
Soil Testing

• In order to achieve the best possible soil for growing 
dahlias it is a good idea to have your soil tested. 

• The soil test will provide you with:
▫ A description of your soil (mineral or organic)

▫ Organic Matter (%)

▫ Soil pH

▫ Soil nutrient levels (Phosphorus, Potassium, Magnesium, 
Calcium)

▫ CEC (Cation Exchange Capacity)

▫ % Exchangeable Bases (Potassium, Magnesium and Calcium)

▫ Tests for micronutrients are usually extra

• With a soil analysis in hand you can make the necessary 
changes to achieve the ‘ideal’ soil for growing dahlias.   
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Soil Structure

• Soils consist of 
1)  minerals  

2)  humus (soil organic mater) 

3)  air (oxygen) 

4)  water 

5)  microorganism (bacteria and fungi)



Soil Structure: 1) Soil Minerals
• The texture of topsoil depends on the size of its 

particles

• The minerals in soil consist of primarily 
▫ sand, silt and clay

▫  differentiated by particle size

 sand being the largest and clay the smallest (microscopic)  

• The mineral component of soils is responsible for 

attracting and holding nutrients (more about this later)

• Soils are a mixture of all three mineral components and 
all are essential for normal plant growth. 

Sand ~12 particles/inch

Silt ~ 500 particles/inch

Clay ~ 12,500 particles/inch
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Importance of Soil Texture
• Soil texture affected by the % sand, silt and clay 

▫ affects the ability of soils to hold nutrients against the 
gravitational pull of water moving through the soil (see CEC 
section below),  

• Soil texture also affects soil tilth 

▫ soil drainage 

▫ soil moisture 

▫ air movement in the soil 

▫ root penetration  

▫ microbial activity  

• Thus a good balance of sand, silt and clay will not only 
improve nutrient availability, 
▫ but also provide good drainage, 

▫ good soil moisture,  

▫ a soil that is easy to cultivate, 

▫ one that has good air movement and 

▫ one that allows good root penetration



Importance of Soil Texture
• Sandy soils (well aerated due to large pore size)

▫ Well aerated benefits:

 Allow air and water to move rapidly

 Favorable for growth of plant roots, because they 
require oxygen for cellular respiration

▫ Well aerated drawbacks

  rapid percolation of water through 

    sandy soils reduces the amount of 

    water available to the roots and

  leaches minerals from the soil
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Importance of Soil Texture

• Soils higher in silt and clay (less porous)

▫ Benefits of being less porous

 Silt and clay particles fit closely together so water 

percolates less easily so more  nutrients and water 
are retained

▫ Drawbacks of less porous soils 

  water retention and 

 low oxygen availability



Soil Structure: 2) Soil Organic matter
• Soil organic matter (SOM) 

▫ consists of plant and animal residues at various stages 
of decomposition 

▫ living organisms (earthworms, nematodes, arthropods, 
microbes and the substances they produce, fungi and  
mycorrhizal fungi 

▫ Humus 

 (the end product from the final stages of decomposition, that is 
resistant to further decomposition

 It is what gives soil its dark brown color
 Generally the darker the soil the more humus there is



• SOM plays a vital role in soil health, structure 
(tilth) and fertility.

• Soil Structure and tilth

▫ SOM prevents clay from packing together and 

builds a crumbly soil that retains water but is still 
porous enough for the adequate aeration of roots.

▫ Reduction in soil compaction- 

 OM is spongy in nature and provides resilience

▫ Increases root penetration- 

 OM keeps soil loose and airy



• SOM is important in storing and retaining 
nutrients

▫ SOM is reservoir for soil nitrogen, phosphorus, 
calcium, magnesium, sulfur, and more (about 2.5% 
by weight of leaves are minerals)

▫ SOM Increases soils ability to hold nutrients 

 Humus has a Cation Exchange Capacity (CEC) ~50x 
that of clay and holds and greatly improves soils ability 
to retain minerals and prevents them from leaching 

from the soil

▫ Improved water relations- SOM holds 10x more 
water than mineral soil
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Increasing SOM 

• Addition of organic material

▫ shredded leaves, grass clippings, plant material

• Addition of high quality compost (organic 
material at various stages of decomposition)

▫ This will also contain microorganisms (bacteria 
and fungi) necessary to decompose the organic 
material and covert it to organic matter and 
humus and release the nutrients stored in the 
leaves (mineralization)

• Regular additions of SOM are necessary since it 
is continually being broken down (consumed by 
soil biota)
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Soils are Categorized as:

• Mineral

▫ Organic content less than 20-35%

• Organic

▫ Organic component is greater than 20-35%
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Modifying Soil Structure (physical nature)

• Improving soil structure

▫ Add organic matter

▫ Encourage earthworms

▫ Adding mulch/compost (with soil biota)

• Destroying soil structure

▫ Cultivating the soil when it is too wet or dry

▫ Compacting soil (walking, using heavy equipment)

▫ Minimize tilling (disturbing biota)
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Soil Structure: 3) Air
• Air (oxygen) is vital for cellular respiration and 

the growth of plant roots

• Well aerated soils have spaces or pores that fill 
with air
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Soil Structure: 4) Water

• Essential for several reasons
▫ As a nutrient (source of most hydrogens and 

some oxygens in plant organic compounds)
▫ Solvent for other mineral nutrients which allows 

plants to adsorb nutrients
▫ Main transport medium in plants

• Typically 90% of weight of living plants
• All plants require an adequate supply for active 

metabolism and growth



Soil Structure: 5) Microorganisms  

• A teaspoon of soil has about 5 billion bacteria that 
cohabit with various fungi, algae and other protists, 
insects, earthworms, nematodes, and the roots of plants.

• The activities of these organisms affect the physical and 
chemical properties of the soil.
▫ For example, earthworms aerate soil by their 

burrowing and add mucus that holds fine particles 
together (aggregates)

▫ Bacterial metabolism alters mineral composition of 
soil (mineralization)

▫ Plant roots extract water and minerals but also affect 
soil pH and reinforce the soil against erosion.

• In the past soil tests do not measure your soils 
biota (but tests are now available)  



Microorgamisms--Biological sources of plant 

nutrients

• Mycorhizzal (fungus-roots) associations
▫ About 90% of seed plants have fungal symbiotic 

associations
▫ Fungi either penetrate the root tissues or envelop 

root surfaces
▫ Fungi obtain organic food from plant while fungi 

supplies water and mineral nutrients
▫ Very efficient way to harvest water and minerals 

(especially phosphorus) from a larger volume of 
soil
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Importance of myccorhizal fungi in 

plants ability to acquire phosphate

• Low levels of phosphorus limits plant growth
• Phosphorus may be abundant in soil but 

unavailable to plants

• Fungal symbiotic associations, highly 
branched roots, more or longer root hairs, and 
secretion of protons and organic acids can help 
acquire more phosphorus
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Mycorrhizal fungi extend the nutrient extraction zone in the soil

Plat root



• Abiotic factors that affect the activity of mycorrhizal 
fungi

▫  soil fertility, temperature, pH, soil moisture 
and aeration, soil type, salinity, plant 
readiness for infection, soil organic matter

• Factors negatively affect mycorrhizal fungi

▫ Soil disturbance such as tilling has a negative effect on 
fungi

▫ Pesticides applied to the foliage of plants generally do not have 
any adverse effects on mycorrhizae formation or function. 

▫ Some fungicides applied to soil do inhibit mycorrhizae; soil 
fumigants can kill mycorrhizal fungi.
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Plant nutrients

• Two types:
▫ Macronutrients –

 Needed in larger quantities 
▫ Micronutrients –

 Only trace amounts needed 

• When plants lack essential nutrients they display 
deficiency symptoms
▫ Failure to reproduce, tissue death, and changes in 

leaf color
▫ Chlorosis – yellowing of leaves



• Macronutrients

• Nine essential nutrients required in large 
amounts 

• carbon, oxygen, hydrogen, nitrogen, 
potassium, calcium, magnesium, phosphorus, 
sulfur



Micronutrients—minor elements
• These are only ‘minor’ in the amounts required 

compared to other minerals

• They must be available and in balance for a 
truly healthy soil



Micronutrient Interactions

▫ Boron-needed so plants can utilize 
calcium; generally should be 3-4 ppm

▫ Copper and zinc- work together; need to be 
in balance 1 part copper to 2 parts zinc

• Not part of a routine soil test, you must request 
it (and of course pay extra for it!)



Plant nutrients Come in Two Forms:

• Positively charged nutrients— cations

▫ potassium (K+) 

▫ calcium (Ca2+)

▫ magnesium (Mg2+)

▫ Sodium (Na+)

• Negatively charged nutrients—anions
▫ nitrate (NO3

-), 

▫ phosphate (H2PO4
-)

▫ sulfate (SO4
2-) 
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• Clay particles have negatively charged sites that attract and hold 
positively charged particles or cations (electric attraction)

• Soil humus has both positive and negative charges, so it can hold on 
to both cations and anions. 

• Cation Exchange Capacity (CEC) is the measure of how 
many negatively-charged sites are available in your soil 
and the ability of your soil to hold and release nutrients

Cation Exchange Capacity in Soils



Mineral Retention in Soil

• Clay in soil and humus prevents the leaching of 
mineral nutrients during heavy rain or irrigation 
because of the large surface area of negative 
charges for binding minerals.

• Cation exchange capacity (CEC) is a 
fundamental soil property used to predict plant 
nutrient availability and retention in the soil. 
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How do plants take up nutrients
• Positively charged mineral ions are made available to the 

plant when hydrogen ions in the soil displace the mineral 

ions from the clay/humus particles.
▫ This process, called cation exchange, is stimulated by the roots 

which secrete H+ and compounds (CO2) that form acids in the 
soil solution with the release of H+

video

video

file:///D:/activity/activity.htm


Adjusting Soil pH

• Soil pH affects cation exchange and the 
chemical form of minerals

• Cations are more available in slightly 
acidic soil, as H+ ions displace mineral cations 
from clay particles
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Example of current basic soil test from MSU



Example of older basic soil test from 

MSU
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More complete

soil test—

with addition 

of minor elements

and complete
base saturation
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Ideal Dahlia Soil
• Sandy loam

▫ 50-60% sand 

▫ 0-10% silt 

▫ 10-25% clay 

▫ 6-20% organic matter.

▫ Increasing one at the expense of the other will reduce the 

productivity of the soil. 

•  Loamy soils have enough fine particles to provide a large 
surface area for retaining minerals and water, which adhere to 
the particles.

• Loams also have enough course particles to provide air spaces 

that supply oxygen to the root for cellular respiration.

• The proper mixture of these 3 mineral components (sand, silt, 
and clay) will assure good nutrient holding capacity and 
provide good water drainage and aeration.  

File:SoilTexture USDA.png

file:/upload.wikimedia.org/wikipedia/commons/8/80/SoilTexture_USDA.png


1) Description of soil 



Soil Description

• Some soil tests will give you a breakdown of the 
% clay slit and sand.
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Dahlia members soil types

• Wilson   Sandy loam 

• Dave       Sandy loam

• Don        Mineral loamy sand

• Keith      Sandy loam

• Fred       Mineral

• Sherree  Mineral

• Melissa  Mineral

• Jeff         Mineral (loam)
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2) Description of soil organic matter



Soil Organic matter

• What is being measured is the % humus in soil

• Organic poor soils have less than 1% organic 
matter

• Organic rich soils have more than 8% organic 
matter

• Optimal growth generally requires near 8% 
because organic matter helps soils hold more 
water and ions

• For dahlias recommendation is 8-16%
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Dahlia members soil organic matter
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Recommendations for improving 

organic matter in soil related to CEC 

(ability of soil to hold nutrients)

Reflection of humus

in soil resulting from 

decomposition of 

organic material by 

soil microorganisms



Dahlia members soil organic matter
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Relationship between CEC and 

% organic matter from 2002-2023 in my 

dahlia garden 
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How to increase humus in your soil

• By adding organic matter and having healthy 
soil microorganism that can break it down

• Add other soils that contain high amounts of 

humus

• Add commercial soil conditioners 
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Soil Testing

• A soil test will provide you with:
1.  A description of your soil

2.  Organic Matter (%)

3.  Soil pH

4.  CEC (Cation Exchange Capacity)

5. % Exchangeable Bases (Potassium, 
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3.  Soil pH (potential hydrogen)



Soil Acidity and Alkalinity (pH)

• The ideal pH for dahlias is between 6.4 and 6.8 
or slightly acidic.  

• You can adjust the pH of your soil with the 
addition of lime (to increase the pH) or sulfur (to 
decrease the pH).  Your soil report will generally 
provide a recommendation.   
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Soil Acidity and Alkalinity (pH)

• The pH of your soil is critical because it affects nutrient 
availability.

• The effect of soil pH is great on the solubility of minerals or 
nutrients.

▫ Before a nutrient can be used by plants it must be dissolved in the 
soil solution.

▫ Most minerals and nutrients are more soluble or 
available in acid soils than in neutral or slightly alkaline soils. 

 Phosphorus is never readily soluble in the soil but is most available in 
soil with a pH range centered around 6.5.  

▫ Soil pH can also influence plant growth by its effect on activity of 
beneficial microorganisms.  

 In strongly acidic soils, bacteria are unable to decompose soil organic 
matter, limiting the release available nutrients, particularly nitrogen, 
which are held in  the organic matter



Optimum plant nutrient uptake varies with pH
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▫ At higher pH 

values (> 7.0) the 

availability of 

phosphorus, 

boron, copper, 

iron and 

manganese and 

zinc decreases.  

▫ For more acidic 

soils (<6.4) the 

availability of 

nitrogen, 

phosphorus 

potassium, 

sulfur, calcium 

and magnesium 

decreases. 



Dahlia members soil pH
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Ideal range



Soil Testing
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4.  CEC-Cation Exchange Capacity



4.  Cation Exchange Capacity (CEC)

• The Exchange Capacity of your soil is a measure of 
its ability to hold and release various plant nutrients

• The positively charged nutrients that we are mainly 
concerned with are 
▫ Calcium (Ca++)
▫ Magnesium Mg++)

▫ Potassium (K+)

▫ Sodium (Na +)

• These are all alkaline cations, also called basic 
cations or bases



Cation Exchange Capacity (CEC)

• Soils high in clay and organic matter (heavier soils) 
have the highest cation exchange capacities 

• while sandy soils (lighter soils) with little organic 

matter have the lowest capacities (CEC)

• CEC values will range from a low of 5 to a high of 

40.

• Values between 12 and 25 are generally 
considered good

  



Cation Exchange Capacity (CEC)

• The CEC of your soil will determine the 
frequency of application of  nutrients.  

▫ If your soils is predominately sandy you will need 
to fertilize in smaller increments and more 
frequently (time release best)  

▫ However if you have a soil with a high CEC (Clay 
and OM) you will need to fertilize less frequently 
and in larger amounts.  



CEC of dahlia members soil
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Soil Testing
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5) Base Saturation—Ideal soil

• The percentage of the CEC that a particular cation 
occupies on a soil particle is also known as the base 

saturation percentage (% of Exchangeable Bases on 

MSU Soil Report)

• The ideal soil's CEC is saturated to about

▫ 60-80% (65%) Calcium 

▫ 11-20% (15%) Magnesium

▫ 1-4% (4%) Potassium 

▫ 1-5% Sodium

▫ ~ 5% other bases

▫ ~ 8% hydrogen



5.  Base Saturation



Ideal base saturation (100%)
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Mg-magnesium

   15%
(11-20%)

K- potassium                 

4% (1-4%)

Copper, zinc, iron,

 manganese- 5%

Na-sodium 3%

H- exchangeable hydrogen 8%

Clay or Humus particle

When ideal is met soil will

pH will automatically stabilize 

at or around 6.4  



Base Saturation—Ideal soil
• Your soil test will report the parts per million (ppm) and percent bases 

(%) for first three on this list- calcium, magnesium and potassium.  
• Ideally your values should fall within these ranges, if not you can adjust 

your fertilization program to bring the soil back to the ideal range.

• If one of these elements falls above or below the desired range, the 
plants will be unable to take up that element resulting in a deficiency. 
• Ie. If calcium fell below the ideal range the uptake of calcium would be 

reduced
• Ie. If the potassium level increased 10% then the uptake of calcium and 

magnesium could be reduced.  

• This deficiency will express itself as slower growth or chlorosis (yellow 
leaves or yellow regions between leaf veins). 

• Without knowing the levels of these nutrients (soil test) indiscriminate 
application of these minerals could lead to a nutrient imbalance



Base Saturation:

Dahlia Members Soil
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Wilson Keith Pam Sherree Jim

Recomme

nded

Calcium 73% 65% 76% 78.4 63.8 60-70%

Magnesium 13% 14% 17% 15.0 21.3 11-20%

Potassium 2% 3% 3% 2.2 10.1 1-4%

Sodium 0.7% 0.90% 0.47% .64 1.2 0.5-3%

other bases 5.2% 4.2% 4 3.6 5%

Hydrogen 6% 12% 0 0 0 8%



Soil Testing
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6.  Soil nutrient levels

 Phosphorus, potassium, magnesium
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• Phosphorus (P)

▫ Very important in the formation of flowers and 
fruits

▫ Aids in withstanding stress

▫ Builds up in soil

• Potassium (K)

▫ Growth of supportive parts of plants such as stalks 
and stems and tubers; fights disease

▫ Builds up in soil

• Magnesium (Mg)

▫ Essential for formation of chlorophyll in plants; 
responsible for green color
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Dahlia members soils
• Generally levels all WAY above optimum levels!!

▫ Phosphorus – 8-20 ppm

▫ Magnesium – 27-70 ppm

▫ Potassium – 38-80 ppm
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• The main symptom of excessive phosphorus in soil is 
stunted plant growth. 

• High P interferes with N absorption. 

• Also there may be symptoms of deficiencies of zinc, iron, 

cobalt or calcium, because the P has locked up these 
nutrients.
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Minor Elements—optional test 

(recommended)
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Minor 

Element Wilson Keith Bob Pam Sherree Jim

Recomme
nded 
range 
(p.p.m.)

Aluminum 187 548 335 143 251 <1000

Boron 1.09 1.2 0.08 0.67 1.32 1.68 0.5-2.0

Copper 2.68 4.9 0.03 1.05 5.11 1.53 1.6-3.0

Iron 201 66 2.13 1.69 177 266 >50

Manganese 26 32 3.64 57 32 32 15-30

Zinc 57.25 44.5 .03 6.37 14.2 20.9 3.1-6.0



MSU soil test recommendations
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Fertilizing Recommendations for Dahlias

• Assuming pH, phosphorus, potassium, calcium, 
magnesium, and minor elements are in the 

optimum range:

▫ Use a fertilizer that maintains a ratio of 3-1-4 
(NPK)

▫ a fertilizer with a NPK ratio of 18-6-12/1000 sq. ft.

   is recommended for dahlias

▫ This will provide the high N and K requirements 
of dahlias and keep P from building up in soil
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The H3A Soil Extractant Test-

available from Dairy Doo Soil Test

• Examines the biological activity of your soil

• This extract is designed to mimic organic acids 

produced by living plant root systems. 

• These organic acids increase nutrient availability 
in the root zone. 
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• The Soil Health Calculation 

▫ uses the CO2 Burst, Organic Carbon, 
Organic Nitrogen, and the C/N ratio to 
generate the soil health number. 

▫ This calculation looks at the balance of soil carbon 
and nitrogen and their relationship to 
microbial activity. 

▫ This number represents the overall health of your 
system. 

▫ Soil values will range from 0 to 25 (my soil was 16) 

 A soil with a value below 7 would be considered low.

 Should keep track of value over time to see how your 
soils biological health is doing 
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Summary Comments
• Should I get a soil test?

▫ If you are unable to grow dahlias at the quality you 

want it is possible that some aspect of your soil 
chemistry is outside of the recommended levels

• If you are satisfied with your dahlia plants, a soil test will 
allow you to see where you stand and/or ways to 
improve your soil

• Remember, based on comparisons to several dahlia 
growers plots, there is room for some variation—don’t 

panic if your pH seems to high

• A H3A Soil Extractant Test is important to see how your 
biological activity doing

• If you decide to have your soil tested, I hope this talk will 
help you in evaluating your results
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Good Soil Results in Great Dahlias
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