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Objectivos da segunda aula:

1 – Hidroponia e soluções nutritivas

2 – Membrana cellular e transporte através da membrana

3 – Espaço livre aparente e espaço de Donan

4 – A equação de Nernst

5 – Funções de nutrientes

6 - Relação entre crescimento e disponibilidade de nutrientes

O objectivo deste bloco de aulas teóricas é 

dar aos alunos os fundamentos básicos da 

nutrição vegetal
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No fim da aula os alunos devem conseguir responder :

Porque é que uma planta pode ter deficiência mesmo com nutrientes no solo? 

Como sabemos o que adicionar numa solução nutritiva?
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“17” is not arbitrary — but it’s also not absolute in all 

contexts:

•It’s a minimum universal set

•Some species may benefit from additional elements 

•New roles are still being discovered (e.g. silicon in stress 

tolerance)
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Nutrient deficiency symptoms in a plant are the 
expression of metabolic disorders resulting from the 
insufficient supply of an essential element. 

These disorders are related to the roles played by 
essential elements in normal plant metabolism and 
function. 
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Why do ions accumulate in the roots?
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Donnan Free Space
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Water Free Sapce (WFS)     Donnan Free Space (DFS)
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A vida com 17 elementos
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Hydroponics
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Core Rules for Formulating a Nutrient Solution
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https://www.2lua.vn/agritec/hydroponics-calculator.html?hl=en

You can see the basics of an hydroponic calculator that 

Combines plants needs with the available chemicals in order to rich a certain production.

Try!

Core Rules for Formulating a Nutrient Solution

https://www.2lua.vn/agritec/hydroponics-calculator.html?hl=en
https://www.2lua.vn/agritec/hydroponics-calculator.html?hl=en
https://www.2lua.vn/agritec/hydroponics-calculator.html?hl=en
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Justus von Leibig (1844)

✓Estabelece através da experimentação o carácter puramente mineral da 

nutrição vegetal.

✓Análise da composição química das cinzas

✓Hidroponia

Lei do mínimo Hidroponia
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Analysis of Plant Tissues Reveals Mineral 

Deficiencies 
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Group 1: Deficiencies in mineral nutrients 
that are part of carbon compounds 

nitrogen deficiency rapidly inhibits plant growth. 

Image result for dna

Image result for nitrogen

most species show chlorosis (yellowing of the leaves), especially in 
the older 

Under severe nitrogen deficiency, these leaves become completely 
yellow (or tan) and fall off the plant. 

Younger leaves may not show these symptoms initially because 
nitrogen can be mobilized from older leaves. 

Thus a nitrogen-deficient plant may have light green upper leaves 
and yellow or tan lower leaves. 

https://www.google.pt/url?sa=i&url=https%3A%2F%2Fen.wikipedia.org%2Fwiki%2FAmino_acid&psig=AOvVaw0teuuS9jEBGGdZPCVEUrY3&ust=1584716114689000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCMipld3lpugCFQAAAAAdAAAAABAD
https://www.google.com/url?sa=i&url=https%3A%2F%2Fen.wikipedia.org%2Fwiki%2FDNA_replication&psig=AOvVaw05flp7YFrvwliDW_hCkQtM&ust=1584716290791000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCOi97bDmpugCFQAAAAAdAAAAABAR
https://www.google.pt/url?sa=i&url=http%3A%2F%2Fchemindigest.com%2Fnitrogen-life-essential-element%2F&psig=AOvVaw3g_I39qaEerHw9bN1nVl5M&ust=1584716576420000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCKCf5LbnpugCFQAAAAAdAAAAABAD
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Group 1: Deficiencies in mineral nutrients 
that are part of carbon compounds 

This similarity is not surprising, since sulfur and nitrogen are both 

constituents of proteins. 

However, the chlorosis caused by sulfur deficiency generally arises 

initially in mature and young leaves, rather than in the old 

leaves as in nitrogen deficiency, because unlike nitrogen, sulfur is 

not easily remobilized to the younger leaves in most species. 

Image result for sulfur

Image result for vitamine b sulfur

Thiamine – vitamine B

SULFUR. deficiency are similar to those of nitrogen 

deficiency, including chlorosis, stunting of growth, and 

anthocyanin accumulation. 

https://www.google.pt/url?sa=i&url=https%3A%2F%2Fwww.canstockphoto.com%2Fdiagram-representation-of-the-element-30083915.html&psig=AOvVaw3V515xXAP7vWxmc-D6pW9k&ust=1584717383888000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCMjgmLnqpugCFQAAAAAdAAAAABAJ
https://www.google.pt/url?sa=i&url=https%3A%2F%2Fen.wikipedia.org%2Fwiki%2FThiamine&psig=AOvVaw1e0uDUuovurbfnrqLV74h-&ust=1584717654993000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCJji4bvrpugCFQAAAAAdAAAAABAD


Image result for ATP
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Group 2: Deficiencies in mineral nutrients 

important in energy storage or structural integrity
(P, Si, B)

PHOSPHORUS. deficiency symptoms include stunted 
growth in young plants and a dark green coloration of 
the leaves, which may be mal- formed and contain small 
spots of dead tissue called necrotic spots.

Image result for phosphorus 
element

As in nitrogen deficiency, some species may produce excess 
anthocyanins, giving the leaves a slight purple coloration. 

In contrast to nitrogen deficiency, the purple coloration of 
phosphorus deficiency is not associated with chlorosis.

In fact, the leaves may be a dark greenish purple. Additional 
symptoms include the production of slender (but not woody) stems 
and the death of older leaves. Maturation of the plant may also be 
delayed. 

Image result for dna

Image result for cell membranes

https://www.google.pt/url?sa=i&url=https%3A%2F%2Fmundoeducacao.bol.uol.com.br%2Fbiologia%2Fatp.htm&psig=AOvVaw3H9ZUQU-BKJxhvVSBIZ0-P&ust=1584718569139000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCJDO7vHupugCFQAAAAAdAAAAABAD
https://www.google.pt/url?sa=i&url=https%3A%2F%2Fwww.cleanpng.com%2Fpng-phosphorus-electron-shell-valence-electron-atom-ch-1685499%2Fpreview.html&psig=AOvVaw26jVjWUaKXudz5SNl5DOO3&ust=1584718123911000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCKDdlJztpugCFQAAAAAdAAAAABAJ
https://www.google.com/url?sa=i&url=https%3A%2F%2Fen.wikipedia.org%2Fwiki%2FDNA_replication&psig=AOvVaw05flp7YFrvwliDW_hCkQtM&ust=1584716290791000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCOi97bDmpugCFQAAAAAdAAAAABAR
https://www.google.pt/url?sa=i&url=https%3A%2F%2Fwww.britannica.com%2Fscience%2Fcell-membrane&psig=AOvVaw3zuPiySXHWTZKuPwOWjohf&ust=1584718474153000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCMj988PupugCFQAAAAAdAAAAABAD
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Group 2: Deficiencies in mineral nutrients 

important in energy storage or structural integrity
(P, Si, B)

SILICON. Only Equisetaceae plants require silicon to 
complete their life cycle. Many other species accumulate 
substantial amounts of silicon within their tissues and 
show enhanced growth and fertility when supplied 
with adequate amounts of silicon (Epstein 1999). 

Image result for silicon element 
symbol

Plants deficient in silicon are more susceptible to 
lodging and fungal infection. Silicon is 
deposited primarily in the endoplasmic 
reticulum, cell walls, and intercellular spaces as 
hydrated, amorphous silica (SiO2·nH2O). It also 
forms complexes with polyphenols and thus 
serves as an alternative to lignin in the 
reinforcement of cell walls. In addition, silicon 
can ameliorate the toxicity of many heavy 
metals. 

Image result for scouring rushes plant 
Silicon defficiency

Image result for Silicon in plant  cell

https://www.google.pt/url?sa=i&url=https%3A%2F%2Fomexcanada.com%2Fplant-nutrition%2Fknow-your-nutrients%2Fthe-role-of-silica-in-field-crops&psig=AOvVaw2yz9esuGjtEU1vxP62ugPH&ust=1584719590537000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCIi8iNvypugCFQAAAAAdAAAAABAD
https://www.google.pt/url?sa=i&url=https%3A%2F%2Fomexcanada.com%2Fplant-nutrition%2Fknow-your-nutrients%2Fthe-role-of-silica-in-field-crops&psig=AOvVaw2yz9esuGjtEU1vxP62ugPH&ust=1584719590537000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCIi8iNvypugCFQAAAAAdAAAAABAD
https://www.google.pt/url?sa=i&url=https%3A%2F%2Fomexcanada.com%2Fplant-nutrition%2Fknow-your-nutrients%2Fthe-role-of-silica-in-field-crops&psig=AOvVaw2yz9esuGjtEU1vxP62ugPH&ust=1584719590537000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCIi8iNvypugCFQAAAAAdAAAAABAD
https://www.google.pt/url?sa=i&url=https%3A%2F%2Fwww.pngwave.com%2Fpng-clip-art-cxruu&psig=AOvVaw3V6GyKlowCOTq6TweXaZeD&ust=1584719164232000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCJD3no_xpugCFQAAAAAdAAAAABAD
https://www.google.pt/url?sa=i&url=https%3A%2F%2Fen.wikipedia.org%2Fwiki%2FEquisetum&psig=AOvVaw2uLXEDBgFXOdzMLPiynXeS&ust=1584719314220000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCIDwxtvxpugCFQAAAAAdAAAAABAE
https://www.google.pt/url?sa=i&url=https%3A%2F%2Fomexcanada.com%2Fplant-nutrition%2Fknow-your-nutrients%2Fthe-role-of-silica-in-field-crops&psig=AOvVaw2yz9esuGjtEU1vxP62ugPH&ust=1584719590537000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCIi8iNvypugCFQAAAAAdAAAAABAD
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Interactions between Ions in the Rhizosphere 
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doi: 10.3389/fpls.2021.663477
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Fim da segunda aula
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