Soil Mapping and Testing.

RANDY SELI G

To nanage a nodern forest tree seed ing nursery properly, one needs sone
know edge of the soil resource and its variation within the nursery. A soils nap
fulfills this need, and enabl es nanagers to utilize the resource effectively.
Soils maps hel p nursery nanagers delineate |ocations where liniting factors
such as shal | ow depth, poor drainage, salt slicks, or the presence of stones inpair
crop growth. A soils map is the basis for all soil sanpling. Soil
nutrient content neasured in these sanpl es gives sone basis for annual fertilizer

prescriptions.

SO L MAPS Types

of Maps

Soi |l maps prepared by the Soil Conservation Service
are available for nuch of the private land in the
United States. These naps delineate soil series as
they vary over the | andscape. Auxiliary S.C S
materials describe the specific properties and uses
of each soil series. The usual range of surface
textural class will tell one generally the various
proportions of sand, silt, and clay in the different
mappi ng units. O her properties described include soil
depth, texture, pH presence of stones, |layers that
restrict crop growth, drainage class, and agricul tural
suitability.

Mbst maps prepared by the S.C.S. are not very de-
tailed. It is possible to have a nore intensive
survey conpleted by the S.C.S. or by consulting soil
scientists. Sone nurseries have taken sanmples or
field-textured their soils in grid patterns as close
as 100 feet by 100 feet. This is a time-consum ng
procedure that may not be necessary at sites that are
reasonabl y honpbgeneous.

Sanpl es generated during the nmapping process should be
either sent to a lab for particle size analysis or
field textured to deternmine textural class. These
same sanples could al so be anal yzed for such basic
chenical properties as organic matter (OV), cation
exchange capacity (CEC), or pH. Mps of these chenical
properties will assist in planning future amendnent
prograns and annual fertilizer prescriptions.

Map Uses

One of the greatest benefits of a S.C.S. map or
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other textural class map is that it hel ps us see the
variation in the soil resource. Different textural class
soils have inherently different fertilities and retain
nutrients differently. A good map will guide our
sanpling schemes so that different soils are sanpl ed
separately for nutrient analysis. Table 1 shows average
values for three chenmical properties of eight sandy
loam fields and. five clay loamfields at the ol orado St ate
Forest Service Nursery. The sandy |oans at this nursery
had consistently lower pH lower CECs and | ess organic
matter than did the clay loamfields. A good soil map
will help keep these soils separate when sanpling for
nutrient analysis so that nutritional differences are not

bl urred.

TABLE I

SOIL TEST RESULTS FROM COLORADO STATE FOREST
SERVICE NURSERY

pH oM CEC
%= meg/100g

SANDY LOAM1 7.3 2.2 11.7

CLAY LOAI’I2 8.3 3.1 17.0

lAve. of 8 fields

2Ave. of 5 fields
SO L TESTI NG

Sanpl i ng

Knowi ng the physical properties of the soil resource
hel ps us sanpl e sinlar soils together and inproves the
quality of sanples taken for chem cal analyses. In
order to take a representative sanple of each
sanpling unit, we need to follow several procedures
carefully. For a detailed description of soil sanpling
procedures, please refer to F. M Solon's paper in
the Proceedings of the North Arerican Forest Tree Nursery

Soil's Wrkshop or to Vél sh and Beaton (1973).



Soi|l sanpl es should be conposite sanples which

are representative of a honpbgeneous area. Many
subsanpl es are taken, m xed, and sonetines subsanpl ed
again. Bulking a large nunber of sanples in this
fashion reduces the effect that individual sanple
variation will have giving an average or nean val ue.
Some soil scientists recomend traversing a sanpling
area in a large "W taking samples along all four
sides of the "W. Two W s superinposed, one upside down
on the other would represent a very thorough sanpling
pattern.

(ne conposi te sanpl e can be taken for every acre or for
several honogeneous acres depending on the soil's
variability. Larger sanpling areas need nore sanple
cores to adequately represent that area. At |east 12
cores should be taken even for an area one acre in
si ze.

Nurseries should divide their fields into sanpling areas. A
12-acre field mght be divided into three to six

sanpl e areas which are internally honpgeneous with
respect to textural class and

organic matter content. Every rotation when this
fieldis sanpled for nutrient analysis, sanples woul d be
taken fromthe sane sanpling areas as in previous
years. This procedure enables nursery nmanagers to
conpare soil tests fromdifferent years and to detect
long-termtrends such as changes in pH or OM

There is a seasonal variation in sone soil chem cal val ues
whi ch nay be of sufficient magnitude to nake conpari sons
between sanpl es of the sane site taken at different tines of
the year neaningless. The exact tine of year sanples are
taken is |l ess inportant than consistently sanpling in the
sane season year after year. Sanpling sonetinme after
seedling harvest works well if results cone back fromthe

| aboratory in sufficient tine to order fertilizer for
the next rotation. If soil pH needs to be nodified,
early sanpling will prove hel pful by allowing tine for
incorporation and reaction to take place before sow ng
the next seedling crop. Other nurseries sanple in
|ate summer before or after fumigation because the
soils are well-worked, and it is easy to obtain a good
sanpl e.

Laboratory Sel ection

There are many good | aboratories available to anal yze
soi| sanples. Finding a good |lab and staying with it
w Il help reduce the variation in the results which could
be caused by | aboratories using different procedures. A
good | aboratory wll run standard sanples of soil with
each batch of test sanples processed. If the standard
sanpl e does not test in the accepted range for that
sanpl e, the whol e batch of sanples will be redone.

Nur seri es can doubl e- check their |ab by al ways sendi ng
in the same 'dumny' sanpl e whose chenical contents are
known and checking to make sure the results are in
the proper range.

Soi | Tests

Soil tests are not a nmeasure of total nutrient

el enents but give us a chenical index of extractable
nutrients which may or may not be plant avail able.
Agronomi sts in a given region can often tell farners
what quantities of fertilizer to add to a certain soil
'type' to achieve a target yield of corn or wheat.
This information

does not exist for forest seedlings because of the
diversity of nursery soils and vast array of species
grown. Al though nost |abs are not qualified or are
unable to tell nursery managers how to fertilize their
crop, the soil tests results are still of value.
Nursery managers need to devel op a recordkeepi ng system
that will enable themto correlate soil tests with crop
producti on.

Sone standard values for soil nutrient levels

have been published (Youngberg, 1984; van den
Driessche, 1984; van den Driessche, 1980). Mst of
the avail abl e guidelines are for high rainfall areas and
are not strictly usable in areas of |lower rainfall
and hi gher pH. Since soils at different nurseries

sel dom share comon genetic

or mineral ogic devel opnent, it would be unfair to
expect all sites to test or respond the sane. Field
pl ot experinents with two fertilizer rates and a control
can add insight as to appropriate fertilization regimes
and correspondi ng soil test val ues.

Ni trogen

Al though N is the npbst commonly added fertilizer
elenment, it is seldom prescribed through inspection of
soil tests results. Tests for total nitrogen (TN
primarily indicate the amounts of organic nitrogen that
are present since the inorganic fraction is small and
dynamic. A test for organic matter (QM mght supply the
sarme information indirectly since C/ N of organic
materials and soils is fairly constant in sites

wi thout large inputs of organic materials.

QG her soil tests analyze for the nmain inorganic forns
of mineral N, nitrate (NO -) and ammoni um ( NH 4+).
Since nost nurseries probably add suffi cient
irrigation water to | each the inorganic N out of the
seedling root zone, these tests are of linmted
utility. Fertilizer nitrogen rates are nobst commonly
det erm ned by experinentation.

Phosphor us

Mbost soil tests for available P are quite reli able.
Different procedures are used depending on the acidity
or alkalinity of the soil. There is no one soil test
value all nurseries should try to achieve. The
chenmistry of P availability is quite conplex and is

hi ghly pH dependent so that different types of soil
could supply adequate P at very different test |levels.
In nost cases, it is highly advisable to add sone P
bef ore sowi ng because snal|l seedlings have a very |arge
need for P before they becone nycorrhizal. Since P does
not nove readily in the soil profile, the entire

P supply for a 2+0 rotati on shoul d be incorporated shortly
before sowi ng. Some nurseries have very low P
concentrations and need to apply large quantities of P
fertilizer. Other nurseries have



high P soil test values fromyears of heavy fer-
tilization and only need to add smaller quantities of
P fertilizer. The nost desirable procedure woul d be
to band snmall amounts of granular P fertilizer bel ow
the seed at sowing. Drills with fertilizer
attachnments do not seemto be avail able yet.

Exchangeabl e Bases

The majority of cations in any soil systemare
general ly the bases potassium (K), calcium (Ca), and
magnesi um (My). These three are referred to as
exchangeabl e bases and are determined in the sane
soil extract. Mst soils in the arid and senmi-arid
west with near neutral or higher pH

have adequate Ca and My. Potassium may or nmmy not be
adequate and shoul d be maintai ned above 200 ppm |If
the sum of the exchangeable K, Ca, and My exceeds the
total cation exchange capacity, one should al so test
for electrical conductivity

(sonetinmes called soluble salts) and for free

cal ci um carbonate (CaCQ;).

pH

pH is a dynanic soil property which should be
routinely determ ned before sowi ng. pH exerts a
controlling influence on nutrient availability so that

mai ntenance of pH in the proper range is of great
inmportance. Conifer seedlings are quite sensitive to
high pH wusually preferring a range fromfive to six.
Har dwoods are nore tol erant of high pH and sone
speci es can be successfully grown at pH val ues over
seven.

Soils with pHvalues greater than 7.5 should also be tested
for free calciumcarbonate; soils with pH s greater than
ei ght should be tested for the presence of
exchangeabl e sodium (Na) and for el ectrical
conductivity (EC). Both free CaCl;
and Na will interfere with nutrient absorption for nost
forest tree seedlings. Sites with these conditions
woul d be avoided if possible because their anelioration
is costly and time consum ng.

Organic Matter

The organic content of a soil is determ ned by
climate, topographic position, soil texture, and

croppi ng practices. Mst nursery soils slowy
decrease in organic matter due to soil renoval

in harvest and frequent tillage. A toil test for
organic matter (Q\V) done every rotation nay indi cate such
a trend and its magnitude.

Nurseries wth aggressive amendnent prograns nmay be
forestalling the decline in OMwhich cones with
tillage, erosion, and harvest |osses. For these
nurseries a carbon-nitrogen ration (ON determned by the
laboratory in conjunction with the OM tests can be

hel pful in determning if the anendnent is
adequat el y broken down or if nbre Nis necessary to
hel p deconpose the C. C/N greater than 25 or 30

m ght indicate a need for additional N

Seedling Nutrient Analysis

In contrast to soil tests which tell us

"extracted nutrients, seedling nutrient analysis (SNY) is a
direct indicator of available nutrients. Seedling nutrient
analysis tells one the total nutrients the seedling
contain usual ly expressed as a concentration, either
percent or ppm Unfortunately, many biotic and abiotic
factors such as drai nage, conpaction, tenperature,

m crorgani sns, etc., conspire to decrease the uptake or
availability of soil nutrients which may be present in
adequate quantities in the soil. These factors
conplicate the interpretati on of SNA

Sanpl i ng

Seedling nutrient content changes radically as seedlings
grow and mature. Mst experts recomnmend sanpling during
the tine of year when values are npbst stable. For
evergreen species, this stable 'plateau' usually
coincides with deep

dormancy in md-winter. Foliate analysis is used
extensively with deciduous fruit trees; these |eaves
are usual ly sanpled after |eaf expansion has finished in
July or August. Sanples should be transported to the
l'ab inmmediately.

Interpretation

Anal ysis of seedlings with extrene nutrient deficiencies
may not yield nmeaningful results when sanpl ed during
the dormant period. The lack of one nutrient elenent

wi |l have altered seedling physiol ogy nmaking all the
nutrients out of bal ance. Interpretation of these
nunbers as in the case of alkaline soil induced iron
deficiency is inpossible. Sonetinmes better foliage
anal ysis results can be obtained by sanpling tissue at the
first sign of deficiency synptons. Conparison of

pai red sanples of synptomatic and asynptomatic
seedlings may reveal an incipient shortage of

sone nutrient which could be supplied by additional
fertilization.

Standard val ues for seedling nutrient content

can be found in sone review articles such as those
cited in the bibliography. Mst of the published
work relates to Douglas-fir and other inportant
timber species. Specific values for wndbreak species
and less inportant tinber crops are hard to find. A few
general guidelines for mninmmnutrient content can
be excerpted fromthe literature. For instance, N
al nost al ways ranges between one and two percent, P
shoul d be at |east 0.15 percent, and nost species
accunul ate at least 0.5 percent K
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