EC 1478 » Reprinted August 1999
$1.50

Soll Test

Interpretation Guide

E.S. Marx, J. Hart, and R.G. Stevens

egular soil testing is an important element in
R nutrient management. You can use soil tests

as a diagnostic tool or to identify trends
through time. To obtain meaningful test results, you
must sample soil correctly, at the same time each ye
and you must maintain records. For more informatior
see EC 628 1ow to take a soil sample. . .and wikgé¢
“For more information,” page 7).

Soil testing laboratories use different test method
which may influence results and sufficiency rang
Therefore, the sufficiency ranges in this publicatio
accurate only for the test methods listed.

Soil tests used to evaluate fertility mea e Soi
nutrients that are expected to become I@/ailabl
They do not measure total amounts tsin

soil. Measurements of total nutri ent age
useful indicators of sufficiency fo gro th
because only a small portlon of t nutrle re plar -
available.

Adequate soil nutrien vary ing onq
species. Slmllarly, cesswe utr)

levels, nutrient i
growing condiy

exist, review ageme% :
Nutrieg#eeonc@ntratio th. Depth
of sa %erefor Cts tes Its. To determ
the p sampll th, y consider the
rMQseof the ' st To te nutrient availabi yt
crop pri Ie soil to the depth
Q act|V| I occur. Shallow sampling
sed uate surface conditions in

where 0
some

sampling may be ne 0

perennial crops whgre
the solil surface. l%)
diagnose pro orchards.
Soil test va@o not vary greatly f ar to year.
d@es in test values may 4
sodsample or a labora

ar Drastic e an unrepre-

, sentati ror. When in
doylt\gupmit a ngw sample o the lab to repeat the
as. .

pupli provi eral guidelines for

test resu ertilizer guides for many
Qléble from your county office
% ervice or Washington State
ve Extension, or from Extension
tation Communications, Oregon State
“For more information”).

n (N)

*available nitrogen
nitrate and ammonium)
Plant-available forms of nitrogen are nitrate (NK)
and ammonium (NK-N). Soil concentrations of
NO,-N and NH*-N depend on biological activity, and
therefore fluctuate with changes in conditions such as
temperature and moisture. Nitrate is easily leached
in&rom the soil with high rainfall or excessive irrigation.
Soil tests can determine Y&N and NH*-N concentra-

—

t

infdions at the time of sampling, but do not reflect future
conditions.
When you collect samples for nitrogen testing, keep
them cold, or dry them immediately to prevent NK
and NH*-N concentrations from changing.
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Ammonium-nitrogen (NH,*-N)
Ammonium-nitrogen does not accumulate in the sa

as soil temperature and moisture conditions suitable fo

plant growth also are ideal for conversion of NN to
NO,-N. Ammonium-nitrogen concentrations of

2-10 ppm are typical. Soil NHN levels above 10 ppm
may occur in cold or extremely wet soils, or if the soil
contains fertilizer residue.

Nitrate-nitrogen (NO,-N)

West of the CascadeSoil nitrate-nitrogen measure-
ments are most useful as a post-harvest “report card’
evaluate N management. Nitrate remaining in the soi
after harvest can leach during winter rains, contaming
ing surface and groundwater. If residual nitrate levels

are consistently high, reduce fertilizer N inputs in future

growing seasons.

Table 1.—Residual soil nitrate-nitrogen for evaluating N
management.

NO,-N in surface foot (ppm)*

low <10

medium 10-20 \
high 20-30

excessive >30 /\

*See Table 13 (page 7) for conversion of ppm acr

te is qng
re-sid ﬁﬁ S
n

Mid-season measurement of sgil ni

Soil Nitrate Test (PSNT) for
Western Washingtomor mo\
rigeregi

A typical agricultural soil in the Willamette Valley
il,contains about 0.10 to 0.15 percent N, or approximately
5,000 Ib N/acre in the surface foot. Only 1 to 4 percent
of this total N becomes plant-available during a growing
season. East of the Cascades, soils tend to have smaller
amounts of total N.

Total N analysis, while not recommended as part of a
standard soil testing program, m Retter than
organic matter analysis for es oil N supplying

capability.

‘Phosphorus (P

- The Bray P1 (fogmci s) and the Olsen
bicarbonate (Na (for alkaline soils) test ate
plant- avallablhorus. Soil testin ories

gher extraction met or interpre-

also use sgvemn
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the lgboNgtory that performed the
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orus is relatively immaobile in
been applied in a fertilizer band,
may persist where the band was
ilizer bands when collecting soll

ods, contact
msis.

x of P availability.
calculate available

Phosphorus soil test.

East of Cascades
(Olsen test)
ppm P

West of Cascades
(Bray P1 test)
ppm P

(NO,-N) is evaluat asurin | <20 <10
. ow
expected rooting.de the ¢ L medium 20-40 10-20
results are r ppm, high 40-100 20-40
excessive >100 >40

can lead to
. Also, irrigation
content, and

ngly. Proper irrigation
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should be

&lzer rateﬁ
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AN
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Total nitrq is measures N in all organic a

inorganic for otal nitrogen doastindicate plant-
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programs.
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The phosphorus application rate necessary to correct
P deficiencies varies depending on soil properties.
Phosphorus availability decreases in cool, wet soils. In
many situations, banded phosphorus applications are

N9more effective than broadcast applications.

Phosphorus applications generally are not recom-
ended if tests are high or excessive. High soil
hosphorus combined with surface runoff can cause

excessive growth of plants and algae in surface waters,
9 damaging aquatic ecosystems.




Cations

Magnesium (Mg)

Of the three primary cations (potassium, calcium, and Magnesium deficiencies on acid soils can be cor-

magnesium), potassium requires the most managem
attention. Few crops have responded to calcium and
magnesium in the Pacific Northwest.

If extremely high levels of a single cation exist, plar
deficiencies of other cations may occur due to compe
tion for plant uptake.

The soil test ranges in Tables 3, 4, and 5 are for th
ammonium acetate extraction method. If a sodium
bicarbonate (NaHC extraction is used, test values
may be slightly lower.

Potassium (K)

snkected by liming with dolomitic lime.
Magnesium toxicity can occur on serpentine soils in
southwest Oregon.

ti-Table 5.—Extractable magnesium (%.
M&

—

D

1.5 meqg/100 g sail

Excessive soil potassium levels can result in elevate

K levels in grass forage crops, which may be detrimen-

tal to animal health.

Table 3.—Extractable potassium (K).

K

<150 ppm*
<0.4 meq/100 g soil

150-250 ppm
0.4-0.6 meq/100 g

250-800 ppm
0.6—2.0 meq/100

>800 ppm
>2.0 meq/lO

*See Table 13 (page 7) for conver

low

medium
soll

@

‘n ppm to /1 g

high

excessive

Calcium (Ca)
Calcium deficienci are f nIy on
acid soils. They ca: rrected

|ng WlQQIO
cium carbonate

Table 4. trachle calg XS s

\S S \,@

lo
< me / Ig-son
ium & 1, 0 ppm
O 5— eq/lOO g soil
Q%0 ppm
meq/100 g soll

high

*See Table 13%§50r @conversions from ppm to meqg/100 g soil

low <60 ppm
<0.5m 0 g soll
medium 6 m
0. meq/100 g soil q
high 180"ppm O
M\

0WAeq/100 g soil.

*See Table 13 (pU for conversions from p

)\e (33) form. In

Sulfa{eulfur (SO42'-S

arid regi
Wseful. Also, irrigation water
amounts of sulfate-sulfur. Plant

ate-sulfur, east of the Cascades.

SO,#-S (ppm)
<2
2-10
>10

oi

Micronutrients

Deficiencies of micronutrients other than boron and
zinc are uncommon. Availability of most micronutrients
is largely pH-dependent; availability decreases as pH
increases (except for molybdenum, which becomes
more available as pH increases). Deficiencies rarely
occur in soils with pH below 6.5.

Soil testing for micronutrients other than boron and
zinc is recommended only when a deficiency is sus-
pected. If you suspect a micronutrient deficiency, plant
tissue testing may be a better diagnostic tool than soil
testing.

o




Boron (B) Iron (Fe)

Crops such as alfalfa, table beets, brassicas, Soil testing for iron is not recommended. Most test
caneberries, and root crops have responded to boron methods do not discern between forms of iron, and
fertilization on B-deficient soils in western Oregon. therefore have little meaning for plant nutrition.

Tree fruits and alfalfa are examples of crops sensitive Iron deficiencies are uncommon on acid soils in the
to low boron levels east of the Cascades. Pacific Northwest. Where deficiencies occur, they

While low levels of boron may limit plant growth, often are associated with acid soil plants, such as
high concentrations can be toxic. When applying azaleas or rhododendrons, grovg nesoils with
boron, apply uniformly and mix thoroughly with the unsuitably high pH. Acidifyin& s such as
soil. ammonium sulfate will helg corMsgt problems.

Iron applications on alka\p®soils are inefficient
unless a chelated forg Ased. Lowering soil p
increase iron avai!;bilit gh a field scale is no

. ______________________________________________________________________________|
Table 7.—Boron by the hot water extraction method.*

B (ppm) nomical. Howeve&gAdding acidifying mater ch as
low <0.5 elemental sul@j rtilizer mixes can
mgﬁ'”m >02'5_2 microzonegs a the fertilizer mate{b increase
Fe availdNity.
*The hqt water extractio.n mgthoq for borqn may result in incor- F Iia%ications of Fe someX are used to
rectly high values on soils with high organic matter content.

COlke ficiencies in fruit, gug, other high-value
. J *
Zinc (Zn) Q

Zinc values above 1.0 ppm using the DTPA extr
: - \ ) Mo)
tion method are sufficient. Zinc deficiencies have
. e . . . ¢ are too low for most labs to
identified in some crops in certain regions. Co TR
deficiencies are rare, and are of

grapes, hops, onions, and deciduous fruit tr SQUMINoUS crons. Molvbdenum-
especially sensitive to low levels of avail 9 ops. Voly : :
appear chlorotic. Liming to raise soll

Deficiencies sometimes are associat . N
. LT te deficiencies. Molybdenum-coated
P concentrations, soils high in fine a

with high pH. . Q
Copper (Cu) s ?\, \\

ive molybdenum in forage can harm animal
If you suspect excessive molybdenum in your

Copper values above 0.
extraction method are 3@ t. Co eficienci . i
are uncommon. Deff I¥s have i Chloride (CI )

muck soils such asﬁ in th ath aréﬁre yon Soil testing for chloride is not a common practice,

and the Colvi Washff and little data exists for interpretation of test results.
\ %\ Evidence indicates that wheat sometimes benefits from
Mangangee ) Q chloride applications. The values in Table 8 are based
Ma ’% value& 15 sing the DTPA  on wheat research in Montana and South Dakota. Little
' ethod fficien ganese deficien- information exists on chloride soil testing in Washing-
ith pH 7.0 or above. ton and Oregon.

extra
' %rally o@nly in
ﬁ nese {@xicly ma o@ n acid soils. On
alkaline sﬁast of th% Cades, Mn availability oy e —

. : - g °. [ Table 8.—Chloride soil test ranges for wheat in Montana and
incre idifie icfozones where fertilizers hg\e South Dakota, 2-foot sampling depth.
been pidged. T idified microzones can alleviate
Mn deficienci imes encountered on high pH ppm lb/acre
soils. In somM¥jn¥tances, however, acidic microzones '0Wd_ 04_48 03:23264
. .. meaium — -
can result in Mn toxicity. high >8 ~64




pH, lime requirement (LR)
Soil pH is a measure of soil acidity. Most crops grg
best if the soil pH is between 6.0 and 7.5.

Table 9.—Soil pH ranges.

Without an SMP or similar test, there is no way to
W know how much lime is required to adjust soil pH to a
desired level. Accurate lime recommendations cannot
be made solely on the basis of soil pH.

Table 10.—SMP lime requirement—field scale.

H
stronalv acid bZIow 51 Tons/acre of 100-scgfe limg needed
modegrgtely acid 5260 SMP to raise pH of surfrc igehes of soil
slightly acid 6.1-6.5 buffer to the follONQg Pri's
neutral 6.6—-7.3 5.3 5. 6.0 6.4
moderately alkaline 7.4-8.4 6.7 — — —
strongly alkaline above 8.5 6.6 — — 11
6.5 — 1.0 10
. . - . 6.4 — — 1.1

Soil pH can be increased by liming. The soil pH test '3 _ 15
indicatedf lime is needed. The lime requirementtest | .2 @ 1.0 2.0 \ 2
determinesiow mucHime is needed. Accurate lime 6.1 — 14 2.4% 3.7
recommendations cannot be made without performing g-g 1-2 ;I \g’ j-g
an SMP or similar test. 5 0 176 55 0 7 53
SMP* lime requirement test o ¢ 2'86 j‘é g'g

The SMP lime requirement test is used to estimaj™® 5 5 . 6 % 51 6.8
the amount of lime required to raise the pH of 6 i 4 ’\\ 2.9 3 5.5 7.3
of soil. The SMP test is performed by mixing sa wi 5.3 @ 3-25@ 4.3 6.0 7.8
a buffered pH 7.5 solution and determining 5.2 3@ gg gg gg
the mixture. During the reaction, the soil’ & 54 73 94
acidity lowers the pH of the SMP solujiq %_5 5.8 7.7 9.9
low SMP values have high reserve #&dit 1.8 . Q 4.8 6.2 8.2 10.4

lime requirements. .
Some soils may have a lo 23) an@
high SMP buffer value (>6 ﬁ{' onditj be
caused by the applicatign & 1zer. Ip=tfNs Case,

d the he soil
pleteNtsseactiony™

low pH value is temp
increase as the fer @o
soil.

hethe If the SMP lime
m requirement

Examie:

the “SMP buffer” value is 5.9, the amount of lime
el

o raise the pH to 6.0 is 3.3 tons of 100-score lime/acre.

Table 11.—SMP lime requirement—gardens.

Apply this amount

Sandy soil y have@w pH a‘ SME testis of lime (Ib/1,000 ft)
buffer value. N{s conditici%'ccurs be @sandy sqils gg_og 8elow 528—250
have Iow%unts of re@ acidity;{ud to low cation 6.0-65 100-150
exch r&m acity ( .Ins s, alightappli-  apove 6.5 0
ca@ e(1 shoul Ice to neutralize
& jdity. @" _ Some plants, such as blueberries, rhododendrons,
ble 10 [qsed to e the amount of ime | 5731eas, and cranberries, grow best in acid soils.
reqt_ur% on the test, to raise soil pH10 8  Ferfilizers such as ammonium sulfate can help maintain
desiredgEvel. The ®pH is determined by the crop 4cidic conditions.
to be gro%n an ly by other factors.

*SMP stands for Shoemaker, MacLean, and Pratt—the people w
developed the test.




Sodium (Na)

Sodium is not a plant nutrient and therefore is not
necessary for plant growth. High levels of sodium are
detrimental to soil tilth and plant growth.

Sodium levels are evaluated based on Exchangeal
Sodium Percentage (ESP). The ESP is the percent o
the cation exchange capacity (CEC) occupied by Na.

ESP values above 10 percent are of concern. Exce
sive sodium levels can occur naturally or can result
from irrigation with high-sodium water. Reclamation
involves establishment of drainage followed by gyp-
sum application and leaching with low-sodium water.

Soluble salts (SS)

Soluble salt problems usually are associated with

arid regions such as eastern Oregon and Washington.

Soils with high levels of soluble salts are called saling
soils. Soils high in sodium are called sodic soils (see
“Sodium”). Saline-sodic soils are high in both soluble
salts and sodium. Soluble salts are measured by elec
cal conductivity (EC) of a saturated paste soil extrac

Table 12.—Soluble salts.
Conductivity OE

(mmhos/cm*) ppm salt**

<1.0 <640
medium 1.0-2.0 =
high >2.0

*mmhos/cm is equivalent to decigi

*Multiply mmhos/cm by 640 to e ppm s@Q
YHy wit S&er salt

low

C

Because salts m

often are transiegt. oxmﬁy% cur

may leach be Jis teste salt

therefore, doQalways salt to@as a cau

of probl

Sat ce varr atIy Iant species.

Se d are es sensr |gh salt concen
xcess alts |t seed germination.

E ssrve fe at|on r |rr|gat|on water qualit

alts

‘?s&

Organic matter

Maintenance of soil organic matter is one of the most
important goals of soil management. Accurate mea-
surement of soil organic matter is difficult.

le  Many laboratory methods are used. Most methods

f are indirect; they measure soil carbon and make an
assumption about the percent cagpon content of organic

s-matter. The Walkley-Black me s gbmmon and
gives consistent results. Th ignition method
can give inconsistent resu ends to overestimate

n
organic matter. ?
When estimating p@ nitrogen release of%
erred to organic matt
es of

total N testing is
tion. Neither apREd€ch provides accurat

soil N availaf you are monitoring esin
organlc tter'w¥er time, use the sa?&ﬁ for all

naly
ty (CEC)

capacity to retain and
, Ca, Mg, and Na. Soils with

exc .nge
is a PERSH eof
elease ¢ ‘@ ts such

tri-

|gh cl rgamcgt’aer content tend to have a high
CE y soil& alow CEC. Soil CEC is rela-
ti Ime, so there is no need for

e

thods are standard in many regions, there are
\2| sources of error. Errors are most likely to
ut™or soils containing appreciable amounts of
CaCQ, or gypsum.

Some labs estimate CEC based on soil texture,
organic matter content, cations, and pH. Such estimates
often are inaccurate. The “sum of bases” method for
calculating CEC of alkaline soils can give inaccurate
results, especially if there are significant amounts of
free CaCQ

CEC determination can be important for predicting
behavior of pesticides and other chemicals in soils.

DV

Se

Base saturation

Base saturation is the percentage of the CEC that is
occupied by cations other than hydrogen (H) and
aluminum (Al). Soils with low base saturation gener-
ally are acidic. Base saturation and pH increase
together.

<<




For more information

Hart, J.Analytical Laboratories Serving Oregon
FG 74 (Oregon State University, Corvallis, reprinte
1997). No charge

Hart, J.How to take a soil sample. . .and wE{; 628
(Oregon State University, Corvallis, revised 1995)
No charge

Marx, E.S., N.W. Christensen, J. Hart, M. Gangwer,
C.G. Cogger, and A.l. Bary,he Pre-sidedress Soll
Nitrate Test (PSNT) for Western Oregon and
Western WashingtoM 8650 (Oregon State
University, Corvallis, reprinted 1997). 75¢

Fertilizer guides for individual crops are available.
Request our catalog to see a complete listing.

World Wide Web

You can access our Educational Materials catalog
and many of our publications through our Web page
eesc.orst.edu

Table 13.—Conversions.

To order the publications listed above, send the
publication’s complete title and series number, along
with a check or money order for the amount listed, to:

Publication Orders

Extension & Station Communications

Oregon State University

422 Kerr Administration

Corvallis, OR 97331-2119

Fax: 541-737-0817

If you would like additio es of this publica-

%o
tion, Soil Test Interpre uigde&C 1478, send
-% € address.

to 3

xd
.

$1.50 per copy to th q
You may orde X no-charge publi s
without charg U request seven or 0-charge
e 25 cents for each@ion

I more copies
*2513 for price

L 4

To convert column 1

*
(‘v b % g)
% convert column 2
\ o

into column 2, divide by Column :‘ C @ column 1, multiplyby

390 ppm K O 00g sc@ 390

200 ppm C &“ Callo@ ' 200

121 ppm eq Mg/ soil 121

230 pp ¢ Q meq g soil 230

1 00 g soi \ cmol%il 1

2* @r (7 inc &h) 2*

3.65% \ tre (1 @pth) 3.65%

43.56 V b/acre é ,000 sq ft 43.56

acres 43,560

* hectares 2.471
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