaf 

concentrations of N were directly related to the N rates, showing that the nutritional status of coffee 

plants can be evaluated in the ripening phase to adjust the fertilization parameters for the next year. 

Keywords: Coffea arabica, macronutrients, micronutrients, ripening phase. 
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Figure 4. Foliar concentration of P, K, Ca, Mg, and S during a phenological cycle of coffee.  
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*Ui¿FR���  Época de transformação da reserva de A. proteína total solúvel em B. aminoácidos 
na parte superior de plantas de sol.

Fonte: Baseado em Gonçalves (2007).

*Ui¿FR���  Redistribuição de nitrogênio dos órgãos de reserva para os frutos do cafeeiro.
Fonte: Baseado em Lima Filho e Malavolta (2003).

Assim, deve-se providenciar a amostragem de material vegetal 
para análise foliar após a granação dos frutos (abril e maio), com o intuito 
de avaliar o estado nutricional da planta antes do início da nova safra. O 
aumento do teor foliar a partir da fase de expansão rápida (ER) se deve à 
absorção do nitrogênio do fertilizante e do solo, enquanto a redução na 
concentração que se verifica na granação e maturação está relacionada com 
a redistribuição do nutriente para os frutos (Gráfico 4).
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Em relação às amostragens foliares para diagnóstico nutricional do 
cafeeiro, sugere-se que sejam feitas em novembro (primeira análise), janeiro 
(segunda análise) e abril (terceira análise), em amostras do terceiro e quarto 
pares de folhas, a partir da ponta de ramos produtivos, a meia altura, em 30 a 
50 plantas por talhão (MALAVOLTA; VITTI; OLIVEIRA, 1997).

Os resultados da análise da amostra coletada em novembro servem 
para avaliar o efeito do primeiro parcelamento e inferir sobre a necessidade 
de manter ou aumentar a dose da segunda aplicação. Os dados referentes 
à segunda amostragem (janeiro) indicam o estado nutricional do cafeeiro 
após os dois primeiros parcelamentos, assim como define a última dose 
do parcelamento em fevereiro/março. Ressalta-se que os dados referentes 
à análise foliar da amostra coletada em abril têm como finalidade o 
diagnóstico do estado nutricional das plantas antes da colheita e de como, 
provavelmente, estará o cafeeiro no início da próxima safra.

4.3  Fontes de nitrogênio, lixiviação e volatilização

Várias fontes de nitrogênio são utilizadas para suprir a necessidade 
do cafeeiro. Todavia, o uso de ureia e de formulações comerciais que 
contêm esta substância é mais comum pelo seu menor custo. O uso da 
ureia implica, quase sempre, perdas por volatilização na forma de amônia 
(NH3), que podem alcançar 70% a 80% da dose aplicada na superfície do 
solo (LARA-CABEZAS; KORNDÖRFER; MOTTA, 1997) (Gráfico 6).

*Ui¿FR��� Teores de nitrogênio foliar em dezembro, fevereiro e maio.
Fonte: Baseado em Valarini, Bataglia e Fazuoli (2005).
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presença de cálcio e 91% em presença de cálcio e potássio (SCHIMANSKY, 
1981 apud MARSCHNER, 1995). Ressalta-se que o cafeeiro é adubado 
com dose superior a 150 kg ha-1 de K2O, o que prejudica a absorção de 
magnésio, cuja concentração foliar adequada é de 4 g kg-1 a 4,5 g kg-1 
(MALAVOLTA; VITTI; OLIVEIRA, 1997).

*Ui¿FR����  Remobilização do potássio dos órgãos de reserva para a frutificação do cafeeiro 
em função do estado nutricional.

Fonte: Baseado em Lima Filho e Malavolta (2003).

A redução da absorção de magnésio em relação a cálcio e potássio 
pode ser explicada pelo grande raio hidratado do nutriente, que dificulta 
sua entrada na planta. Outro fator para a menor absorção de magnésio é 
a grande absorção de cálcio, 3,4 vezes superior à demanda, como indica 
o fluxo transpiratório deste último, mecanismo de contato do nutriente 
com as raízes (337,5%). Esse resultado é, praticamente, o dobro do que 
se verifica para o magnésio (172,3%) ou 1,7 vezes a necessidade da planta 
(VARGAS; MEURER; ANGHINONI, 1983).

O baixo suprimento de magnésio do solo pode comprometer o fluxo de 
carboidratos da fonte para os drenos, com prejuízo para a granação dos frutos. 
Em plantas normais de feijoeiro, o fluxo de carboidratos a partir da fonte foi 
de 3,4 mg g-1 matéria seca em 8 h, enquanto a deficiência de potássio o reduziu 
em 53% (1,6 mg g-1 matéria seca em 8 h) e a carência de magnésio o diminuiu 
em 79% (0,7 mg g-1 matéria seca em 8 h) (MARSCHNER; CAKMAK, 1989).
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de potássio foliar decresceu intensamente entre dezembro e maio 
(Gráfico 15). Por seu turno, Malavolta, Vitti e Oliveira (1997), em avaliações 
feitas em dezembro, fevereiro e maio, relataram que nos dois últimos, essa 
concentração estava abaixo da faixa adequada, de 22 g kg-1 a 25 g kg-1, o 
que implica maior reutilização do nutriente dos órgãos de reserva, como já 
ilustrado no  Gráfico 13. Assim, o cafeicultor deve providenciar para que 
60% a 70% do potássio seja aplicado até novembro/dezembro.

Gráfico 15. Concentração foliar de potássio em dezembro, fevereiro e maio.
Fonte: Valarini, Bataglia e Fazuoli (2005).

Faz-se necessário enfatizar que durante o desenvolvimento dos 
frutos, as raízes recebem menos fotoassimilados, o que diminui, em 
parte, a absorção de nutrientes por falta de carboidratos para a respiração 
e a produção de ATP (energia), necessária para a ocorrência do processo 
(MALAVOLTA, 2006).

No cafeeiro, o período de maior exigência de potássio coincide com 
a fase de crescimento dos frutos (CARVAJAL, 1984), pois nas fases de pré- 
florada e florada são absorvidos 25%, enquanto na expansão e granação, 
são absorvidos 31%, acumulando 56% da demanda total deste nutriente 
entre agosto e março.

Diante do exposto, verifica-se que a adubação potássica pode ser feita 
em três aplicações, nas mesmas épocas da adubação nitrogenada, com início 
antes do florescimento, por volta de agosto/setembro, alocando de 60% a 
70% da necessidade da cultura até novembro/dezembro, complementando-se 
o fornecimento (30% a 40%) na última aplicação, em fevereiro/março.
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Background and Aims: Phosphate (Pi) is one of the most limiting nutrients for

agricultural production in Brazilian soils due to low soil Pi concentrations and rapid

fixation of fertilizer Pi by adsorption to oxidic minerals and/or precipitation by iron and

aluminum ions. The objectives of this study were to quantify phosphorus (P) uptake and

use efficiency in cultivars of the species Coffea arabica L. and Coffea canephora L., and

group them in terms of efficiency and response to Pi availability.

Methods: Plants of 21 cultivars of C. arabica and four cultivars of C. canephora

were grown under contrasting soil Pi availabilities. Biomass accumulation, tissue P

concentration and accumulation and efficiency indices for P use were measured.

Key Results: Coffee plant growth was significantly reduced under low Pi availability, and

P concentration was higher in cultivars of C. canephora. The young leaves accumulated

more P than any other tissue. The cultivars of C. canephora had a higher root/shoot ratio

and were significantly more efficient in P uptake, while the cultivars of C. arabica were

more efficient in P utilization. Agronomic P use efficiency varied among coffee cultivars

and E16 Shoa, E22 Sidamo, Iêmen and Acaiá cultivars were classified as the most

efficient and responsive to Pi supply. A positive correlation between P uptake efficiency

and root to shoot ratio was observed across all cultivars at low Pi supply. These data

identify Coffea genotypes better adapted to low soil Pi availabilities, and the traits that

contribute to improved P uptake and use efficiency. These data could be used to select

current genotypes with improved P uptake or utilization efficiencies for use on soils with

low Pi availability and also provide potential breeding material and targets for breeding

new cultivars better adapted to the low Pi status of Brazilian soils. This could ultimately

reduce the use of Pi fertilizers in tropical soils, and contribute to more sustainable coffee

production.

Keywords: Coffea arabica, Coffea canephora, uptake, utilization, efficiency, phosphate, phosphorus

ORIGINAL RESEARCH
published: 31 March 2016

doi: 10.3389/fpls.2016.00408

Frontiers in Plant Science | www.frontiersin.org 1 March 2016 | Volume 7 | Article 408

Edited by:

Richard William Bell,

Murdoch University, Australia

Reviewed by:

Monika Wimmer,

University of Bonn, Germany

Bernard Dell,

Murdoch University, Australia

*Correspondence:

Ana P. Neto

apneto@usp.br

Specialty section:

This article was submitted to

Plant Nutrition,

a section of the journal

Frontiers in Plant Science

Received: 21 October 2015

Accepted: 17 March 2016

Published: 31 March 2016

Citation:

Neto AP, Favarin JL, Hammond JP,

Tezotto T and Couto HTZ (2016)

Analysis of Phosphorus Use Efficiency

Traits in Coffea Genotypes Reveals

Coffea arabica and Coffea canephora

Have Contrasting Phosphorus Uptake

and Utilization Efficiencies.

Front. Plant Sci. 7:408.

doi: 10.3389/fpls.2016.00408

Analysis of Phosphorus Use
Efficiency Traits in Coffea Genotypes
Reveals Coffea arabica and Coffea
canephora Have Contrasting
Phosphorus Uptake and Utilization
Efficiencies
Ana P. Neto 1*, José L. Favarin 1, John P. Hammond2, Tiago Tezotto 3 and Hilton T. Z. Couto 4

1 Departamento de Produção Vegetal, Escola Superior de Agricultura Luiz de Queiroz, Universidade De São Paulo,

Piracicaba, Brazil, 2 School of Agriculture, Policy and Development and Centre for Food Security, Reading, UK, 3 Centro

Universitário da Fundação Octavio Bastos, São João da Boa Vista, Brazil, 4 Departamento de Recursos Florestais, Escola

Superior de Agricultura Luiz de Queiroz, Universidade De São Paulo, Piracicaba, Brazil

Background and Aims: Phosphate (Pi) is one of the most limiting nutrients for

agricultural production in Brazilian soils due to low soil Pi concentrations and rapid

fixation of fertilizer Pi by adsorption to oxidic minerals and/or precipitation by iron and

aluminum ions. The objectives of this study were to quantify phosphorus (P) uptake and

use efficiency in cultivars of the species Coffea arabica L. and Coffea canephora L., and

group them in terms of efficiency and response to Pi availability.

Methods: Plants of 21 cultivars of C. arabica and four cultivars of C. canephora

were grown under contrasting soil Pi availabilities. Biomass accumulation, tissue P

concentration and accumulation and efficiency indices for P use were measured.

Key Results: Coffee plant growth was significantly reduced under low Pi availability, and

P concentration was higher in cultivars of C. canephora. The young leaves accumulated

more P than any other tissue. The cultivars of C. canephora had a higher root/shoot ratio

and were significantly more efficient in P uptake, while the cultivars of C. arabica were

more efficient in P utilization. Agronomic P use efficiency varied among coffee cultivars

and E16 Shoa, E22 Sidamo, Iêmen and Acaiá cultivars were classified as the most

efficient and responsive to Pi supply. A positive correlation between P uptake efficiency

and root to shoot ratio was observed across all cultivars at low Pi supply. These data

identify Coffea genotypes better adapted to low soil Pi availabilities, and the traits that

contribute to improved P uptake and use efficiency. These data could be used to select

current genotypes with improved P uptake or utilization efficiencies for use on soils with
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TABLE 2 | Plant P concentration and P content in coffee cultivars grown at

low and high Pi.

Cultivars P concentration P content

(g P kg−1 DM) (mg plant−1)

Low Pi High Pi Low Pi High Pi

Coffea arabica

Typica 0.62 1.28 15.3 68.0

Bourbon Vermelho 0.65 1.07 15.9 55.9

Bourbon Amarelo 0.66 1.12 21.5 55.8

Mundo Novo 0.64 1.29 17.7 70.3

Acaiá 0.63 1.18 19.3 61.4

Caturra Vermelho 0.74 1.42 22.0 67.9

Caturra Amarelo 0.70 1.46 21.5 64.6

Catuaí Vermelho 0.69 1.35 20.1 60.6

Catuaí Amarelo 0.66 1.40 14.8 64.8

Icatu Precoce 0.63 1.20 21.5 61.7

Ouro Verde 0.82 1.39 21.6 62.1

Obatã 0.69 1.24 18.4 49.2

Tupi 0.65 1.34 19.3 65.3

E 534 Kaffa 0.66 1.18 16.9 62.7

E 208 Illubabor 0.68 1.05 19.1 50.6

E 22 Sidamo 0.61 1.03 18.1 54.8

E 16 Shoa 0.64 1.17 19.4 64.8

E 12 Harar 0.65 1.14 22.7 60.5

Jimma Tane 0.69 1.22 15.9 53.0

Geisha 0.63 1.06 25.7 51.9

Iemen 0.64 1.19 20.0 63.5

Averagea 0.67Bb 1.23Ab 19.4Ba 60.4Ab

Coffea canephora

Apoatã 0.90 1.92 23.0 86.4

Robusta 0.77 1.60 22.0 77.0

Bukobensis 0.83 1.45 22.8 63.5

Guarini 0.88 1.96 16.5 92.3

Averagea 0.85Ba 1.74Aa 21.1Ba 79.8Aa

F-test: 19,89 29.58* 16.18*

Cultivars (C): 12.32* 1.78*

Level of P (P) 1172.40* 746.92*

Interaction C × P 3.83* 1.72*

Least significant difference: 0.14 0.45 10.3 40.6

aValues followed by the same capital letters do not differ significantly (P > 0.05) between

treatments and values followed by the same lowercase letters do not differ significantly

(P > 0.05) between species.

Pi treatments (Table 5). The PUpE ranged from 206 mg P g−1 Pi
(cv. Catuaí Yellow ) to 319 mg P g−1 Pi (Apoatã) at low Pi and
between 46 mg P g−1 Pi (Obatã) and 85 mg P g−1 Pi (Guarini) at
high Pi (Table 5). The PUtE was higher in plants of C. arabica in
both Pi treatments. At low Pi PUtE ranged from 1.12 g DMmg−1

P (Apoatã) to 1.66 g DM mg−1 P (E22 Sidamo), and at high Pi,
from 0.52 g DM mg−1 P (Guarini) to 0.97 g DM mg−1 P (E22
Sidamo; Table 5).

FIGURE 2 | Relationship between shoot dry matter (DM) at low P and

responsiveness to P, measured as agronomic phosphorus (P) use

efficiency for different coffee cultivars. Coffea arabica (closed symbols)

and C. canephora (open symbols). Solid lines represent the mean value for the

axis. NER, non-efficient and responsive; ER, efficient and responsive; ENR,

efficient and non-responsive; NENR, non-efficient and non-responsive.

PPUE was higher in plants grown under Pi deficiency due
to the reduced availability and uptake of Pi. Further, PPUE
was higher in plants of the species C. arabica under both Pi
treatments. PPUE varied among genotypes, ranging from 21.3
(Guarini) to 64.9 g2 DM mg−1 P (Geisha) at low Pi, and from
24.4 (Guarini) to 51.6 g2 DM mg−1 P (E22 Sidamo) under high
Pi (Table 5).

Significant correlations between biomass, P uptake
and measures of PUE were observed within treatments
(Supplementary Table 4). At low Pi, significant positive
correlations between PPUE and the P content of shoots, mature
leaves and stems was observed, but no significant correlations
were observed between PPUE and the P content of young leaves
or roots. At low Pi, the root to shoot ratio was significantly (P =

0.0012) positively correlated with PUpE, but significantly (P =

<0.001) negatively correlated with PUtE. Root to shoot ratio was
also significantly positively correlated with aboveground tissue
P concentrations under both low and high Pi supplies. Root to
shoot ratio was significantly (P = <0.001) negatively correlated
with both PUtE and PPUE under high Pi supply (Supplementary
Table 4B).

DISCUSSION

In the current study, we assessed 21 cultivars of C. arabica and
four cultivars of C. canephora and observed a wide variation of
different components of PUE and growth traits in response to
soil Pi availability. Interestingly, at the species level, cultivars ofC.
canephora showed higher PUpE compared to C. arabica in both
Pi treatments and cultivars of C. arabica showed higher PUtE
compared to C. canephora in both Pi treatments (Table 5). Root
to shoot ratios of coffee cultivars were also positively correlated
with PUpE at low soil Pi availability, but negatively correlated
with PUtE (Supplementary Table 4).
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Boro

Solo ou foliar?

Resposta ao boro ocorre em solo deficiente, como baixa MO e em textura
arenosa. Em solo argiloso e teor adequado é uma condição que não se espera
que haja resposta.

Garcia & Fioravante (2003)   - Boro solo: 0,2 a 0,6

H3BO3 - 9 kg.ha-1

H3BO3 - 6 kg.ha-1

H3BO3 - 3 kg.ha-1

H3BO3 (0,5%) - 4x

Sem boro

Tratamentos

0,548,2

0,442,4

0,543,0

0,643,6

0,444,4

mg dm-3Sacas ha-1

BoroM 3 safras

Boro

Solo ou foliar?

Resposta ao boro ocorre em solo deficiente, como baixa MO e em textura
arenosa. Em solo argiloso e teor adequado é uma condição que não se espera
que haja resposta.

Garcia & Fioravante (2003)   - Boro solo: 0,2 a 0,6

H3BO3 - 9 kg.ha-1

H3BO3 - 6 kg.ha-1

H3BO3 - 3 kg.ha-1

H3BO3 (0,5%) - 4x

Sem boro

Tratamentos

0,548,2

0,442,4

0,543,0

0,643,6

0,444,4

mg dm-3Sacas ha-1

BoroM 3 safras
- Baixa matéria orgânica
- Textura arenosa



Estoque e teor foliar

Zinco

Alta dose de Zn no solo não aumentou o teor foliar, em razão do estoque no ramo,
onde parece ser o local de acúmulo (Tezotto & Favarin, 2010). Este fato não é problema,
pois a redistribuição às folhas variou entre 20 a 40% em citros (Sartori, 2007).

Tezotto & Favarin (2010)  - (1) DTPA (0,6 a 1,2)  - *morte

27,4b6,320,2328,2*
55,1a5,011,8193,3*
45,6a5,313,0115,6
59,9a4,0

217,0
83,0
39,5
26,210,04,8

mg kg-1 - 128 DAPmg dm-3 Sacas ha-1FrutoRamoFolhaZinco(1)

Chamel & Gambonnet (1982)

Remoção - %

40Cu
100Mn

80Zn
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a  b  s t  r  a  c  t

Sewage  sludge  has  been  used  to  fertilize  coffee,  increasing  the  risk of metal contamination  in this crop.
The  aim  of this work  was  to study  the  effects  of  Cd,  Zn and Ni  in  adult coffee  plants  growing  under
field  conditions.  Seven-year-old  coffee  plants  growing  in the field  received  one  of three  doses  of  Cd,
Zn  or Ni:  15,  45  and 90 g Cd  plant−1; 35, 105 and 210 g Ni  plant−1; and  100,  300  and 600  g  Zn  plant−1,
with all  three  metals  in the form  of  sulphate  salts.  After  three  months,  we  noticed  good  penetration
of  the three  metals  into  the soil,  especially  in the  first  50  cm,  which  is  the  region  where  most coffee
plant  roots  are  concentrated.  Leaf  concentrations  of K,  Ca, Mg, S,  B, Cu, Fe and  Mn  were  not affected.  N
levels  did  not  change  with  the  application  of  Ni  or  Zn  but  were  reduced  with  either  45  or 90 g  Cd  plant−1.
Foliar  P  concentrations  decreased  with  the  addition  of 45  and  90 g Cd plant−1 and  600  g  Zn  plant−1.  Zn
levels  in leaves  were  not  affected  by the  application  of  Cd  or Ni.  The  highest  concentrations  of Zn were
found  in branches  (30–230  mg  kg−1), leaves  (7–35  mg  kg−1) and bean (4–6.5  mg  kg−1); Ni  was found in
leaves  (4–45  mg  kg−1),  branches  (3–18  mg kg−1)  and  beans  (1–5  mg  kg−1);  and  Cd was  found  in branches
(0–6.2 mg  kg−1) and  beans  (0–1.5  mg  kg−1) but was  absent  in  leaves.  The  mean  yield  of two  harvests  was
not  affected  by  Ni, but it  decreased  at  the highest  dose  of Zn  (600  g plant−1) and the  two higher  doses of
Cd  (45  and 90 g plant−1). Plants  died  when  treated  with  the  highest  dose  of  Cd  and  showed  symptoms  of
toxicity  with  the  highest  dose  of  Zn. Nevertheless,  based  on  the amounts  of metal  used  and the results
obtained,  we conclude  that  coffee  plants  are  highly  tolerant  to the  three  metals  tested.  Moreover,  even
at  high  doses,  there  was  very  little  transport  to  the beans,  which  is  the part consumed  by  humans.

© 2011  Elsevier  B.V. All rights  reserved.

1. Introduction

Environmental heavy metal contamination is mainly caused by
anthropogenic activity, especially intense industrial activity. The
accumulation of these metals in soil and plants poses risks to human
health because they can enter the food chain (McLaughlin et al.,
1999; Silva et al., 2005). Given the problems that heavy metals cre-
ate for plants and, consequently, for humans, there have been many
studies on heavy metal tolerance in plants in recent years (Gratão
et al., 2008).

The  accumulation of heavy metals in plants occurs mainly
through root absorption, transport via the xylem and distribution
to above-ground sink tissues (Clemens et al., 2002). Nevertheless,
the absorption and distribution of metals in plants vary according

∗ Corresponding author. Tel.: +55 19 3521 6213.
E-mail  address: pmazza@unicamp.br (P. Mazzafera).

to the species studied. In rice, the highest accumulation of Cd occurs
in the roots at the base of the tiller and at nodes (Fujimaki et al.,
2010). In tomato, Cd accumulates mainly in the roots and little in
the fruit (Monteiro et al., 2011). In maize, Cd and Zn mainly accu-
mulate in the roots, and there is little accumulation in the grain
(Fässler et al., 2010). As for sunflower and tobacco, leaves are the
major sites of Cd accumulation (Garcia et al., 2006; Fässler et al.,
2010). Zn distribution is similar among the roots, stem, leaves and
seeds in sunflower (Garcia et al., 2006). In tobacco, Zn accumu-
lates more in leaves than in the stem, whereas roots and flowers
accumulate similar amounts (Fässler et al., 2010). In Evodiopanax
innovans, Cd and Zn accumulate more in the bark of the plant than
in the leaves (Takenaka et al., 2009). In Rubus ulmifolius, the roots
accumulate more As, Pb and Ni (Marques et al., 2009).

An important aspect regarding the several studies that evalu-
ated the distribution of metals in plants is that they have been
performed with seedlings grown in either substrate or nutritive
solution in pots in a greenhouse, and the results are not always

0378-4290/$ – see front matter © 2011 Elsevier B.V. All rights reserved.
doi:10.1016/j.fcr.2011.08.012
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Boas Práticas para Uso Eficiente de Fertilizantes14

MacLeod, Gupta e Stanfield (1997) verificaram redução do teor de 
molibdênio foliar após aplicação de 59 kg ha-1 de enxofre, equivalente a 
400 kg ha-1 de gesso (Tabela 5). Isso ocorreu porque os íons sulfato (SO4

-2) 
liberados pelo gesso competem com o íon molibdato (MoO4

-2) pelo mesmo 
sítio de absorção radicular, em razão da semelhança do tamanho de ambos 
(SINGH; KUMAR, 1979).

Tabela 5. Redução da concentração foliar de molibdênio pela aplicação de enxofre.

Enxofre Molibdênio foliar (mg kg-1)

Sem 2,3
59 kg ha-1 de enxofre 1,7

Fonte: Baseada em MacLeod, Gupta e Stanfield (1997).

A aplicação de altas doses de gesso associada à aplicação de altas doses 
de K2O, em geral superiores a 150 kg ha-1, pode demandar o fornecimento 
de magnésio, pela facilidade que este nutriente apresenta de ser carreado em 
profundidade, em razão da competição com cálcio e potássio.

)RWRJUD¿D���  A. Argissolo Vermelho Amarelo com reserva hídrica no Bt suprindo as 
raízes; B. Latossolo Vermelho, com baixa reserva hídrica no Bw, razão da 
necessidade do aprofundamento das raízes.

Fonte:  A. Modificada de: <http://www.agencia.cnptia.embrapa.br/Repositorio/Argissolo+ 
vermelho+amarelo+abrupto_000fk75l53a02wyiv80sq98yq8s33ho0.jpg>; B. Modifi-
cada de: <http://www.agrolink.com.br/fertilizantes/imagens/Latossolo_vermelho.jpg>.

Molibdênio
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CO2(NH3)CO(NH2)2 NH3

NH3

CO2

urease

espontâneo

Como Nutriente…



Metabolismo 
da biossíntese 

do etileno

Zhang et al., 2004

Ni2+ inibe a atividade da ACC oxidase, possivelmente pela 

substituição do Fe2+ (McGarvey & Christoffersen, 1992)



 117 

Tabela 5 -  Concentração de MDA (mmol g-1 MF), H2O2 (µmol g-1 MF) e etileno (nL g-

1 MF h-1) em folhas de cafeeiro na pré-antese em razão do teor 
disponível de Ni (mg dm-3 – DTPA) e manejo de nitrogênio (suficiente e 
deficiente) (n=4) 

 Ni disponível MDA H2O2 Etileno 
N mg dm-3 mmol g-1 MF µmol g-1 nL g-1 MF h-1 
     

S
uf

ic
ie

nt
e 

0,3 444 2.282 0,12 
14 407 2.109 0,05 
30 516 2.058 0,05 
45 582 2.438 0,04 
60 443 2.433 0,03 

Média 478 2.264 0,06 
     

D
ef

ic
ie

nt
e 

0,3 429 2.095 0,16 
14 408 1.939 0,06 
30 639 2.654 0,05 
45 636 2.524 0,04 
60 451 1.941 0,04 

Média 512 2.231 0,07 

P
r>

 F
 N 0,4308ns 0,8189ns 0,3972ns 

Ni 0,0158* 0,3385ns <0,0001** 

N x Ni 0,8488ns 0,2032ns 0,5789ns 

          CV % 27,3 20,3 19,6 

ns, *, ** = Não significativo, Significativo a 5% e 1% pelo teste F respectivamente 

 

  
Figura 4 -  Concentração de MDA (mmol g-1 MF) e etileno (nL g-1 MF h-1) em folhas 

de cafeeiro na pré-antese em função da disponibilidade de Ni 
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a  b  s  t  r  a c  t

Sewage  sludge has been  used to  fertilize coffee, increasing  the risk  of metal contamination in  this crop.
The  aim of  this  work  was to  study the  effects  of  Cd, Zn and Ni in adult coffee plants growing under
field  conditions.  Seven-year-old  coffee plants growing  in the field  received  one  of three doses  of Cd,
Zn  or  Ni:  15,  45  and 90  g Cd plant−1; 35, 105 and  210 g Ni plant−1; and 100, 300  and 600 g  Zn plant−1,
with all three  metals in the form  of sulphate  salts. After three months,  we noticed  good  penetration
of  the three metals into the soil,  especially in the  first 50 cm, which  is  the region  where  most  coffee
plant  roots  are concentrated.  Leaf concentrations  of K,  Ca, Mg, S, B, Cu,  Fe and  Mn were  not affected. N
levels  did not  change with the  application  of Ni or  Zn  but were  reduced  with  either 45 or 90 g Cd  plant−1.
Foliar  P  concentrations  decreased  with the  addition  of 45 and 90 g Cd plant−1 and 600 g  Zn  plant−1. Zn
levels  in leaves were not  affected by the application  of Cd  or Ni. The highest  concentrations  of Zn were
found in branches (30–230  mg kg−1), leaves (7–35 mg kg−1) and  bean (4–6.5 mg kg−1); Ni was found in
leaves  (4–45  mg kg−1), branches  (3–18 mg kg−1) and beans (1–5 mg kg−1); and Cd was  found  in branches
(0–6.2 mg kg−1) and beans  (0–1.5 mg kg−1) but was absent in  leaves. The mean yield of two harvests  was
not  affected by  Ni, but  it  decreased at  the highest  dose  of Zn  (600 g plant−1) and the  two higher doses  of
Cd  (45 and 90 g plant−1). Plants  died  when  treated  with  the  highest  dose  of Cd and  showed  symptoms  of
toxicity  with the highest dose  of  Zn. Nevertheless, based  on the amounts  of metal  used and the results
obtained,  we conclude  that coffee plants  are  highly  tolerant  to the three metals  tested.  Moreover, even
at  high  doses, there was very little transport  to  the beans, which  is the part  consumed  by humans.

© 2011 Elsevier  B.V. All rights  reserved.

1. Introduction

Environmental heavy metal contamination is mainly caused by
anthropogenic activity, especially intense industrial activity. The
accumulation of these metals in soil and plants poses risks to human
health because they can enter the food chain (McLaughlin et al.,
1999; Silva et al., 2005). Given the problems that heavy metals cre-
ate for plants and, consequently, for humans, there have been many
studies on heavy metal tolerance in plants in recent years (Gratão
et al., 2008).

The  accumulation of heavy metals in plants occurs mainly
through root absorption, transport via the xylem and distribution
to above-ground sink tissues (Clemens et al., 2002). Nevertheless,
the absorption and distribution of metals in plants vary according

∗ Corresponding author. Tel.: +55 19 3521 6213.
E-mail  address: pmazza@unicamp.br (P. Mazzafera).

to the species studied. In rice, the highest accumulation of Cd occurs
in the roots at the base of the tiller and at nodes (Fujimaki et al.,
2010). In tomato, Cd accumulates mainly in the roots and little in
the fruit (Monteiro et al., 2011). In maize, Cd and Zn mainly accu-
mulate in the roots, and there is little accumulation in the grain
(Fässler et al., 2010). As for sunflower and tobacco, leaves are the
major sites of Cd accumulation (Garcia et al., 2006; Fässler et al.,
2010). Zn distribution is similar among the roots, stem, leaves and
seeds in sunflower (Garcia et al., 2006). In tobacco, Zn accumu-
lates more in leaves than in the stem, whereas roots and flowers
accumulate similar amounts (Fässler et al., 2010). In Evodiopanax
innovans, Cd and Zn accumulate more in the bark of the plant than
in the leaves (Takenaka et al., 2009). In Rubus ulmifolius, the roots
accumulate more As, Pb and Ni (Marques et al., 2009).

An important aspect regarding the several studies that evalu-
ated the distribution of metals in plants is that they have been
performed with seedlings grown in either substrate or nutritive
solution in pots in a greenhouse, and the results are not always

0378-4290/$ – see front matter © 2011 Elsevier B.V. All rights reserved.
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Abstract The soybean ubiquitous urease (encoded by
GmEu4) is responsible for recycling metabolically derived

urea. Additional biological roles have been demonstrated

for plant ureases, notably in toxicity to other organisms.
However, urease enzymatic activity is not related to its

toxicity. The role of GmEu4 in soybean susceptibility to

fungi was investigated in this study. A differential
expression pattern of GmEu4 was observed in susceptible

and resistant genotypes of soybeans over the course of a

Phakopsora pachyrhizi infection, especially 24 h after

infection. Twenty-nine adult, transgenic soybean plants,
representing six independently transformed lines, were

obtained. Although the initial aim of this study was to

overexpress GmEu4, the transgenic plants exhibited GmEu4
co-suppression and decreased ureolytic activity. The growth

of Rhizoctonia solani, Phomopsis sp., and Penicillium her-
guei in media containing a crude protein extract from either
transgenic or non-transgenic leaves was evaluated. The

fungal growth was higher in the protein extracts from

transgenic urease-deprived plants than in extracts from non-
transgenic controls. When infected by P. pachyrhizi
uredospores, detached leaves of urease-deprived plants

developed a significantly higher number of lesions, pustules
and erupted pustules than leaves of non-transgenic plants

containing normal levels of the enzyme. The results of the

present work show that the soybean plants were more sus-
ceptible to fungi in the absence of urease. It was not possible

to overexpress active GmEu4. For future work, overexpres-

sion of urease fungitoxic peptides could be attempted as an
alternative approach.

Keywords Glycine max ! Functional analysis !
Fungal resistance ! Genetic transformation !
Overexpression ! Co-suppression

Introduction

The soybean plant (Glycine max) is affected by several
diseases that negatively affect plant yield, eventually

resulting in significant crop losses (Sinclair and Hartman

1999). Host genetic resistance is the most desirable and
efficient control measure when resistant genotypes are

available. However, for some fungal diseases, such as

Asian soybean rust, which is caused by Phakopsora
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co-suppressed phenotype and thereby achieve the desirable
increase in the soybean plant resistance to fungi.
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Fig. 6 Soybean rust (P.
Pachyrhizi) development on
detached soybean leaves of
GmEu4 co-suppressed plants
12 days after inoculation.
Detached leaves were
inoculated with 105/mL of a
uredospore suspension and
incubated at 20!C. In the upper
panel, Tan-coloured lesions and
pustules as observed under
stereomicroscope are shown. In
the lower panel, the evaluation
of the four infection parameters
were evaluated in the seven T1

co-suppressed plants (four from
A3 line and three from A8 line)
and three non-transgenic plants
is shown. The symbol *
indicates that the means are
significantly different between
leaves of transformed and non-
transformed plants (Student’s
t test, p \ 0.05)
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fungo Penicillium herquei

http://www.ufrgs.br/laprotox/o-que-fazemos/linhas-de-pesquisa/ureases-propriedades-nao-enzimaticas/atividade-
antifungica

500	µg	urease
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