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Diagnosing nutrient deficiencies:
Soil pH and nutrient availability

http://articles.extension.org/sites/default/files/w/c/c6/PHandavailability.jpg
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Plant mobile vs. immobile

Mobile nutrients in plants Immobile nutrients in plants
Remobilized to parts that have higher 
demand.

Locked in place after assimilation.

Older growth becomes deficient. Newer growth becomes deficient.

• All nutrients are xylem mobile: They move up 
the plant.

• “Immobile” nutrients = does not move in 
phloem.
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Nutrient movement in soil

http://plantsinaction.science.uq.edu.au/book/export/html/234
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Nutrient movement in soil
• Mass flow

– Movement of ions in water
– Can move up (via ET) or down 

(leaching)
– Major: NO3

-, Cl-, K+, Mg2+
– Moderate: SO4

2-

– Others depending on physical & 
chemical soil characteristics

http://plantsinaction.science.uq.edu.au/book/export/html/234

Presenter
Presentation Notes
Mass flow is driven by the uptake of water caused by the transpiration rate of the plants and can occur over long distances. Many soluble nutrients such as nitrate are dissolved in the soil water and as the plant pulls the water from the soil, the nutrients move too. Some nutrients move by mass flow faster than their uptake rate so they build up on the surface of the root during daylight hours (Marschner and Rengel, 2012). The rate of movement by mass flow of solution depends basically on the rate of transpiration of the plant, so there is little movement at night. It is also influenced by soil water content and soil texture (see Chapter 3, Section 3.4).
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Nutrient movement in soil
• Diffusion

– Concentration gradient
– 1 cm/day for soluble ions
– If bound to soil, takes longer

• NO3
- about 3 mm/day

• K+ about 1 mm/day
• PO4

3- about 0.1 mm/day

– Important for P, K, S, Fe, Zn

http://plantsinaction.science.uq.edu.au/book/export/html/234

Presenter
Presentation Notes
Diffusion occurs along a concentration gradient, over relatively short distances (in the order of 1 cm). As roots take up nutrients and ions from the soil a depletion zone can be established allowing diffusion to occur into the depletion zone. The rate of diffusion depends on how fast the roots are taking up the nutrient, how much of the nutrient is present in the soil (this determines the steepness of the concentration gradient that forms) and also on the mobility of the ions by diffusion. Soluble ions would take about a day to diffuse 1 cm; ions bound to the soil matrix would take longer. For examples, Marscher and Rengel (2012) show that nitrate by diffusion in a ‘typical’ soil travels 3 mm in a day, potassium about 1 mm in a day, and phosphate moves only about 0.1 mm in a day. This illustrates the importance of root hairs in intercepting and accessing phosphate.
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Nutrient movement in soil
• Root interception

– Root contacts CEC sites
– Relatively minor absorption
– Mycorrhizal infection effectively 

increases root area – P uptake
– Mainly Ca, Mg, Zn, Mn

http://plantsinaction.science.uq.edu.au/book/export/html/234

Presenter
Presentation Notes
Root interception occurs as the root displaces soil; diffusion occurs along a concentration gradient; mass flow is driven by plant transpiration and is the movement of soil solution along a water potential gradient.Root interception occurs when growth of a root causes contact with soil colloids which contain nutrients. The root then absorbs the nutrients. It is an important mode of transport for calcium and magnesium, but in general is a minor pathway for nutrient transfer.
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Soil texture effects on nutrient 
movement

• As % sand increases, NPK & S movement 
increases.

• Like OM, as % clay increases, NPK & S 
movement decreases.

http://www.canolacouncil.org/
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Nitrogen
• Mobile in plant
• Forms amino acids, vitamins, proteins, cell 

division, chlorophyll
• Mobile in soil as NO3-
• Immobile in soil as NH4+
• Chlorosis in older leaves

first, then in younger tissue

Credit: IPNI Crop Nutrient Deficiency Image Collection

Presenter
Presentation Notes
Nitrogen is an integral part of all plant proteins. Thus the nutritive value of the food we eat is largely dependent on the availability of N for crop growth. It is required in greater quantities by crops than any of the other essential nutrients, with the exception of K in some high-yielding crops. Most soil N comes from organic matter, which releases N slowly, the rate being controlled by factors such as temperature, moisture, and texture.Symptom Description — Adequate N produces a dark green color in leaves, caused by a high level of chlorophyll. As a mobile nutrient in plants, deficiency symptoms appear first on older leaves as light green to yellow foliage, and then develop on younger plant parts as the conditions becomes more serve. Other symptoms include: stunted, spindly plants, less tillering in small grains, low protein content ... in seed and vegetative parts, fewer leaves. Nitrogen deficient plants will mature early, with significantly reduced yield and quality.
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Nitrogen deficiency

Credits: IPNI Crop Nutrient Deficiency Image Collection

Maize Lettuce

Potato

Presenter
Presentation Notes
Symptom Description — Adequate N produces a dark green color in leaves, caused by a high level of chlorophyll. As a mobile nutrient in plants, deficiency symptoms appear first on older leaves as light green to yellow foliage, and then develop on younger plant parts as the conditions becomes more serve. Other symptoms include: stunted, spindly plants, less tillering in small grains, low protein content ... in seed and vegetative parts, fewer leaves. Nitrogen deficient plants will mature early, with significantly reduced yield and quality.
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Phosphorus
• Somewhat mobile in plant
• Role: Energy storage and transfer, cell 

growth, root and seed growth, winter 
hardiness, water use/stomatal 
regulation

• Immobile in soil – but sand is different
• Moves to plant by diffusion and 

mycorrhizal fungi assn.
• Increased deficiency when temp is low

Credit: IPNI Crop Nutrient Deficiency Image Collection

Presenter
Presentation Notes
Phosphorus is a vital component in the process of plants converting the sun's energy into food, feed, and fiber. Phosphorus plays a key role in photosynthesis, the metabolism of sugars, energy storage and transfer, cell division, cell enlargement, and transfer of genetic information. Phosphorus promotes early root formation and growth, as well as early shoot growth. Soil provides very small amounts of plant available P and this supply must be continually replenished from minerals and organic matter.Symptom Description — The first sign of a P shortage is an overall stunted plant. Leaf shapes may be distorted and tissue may be dark green in color. With severe deficiency, dead areas may develop on leaves, fruit, and stems. Older leaves are affected before younger ones because of the redistribution of P in the plant. Some plants, such as corn, may display a purple or reddish color on the lower leaves and stems. This condition is associated with accumulation of sugars in P-deficient plants, especially during times of low temperature.
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P deficiency

Credits: IPNI Crop Nutrient Deficiency Image Collection

Maize

Beet

Sweet potato

Presenter
Presentation Notes
This deficiency may be noticeable when soils are cool and wet, due to decrease in phosphorus uptake.
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Potassium
• Highly mobile in plant
• Metabolism, water regulation, fruit formation, 

winter hardiness, disease resistance
• Somewhat mobile in soil

– Depends on texture, clay type
– Finer soils = less mobile
– Mica clays = more availability

• Deficiencies in dry conditions when there is 
sufficient soil K – lack of movement to roots

Credit: IPNI Crop Nutrient Deficiency Image Collection

Presenter
Presentation Notes
Potassium, unlike other nutrients, K does not form compounds in plants, but remains free to 'regulate' many essential processes ... including enzyme activation, photosynthesis, water use efficiency, starch formation, and protein synthesis. Agronomic crops contain about the same amounts of N and K, but K content of many high-yielding crops is even higher than that of N. Most soils contain large amounts of K, but only a small portion is available to plants over a growing season.Symptom Description — One of the most common K deficiency symptoms is scorching or firing along leaf margins. Since K is mobile in the plant, deficiency symptoms appear on older leaves first. Potassium-deficient plants grow slowly and develop poor root systems. Stalks are weak and lodging is common. Seed and fruit are small and shriveled; crops show lower resistance to disease and moisture stress. Plants deficient in K are sensitive to disease infestation, and have poor fruit yield and quality.
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K deficiency

Credit: Bobby Golden, MSU

Credit: IPNI Crop Nutrient Deficiency Image Collection, C.R. Crozier

Eggplant

Cucumber

Lettuce

Soybean

Maize

Presenter
Presentation Notes
Potassium Deficient Soybean â€“ A 60 bu ac-1 soybean crop will remove approximately 72 lb K2O ac-1 making soybean one of the crops that transports the most K2O away from the field in the grain. To properly diagnose K deficient soybeans we can key on a few items.  1) Potassium Deficiencies will generally occur in lighter textured soils (lower CEC). 2) Potassium is a mobile nutrient in the plant.  This means that most potassium deficiencies will show up on the lower leaves first, especially when observed early in the season. 3)  Classic symptomology for K deficiency is a chlorosis along the outer edge of the leaf tissue.
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Calcium
• Immobile in plant
• Cell division & formation, N metabolism, 

translocation, fruit set
• Somewhat mobile in soil
• Soil deficiency usually occurs:

– Acid, sandy soils
– Strongly acid peat and muck

Credit: IPNI Crop Nutrient Deficiency Image Collection

Presenter
Presentation Notes
Calcium contributes to soil fertility by maintaining a favorable soil pH, which in turn is essential for microbial activity as crop residues are converted to organic matter and nutrients are made plant-available. Soil structure and water holding capacity are also improved with adequate Ca. Soil acidity can restrict crop growth due to increased presence of harmful concentrations of other elements such as Fe, Al, and Mn. Calcium deficiencies are most likely to occur on acid, sandy soils from which available Ca has been leached, and on strongly acid peat and muck soils where total soil Ca is low.Symptom Description — As an immobile nutrient in plants, Ca deficiency appears as browning and die back of growing tips of roots and leaves. Leaves curl and margins turn brown with newly emerging leaves sticking together at the margins, leaving expanded leaves shredded on their edges. Fruit yield and quality will be reduced with high incidence of blossom-end rot and internal fruit decay.
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Ca deficiency

Credits: IPNI Crop Nutrient Deficiency Image 
Collection

Lettuce
Maize

Tomato

Wheat

Presenter
Presentation Notes
Left: Youngest leaves remain rolled and joined together at their tips.Middle: Yellowing of bud leaves and their distortion are the main symptoms of calcium deficiency.Right: This wheat spike which is growing in a loamy-sand soil is expressing Ca deficiency symptoms, which is evident from the improper opening of the flag leaf leading to deformation of the spike i.e., incomplete booting. Such deficiency symptoms are due to the bias towards primary nutrient application only.
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Boron

• Immobile in plant
– Except peanut

• Pollen grain germination & tube growth, seed 
& cell wall formation, maturity promotion, 
sugar translocation

• Mobile in soil
– In sands, you may need split applications

Credit: IPNI Crop Nutrient Deficiency Image Collection

Presenter
Presentation Notes
Boron is essential for growth and development of new cells in the new growth areas. Seed development, cell wall formation, flowering, nodule formation, and developing fruit all depend on adequate B. Organic matter is the most important soil source of B and hot (or cold), dry weather can often slow decomposition at the soil surface, which reduces the release of B to crops. Dry weather also reduces root activity … another cause of temporary B deficiency that can disappear as soils receive rainfall. Coarse-textured soils are typically low in minerals that contain B and are susceptible to B leaching.Symptom Description — Boron is immobile in the plant and deficiency symptoms appear as abnormal growth on the youngest leaves and growing points with apical growing points eventually becoming stunted and dead. Some crop-specific B deficiency symptoms include: crooked stem in celery, hollow heart in peanut, corky core in apple, rosetting (terminal bud dieback) in alfalfa and cotton, and heart rot in sugar beet
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B deficiency

Credits: IPNI Crop Nutrient Deficiency Image Collection

Soybean

Maize
Cauliflower

Peanut
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Field diagnosis

Credit: IPNI Crop Nutrient Deficiency Image Collection
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Field diagnosis

Credit: Gene McAvoy
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Field diagnosis

Credit: Gene McAvoy
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Tissue sampling for nutrient deficiency

Bryson, G.M., and H.A. Mills. 2014. Plant Analysis Handbook IV. Micro-Macro Publishing, 
Athens, GA.
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Preventing nutrient deficiency:
It’s all about the soil!
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First line of defense: Soil sampling
• Soil sample within 

management zones
• Sample in a W pattern
• Sample to rooting 

depth
• Variable fields need 

more samples
• Sample in early spring
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Soil sampling equipment
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The Master Variable: soil pH
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Soil test reports
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Soil test reports: 
Extractants,

commercial vs. public labs

P K Mg Ca soil pH buffer pH S B Zn Mn Fe Cu OM ENR CEC Base saturation (%)
Lab & Extr. lbs/ac lbs/ac lbs/ac lbs/ac lbs/ac lbs/ac lbs/ac lbs/ac lbs/ac lbs/ac % lbs/ac meq/100g K Mg Ca H

Waters (M1) 117 91 68 453 5.7 7.7 22 0.3 5.9 15 25 2.3 0.82 16 3.9 3 7.2 28.8 61
UGA (M1) 117 96 58 359 5.5 - - - 6 14 - - - - - - - - -

Waypoint (M3) 424 94 72 444 6.2 7.91 18 0.4 10 80 2016 4.4 1.6 76 1.8 6.7 16.7 61.7 11.1
UFL (M3) 188 100 60 390 5.9 7.63 - - - - - - 1.09 - - - - - -
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Soil test ecommendations:
commercial vs. public labs

Lime Gyspum N P K Mg S B Zn Mn Cu
Lab & Extr. Crop rec. tons/ac tons/ac lbs/ac lbs/ac lbs/ac lbs/ac lbs/ac lbs/ac lbs/ac lbs/ac lbs/ac

Waters (M1) Corn (200 bu/ac) 1.0 - 280 60 230 35 23 1 5 10 -
Waypoint (M3) Corn (200 bu/ac) 0.5 - 183 0 125 17 11 1.5 0 2 0

UGA (M1) Corn (200 bu/ac) 1.25 - 240 0 140 - 10 0 0 0 -
UFL (M3) Corn (200 bu/ac) 0.8 - 210 0 70 20 15-20 - - - -

Waters (M1) Cotton (2 bales/ac) 1 - 90 40 120 25 18 0.7 - 10 -
Waypoint (M3) Cotton (2 bales/ac) 0.5 - 100 0 104 17 11 1.5 0 2 0

UGA (M1) Cotton (2 bales/ac) 0.5 - 60 0 60 - 10 0.5 0 0 -
UFL (M3) Cotton (2 bales/ac) 0.5 - 60 0 70 20 - - - - -

Waters (M1) Peanut (2 tons/ac) 1 0.5 20 40 80 15 8 0.7 - 5 -
Waypoint (M3) Peanut (2 tons/ac) 0.5 0.5 0 0 97 17 16 1 0 0 0

UGA (M1) Peanut (2 tons/ac) 0.5-1.25 - 0 0 0 - 0 0.5 - 0 -
UFL (M3) Peanut (2 tons/ac) 0 0.4 0 0 40 20 - 0.5 - - -

Commercial labs tend to have higher recommendations 
than public labs

http://ifas.ufl.edu/
http://ifas.ufl.edu/


9% 12%

68%

9%
3%

What nutrient deficiency is this?

A. Nitrogen
B. Phosphorus
C. Potassium
D. Calcium
E. Boron

Eggplant

Cucumber

Lettuce
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What nutrient deficiency is this?

A. Nitrogen
B. Phosphorus
C. Potassium
D. Calcium
E. Boron

Maize

Beet

Sweet potato
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Questions?

@TheDirtDude
www.GatorDirt.com
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