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A profitable response to application of fertilizer materials depends on the 
individual crop requirements and the soil's ability to supply the mineral nutrients 
essential for plant growth. Different crops have vastly different mineral require- 
ments.  Soils, likewise, vary widely in ability to supply essential plant nutrients. 

Tests made by the Soil Testing Laboratory give quantitative information on the 
supply of five of the essential nutrients -- phosphorus, potassium, calcium, 
magnesium, and boron, plus the soil pH, the lime requirement, and soil organic 
matter. These tests serve as a basis for the fertilizer recommendation.  Information 
on the response of different crops to definite rates of fertilizer materials is 
needed to complete the recommendation for rate and type of material to use. 

Soil test results, plus known fertilizer response, equals fertilizer recommen- 
dation. 

In the past five years, Oregon State College has conducted over a thousand 
different field fertilizer trialB--in cooperation with farmers throughout the state. 
Relationships between soil test values and actual crop responses from different rates 
of fertilization were tested.  Soil test values, compared with similar values from 
controlled trials, provide the basis for fertilizer recommendations. 

The Laboratory reports results cf the analyses completed on a soil sample in 
pounds per acre, parts per million, or milliequivalents per 100 grams of soil; 
however, the soil test value used does not mean that this is the amount of a 
nutrient that is used by a growing plant during the next growing season. The use of 
all three values permits the best use of information in making recommendations. 
Though stated in different terms, all are quantitative values. Quantitative values 
are preferable to the comparative values (high, medium, and low) sometimes used in 
reporting soil test information, because wide variations in nutrient requirements 
of diverse crops and in climatic range, and other factors influence the nutrient 
supplying power of Oregon's soil. 

Information given here is only a general guide for interpretation of soil tests 
made in the Testing Laboratory.  It is to be used in conjunction with recommendations 
established for specific crops published in a Fertilizer Recommendation series. 

Soil Chemistry 

Since soil tests are a means of evaluating the amounts of nutrients present in 
a soil which are available to plants, a knowledge of soil chemistry is important in 
applying these tests to fertilizer recommendations. 

Soil can attract and hold a certain quantity of positively charged chemical 
elements (cations) or nutrient particles. Clay particles and humus have negative (-) 
charges, giving the soil an ability to hold or absorb cations.  These cations consist 



largely of calcium, magnesium, potassium, sodium, and hydrogen. Sodium is present 
in appreciable quantities only in the alkali soils of eastern Oregon. The first 
four cations make soil basic while hydrogen makes soil acid. In acid soil, degree 
of acidity is in direct proportion to amount of hydrogen present — the more 
hydrogen the more acid the soil. 

Ability of a soil to take up and give off cations is referred to as its cation- 
exchange capacity. The total cation-exchange capacity of a soil is expressed by 
the milliequivalents (m.e.) of ions 100 grams of soil will adsorb. When the soil 
has its entire exchange capacity satisfied by hydrogen, it is hydrogen saturated. 
When all the capacity is satisfied with basic ions, it is completely base saturated. 
When basic ions satisfy a part of the exchange capacity the degree of saturation is 
expressed as a percentage of total capacity satisfied by such ions. For example, 
a soil having 15 m.e. of bases with a 20 m.e. exchange capacity is said to be 75$ 
base saturated. 

H+  Ca++  Mg++  K+  Ca-H-  H+  Ca++ 

Clay particle 

Ca++  H+  Ca++  H+  Ca^-h  H+ 

This figurative dlay particle has 20 negative (-) charges. Five charges are 
saturated with hydrogen. Fifteen charges are saturated yith bases (calcium, 
potassium, and magnesium) which make it 75$ base saturated. Of these 15 charges: 

12 charges are saturated with calcium = bOp  calcium saturation 
2 charges are saturated with magnesium = 10$> magnesium saturation 
1 charge is saturated with potassium = 5$ potassium saturation 

One chemical mi111equivalent of any nutrient cation is equal to one chemical 
milliequivalent of any of the other cations. However, due to a difference in 
molecular weight, each element represents a different amount by weight as follows: 

1 m.e. of hydrogen per 100 gm. of soil = 20 lbs. per acre 
1 m.e. of calcium per 100 gm. of soil = hQO  lbs. per acre 
1 m.e. of magnesium per 100 gm. of soil = 2^0 lbs. per acre 
1 m.e. of potassium per 100 gm. of soil = 7^0 lbs. per acre 
1 m.e. of sodium per 100 gm. of soil = ^60 lbs. per acre 

Soil Reaction 

Soil pH is a measure of the active hydrogen in the soil solution and indicates 
the degrees of acidity or alkalinity. At pH 'J.0  a soil is neutral. As values 
decrease from pH 7*0 Soil acidity increases. As values rise above 7«0 soil alka- 
linity increases.  The degrees of acidity and alkalinity are shown in the following 
diagram for mineral soils: 
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pH range 

When the reaction is pH 5'5 or lower, only acid loving plants do well. Heavy 
lime applications may be necessary for good growth of most cultivated crops. 

Soils with a pH reading of 5*5 to 6.2 are considered moderately acid. If 
these soils are fertile they will produce good yields of many crops. However, crops 
such as legumes may require lime applications for top yields. 

Soils with a pH reading of 6.2 to 7.5 are practically neutral, 
ideal soil reaction for most cultivsited crops. 

Soils with a pH reading of 7.5 to 8.5 are moderately alkaline, 
many crops may be limited in this range. 

This is the 

Growth of 

Soils with a pH reading above 8.5 are considered strongly alkaline. With 
special attention alkaline tolerant plants may make fair growth. Usually rec- 
lamation measures are necessary before these soils can be used for farming. 

Lime   Requirement 

Liming is necessary to reduce soil acidity and to overcome detrimental effects. 
Changes in soil acidity because of liming may change the availability of different 
nutrients to plants in different ways.  In acid soils such nutrient ions as 
aluminum, iron, manganese, copper, and zinc may be found dissolved in quantities 
sufficient to become toxic to plants. As the soil pH is increased by the addition 
of lime the nutrient ions become less soluble and the toxicity is corrected. As 
the soil pH increases still further above neutrality, solubility of these ions 
becomes so low that deficiencies may occur. 

Phosphate availability in many soils is highest when the soil is slightly acid 
to neutral and declines when the soil becomes strongly acid or alkaline. Boron 
deficiencies may occur when too much lime is added to a soil while molybdenum is 
most deficient in acid soils and becomes more available as a soil is limed. 

Bacteria which fix nitrogen in soils in association with the roots of legumes 
are most active in neutral or slightly alkaline soils. 
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The above chart shows the influ- 
ence which soil reaction (pH) has on 
availability of plant nutrients. 

Lime requirements are determined on 
all acid soils of Oregon. These represent 
the amount of lime normally required to 
raise the soil pH to 6.5. Hydrogen is 
replaced with calcium on the clay and 
organic matter in the soil thereby 
increasing the percent base saturation. 
The pH of 6.5 represents approximately 
90$ base saturation. The amount of lime 
actually recommended in a specific case 
may depend upon the type of soil in the 
area and the crop to be grown. Less 
lime will have to be added to a soil 
with low exchange capacity than to a soil 
with higher exchange capacity to achieve 
the same degree of base saturation. Due 
to certain characteristics of the soils 
on the coast and the "Red Hill" soils, 
the amount of lime that will raise the 
soil pH to 6.5 as determined by the 
present lime requirement test is not 
enough to bring the percent base 
saturation to 90$>.    However, indications 
are that optimum crop production can be 
obtained on these soils at base saturation 
percentages much less than 90$• 

Lime requirements are reported as 
tons per acre and recommendations are 
made for specific crops. 

Phosphorus 

The total phosphorus content of different soils is extremely variable but 
generally low. More important, most of the total phosphorus that is applied will 
be tied up chemically in a form not usable by the crop during a Single growing 
season—it is not available to the growing plant. Available soil phosphorus 
originates from breakdown of soil minerals, soil organic matter, or previous 
additions of phosphate fertilizer and is only about 0.5$ to 1$ of total soil 
phosphorus. 

Phosphorus occurs naturally in soils as calcium phosphates or apatites, and 
as organic phosphorus with various combinations constituting .as much as 75$ or as 
little as 3$ of total soil phosphorus. 

Phosphorus applied as fertilizer changes into a form similar to native forms 
present. One characteristic feature of soil phosphorus is its low solubility in 
water or the soil solution. 
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Changing soluble phosphates into less soluble phosphates in the soils is 
called fixation or reversion. The nature of the fixation may affect phosphorus 
fertilizer efficiency differently on different soil types. Acid soils contain a 
large excess of iron and aluminum while alkaline and calcareous soils contain 
calcium. The latter types readily combine with water soluble phosphates (such as 
super-phosphate) and convert into sparingly soluble forms. 

Differences in the solubility of fixed forms of phosphorus result from pH 
differences at time of fertilizer application. Iron and aluminum phosphates are 
least soluble at pH k with their maximum availability occurring in the pH range 
6.5 to "J.O.    As the pH increases from 7 to 8.5 in alkaline soils, the availability 
of phosphorus decreases due to formation of calcium phosphates. 

Phosphorus is reported in pounds per acre. This is not the total amount 
available for crop production, but is the amount of phosphorus removed by the 
particular extracting reagent used by the Soil Testing Laboratory. Crop responses 
in the field have been, and will be, correlated with this soil test and all 
fertilizer recqinmendations for specific crops are based upon it. 
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The above graph shows the yield response obtained with 
barley when phosphorus was added to soils of different 
phosphorus soil test levels. 



Potassium 

Most of our mineral soils, except sandy ones, are comparatively high in total 
potassium -- often containing 2 to 3$ in a surface foot. Yet the quantity of 
potassium held in aji easily exchangeable condition or form at any one time is often 
small.  Potassium in the soil can be listed by availability into three general 
groupings--(l) unavailable, (2) readily available, and (3) slowly available. 

Most of the total soil potassium is in relatively unavailable forms. These 
are the high potassium minerals in the silt and sand fractions constituting the 
micas and feldspars. The readily available fraction constitutes only a small 
percentage of the total potassium in average mineral soil.  It exists in two 
forms—potassium in the soil solution and the exchangeable potassium adsorbed on 
the soil colloid surfaces. These two forms ,of readily available potassium are in 
equilibrium with each other. When the plants take up some of the water soluble 
potassium from the soil solution, then more becomes available from the soil colloid. 
When water soluble fertilizers are added to the soil, then more of the potassium 
is adsorbed onto the clay particle. 

The slowly available form of soil potassium is that part of the potassium 
which is held by the clay complex, not on the surface but within the structure of 
the soil colloid. This potassium is described as "fixed" by the soil. This fixed 
potassium should not be considered a total loss but as a reserve which will become 
available through normal processes.  Processes consist of cropping, freezing and 
thawing, liming, and normal tillage practices. 

Potassium is reported both as pounds per acre and as miHiequivalents per 
100 grams (m.e. per 100 gm.) of soil. Fertilizer recommendations for specific 
crops are based on pound per acre values. The miHiequivalents of potassium are 
useful in determining total amounts of bases found in the soil. 

Calcium   and   Magnesium 

Calcium and magnesium are essential plant nutrients. Acid soils are generally 
lower in these basic elements than are alkaline soils.  Since the calcium in soils 
is not usually deficient for crop growth and since most acid soils are limed, the 
amount of calcium needed for crop production is usually met. Most liming materials 
contain from 2 to 6$ magnesium carbonate, which is adequate for some crops. However, 
crops such as crucifers, which require a large amount of magnesium, may need an 
additional application depending on the magnesium soil test value. 

Total amounts of calcium and magnesium in the soil, ratio of calcium to 
magnesium, ratio of magnesium to potassium, and the total sum of basic nutrients 
(calcium, magnesium, potassium) in the soil in relation to total amounts required 
to neutralize soil acidity are important in making lime and fertilizer recommendations. 
For this reason, potassium, calcium, and magnesium are reported in milliequivalents 
per 100 gram (m.e. per 100 gm.) of soil. 
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Total Bases 

Total amount of bases in the soil is determined by adding the milliequivalents 
of potassium, calcium, and magnesium. This is important in determining the base 
saturation percentage of the soil and the total neutralizing value. 

Nitrogen 

The greater portion of nitrogen in the soil is part of the soil organic matter. 
In this form it cannot be utilized by the plant.  Soil organic matter is decomposed 
by soil organisms that release nitrogen or ammonia. These in turn are oxidized to 
the nitrate form of nitrogen. This change from organic to available nitrogen 
depends upon factors such as moisture, temperature, and soil acidity. The amount 
of nitrate nitrogen in the soil is transient, varying greatly within relatively 
short periods. In irrigated or humid regions the amount of nitrate nitrogen 
available at any particular time bears little relationship to responses to be 
expected from nitrogen fertilizers. 

Recognizing the importance of nitrogen to crop production in Oregon, the 
Experiment Stations and Extension Service conduct field experiments in which effects 
of nitrogen on crop yields are studied. Present methods of testing soils for 
nitrogen and subsequent predictions of amounts needed, however, are either known 
to be inadequate or have not been correlated with crop responses to nitrogen 
fertilizers under Oregon conditions. Until tests are adequate, the amount of 
nitrogen to be recommended will be determined by crop responses from field experiments. 

Boron 

The loss of available boron through crop removal, leaching, and reversion to 
unavailable forms, coupled with the higher boron requirements associated with higher 
yields, has resulted in boron deficiency in many soils. These losses must be 
recognized and adequate amounts restored through the application of boron materials. 

Boron contents of most Oregon soils will vary from 0.2 to 3-0 parts per million 
(ppm). Generally 1.0 ppm indicates a level that would be considered adequate under 
most conditions. Correlations between soil test values for boron and crop response 
have not been worked out in Oregon for any crops except forage legumes. Data 
indicate that cereals, grasses, and com have never shown a response to applications 
in Oregon. 

Soil moisture is a main factor affecting boron availability. Drought or lack 
or moisture decreases availability to plaints. Boron deficiency in dry soils occurs 
because availability has been reduced by the inability of the plant roots to feed 
in the dry area.  Overliming may also reduce boron availability. 

Boron is reported as parts per million (ppm) in the soil, and recommendations 
are made for specific crops. 
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Sulfur 

Sulfur is essential for plant growth. It is supplied from soil, rain, irri- 
gation water, fertilizers, and atmosphere.  Soils located near industrial plants 
where rain brings the exhausted sulfur down into the atmosphere, and soils irrigated 
with water high in sulfates are usually well supplied with sulfur for crop 
production. Many fertilizers that have been extensively used supply sulfur. Single 
superphosphate contains 10$ sulfur while ammonium sulfate, ammonium phosphate 
(l6-20-0), and potassium sulfate contain 2k,  Ik,  arid 18$ sulfur respectively. 

With increased use of the sulfur-free fertilizers such as treble superphosphate, 
ammonium nitrate, and aqua arid anhydrous ammonia, addition of sulfur to soil is 
not keeping up with crop removal and leaching. Sulfur deficiency is appearing in 
many areas. 

Most sulfur is in the organic form. Even sulfur added with fertilizers is soon 
converted to organic form by soil microorganisms. Because most soil tests do not 
measure this form of sulfur there is no adequate way yet to predict the amounts of 
sulfur in the soil that are available to the plant. In many parts of the state, 
certain crops, particularly legumes and drucifers, are known to be heavy users of 
sulfur. Cereals will respond to sulfur applicatons if no sulfur-bearing fertilizer 
las been applied within two years. Until a specific test for sulfur is found, 
sulfur recommendations will be made for specific crops based on field experiments. 

Organic Matter 

Soil organic matter is ever changing as it passes through stages of decompo- 
sition, yet the total quantity remains fairly stable. This stability is due to 
consta,nt additions of new organic materials in the form of roots, leaves, arid stems 
of plants, and bodies of dead microorganisms. Organic matter is formed from 
biological decomposition of plant and animal residues. The process of decomposition 
converts original organic materials into carbon dioxide, water, mineral elements, 
and other organic compounds which are felirly resistant to further breakdown. This 
latter material, as well as intermediate decomposition products, is called soil 
orgartic matter. 

When decomposition is slow, partially broken down organic matter may accumulate 
in the soil. This' is true for several coastal soils where cool weather prevents 
maximum microbial activity. However, in Eastern Oregon where temperatures are 
higher and microbial activity is also high, decomposition proceeds more rapidly 
than renewal, so the total amount of organic matter is low. 

As the amount of organic matter in the soil changes slowly there is little 
reason to make this determination on any field more often than once every 6 to 10 
years. Even though many crops can be and are grown on soils low in organic matter, 
the soil productivity can be increased by increasing the amount of organic matter. 
An optimum amount of readily decomposable organic matter can be maintained in soils. 
The following are percentages of soil organic matter coramonly found in Oregon. 



Areas 

Coastal 
Willamette Valley 
Southern Oregon 
Central Oregon 
Eastern Oregon 

Percent 

2.0 to 15.0. 
1.5 to 1^.0 
1.5 to 3.0 
0.5 to 1.5 
1.0 to 3-0 

Salinity and Sodium Status* 

Soluble salts adversely affect soil productivity by increasing the salinity 
Ttotal salts) of the soil solution and increasing the content of exchangeable 
(adsorbed) sodium. Qfoe latter occurs when the ratio of sodium salts is relatively 
high in proportion to the other salts and in most soils produces an unfavorable 
physical condition along with various direct and indirect detrimental effects on 
plant growth.  Excess salinity of the soil solution can be corrected by leaching 
with water of good quality; however, removal of excess exchangeable sodium also 
requires the application of an amendment such as gypsum. In either case drainage is 
important and must be provided. 

Salinity; As an increase in salts increases the electrical conductance through 
a water solution, so a measurement of the electrical conductivity of the 
solution extracted from a saturated soil paste provides a good index of soil 
salinity for agricultural purposes.  This measurement takes the field moisture 
range of the soil into account and gives a salinity index directly related 
to the concentration of the soil solution in the field. 

The following scale relates conductivity to soil salinity and to crop growth. 

Soil Salinity 

Very low Low Medium High Very high 

Salinity 
effects mostly 
negligible 

Yields of very 
sensitive crops 
may be restricted 

Yields of 
many crops 
restricted 

Only tolerant 
crops will 
yield satis- 
factorily 

Only very toler-' 
ant crops will 
yield satisfac- 
torily        1 

0              £ I                                        H a 16           32 
Electrical conductivity of saturated solution (millimhos per centimeter) 

Results of soil tests are reported in millimhos per centimeter (mmhos/cm) 
and in salinity effects. The accompanying table lists some crops and their 
relative tolerance to salt. 

*Taken from USDA Circular No. 982. 
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Relative Tolerances of Some Crops to Salt* 

Crop Tolerance of plants 

High |    Medium Low 

Forage Crops Tall Wheat Grass White Sweet Clover White Dutch Clover 
Yel 1ow Sweet C]over Perennial Rye Gr&ss Meadow Foxtail 

Mountain Brome Alsike Clover 
Alfalfa Red Clover 
Tall Fescue Ladino Clover 

! Rye (Hay) Bumet 
Wheat (Hay) 
Oats (Hay) 
Orchard Grass 
Meadow Fescue 
Reed Canary 
Smooth Brome 

Field Crops Barley Rye, Wheat, and 
Sugar Beets Oats 

Vegetable Garden Beets Sweet Com Radishes 
Crops Asparagus Potatoes Green Beans 

Spi nach Carrots 
Onions 
Peas 
Squash 

Fruit Crops Melons Pear 
Apple 
Plum 
Apricot 
Peach 
Strawberry 

* USDA HEto&book No. 60 - Diagnosis and Improvement of Saline and Alkali Soils 

Sodium: For each soil a close relation exists between the sodium and the 
calcium-magnesium content of the soil solution, and the relative proportions 
of these ions present in an exchangeable form. This relationship is sufficiently 
similar for most soils to make it useful in estimating the exchangeable sodium 
status of a given soil. An approximation of exchangeable sodium is made by 
relating the amount of calcium-magnesium in the soil solution to the total bases 
(conductivity) of the soil. 
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Soils are divided into five classes depending on the intensity of the sodium 
problem. Qypical laboratory results are reported as follows: 

Very lov  - no effect on plant growth. 
Low      - little harmful effect to soils or plant growth except for 

sodium-sensitive crops such as stone-fruit trees. 
Medium - may be detrimental in soils having poor drainage. 
High      - growth of most crops restricted. Additions of amendments 

and leaching may be necessary. 
Very high - soil needs to be reclaimed for normal crop production. 

Whenever salinity or exchangeable sodium content exceeds limits established 
for normal crop production, reclamation and special management practices are 
essential. These are special problems and should be treated as such. 


