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Plant Nutrition 
Plants meet their nutritional needs for growth by absorbing soil 

nutrients, water, and carbon dioxide, in addition to the required 
sunlight. 
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No yield increase is to be expected when fertilising crops that are 
mainly limited by factors other than nutrient supply, e.g. water, 
light, pH, salinity, light or temperature, etc. (JOENSSEN et al. 2004). 

Limiting factor 

https://sswm.info/es/node/9503
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Plant growth is limited by the 
element in shortest supply, just as 
the level of water in the barrel is 
limited by the shortest stave. 

Law of Minimum (Liebig’s Law) 



Plant Nutrient 

Plant Nutrient: Chemical element that is 

essential for plant growth and reproduction. 

Essential element: A term used to identify a 

plant nutrient  
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Essential element 
• An intrinsic component in the 

structure or metabolism of a plant 
or whose absence causes severe 
abnormalities in plant growth, 
development, or reproduction  

(Arnon and Stout 1939, Epstein and Bloom 
2005) 

Daisy Myint (PhD.), LUD, DOA 

6 

Primary 
nutrients 

Secondary 
nutrients 

Trace 
elements 

CO2 H2O 
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Criteria For 
Essentiality 
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1. Omission of the element in question must result in 
abnormal growth, failure to complete the life cycle, or 
premature death of the plant.  

2. The element must be specific and not replaceable by 
another.  

3. The element must exert its effect directly on growth 
or metabolism and not some indirect effect such as by 
antagonizing another element present at a toxic level  

[Arnon and Stout (1939)] 

Source: plant nutrition and soil fertility manual (2nd edition) 



List of essential 
elements, their 

date of 
acceptance as 
essential and 
discoverers of 

essentiality  

Source: plant nutrition and soil fertility manual (2nd edition) 



Daisy Myint (PhD.), LUD, DOA 9 

Carbon dioxide (6CO2) + Water (6H2O) 
  
 

(in the presence of light and chlorophyll) 

 

  
Carbohydrate (C6H12O6) + Oxygen (O2)  

•Plant must be fully turgid (not under water 

stress.  

•Stomata must be open, which enhances 

gaseous exchange so that CO2 can  

•readily enter plant leaves.  

•Leaf surface must be exposed to full 

sunlight.  

•Plant must be nutritionally sound.  

photosynthesis 

Essential Elements-Macronutrients 

Mineral nutrients required for plants in concentration 
exceeding one part per million (ppm) or 1–150 g per kg of 
plant dry matter are called macronutrients 



List of Essential Elements, Their Status as Macronutrients Their 

Uptake Forms, and Their Plant Mobility 

Nutrient Macro/micro Uptake form Mobility  in 
plant 

Mobility in 
soil 

Carbon Macro CO2, H2CO3 

Hydrogen Macro H+, OH-,H2O 

Nitrogen Macro NO3-, NH4+ Mobile Mobile as NO-, 
immobile as NH4 

Phosphorus Macro HPO4
2-, H2PO4- Somewhat 

mobile 
Immobile 

Potassium  Macro K+ Verry mobile Somewhat 
mobile 

Calcium  Macro Ca2+ Immobile Somewhat 
mobile 

Magnesium Macro Mg2+ 

 
Somewhat 

mobile 
Immobile 

Sulfur Macro SO4- Mobile Mobile 
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Micronutrients 
• required in concentration below 1 ppm are 
micronutrients or 0.1–100 mg per kg of plant dry 
matter 
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List of Essential Elements, Their Status as Micronutrients, Their 

Uptake Forms, and Their Plant Mobility 

Nutrient Macro/micro Uptake form Mobility  in plant Mobility in soil 

Boron Micro H3BO3,BO3
- Immobile Very mobile 

Copper Micro 
 

Cu2+ Immobile Immobile 

Iron Micro 
 

Fe2+,Fe3+ Immobile Immobile 

Manganese Micro 
 

Mn2+ Immobile Mobile 

Zinc Micro 
 

Zn2+ Immobile Immobile 

Molybdenum Micro 
 

MoO4- Immobile Somewhat mobile 

Chlorine Micro 
 

Cl- Mobile Mobile 

Cobalt Micro Co2+ 

 
Immobile Somewhat mobile 

 
Nickel Micro Ni2+ Mobile Somewhat mobile 
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Classification of Plant Nutrients according to 

Biochemical Function 

Mineral 
Nutrient 

Functions 

Group 1 Nutrients that are part of carbon compounds 

N Constituent of amino acids, amides, proteins, nucleic acids, 
nucleotides, coenzymes, hexoamines, etc 

S Component of cysteine,cystine, methionine, proteins, constituent of 
lipoic acid,coenzyme A, thiamine pyrophosphate, glutathione, biotin, 
adenosine-5’-phosphosulfate, 3-phosphoadenosine 

Group 2 Nutrients that are important in energy storage or structural integrity 

P Component of sugar phosphates, nucleic acids, nucleotides, 
coenzymes, phospholipids, phytic acid. Key role in reactions that 
involve ATP 

Si Deposited as amorphous silica in cell walls, Contributes to cell wall 
mechanical properties, including rigidity and elasticity 

B Complexes with mannitol, mannan, polymannuronic acid, cell walls, 
involved in cell elongation and nucleic acid metabolism Daisy Myint (PhD.), LUD, DOA 13 



Classification of Plant Nutrients according to 

Biochemical Function 
Mineral Nutrient Functions 
Group 3 Nutrients that are part of carbon compounds 
K Cofactor for more than 40 enzymes, cell turgor and maintain 

electroneutrality 
Ca Constituent of the middle lamella of cell walls, cofactor by some 

enzymes involved in the hydrolysis of ATP and Phospholipids. 
Acts as a second messenger in metabolic regulation 

Mg Required by many enzymes involved in phosphate transfer. 
Constituent of the chlorophyll molecule. 

Cl Required for the photosynthetic reactions involved in O2 
evolution 

Mn Required for activity of some dehydrogenases, decarboxylases, 
kinases, oxidases, peroxidases. Involved with other cations-
activated enzymes and photosynthetic O2 evolution 

Na Involved with the regeneration of phosphoenolpyruvate in C4 and 
CAM plants. Substitutes for potassium in some function. 
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Classification of Plant Nutrients according to 

Biochemical Function 

Mineral 

Nutrient 

Functions 

Group 4 Nutrients that are involved in redox reactions 

Fe Constituent of cytochromes and nonheme iron proteins involved in 

photosynthesis, N2 fixation, respiration. 

Zn Constituent of alcohol dehydrogenase, glutamic dehydrogenase, carbonic 

anhydrase etc, 

Cu Component of ascorbic acid oxidase, tyrosinase, monoamine oxidase, 

uricase, cytochrome oxidase, phenolase, laccase and plastocyanin 

Ni Constituent of urease. In Nitrogen fixing bacteria, constituent of 

hydrogenases. 

Mo Constituent of nitrogenase, nitrate reductase, xanthine dehydrogenase 
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ပဲပင်တငွ ်

Nချ ို ့တဲဴမှုလက္ခဏာ 

ေမပာင်ဵတွင ်N ချ ို ့တဲဴမှု 
လက္ခဏာ 

ဂျုဳတွင ် N ချ ို ့တဲမဴှု 
လက္ခဏာ 

ငရတု်တွင ်N ချ ို ့တဲဴမှု 
လက္ခဏာ 

ေနကကာတွင ်N ချ ို ့တဲဴမှုလက္ခဏာ အာလူဵတွင ်N ချ ို ့တဲဴမှုလက္ခဏာ 
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Sandy soils that have been leached by heavy rainfall or irrigation  
Mineral soils low in organic matter content 
Long history of crop-depleting N supply when applied N is less than that 
required by the planted crop(s)  

N ချ ို ့တဲဴမှု အေမခအေန 

Condition of nutrient deficiency 



ကုလာဵပဲတငွ ်P 

ချ ို ့တဲဴမှုလက္ခဏာ 

ေနကကာတွင ်P 

ချ ို ့တဲဴမှုလက္ခဏာ 

ခရမ်ဵချဉ်တွင ်P 

ချ ို ့တဲဴမှုလက္ခဏာ 
ေမပာင်ဵတွင ်P ချ ို ့တဲဴမှုလက္ခဏာ 

P ချ ို ့တဴဲမှု အေမခအေန 

 Mineral soils low in 
organic matter content  

 Long history of 
cropping without 
adequate P fertilization 
reducing the supply of 
P  

 P-rich soils lost by 
erosion  

 Calcareous soils where 
P availability is reduced 
by alkaline pH  
 

P ချ ို ့တဲဴမှုလက္ခဏာမျာဵ 
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Condition of macronutrient deficiency 



စပါဵတွင ်K ချ ို ့တဲဴမှုလက္ခဏာ ပဲပုပ်တငွ ်K ချ ို ့တဲဴမှုလက္ခဏာ 

ေမပာင်ဵတွင ်K ချ ို ့တဲဴမှုလက္ခဏာ ေမမပဲတွင ်K  ချ ို ့တဲဴမှုလက္ခဏာ 

K ချ ို ့တဴဲမှု အေမခအေန 

 Mineral soils low in 
organic matter content  

 Soils having a low 
cation-exchange 
capacity  

 Long history of 
cropping without 
adequate K fertilization  

 Sandy soils formed 
from low K-content 
parent material  

 Sandy soils  

 

K ချ ို ့တဲဴမှုလက္ခဏာမျာဵ 
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Condition of macronutrient deficiency 



စပါဵတွင ်Ca ချ ို ့တဲဴမှုလက္ခဏာ Cucurbits Ca ချ ို ့တဲဴမှုလက္ခဏာ 

ခရမ်ဵချဉ်တွင ်Ca 

ချ ို ့တဲဴမှုလက္ခဏာ 

ေဆဵရွကက်ကီဵတွင ်Ca 

ချ ို ့တဲဴမှုလက္ခဏာ 

Ca ချ ို ့တဴဲမှု အေမခအေန 

 Acid sandy soils when 
Ca is lost by leaching 
from rainfall or 
irrigation  

 Strongly acid peats  
 Alkaline or sodic soils, 

high in pH and Na 
content  

 Soils with high 
soluble Al, low 
exchangeable Ca 
content  

 

Ca ချ ို ့တဲဴမှုလက္ခဏာမျာဵ 
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Condition of macronutrient deficiency 



စပါဵတွင ်Mg ချ ို ့တဲဴမှုလက္ခဏာ ပဲ တွင ်Mg ချ ို ့တဲဴမှုလက္ခဏာ 

ခရမ်ဵချဉ်တွင ်Mg 

ချ ို ့တဲဴမှုလက္ခဏာ 

အာလူဵတွင ်Mg 

ချ ို ့တဲဴမှုလက္ခဏာ 

Mg ချ ို ့တဴဲမှု အေမခအေန 

 Acid sandy soils 
when Mg is lost by 
leaching from 
rainfall or irrigation  

 Acid soils with pH 
less than 5.4  

 Strongly acid peat 
and muck soils  

 Soils over-fertilized 
with either Ca 
and/or K  

 

Mg ချ ို ့တဴဲမှုလက္ခဏာမျာဵ 
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Condition of macronutrient deficiency 



စပါဵတွင ်S ချ ို ့တဲဴမှုလက္ခဏာ အာလူဵတွင ်S ချ ို ့တဲဴမှုလက္ခဏာ 

ငှက်ေပျာတွင ်S 

ချ ို ့တဲဴမှုလက္ခဏာ 
ေမပာင်ဵတွင ်S ချ ို ့တဲဴမှုလက္ခဏာ 

S ချ ို ့တဴဲမှု အေမခအေန 

 Mineral soils low in organic 
matter  

 Soils after years of cropping  

 Acid sandy soils where sulfates 
have been leached by rainfall  

 Soils formed from low S-
containing parent material  

 No substantial deposition of S 
by acid rainfall  

 Use of low-S containing NPK 
fertilizers [i.e., substituting triple 
superphos-  

 phate (0-46-0) for 
superphosphate (0-20-0)]  

 

S ချ ို ့တဲဴမှုလက္ခဏာမျာဵ 
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Condition of macronutrient deficiency 
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Condition of micronutrient deficiency 
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Condition of micronutrient deficiency 



Visual tissue assessment  

http://landresources.montana.edu/nm 
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http://landresources.montana.edu/nm


http://landresources.montana.edu/n
m 
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http://landresources.montana.edu/nm
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Corrective measures 
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https://www.winfieldunited.com/news-and-insights/spring-nitrogen-strategies 

Nutrient uptake 



• Nickel is considered an essential element for both 
legumes and small grains (e.g., barley)(Brown, Welsh, and Cary 
(1987) 

• Functions in plants:  Component of plant urease,Benefits growth of 
N-fixing plant species, Barley seeds will not germinate when deficient 
in Ni.  

• Content and distribution: • Adequate range between 0.084 and 0.22 
ppm in leaf dry matter,  

Essential for plants but the concentration in the majority of plant 
species is very low (0.05 – 10 mg/kg dry weight)  
With increasing Ni pollution, excess Ni rather than a deficiency, is 

more commonly found in plants  
Toxic effects of high concentrations of Ni in plants have been 

frequently reported 

 Daisy Myint (PhD.), LUD, DOA 
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Nickel 
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Effect of Nickel (Ni2+) on plant 



Effect of Nickel (Ni2+) on plant 
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Nickel 



Nickel Fertilization 
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As a micronutrient, also called a nanonutrient, Ni is 
required by plants at low concentration (Theuer 2009).  

 Exists in most soils at sufficient levels to meet most crop 
requirements; therefore Ni is not generally applied as or with 
fertilizer.  

 Availability is significantly reduced on high pH and lime content 
soils where soil fixation is likely to occur.  

  Major source of Ni is sewage sludge. 
 

• Most annual plants have a requirement for Ni on the order of 0.5 lb 
per acre, compared with nitrogen (N) at 80–200 lb per acre.  
 



Nickel Fertilization 

• Application of Ni fertilizers (Ni2+) might be needed in the 
following growth conditions:  

• (1) urea is the primary N source used for the crop production 
systems;  

• (2) high applications of other metals, including Zn, Cu, Mn, iron 
(Fe), calcium (Ca), or magnesium (Mg), have been made for 
many years 

• (3) leguminous crops are being grown in soils poor in mineral 
content or with a pH > 6.7. Soluble salts like nickel sulfate 
(NiSO4 ), which contains the Ni2+ ion, are suitable fertilizers to 
prevent or correct plant Ni deficiency.  

Daisy Myint (PhD.), LUD, DOA 
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Table. Adequacy ranges of nickel concentrations in plants tissues for selected 
vegetable and fruit crops. 

Ni concentration in plants(mg .kg) 

Plant Species Deficient Adequate Toxic Reference 

Cowpea 0.01-0.14 0.22-10.3 TBE 
 

Walker et al., 
1985 

Beans TBE TBE 10-83 Macnicol and 
Beckett 1985 

Soybean 0.02-0.04 TBE 
 

TBE 
 

Eskew et al., 
1984 

Pecan 0.1 TBE 
 

TBE 
 

Wood et 
al.,2004 

TBE= To be established 
Source; Data from Brown (2006) 



Fertilizer Formula or material % Ni 

Nickel sulfate (also called 
nickelous sulfate) 

NiSO4 •6H2O 32.1 

Anhydrous nickel sulfate NiSO4 37.5 

Nickel nitrate Ni(NO3 ) 2 •6H2O 20.2 

Nickel chloride NiCl2 •6H2O 37.2 

Nickel(II) EDTA1 complex NiC10H16N2O8 16.7 

Nickel Plus2  
 

Complex 5.4  

Sewage sludge Composite 2.4–5.3 

1 EDTA = Ethylene 
Diamine Tetra-Acetate 2 
Nickel Plus also contains 
N (5%) and S (3%) 
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Table. Some Ni-containing fertilizers 



Cobalt(Co) 

Critical cobalamin component  
Needed for several enzyme and coenzyme operations 
Its role in accelerating the nitrogen fixation in legumes 
Rhizobia and other nitrogen (N)-fixation bacteria require Co and 

cobalamin  
To fix atmosphere dinitrogen (N2) into ammonia (NH3), providing 

plants with the essential macronutrient of N.  
Co - interaction with iron (Fe), nickel (Ni), and zinc (Zn) in 

maintaining cellular homeostasis 
Low concentrations of cobalt-  promotes plant growth  
Higher concentrations- phytotoxicity  
Different from other beneficial elements, as plants do exhibit Co 

deficiency when grown in soils with limited supply 
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Effect of Cobalt on plants 

https://link.springer.com/chapter/10.1007/978-3-030-41552-5_17 



Crops Co application Effects on plants references 

Groundnut 

CoSO4 was mixed with soil at 0.21 kg/ha 10% higher kernel yield compared with 
control  

Basu and Bhadoria, 
2008 

Seedlings of groundnut at the true leaf stage 
were irrigated once with CoSO4 at 2.4.6.8 mg/l 

Increased plant height, number of 
branches and leaf number, leaf area 
index, root length, shoot and root 
biomass, pod numbers, pods weight 
etc.,  

Gad, 2012 a 

Pigeon Pea Seeds were treated with Co(NO3)2 at 500 
mg/kg seed 

Increased chlorophyll content, crop 
growth rate, relative growth rate, and 
net assimilation rate, resulting in 
increased plant height, number of 
branches, leaves, total dry matter, and 
yield 

Raj, 1987 

Coriander Irrigated in the form of CoSO4 12.5 mg/L once Increased coriander herb yield, mineral 
composition (except Fe), chemical 
constituents as well as essential oil 
components 

Gad, 2012a 

Soybean 

Plants were grown in nutrient solutions 
containing 1 and 5 µg/L cobaltous chloride, 
inoculated with rhizobia in the absence of 
nitrogen 

No N deficiency symptoms, and 
increased dry weight by 52% compared 
with the control treatments Ahmed and 
Evans 

Ahmed and Evans, 
1959 
 

Plants were grown in soil mixed with finely 
powdered (CoCl2) at the concentration of 50 
mg/kg  

Increased root and shoot length, leaf 
area, dry weight, yield, and yield 
components 

Jayakumar et al., 
2009 

Seeds were sown in soil mixed with finely 
powdered (CoCl2) at 50 mg/kg 

Increased yield parameters, leaf area, 
shoot length, total dry weight as well 
as total phenol percentage  

Vijayarengan et al., 
2009 
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Effect of Cobalt application on plant performance 
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Crops Co application Effects on plants references 

Mango 
Foliar spray with CoSO4 at 1,000 mg/L 
prior to flower bud differentiation in 
the first week of October 

Reduced floral malformation by 
65% and increased the fruit yield 
by 35% 

Singh et al., 1994 

Mungbean Plants were treated with 50µM Co in 
sand culture 

Improved plant growth by 
increasing leaf, stem, and total dry 
weight compared with the controls 

Tewari et al., 
2002 

Cow Pea Seedlings were applied with Co at 4, 6, 
and 8 mg/kg 

Enhanced plant growth and yield 
and induced nodulation 

Gad and Hassan, 
2013 

Rose Cut flowers treated with 100 and 200 
mg/L Co solutions  

Inhibited vascular blockage in the 
stem of rose and maintained a 
high-water flow rate, leading to 
significantly water uptake by cut 
flowers  

Aslmoshtaghi, 
2014 

Effect of Cobalt application on plant performance 
 



Diagnostic criteria 
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Visual 
diagnosis 

Plant Analysis Quantitative 
Analysis 

Tissue Testing 

Biochemical 
Tests 

Soil Tests 



Factors Affecting Essential Nutrient Element 
Concentrations in Plants 

Soil physical factors: soil tilth, structure, compaction, soil surface 
conditions 
Soil chemical factors: organic matter content, water pH, level of 

essential elements 
Crop factors: previous crop, date of planting, hybrid or variety, 

stage of growth 
Treatment factors: applied manures and composts; fertilizer 

placement; time, kind, and amount 
Weather factors: air temperature, rainfall (amount and time), solar 

light conditions, wind 
Pest factors: weeds and insect 
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Management 
Requirements 

Productivity 
Factors 

Climatic 
Factors 

Moving Up 
The Yield Scale 

Productivity 
Quality 
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Principles of soil fertility and plant nutrition 
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Thank you  

The best fertilizer is the 
foot print of the farmer 
(grower) in his field —
Chinese Proverb 
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