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Soil Test Interpretation & Soil Management:
A Guide for Community Gardeners
Why Test Garden Soil?
High-quality, fertile soil is the foundation for a healthy and productive garden. Testing your garden soil every 2-3 years
can help you achieve several important goals:
1. Crop health and productivity: A soil test will tell you if soil pH and nutrient levels are ideal for crop
growth. If they are not, the test provides guidance on the type and amount of soil amendments to
apply for good yields. Soil testing can also help you monitor soil organic matter (SOM), which
influences soil quality. This helps you know if your practices are adequate to maintain SOM, or if you
need to increase your organic matter additions (e.g., by planting cover crops more frequently).
2. Environmental stewardship: Soil testing can also detect excessive nutrient levels. This is common in
community gardens (especially raised-bed gardens), since gardeners often use lots of compost in small
areas.1 Excess nutrients (especially phosphorous) can cause nutrient imbalances for crops, stimulate
weed growth, and pollute waterways through runoff or leaching (when nutrients dissolve into soil
water, then drain below into aquifers). If your soil test reveals excessive amounts of nutrients, you can
adjust your fertilization practices to allow these levels to come down as the excess is used by crops.
3. Cost savings: Soil testing will help you make good decisions about what soil amendments are needed
to promote healthy crops, and which are not. This can help you save money by avoiding the purchase
of fertilizers or other amendment that will not improve crop yield.

Key Indicators of Soil Health and your NCDA & CS Report
Below (Fig. 1) is an example soil test result from the NC Department of Agriculture and Consumer Services, with key
indicators of soil health highlighted.
1. pH (measure of soil acidity)

2. Soil organic matter
(partially captured in 'humic
matter' measurement)

3. Nutrient levels
(phosphorous & potassium)

4. Cation Exchange Capacity
(soil's ability to hold nutrients)

Read on to learn more about each highlighted test: what it measures, why this is important for your garden, and how to
use the test results to make good soil management decisions for next year.
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1. pH (Measure of Acidity/ Alkalinity)
pH measures how acidic or alkaline (basic) the soil is. This
affects root growth, development of nodules on legumes,
and nutrient availability.
On a 0 - 14 scale, 7 is neutral. Numbers below 7 indicate an
acid soil; numbers above 7 indicate an alkaline soil.
Most nutrients have optimum availability to plants
between a pH of 6.2 - 6.7 (Fig. 2, at right).2 At more acidic or
more basic pH, plants may suffer nutrient deficiencies due to
low availability.
On your soil test report:

Fig. 2. Nutrient availability as affected by soil pH (wider bands
indicate greater availability). Diagram: Reference #2.

Soil pH is shown at the top left. A horizontal bar indicates
where your pH falls in relation to the optimum pH range of 6.2 – 6.7.
Managing soil pH:

 If your soil pH is between 6.2 - 6.7 (in the ‘optimum pH range’), great! You do not need to change the pH.
 If your soil pH is too low (the soil is too acidic), incorporate lime to neutralize acidity and raise the pH.3
1. Calculate the amount of lime to apply based on the size of your garden bed: The lime recommendation
(above and to the right of the pH result) gives the recommended rate. Do NOT apply more, as this can raise
pH too high and result in deficiencies of iron, manganese, and other micronutrients.
Example calculation: if 30 lb/1000 square feet is recommended and your bed is 12’ x 4’ (48 square feet):

2. Choose a lime product: There are two types of lime used in agriculture: ‘Agricultural’ or ‘garden’ lime is
made from calcium carbonate. ‘Dolomitic’ lime is made from calcium and magnesium carbonate. Both
types supply calcium; dolomitic lime also supplies magnesium. Either way, choose a finely ground lime. This
will neutralize soil acidity more quickly.
3. Incorporate lime several months before a new planting: This allows time for it to react with the soil and
adjust the pH. Spread the lime evenly and incorporate to a depth of 4 to 8 inches with a rototiller, spade, or
garden rake.
 If your soil pH is too high (the soil is too basic): This problem is difficult to correct on a long-term basis. The best
solution may be to choose plants that can tolerate a high pH. Vegetables that grow well in soils with a pH between 7
and 8 include: asparagus, beets, cabbage, cauliflower, celery, carrots, lettuce, parsley and spinach.4
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2. Organic Matter
Soil organic matter (SOM) is the key to high-quality soil. SOM refers to material in the soil that came from living things,
such as cover crop plants, composted leaves and vegetable scraps, manure, and exudates from living roots and microbes
(these are sticky carbohydrates and proteins ‘oozed’ into the soil). SOM serves the following functions in soil: 5,6


Improves soil structure by promoting aggregation (sticking soil
particles together in crumbs; Fig. 3), thus increasing porosity,
ease of root growth, aeration, drainage, and water storage;



Increases soil water-holding capacity, which helps sustain plants
through dry spells;



Provides a slow-release source of nutrients for crops;



Feeds beneficial soil microbes that release nutrients from
organic material for plants to use.

Fig. 3. Well-aggregated soil (left) compared to a soil where
aggregates have broken down (right). SOM promotes
aggregation, because sticky substances are produced as SOM
decomposes. These ‘glues’ bind soil particles into irregularlyshaped clumps that fit together loosely. Diagram: Reference #6.

A high SOM level (at least 4%)5 helps
ensure soil quality, water-holding capacity, and fertility. SOM is related to soil fertility because
most Nitrogen (N) is stored in SOM. N is the nutrient plants need in the largest amounts. It is
crucial for crop productivity because N is part of proteins and chlorophyll, which allows plants to
absorb energy from the sun (Fig. 4, at left).

Fig. 4. Diagram of
chlorophyll showing
N in its structure.

There is no reliable soil test to determine how much N is available for plants, since N in the soil
changes forms quickly. However, SOM levels provide some idea of how much N could be
released by microbes for crops to use (20-60 lbs N/acre for each 1% SOM).7 Recently added
organic matter (e.g., fresh legume cover crop residues) will release the most N.

On your soil test report:
Unfortunately, NCDA & CS soil tests do not report total SOM or any measure of recently added, biologically-active SOM
(which is most important for feeding soil microbes and supplying N to crops).8 SOM is partially captured in the ‘HM%’
(percent humic matter) measurement, found on the bottom left panel (the first result under “Additional Test Results.”)
Percent HM represents the SOM that is soluble in a dilute alkaline solution. Since HM makes up different proportions of
total SOM in different soils, it is not possible to calculate total SOM from %HM. However, any %HM measurement
below 1% is considered low, and that soil likely has low total SOM as well.9
Managing soil organic matter:
In all soils, building SOM is essential for maintaining soil quality, soil fertility, and crop productivity for the long term.
Regular additions of organic materials are particularly important if your %HM is low, and on sandy and raised-bed soils.
Sandy soils have little clay to stick to SOM and protect it from being broken down, so SOM must be replaced frequently.
Here are some tips for building SOM in garden soils:


Add organic matter regularly with cover crops and composts, AS APPROPRIATE TO THE NUTRIENT STATUS OF
YOUR SOIL. (See #3: Nutrient levels, below, for more advice.)


Growing cover crops and returning residues to the soil will increase SOM over time. The best cover crops
for producing large amounts of plant material and increasing SOM are over-wintering grass/legume
mixtures, such as rye & crimson clover, or rye & hairy vetch (Fig. 5).10,11 For information on planting and
managing cover crops, see the resources on Cover Crops at: http://tinyurl.com/FCGHealthySoil.
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Winter rye
(Grass)

Crimson clover
(legume)

Hairy vetch
(legume)

Fig. 5. Over-wintering cover crops with high potential for building SOM. Drawings by Marianne Sarrantonio, in Managing Cover Crops
Profitably (3rd edition), SARE Outreach, USDA. http://www.sare.org/Learning-Center/Books/Managing-Cover-Crops-Profitably-3rd-Edition.
Used with permission.





Composts can also increase SOM. Compost made from plant materials – e.g., leaves, yard waste – can be
used regularly. These composts have modest nutrient contents that are usually matched to crop nutrient
needs.12 In contrast, composts made from animal manures and mushroom compost have high P contents,
and should ONLY be used if soil P levels are below optimum or at the low end of the optimal range.

To preserve existing organic matter, minimize tillage (digging and mixing the soil). Tillage
exposes SOM to air and causes it to break down quickly. It also destroys soil structure and
harms soil organisms. To reduce tillage, cut cover crops at the base, and leave the plants on
the soil as mulch. If you are transplanting, you can push apart the mulch to dig holes for your
vegetable transplants. For direct-seeded veggies, till just a small strip where you place the
seeds.

3. Nutrient levels: Phosphorous & Potassium
After Nitrogen, phosphorous (P) and potassium (K) are the nutrients plants need in the next-largest amounts. P is
needed for energy transfer in the plant, root growth, fruit set and development, and disease resistance. Adequate P
also increases nitrogen fixation by legume crops. K is essential for crop quality, as it helps transport sugars and proteins
to harvested portions of the plant (e.g., grain, fruit, tubers). Sufficient K also helps plants take up water.
That said, excessive amounts of these (and other) nutrients can cause problems for crops and the environment. Excess
P, for example, can prevent plants from using zinc properly, resulting in zinc deficiency.13 Over-fertilization with P can
also pollute water due to runoff of fertilizer, manure, and/or soil with high P levels. Water pollution with P causes
excessive growth of algae, followed by oxygen deficiencies in the water as decomposers consume oxygen to break down
dying algae. For these reasons, it is important to maintain soil nutrient levels within, but not above, optimum levels.
On your soil test report:
P and K levels are shown at the top right. Both nutrient levels are reported as indicies, in which actual soil-test levels are
converted to a number on a relative scale representing nutrient availability to crops (as determined by field research).
For both P and K, index values from 50 – 70 are optimum. Below these values, crops will benefit from nutrient
additions. Above these values, there is no benefit to adding more of these nutrients. In fact, there is risk for nutrient
imbalances, stimulated weed growth, and environmental pollution.
Horizontal bars indicates where your soil P and K indicies fall, relative to the optimum range of 50 – 70.
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Managing soil nutrients:
 If your soil P or K indicies are below optimum, add the recommended amount of each nutrient, preferably using
organic sources (nutrients in organic form are less likely to be leached compared to soluble, synthetic fertilizers).
Recommended nutrient additions are shown above the horizontal bars representing P and K levels as amounts of ‘NP-K’ synthetic fertilizer. However, you can calculate the recommended amount for each nutrient and apply the
same quantity using organic materials. For details, consult the publication “How to Convert an Inorganic Fertilizer
Recommendation to an Organic One.” 14 N and P contents of different types of composts are outlined in the table
below, as a supplement.
Table 1. N and P contents of composts made from different materials.12,15
Type of compost

%N

%P

Notes

Grass and leaf
Dairy manure

0.04
0.64

0.01
0.13

Used mainly for organic matter & mulch, not nutrients

Horse manure (w/ bedding)

0.44

0.15

Poultry manure (egg farm)

1.10

1.58

Very high P; use sparingly

Mushroom

0.55

6.00

Extremely high P; use sparingly

 If your soil P and K indicies are above optimum, do not apply any amendments containing substantial amounts of
these nutrients until the excess is used by crops (as verified by future soil tests!) This means avoiding manurebased composts, mushroom compost, and commercial fertilizers than contain P and/or K (see Table 2, next page, for
suggested amendments in this situation). It may take several years for soil P and K levels to drop back into the
optimum range. You can continue to add organic matter by growing cover crops (which do not add nutrients, with
the exception of N from legume cover crops) and by using leaf composts (which have very low nutrient contents).
 General suggestions for balanced, sustainable soil fertility management include the following:


Use legume cover crops as your main N source (Fig. 6). Legumes add organic matter and N (the nutrient plants
use in the largest amounts) without adding nutrients that plants use in smaller amounts, and which are often
present in excess in garden soils (e.g., P, K).



If you add compost regularly, use compost made from plant materials (leaves, yard waste). These composts
have modest nutrient contents, so they contribute organic matter without over-loading your soil with nutrients.



Maintain P and K levels in the optimum range with modest amounts of compost (including manure-based
compost) and other organic amendments, just to replace what you harvest in veggies (see Table 2, next page).

Fig. 6. Legume cover crops: Hairy vetch (left) and crimson clover (right), both with insets showing root nodules. The nodules host N-fixing bacteria,
which take N from the air and make it available to the plants. When legume cover crops are returned to the soil, fixed N is added for future food
crops. These over-wintering legumes can fix enough to completely supply N-demanding vegetables such as peppers.10 Photos: M.M. Gregory.
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Table 2. Recommended soil amendments for soils with different combinations of P and K test results. Recommendations
are designed to encourage regular organic matter and N additions, while maintaining P and K levels within -- but not
above -- optimum levels for crop production.
P index

K index

Recommended Amendments

Source of:

Excessive or
optimum (> 50)

Excessive or
optimum (> 50)

 Cover crops & leaf composts

 Organic matter, N (legumes)

 If you need N and don’t have time for a
legume cover crop, use:
 Feather meal (best in this situation)
 Blood meal
 Soybean meal

 N
 N (+ small amounts of P, K)
 N, some P & K

 Avoid manure-based composts and
other amendments with high P and K.
Deficient (< 50)

Deficient (< 50)

Excessive or
optimum (> 50)

Deficient (< 50)

Excessive or
optimum (> 50)

Deficient (< 50)

 Cover crops & leaf composts

 Organic matter, N (legumes)

 Manure & mushroom composts

 N, P, K

 Alfalfa meal, Blood meal, Cottonseed
meal, Fish emulsion, Soybean meal

 N, P, K

 Cover crops & leaf composts

 Organic matter, N (legumes)

 Bone meal

 P (+ small amount of N)

 Fish meal

 N, P

 Cover crops & leaf composts

 Organic matter, N (legumes)

 Greensand

 K (+ small amount of P)

4. Cation Exchange Capacity
CEC measures the soil’s ability to hold onto positively-charged nutrients like potassium (K+),
calcium (Ca2+), & magnesium (Mg2+). CEC is caused by negative charges on the surfaces of
clay or organic matter (Fig. 7). It is measured in “meq/cm3 ” which is equivalent to the
modern unit of “centimoles of charge per kilogram of soil” (cmolc/kg soil).16
A high CEC ensures that the soil can hold nutrients in the root zone, where plants can access
them. The best agricultural soils average 9 – 19 cmolc/kg, depending on soil type.16 Soils
with low CEC may lose nutrients to leaching, when nutrients dissolve in soil water and drain
below the root zone.

Fig. 7. Negative charges
on the surface of clay or
organic matter particles
help hold positivelycharged nutrients in the
root zone.

On your soil test report:
CEC is found on the bottom left panel (the third result under “Additional Test Results.”)
Managing CEC:
Much of CEC is caused by the amount and type of clay in the soil, which is inherent to the soil and almost impossible to
change. Sandy soils have naturally low CEC, and this is difficult to change. However, adding organic matter regularly and
maintaining pH within the optimum range of 6.2 – 6.7 can help to some extent (organic matter only has negative
charges along its surfaces if soil pH is sufficiently high).
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Recommended Resources:
Readers of the PDF version of this guide can simply click the hyperlinked titles below to access further resources on soil
testing and management. Web addresses are also provided for those reading this guide in hard copy.
Many of these publications are linked from the "Building Healthy Soils" section of the Forsyth Community Gardening
website (Link: http://tinyurl.com/FCGHealthySoil). See References (next page) for full citations.


Building Soils for Better Crops: Sustainable Soil Management, 3rd ed.
 Link: http://www.sare.org/Learning-Center/Books/Building-Soils-for-Better-Crops-3rd-Edition



Cornell Soil Health Assessment Training Manual, 2nd ed.
 Link: http://soilhealth.cals.cornell.edu



How to Convert an Inorganic Fertilizer Recommendation to an Organic One
 Link: http://extension.uga.edu/publications/files/pdf/C%20853_5.PDF.



Soil Acidity & Liming: Basic Information for Farmers & Gardeners
 Link: http://content.ces.ncsu.edu/soil-acidity-and-liming-basic-information-for-farmers-and-gardeners



Soil Sampling for Home Lawns & Gardens
 Link: http://tinyurl.com/FCGSoilSampling



Start Farming: Managing Soils
 Link: http://extension.psu.edu/business/start-farming/soils-and-soil-management/managing-soilsintroduction-to-soils-fact-sheet
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