BOTANY, PLANT PHYSIOLOGY, AND PLANT GROWTH
Lesson 10: SOILS

Determining Soil Texture Exercise — Jar Test

Introduction: As we have learned, soils can be classified based on several important physical
and chemical characteristics that impact the quality of a soil as a growing medium for plants
including color, texture, structure, organic matter content, pH (acidic, neutral, or alkaline), and
fertility (nutrient content). Two important and foundational physical characteristics of a soil are
soil texture (the proportions of the different sized particles that make up a soil — sand, silt, and
clay) and soil structure (how the soil particles are bound together to form larger aggregates).
Good soil structure is dependent on the presence of organic matter (from plants and animals)
in various stages of decomposition. Soil texture refers to the size of the particles that make up
the soil and soil structure refers to how those particles are bound together to form larger
aggregates.

Soil textures are often referred to as being sandy (or course textured; soils having a high
percentage of sand), loamy (or medium textured; soils with nearly equal parts of sand, silt and
clay particles), or clay (or fine textured; soils containing a high percentage of clay). Soil
structure is typically classified as good or poor based on the presence of stable aggregations of
the individual soil particles into aggregates or clods (also called peds). Soil texture and
structure are factors that influence the movement or air and water into and within soils with
course-textured soils, and soils with good structure, tending to promote good drainage and
aeration; the opposite is true for fine-textured soils and soils with poor structure including
compacted soils.

It is important to remember that soil texture is a given based on the proportion of the soil
particle sizes and cannot be changed without replacing a majority of the soil with a soil that has
a different texture while soil structure can be changed and improved or damaged by how it is
managed (organic matter content and cultivation practices).

Specific to soil texture, there are twelve (12) primary soil texture classes and the texture of a
soil can be determined by measuring the proportions of these particle sizes in a soil sample and
using the Soil Texture Triangle (Figure 1) to determine the soil texture class for the soil based on
those proportions. Examples are provided in Figures 2 and 3 (see below).

Jar Test Exercise — The Jar Test, in combination with the Soil Texture Triangle, is a simple and
easy way to determine the texture of a soil sample.

Materials Needed: A straight-sided, clear, glass jar with a tight-fitting lid, soil samples,
newspaper, water, powdered dishwashing detergent, a permanent marker, a ruler, paper and
pencil for notes, and a watch or stop watch.



Procedure:

1.

10.

11.

12.

Working in pairs, initiate a jar test to determine the soil texture classification for one the soil
samples provided. Other groups will perform a jar test for the other soil samples provided
and everyone will share their results when the experiment is completed. Remember that it
takes a long time for the clay particles to settle so it will take several days before the results
can be observed and the percentages of sand, silt, and clay can be calculated. One you have
calculated these values, use the Soil Texture Triangle to determine the soil texture
classifications of the soil samples studied. Be careful not to disturb the sediment layers
while collecting your measurements and sharing your results with others.

Begin by spreading the soil sample on a newspaper, breaking up the large clumps, and
removing all rocks, trash, root pieces, and other non-soil debris.

Fill the jar 1/4 to 1/3 full of soil.

Add water until the jar is about 3/4 full, leaving some room (head space) at the top.
Add a teaspoon of powdered, non-foaming dishwasher detergent as a surfactant.

Put on a tight-fitting lid and shake the jar for 10 to 15 minutes to break up the soil
aggregates and separates the soil into its individual mineral particles (sand, silt and clay
particles).

Place the jar in a location where it will not be disturbed for 2-3 days.

After shaking the jar, the soil particles will settle out based on size with the larger, heavier
particles (sand particles) settling out first and the smaller particles (silt and clay particles)
settling out later. One (1) minute after shaking the jar, use the permanent marker to mark
the height of the settled sand layer on the side of the jar. Be careful not to disturb the
sediment layer when marking the jar.

Two (2) hours after shaking the jar, mark the height of the settled silt layer on the side of
the jar. Again, be careful not to disturb the sediment layers when marking the jar.

When the water clears, mark the height of the settled clay layer on the side of the jar. Once
again, be careful not to disturb the sediment layers when marking the jar. It typically takes
1 to 3 days for the water to clear, but with some soils it may take weeks.

Alternatively, the soil particles can simply be allowed to settle until the water is clear before
measuring the thickness/heights of the sand, silt, and clay layers. Once again, this will take
days to weeks.

Using the ruler, measure the thickness of the three sediment layers — the sand, silt, and clay
layers — and the total thickness of the settled soil using a standard unit of measurement
(inches, centimeters, or millimeters).



13.

14.

15.

a. Thickness/height of the sand layer (bottom layer)
b. Thickness/height of the silt layer (middle layer)
c. Thickness/height of the clay layer (top layer)

d. Total thickness/height of the settled soil (all three layers)

Calculate the percentages of sand, silt, and clay as follows:
[thickness/height of the sand layer] + [total height of the settled soil] x 100 = % sand
[thickness/height of the silt layer] + [total height of the settled soil] x 100 = % silt

[thickness/height of the clay layer] + [total height of the settled soil] x 100 = % clay
% sand = % silt = % clay =

Using the soil texture triangle (Figure 1 below), determine the soil texture class based on
the percentages of sand, silt, and clay.

Figures 2 and three below are examples of how the Soil Texture Triangle is used to
determine the soil texture classification of a soil based on the percentages of sand, silt, and
clay in the soil and Figures 4a through 4d below show how Jar Test data works in
conjunction with the Soil Texture Triangle to determine the texture classification of a soil.
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Figure 1. Soil Texture Triangle; the Soil Texture Triangle delineates the 12 primary soil texture
classifications based on the percentage of sand, silt, and clay particles in a soil.
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Figure 2. A soil composed of 35% sand, 45% silt, and 20% clay falls within the loam soil texture
classification as indicated by the intersection of the arrows representing these percentages on
the Soil Texture Triangle; loam soils are generally considered to be the ideal soil texture for
plant growth.
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Figure 3. A soil composed of 10% sand, 70% silt, and 20% clay falls within the silt loam soil
texture classification as indicated by the intersection of the arrows representing these
percentages on the Soil Texture Triangle.



Figure 4a. An example of using the Jar Test to determine the proportions (percentages) of
sand, silt, and clay in a soil sample; a representative sample of a soil was placed in the jar, water
and dishwashing detergent (a surfactant) were added, and the jar was shaken fir several
minutes to break the soil into individual particles; in this picture, one (1) minute has passed
since shaking the jar and the larger, heavier, sand particles have settled in a layer at the bottom
of the jar.
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Figure 4b. An example of using the Jar Test to determine the proportions (percentages) of
sand, silt, and clay in a soil sample; two (2) hours after the jar was shaken, the medium-sized,
silt particles have settled in a second layer on top of the layer of sand particles at the bottom of
the jar; the water remains cloudy because the smallest, clay particles have not yet settled which
will take some time (several days to weeks).
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Figure 4c. An example of using the Jar Test to determine the proportions (percentages) of
sand, silt, and clay in a soil sample; several days have passed since the jar was shaken and the
clay particles have now settled in a third layer on top of the sand and silt layers and the water is
now clear; by measuring the thickness of each layer (in inches, centimeters, or millimeters), and
dividing the thickness of each layer by the total height of the settled soil particles, the
percentages of sand, silt, and clay in the soil sample can now be calculated.
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Figure 4d. An example of using the Jar Test to determine the proportions (percentages) of
sand, silt, and clay in a soil sample; for this example, based on the thickness of the sand (35
millimeters), silt (20 millimeters), and clay (5 millimeters) layers as a percentage of the soil
sample (60 millimeters), the proportions of sand, silt, and clay were 58.3%, 33.3%, and 8.3%,
respectively; using the Soil Texture Triangle, the soil would be classified as a sandy loam based
on these percentages.
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Soil Texture Triangle Soil Texture Classification Exercise

<— Sand (%)

% Sand % Silt % Clay Soil Texture Classification
50 20 30 Sandy Clay Loam
35 45 20
30 55 15
15 35 50
50 10 40
60 30 10
5 50 45
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Soil Texture Triangle Soil Texture Classification Exercise (Answers)
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% Sand % Silt % Clay Soil Texture Classification
50 20 30 Sandy Clay Loam
35 45 20 Loam
30 55 15 Silt Loam
15 35 50 Clay
50 10 40 Sandy Clay
60 30 10 Sandy Loam
5 50 45 Silty Clay
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