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Essentials Nutrients of Plants

An element can be considered to be essential for plant growth if
• A plant fails to complete its life cycle without it
• Its action is specific and cannot be replaced completely by any other element
• Its effect on the organism is direct, not indirect on the environment
• It is a constituent of a molecule that is known to be essential. 
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Macronutrients : Carbon

• The carbon source of PTC is commonly found in form of carbohydrate 
and carbon dioxide.

Maltose Lactose
5



Macronutrients : Carbon

Sorbitol

Mannitol
6



Macronutrients : Nitrogen

• Nitrogen is generally supplied in the form of NH4
+ along with NO3

-

• also amine or amide compounds such as urea.

Allantoin Allantoic acid
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Macronutrients : Nitrogen

Sodium Nitrate Ammonium Sulfate
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Potassium Nitrate

Ammonium Citrate
Ammonium Nitrate



Macronutrients : Nitrogen
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Michihiko Yatazawa & Katsuhisa Furuhashi (1968) Nitrogen sources for the 

growth of rice callus tissue, Soil Science and Plant Nutrition, 14:2, 73-78, 

DOI: 10.1080/00380768.1968.10432012
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Macronutrients : Phosphorus

• Phosphorus is absorbed into plants in the form of the primary or 
secondary orthophosphate anions H2PO4

- and HPO4
2- by an active 

process, which requires the expenditure of respiratory energy.
• It usually uses in the form of inorganic salt (phosphate salt) i.e. sodium 

phosphate.
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Monopotassium PhosphateSodium Dihydrogen Phosphate



Macronutrients : Potassium

• Potassium is absorbed into plants in the form of potassium cation (K+).
• It usually uses in the form of inorganic salt (potassium salt) i.e. 

potassium nitrate
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Potassium Nitrate Monopotassium Phosphate



Macronutrients : Calcium

• The Ca2+ ion is involved in in vitro morphogenesis and is required for 
many of the responses induced by plant growth substances, 
particularly auxins and cytokinin.  
• Calcium is absorbed into plants in the form of calcium cation (Ca2+).
• It usually uses in the form of calcium chloride (CaCl2 · 2H2O) or calcium 

nitrate (Ca[NO3]2 · 4H2O).
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Macronutrients : Magnesium
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• Magnesium is an essential component of the chlorophyll molecule and 
is also required nonspecifically for the activity of many enzymes, 
especially those involved in the transfer of phosphate.
• Magnesium is absorbed into plants in the form of magnesium cation 

(Mg2+).
• Most tissue culture media contain magnesium as magnesium sulfate 

(MgSO4 · 4H2O).



Macronutrients : Sulfur
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• The sulfur utilized by plants is mainly absorbed as SO4
2-, which is the 

usual source of the element in plant culture media.
• Although sulfur is mainly absorbed by plants in the oxidized form, that 

which is incorporated into chemical compounds is mainly as reduced 
sulfhydryl, sulfide or disulfide groups. 



Micronutrients : Iron
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• In tissue culture media, ferrous sulfate (FeSO4 · 7H2O) is often mixed 
with the sodium salt of ethylenediaminetetraacetic acid (Na2EDTA) to 
sequester the iron, thereby making it more readily available to the 
plant.

Ethylenediaminetetraacetic acid Ferrous sulfate



Micronutrients : Boron
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• Boron is involved in plasma membrane integrity and functioning, 
probably by influencing membrane proteins, and cell wall intactness.
• In the soil, boron occurs in the form of boric acid and it is this 

compound, which is generally employed as the source of the element 
in tissue cultures.
• But, Boric acid reacts with some organic compounds having two 

adjacent cis-hydroxyl groups (This include o-diphenols, hexahydric
alcohols such as mannitol and sorbitol) but excludes sucrose which 
forms only a weak association. Once the element is complexed it 
appears to be unavailable to plants. 



Micronutrients : Chlorine
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• The chloride ion (Cl-) has been found to be essential for plant growth 
but seems to be involved in few biological reactions and only very 
small quantities are really necessary.
• Chloride is required for the water splitting protein complex of 

Photosystem II, and it can function in osmoregulation in particular in 
stomatal guard cells. 
• Calcium chloride (CaCl2) in the media will provide chlorine, often in 

larger amount than it required.



Micronutrients : Cobalt
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• Cobalt is a component of Vitamin B12 molecule and is essential for 
nitrogen fixation.
• Advantage from adding cobalt to plant culture media might be derived 

from the fact that the element can have a protective action against 
metal chelate toxicity and it is able to inhibit oxidative reactions 
catalyzed by ions of copper and iron.
• Cobalt chloride (CoCl2 · 6H2O) is the source of cobalt in the media.



Micronutrients : Cobalt
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• Metal chelate

Copper chelated with amino acid, glycineGlycine



Micronutrients : Copper
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• Copper is an essential micronutrient, even though plants normally 
contain only a few parts per million of the element. Two kinds of 
copper ions exist; they are the monovalent cuprous (Cu+) ion, and the 
divalent cupric (Cu2+) ion: the former is easily oxidized to the latter; the 
latter is easily reduced.

• In the medium, it is added as cupric sulfate (CuSO4 · 5H2O).



Micronutrients : Iodine
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• It is often added to the media as potassium iodide (KI)
• The practice of including iodide in plant culture media began with the 

report by White (1938) that it improved the growth of tomato roots 
cultured in vitro.
• Hannay (1956) obtained similar results and found that root growth 

declined in the absence of iodine which could be supplied not only 
from potassium iodide, but also from iodoacetate or methylene iodide, 
compounds which would only provide iodide ions very slowly in 
solution by hydrolysis.



Micronutrients : Molybdenum
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• Plants utilize hexavalent molybdenum and absorb the element as the 
molybdate ion (MoO4

2-).
• It is added to tissue culture media as sodium molybdate 

(Na2MoO4 · 2H2O)

Sodium Molybdate



Micronutrients : Manganese
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• Manganese has similar chemical properties to Mg2+ and is apparently 
able to replace magnesium in some enzyme systems.
• The most probable role for Mn is in definition of the structure of 

metalloproteins involved in respiration and photosynthesis.
• Magnesium sulfate or Magnesium chloride provide the necessary 

manganese for tissue culture media.



Micronutrients : Nickel
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• The nickel ion is a component of urease enzymes which convert urea 
to ammonia.
• In tissue cultures the presence of 0.1 mM Ni2+ strongly stimulates the 

growth of soybean cells in a medium containing only urea as a 
nitrogen source. 
• Nickel sulfate and Nickel chloride provide the necessary nickel for 

tissue culture media.



Micronutrients : Zinc
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• Zinc is a component of stable metallo-enzymes with many diverse 
functions. 
• Traces of zinc are included in the media as zinc sulfate (ZnSO4 · 7H2O)

or Na2ZnEDTA

Na2ZnEDTA
EDTA = Ethylenediaminetetraacetic acid M. Butkus, Joann & O’Riley, Shelby & S. Chohan, Balwant & Basu, 

Swarna. (2016). Interaction of Small Zinc Complexes with Globular 
Proteins and Free Tryptophan. International Journal of Spectroscopy. 
2016. 1-12. 10.1155/2016/1378680. 
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https://www.apsnet.org/edcenter/K-
12/TeachersGuide/PlantBiotechnology/Documents/
PlantTissueCulture.pdf



Conclusion
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• Plant absorbs essentials nutrients in ion form, in this case, the 
inorganic salt (-Cl, -SO4 ,etc.) of essential elements can be used.
• Or in common term, when it dissolved in water, it can break down into ion 

plant really need. (in slide 2-3)

• Sometimes as a vitamins or a protein.
• Such as Cysteine for sulfur source or Vitamin B12 for cobalt source.

• Sometimes as a complex compound.
• Such as Na2ZnEDTA, Ferrous phosphate.
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