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Figure 1. Color differences in the soil indicate different soil 
types. Although most soil sampling protocols emphasize 
sampling by soil type and management, sampling by 
depth is recommended in some situations. 
Photo by John M. Hart, © Oregon State University.

Collecting soil samples to a depth of 6 to 8 inches 
is standard protocol for western Oregon. When 
the sampling protocol was developed, this depth 

was typical of tillage for seedbed preparation. As well 
as preparing the seedbed, tillage controlled weeds 
and mixed nutrients and lime into the soil. Presently, 
tillage is not always used, so a single standard sam-
pling depth may no longer apply (figure 1). 

Phosphorus (P), potassium (K), calcium (Ca), 
magnesium (Mg), zinc (Zn), and lime have limited 
mobility in the soil. When applied to the soil sur-
face, these materials remain in the top 1 to 2 inches 
unless incorporated by tillage. Nutrient accumula-
tion at the surface occurs frequently in no-till or 
direct-seed cropping systems, pastures, and fields 
in which perennial crops have been grown for 3 or 
more years. When soil is sampled to a depth of 6 to 
8 inches, the top 1 to 2 inches, which have higher 
nutrient concentrations, are mixed with the lower 
6 to 7 inches, which have lower nutrient concentra-
tions. This situation results in uneven distribution of 
the surface-applied nutrients in the soil sample. In 
addition, continued application of ammonium-based 
nitrogen (N) fertilizers acidifies the soil surface.

To evaluate surface and below-surface condi-
tions, collect soil samples from multiple depths. This 
sampling method helps identify areas where nutrient 
applications are warranted and reveals areas of low 
pH at the soil surface. 

This publication will be helpful if you top-dress 
fertilizer and

•	 produce a perennial crop such as Christmas 
trees, have an orchard, or raise another 
woody perennial;

•	 manage pasture;
•	 produce peppermint, grass for seed, or 

another perennial field crop; or
•	 establish crops by direct seeding.
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Table 1. Soil pH change with depth in three no-till winter 
wheat fields and one grass field in the Willamette Valley.

Crop Sample depth (in.) Soil pH

Wheat 0 to 2 4.4

0 to 12 5.5

Wheat 0 to 2 4.3

2 to 6 5.5

Wheat 0 to 2 4.2

2 to 6 5.2

Grass seed 0 to 0.25 6.3

0.25 to 0.50 5.2

0.50 to 6 4.9

Note: Samples were collected in the spring.

Information in this publication will help produc-
ers and agronomists minimize crop losses and maxi-
mize economic returns.

The following section describes scenarios in 
which collecting soil samples from multiple depths 
would be beneficial. The examples include situations 
in which pH or nutrient stratification has occurred 
in western Oregon crops.

Soil pH Stratification
Applying N fertilizer acidifies soil at the approxi-

mate rate of 0.1 pH unit per year for every 100 lb/a 
of ammonium-N applied. Without tillage, the top 
1 to 2 inches of soil will acidify much faster than soil 
below. Table 1 shows soil pH stratification in four 
Willamette Valley fields.

Example 1: No-Till Wheat
Winter wheat tolerates moderately acidic soil 

(pH 5.4). However, wheat yield and growth are 
markedly reduced if the soil pH is 5.0 or lower (fig-
ures 2 and 3). During germination and early growth, 
winter wheat can be susceptible to low pH at the soil 
surface, a condition that results from applying top-
dressed N fertilizer to perennial crop fields, such as 
grass grown for seed, that are direct seeded to wheat. 

In a no-till winter wheat system, monitor soil 
pH by collecting an incremental, or stratified, soil 
sample. To do this, insert a soil probe 6 to 8 inches, 
and then separate the top 2 inches of soil from the 
remaining depth (figure 4).

Figure 4. Soil probe that demonstrates separating the top 
2 inches of soil from the lower 6 to 8 inches.
Photo by John M. Hart and Nicole P. Anderson, © Oregon State University.

Figure 2. Direct-seed wheat field with soil pH 4.3 in the top 
2 inches and pH 5.1 in the 2- to 6-inch depth.

Figure 3. Wheat on the right was growing in soil with 
pH 5.0 in the top 2 inches and pH 5.5 from 2 to 6 inches. 
Wheat on the left was growing in soil with pH 4.3 in the 
top 2 inches and pH 5.1 in the soil below. Both plants are 
from the same field in Linn County.
Photos by Mark Mellbye, © Oregon State University. 
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When soil pH in the top 2 inches is below 5.0, 
apply lime and mix with tillage to make a seedbed 
suitable for germination and early growth. In this sit-
uation, top-dressed lime without tillage immediately 
before planting will not adequately change the pH in 
the surface soil. Lime is immobile; thus, it does not 
have the ability to move into the soil before seed ger-
mination. When soil pH is below 5.5 in the top 6 or 
8 inches, apply and incorporate lime (figure 5).

Example 2: Peppermint
Top-dressed lime creates pH stratification because 

it changes soil pH only in the top 0.5 to 2 inches 
(figure 6). Below this depth, soil pH changes due 
to top-dressed lime are uncommon even a year 
after application. This situation is challenging; top-
dressed lime creates a higher soil pH at the surface, 
but pH in the soil below can be too low to maintain 
adequate crop growth. Raising pH below 2 inches 
requires mixing lime into the surface with tillage.

Example 3: Orchards
Similar to perennial grass seed fields, fruit and nut 

orchards are managed in the absence of tillage and 
receive top-dressed nutrients and lime. Soil collected 
from several apple and cherry orchards in the Hood 
River Valley revealed pH stratification (figure 7). 
In these orchards, soil pH was measured under the 
tree drip line (strip pH) and under the grass between 
tree rows.

In orchards 1 and 2, soil pH under the drip line 
differed little with depth. In all orchards, soil pH 
was lower under the drip line than under the grass. 
The lower soil pH under the drip line was a result of 
repeated surface N applications. In orchard 3, which 
received a surface lime application, pH in the top 
2 inches of soil under the drip line was higher than 
that in the soil below.

Figure 5. Preplant lime application.
Photo by Nicole P. Anderson, © Oregon State University.
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Figure 6. Soil pH in a Benton County peppermint field from 
areas with good and poor growth after a top-dress lime 
application. 
Image by Mark Mellbye and John M. Hart, © Oregon State University.

Figure 7. Soil pH measured at various depths in Hood River Valley orchards. 
Illustration by the Department of Crop and Soil Science, Oregon State University, © Oregon State University. 

Orchard 1  Orchard 2  Orchard 3
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These three examples are from common produc-
tion systems in western Oregon. However, pH strati-
fication can occur in many other cropping systems 
in which crops are perennial or grown with limited 
tillage (e.g., caneberries, blueberries, nurseries, 
Christmas trees, and pastures). Information from a 
stratified soil sample can help you implement man-
agement changes before conditions occur that create 
serious crop growth limitations.

Nutrients in Surface Soil
The previous examples show that top-dressed 

lime or N changes pH in the soil surface when tillage 
is absent. In a similar manner, surface application 
of other nutrients, such as P and K, without tillage 
increases the concentration of these nutrients at the 
soil surface. If these nutrients are applied to the soil 
surface without tillage, they will remain in the top 
1 to 2 inches.

For example, soil test P in a Willamette Valley 
clover–grass pasture was 4 ppm. After 6 years of 
P application and adequate crop growth, soil test P 
was still 4 ppm. Both soil samples were collected to 
a depth of 8 inches, the historical norm. In contrast, 
the soil test P of a sample collected from the top 
3 inches after 6 years of P application was 19 ppm. 
This example shows that fertilizer P stayed at the 
soil surface and was available for plant use. The soil 
samples collected to a depth of 8 inches mixed sub-
surface soil having a low P soil test with surface soil 
having a higher P soil test. Taking soil samples from 
multiple depths showed that fertilizer P applications 
did not change soil test P uniformly in the soil.

Nutrient accumulation at the surface can occur 
in a short time with relatively low nutrient applica-
tion and removal rates. Surface application of 30 to 
40 lb/a P2O5 will result in stratification within 2 to 
3 years.

Potassium is similar to P. It remains where it is 
placed when applied at agronomic rates. Figure 8 
illustrates two important concepts. First, soil test 
K in the surface inch of soil can increase rapidly. 
After only 3 years of surface K fertilizer applications 
of 80 lb/a and straw residue burning in a perennial 
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Figure 8. Soil test potassium from the top 1 inch and 
top 6 inches of soil in a perennial ryegrass field that had 
straw burned and received an annual surface application 
of 80 lb/a K (100 lb/a K2O). Data are the average of three 
replications (Horneck 1995).
Image by Donald A. Horneck and John M. Hart, © Oregon State University.

ryegrass field, soil test K in the top 1 inch and top 
6 inches was 180 and 78 ppm, respectively. Second, 
soil test K stratification can affect fertilizer recom-
mendations. The Oregon State University Extension 
fertilizer guide for perennial ryegrass (Perennial 
Ryegrass Grown for Seed (Western Oregon), FG 46-E; 
Hart et al. 2005) recommends applying K fertilizer 
when soil test K is below 150 ppm. On the basis of 
the 6-inch sample, K fertilizer application is recom-
mended. However, the K value from the top inch of 
soil indicates that no fertilizer is needed. This exam-
ple illustrates the importance of stratified sampling.

Plants obtain nutrients from much of the root 
zone, including the soil surface. Nutrients in the 
top 2 inches of soil supplement plant nutrient needs 
from the entire rooting zone. Low soil test values 
from a sample collected from a 6- to 8-inch depth 
will result in a recommendation for fertilizer appli-
cation even when sufficient nutrients such as P and 
K are available in the surface soil. On established 
fields, collect soil samples from (1) the top 2 inches 
of soil and (2) the 2- to 8-inch layer of soil. Compare 
soil test values from each depth to evaluate changes 
in nutrient concentration over time.
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Tillage and Nutrient Stratification
Nutrients accumulate rapidly in the soil surface 

as a result of repeated fertilizer applications with-
out tillage. Surface nutrient accumulations can be 
measured after a short time and from continual low 
application rates. 

Conversely, tillage mixes P, K, Ca, Mg, and lime, 
which have limited mobility in soil. Table 2 shows 
that conventionally tilled fields did not exhibit much 
nutrient or pH stratification and that nutrient strati-
fication did not occur in fields with intermittent 
tillage. Minimal or infrequent tillage eliminates dif-
ferences in soil test values between the top 2 inches 
and the 0- to 6-inch depth. Therefore, when a field is 
tilled at least once during a 3-year period, take soil 
samples at the conventional depth of 6 to 8 inches.

Stratified Soil Sampling: 
Putting the Idea into Practice

Do not sample soil only from the surface; you 
need to know the nutrient and pH status of more 
than the surface 2 inches. To take a stratified 
soil sample, insert a soil probe 6 to 8 inches, and 
then separate the top 2 inches of soil from the 
remaining depth.

For no-till or direct-seed cropping systems, pas-
tures, and fields where perennial crops have been 
grown for 3 or more years and have received annual 
surface fertilizer, wait 2 to 3 years after establishment 
to begin stratified sampling. Use the following key to 
determine if collecting a stratified soil sample would 
be useful.

1.	What is the purpose of sampling?
ºº Agronomic or to determine nutrient or 

fertilizer application rate
		  →	 Go to Question 2.

ºº Monitoring or regulatory to follow nutrient 
movement or accumulation

		  →	 Refer to Pacific Northwest Extension 
			   publication PNW 570-E, Monitoring 	
			   Soil Nutrients Using a Management 	
			   Unit Approach (Staben et al. 2003).

2.	 Is the field tilled at least once every 3 years?
ºº Yes	→	 Use a conventional (6 to 

		  8 inches) sampling depth.
ºº No	→	 Go to Question 3.

3.	Has fertilizer been top-dressed for more than  
2 or 3 years?
ºº No	→	 Use a conventional sampling depth. 

The crop will not respond to nutrient 
application even if the nutrient con-
centration differs between the sur-
face (0 to 2 inches) and subsurface  
(4 to 6 inches) samples.

ºº Yes	→	 Stratified sampling may provide a 	
		  benefit because

–– the field has not been tilled for 3 or 
more years, which is sufficient time 
for stratification to develop;

–– when the crop grows rapidly and 
needs nutrients, roots are present in 
moist soil near the soil surface; and

–– the higher nutrient content in surface 
soil compared with subsurface 
soil means that a conventional 
sample will underestimate nutrient 
availability.

Table 2. Average soil test data from 23 Polk County fields that were conventionally (C; 10 fields) or minimally (M;  
13 fields) tilled for 3 or more years.

Sampling depth (inches) Tillage pH
P 

(ppm)
K 

(ppm)

Ca

(meq/100 g soil)

Mg

(meq/100 g soil)

0 to 3 C 5.48 35 236 11.4 3

3 to 6 C 5.58 32 198 11.4 3

0 to 6 C 5.53 33 215 10.7 3

0 to 3 M 5.72 32 295 7.8 1.4

3 to 6 M 5.63 28 217 7.9 1.4

0 to 6 M 5.68 31 248 7.5 1.4

Note: Minimal tillage includes occasional disking, planting with strip tillage, and infrequent tillage for seedbed preparation.
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Conclusions
The idea of collecting shallow soil samples is not 

new. Comparison of soil tests results from before 
establishment with results from various depths con-
tinues to be important in western Oregon cropping 
systems. Measuring the surface soil pH can help 
you reduce potential stand losses, and obtaining 
similar information for soil surface nutrients such as 
P, K, Ca, Mg, and Zn will help you make informed 
nutrient management decisions and maximize 
economic returns.
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Nutrient Stratification from Non-Fertilizer Nutrient Sources
Application of manure, compost, organic fertilizers, and municipal biosolids also produces stratification. 

For example, Choate (2004) collected soil samples from two depths in adjacent field areas with and without 
application of municipal biosolids (supplemental figure 1). In both areas, soil test P (Bray P1 method) was 
similar in the 0- to 12-inch depth and higher in the top 0 to 2 inches of soil than in the 0- to 12-inch depth. 
In the 0- to 2-inch depth, the area receiving municipal biosolids had approximately twice as much soil test P 
as the area without municipal biosolids.

Composts, municipal biosolids, manures, and organic fertilizer sources increase soil test P and K in the 
same manner as inorganic fertilizers because all of the K and most of the P in these materials is in an inor-
ganic form at application. Regardless of the production system or nutrient source, nutrient stratification will 
occur when nutrients are applied and not thoroughly mixed into the soil.

Application of a nutrient such as P when the soil test is already high rapidly increases soil test P. As soil 
test P increases, more P becomes mobile, and the potential for P to move into surface water increases.
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Supplemental figure 1. Influence of soil sample depth 
and municipal biosolids application on soil test P (Choate 
2004). Sites were sampled following eight annual 
applications of municipal biosolids to a Jory silty clay 
loam soil. Applications supplied a total of approximately 
470 lb P/a (approx. 1,080 lb P2O5/a). The field was 
managed for pasture/hay without tillage.
Image by John M. Hart, © Oregon State University.
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