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• Mineral elements, those acquired primarily in the form of 
inorganic ions, continually cycle through all organisms and their 
environment. Mineral elements enter the biosphere 
predominantly through the root systems of plants, so in a sense 
plants act like the “miners” of Earth’s crust (Epstein 1972, 1994). 

• Plant mineral nutrition is unique because green plants, the only 
multicellular autotrophic organisms, can mine inorganic elements 
from the environment without having to rely on high-energy 
compounds synthesized by other organisms.

• The study of how plants absorb and assimilate inorganic ions is 
called mineral nutrition; which is central to modern agriculture 
and environmental protection.

O que é a nutrição das plantas?



Roots absorb 
humus and 

transform it into 
plant substance 
(384-322 BC)

Justus von Leibig 
(1844)

Carl Bosch and 
Fritz Haber 1900
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Pliny (23-79 AC)
Growing a crop of 
lupines improves next 
crop

Organic matter Water Minerals
Building blocks

(N)

Building blocks

1888 – Hellriegel and Wilfarth 
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1908 - 1 ha 2008 - 1 ha

“...It was clear that the demand for fixed N which at the 
beginning of last century (XX) could be satisfied with a few 
hundred thousand tons a year, most increase to millions of 
tons...”

SYNTHETIC  NITROGEN FERTILIZERS

FV- nutrição



The industrialization of the N cycle

… Green revolution

FV- nutrição



The use of fer*lizers 
allows the increase of 

human popula*on
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Erisman et al 2008, 
Nature Geoscience, 1: 

636-639

Consequências da revolução verde
FV- nutrição
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N fertilizer 
produced

100 94 47 31 26 14

N fertilizer 
applied

N 
in crop

N 
harvested

N 
in food

N 
consumed

-6 - 47 -16 -5 -12

Marshner 2013.
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Consequências da revolução verde
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N fertilizer 
produced

100 94 47 31 26 14

N fertilizer 
applied

N 
in crop

N 
harvested

N 
in food

N 
consumed

-6 - 47 -16 -5 -12

N fertilizer 
produced

100 94 47 31 7 4

N fertilizer 
applied

N 
in crop

N 
harvested

N 
in food

N 
consumed

-6 - 47 -16 -24 -3

Marshner 2013.

FV- nutrição

Consequências da revolução verde
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World dead zones 
are usually situated 
at costal waters are 
caused by fertilizer 
and other products 
runoff 

FV- nutrição

Consequências da revolução verde
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Rockström et al 2009, Nature
Dias et al 2018, LDD

Holocene

Anthropocene

FV- nutrição

Consequências da revolução verde
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Como atingir e conciliar  os múltiplos desafios?
FV- nutrição

Pode a nutrição vegetal ajudar?



Roots absorb 
humus and 

transform it into 
plant substance 
(384-322 BC)

Justus von Leibig 
(1844)

Carl Bosch and 
Fritz Haber 1900
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Pliny (23-79 AC)
Growing a crop of 
lupines improves next 
crop

Organic matter Water Minerals
Building blocks

(N) Biofertilizers

Building blocks

Regulators

1888 – Hellriegel and Wilfarth 
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Why do we need biofertilizers?
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Efeitos benéficos dos microrganismos
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Why do we need biofertilizers?FV- nutrição



Building blocks

21Ferreira, 2018

Exemplo da produção de fitohormonas

Plântulas de trigo inoculadas com 2 estirpes 
bacterianas (Azospirillum brasilense)

NO auxina NO auxina



Building blocks

22Ramos et al 2020

Exemplo do aumento de aquisição de 
nutrientes

Plântulas de arroz 
inoculadas com uma 
estirpe bacteriana 
endofítica 
(Herbaspirillum 
seropedicae)



Building blocks

23Melo et al 2018

Exemplo do aumento de solubilização 
de P

0

50

100

150

200

B. v
ietnam

iensis
 C

Klebsie
lla

 sp
. C

1

Klebsie
lla

 sp
. C

2

Enter
ob

acte
r s

p. C

Klebsie
lla

 sp
. O

2

Lecle
rci

a s
p. O

Klebsie
lla

 sp
. O

1

B. v
ietnam

iensis
 O

B. c
epa

cia
 O

P
i s

ol
ub

ilis
at

io
n 

(µ
g 

m
L-1

)

Farming system ***
Isolate ***
Farming system x isolate ***

f

a

d
e

b c
e

g
h

b)

-1

0

1

2

3

4

5

0 10 20 30 40 50 60 70

E
ffe

ct
 o

f c
o-

cu
ltu

re
 o

n 
P

i s
ol

ub
ilis

at
io

n

Group 1 Group 2 Group 3



Building blocks
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+ Biofertilizers with 
multiple modes of action 

Po Pi

Soil functionality, resilience and sustainabilityLow High
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Basílio et al, submetido

Exemplo dos biofertilizantes na gestão do P



Increase crop 
productivity

Reduction in the 
amount of 

synthetic fertilizers +
Reduction of the Ecological

 Footprint

Biofertilizers
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Objetivo da aula prática de Nutrição
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Realçar a importância no modo de produção (convencional versus orgânico):

1. No solo (cromatografia circular do solo)
2. Nas respostas fisiológicas da planta (SPAD) e consequentemente na qualidade

alimentar (grau Brix e concentração de nitrato)



Figure 1. Exemplo de uma Cromatografia Circular, com indicação das várias zonas e padrões formados (no 
topo) e secções dos padrões (em baixo) ilustrando, de (a) a (d), um aumento no desenvolvimento de 
padrões radiais (isto é: canais e espigas), e intensidade da cor, e uma diminuição dos padrões concêntricos 
(isto é: anéis concêntricos).    From: Kokornaczyk et al., 2017

CROMATOGRAFIA CIRCULAR DO SOLO



CROMATOGRAFIA CIRCULAR DO SOLO



Soil Plant Analysis Development (SPAD)

The meter works by emitting two 
frequencies of light, one at a wavelength of 
660 nm (red) and one at 940 nm 
(infrared).
Leaf chlorophyll absorbs red light but not 
infrared, the difference in absorption is 
measured by the meter and termed 
“Optical Density Difference,” ODD.
Therefore, the unit of measurement is 
ODD, a ratio that is provided by the 
meter.  The value does not give an actual 
chlorophyll or nitrate content.
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Parâmetro fisiológico não destrutivo



Fisiologia Vegetal 2017/18

SPAD
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O SPAD relaciona-se com o N mas não com o K.

SPAD
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Se esta curva representar a relação entre o 
valor de SPAD e a concentração de N na folha 
de alface (Lactuca sativa), qual será a 
concentração de N das folhas nos distintos 
tratamentos experimentais da aula Prática?

Há diferenças entre os tratamentos?
Será necessário proceder a fertilização?
Será um valor de alerta para nitratos?

SPAD
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Brix (Sólidos totais solúveis)

É um refratómetro (ideal para medições 
quer em laboratório, quer em campo).

É um instrumento ótico que utiliza a 
medição do índice de refração para 
determinar o conteúdo de açúcar de 
soluções aquosas em % Brix.
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Parâmetro de qualidade alimentar 
destrutivo: grau Brix



What is Brix (Sólidos totais solúveis)?

The Photochemical Reflectance 
Index is a measure of the light-
use efficiency of foliage and thus 
is primarily used as an indicator of 
water stress and for the 
assessment of carbon-dioxide 
uptake by plants.
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Grau Brix



What is PRI (Photochemical Reflectance index)?

The Photochemical Reflectance 
Index is a measure of the light-
use efficiency of foliage and thus 
is primarily used as an indicator of 
water stress and for the 
assessment of carbon-dioxide 
uptake by plants.
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Grau Brix



[NO3
-]: Eléctrodo selectivo de NO3

-
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Parâmetro de qualidade alimentar 
destrutivo: concentração de nitrato



[NO3
-]: Eléctrodo selectivo de NO3

-

N is essential for good growth and 
high yields, especially in a plants 
early growth stage. It is therefore 
very important to be able to 
accurately measure how much 
nitrogen you need for your soil, your 
fertilizers, in the leaves of your 
plant.

Main forms of N taken up by 
plants: NH4

+ and NO3
-
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Concentração de nitrato



[NO3
-]: Eléctrodo selectivo de NO3

-

However, too much N in human and animal feed can cause NO3
- poisoning and 

has been associated with cancer, so it is also important for health purposes to be 
able to measure NO3

- content of your foods.
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Concentração de nitrato



[NO3
-]: Eléctrodo selectivo de NO3

-

Directiva água: 10 ppm 
Produtos hortícolas: varia 

Máx. 5000 ppm
39

Concentração de nitrato
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response of spinach to soil inoculant
Leaf nitrate

Not for sale = money lost

Regulation CE nº1881/2006
Nitrate is a normal component of the human diet 
(average daily intake 75 mg.
Upon ingestion, ±5% of the nitrate is reduced to 
nitrite by bacteria 
When the pH of the gastric fluid is high (>5) 
nitrate-reducing bacteria increase and more N-
nitroso compounds can be formed. 
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Concentração de nitrato



Applied soil ecology may help 
filling the productivity gap

FV- nutrição
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