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growth. 

Seven other elements, required in small amounts by plants, 
are called micronutrients. They include iron, manganese, 
zinc, boron, molybdenum, copper, and chlorine. 
Micronutrients are at low levels or totally lacking in most 
soilless media, so it is important to supply them when 
growing plants in such media. ~icronutrients are rarely 
deficient in field soils, but may occur in chemical forms that 
some plants cannot use. Extreme pH conditions (either too 
acidic or too alkaline) are the most frequent cause of nutrients 
occurring in unavailable forms. 

If plants absorb any of these essential elements in 
insufficient or excessive amounts, they will not achieve their 
maximum growth. Proper feeding and management of plants 
require knowledge and understanding of what plants need and 
how nutrients become available or unavailable because of 
conditions in the soil. Figure 1 illustrates the relative 
availability of some of the mineral elements at different pH 
levels. Specific information on each macronutrient and 
general information on the micronutrients follow. 

E IT'IAL MINERAL ELEMENTS 

Certain -ne /elements are essential for plant growth. Nine, 
called m ro u 'ents, are required in relatively large 
amounts. PI ts obtain carbon, hydrogen, and oxygen from 
air and geifgen, phosphorus, potassium, calcium, 
magnesi , sulfur are normally absorbed by the roots. 
The ma nupi nts are usually present in field soils, but their 

MINERAL SOILS 

6.5 7.0 7.5 8.0 8.5 9.0 
pH 

ORGANIC SOILS 

4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 

I I I I I I I f 

v--- 
PHOSPHORUS 

--IIII--- 

POTASSIUM 
PHOSPHORUS 

- 1  --- -- 
SULFUR ------- I 

CALCIUM m-m----- 
MAGNFSIIIM I ---m---m 

CALCIUM - ---&-=-- MANGANESE 

-m- - c  
BORON -lr--rlb 

COPPER AND ZlNC 
I------ 

Brn-1-I - 
IRON -- -- 

-----I 
1 MANGANESE 

availability of essential elements at 
for mineral and organic soils. 

lack band the more available the element. 
I rn --mar BORON 

B ~ D - ~ L  
COPPER 

B----I- 
ZlNC 

-- 
MOLYBDENUM 1 

The objective of the commercial nursery operator is to
T)roduce a crop as high in value as possible in as short a time
JS possible, a task that requires meeting all of the cultural
requirements of the crop at the right time. Insects, diseases,
and weeds must be controlled and mineral elements must be
provided in optimum amounts and form. Insect. disease, and
weed control suggestions are presented in two Cooperative
Extension Service publications of The Pennsylvania State
University: "Pest Control Suggestions" and "Weed Control
Recommendations for Nursery, Landscape, and Chrjstmas
Tree Plantings." The objective of this publication is to help
growers determine the nutritional needs of their plants and
how best to meet them.

ESSENTIAL MINERAL ELEMENTS

Certain mineral elements are essential for plant growth. Nine.
called macronutrients, are required in relatively large
amounts. Plants obtain carbon, hydrogen, and oxygen from
air and waler; nitrogen, phosphorus, potassium, calcium,
magnesium, and sulfur arc normally absorbed by the roots.
The macronutrients are usually present in field soils, but their

levels require careful management to obtain maximum
growth.

Seven other elements, required in small amounts by plants,
are called micronutrients. They include iron, manganese,
zinc, boron, molybdenum, copper, and chlorine.
Micronutrients are at low levels or totally lacking in most
soilless media, so it is important to supply them when
growing plants in such media. Micronutrients are rarely
deficient in field soils, but may occur in chemical forms that
some plants cannot usc. Extreme pH conditions (either too
acidic or too alkaline) are the most frequent cause of nutrients
occurring in unavailable forms.

If plants absorb any of these essential elements in
insufficient or excessive amounts, they will not achieve their
maximum growth. Proper feeding and management of plants
require knowledge and understanding of what plants need and
how nutrients become available or unavailable because of
conditions in the soil. Figure I illustrates the relative
availability of some of the mineral elements at different pH
levels. Specific information on each macronutrient and
general information on the micronutrients follow.
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Figure 1. Relative availability of essential elements at
different pH levels for mineral and organic soils.
The wider the black band the more available fhe element.
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application when first applied. Care is required in applying 
these materials because they release ammonia, which can 
"burn" germinating seeds or seedling roots in the area of 
fertilizer placement. However, in the conversion of 
ammonium ions to nitrate, an acid residue forms, lowering 
soil pH. This may lead to the formation of an "acid roof' on 
the soil. In an "acid roof," the pH in the upper inch or two 
of soil may be as much as an entire pH unit less than the soil 
beneath. Failure of triazine herbicides to control susceptible 
weeds may be due to the pH of the upper two inches of soil. 
A general rule of thumb suggests applying six pounds of 
limestone for each pound of nitrogen applied as ammonium 
sulfate, or three pounds of limestone for each pound of 
nitrogen applied as anhydrous ammonia, urea, or ammonium 
phosphate. 

Urea is a water soluble form of organic nitrogen that 
moves easily into the soil. In the soil, urea converts first into 
ammonium nitrogen, then into nitrate. Significant quantities 
of nitrogen can be lost from urea by volatilization of the 
ammonia. These losses are accelerated by w m ,  moist soils, 
high pH, and surface organic matter. Losses are higher on 
soils with low cation exchange capacity (CEC) and sandy 
soils than on clay soils with a high CEC. Urea fertilizers 
should be applied in cool weather or incorporated into the soil 
by tillage or water movement. Urea is not recommended as a 
starter fertilizer because of the potential for ammonia toxicity 
to germinating seedlings or young roots. 

Organic forms of nitrogen other than urea, either natural or 
synthetic, must be decomposed or transformed into more 
soluble forms to move into and through the soil to plant 
roots. The rate of decomposition or transformation is usually 
dependent on the forms of the material, temperature, soil 
moisture, and the abundance of soil microorganisms. 

Phosphorus 
Phosphorus (P) exists in soils in both organic and inorganic 
forms. Mineral soils, especially those that are acidic, tend to 
fix or tie-up phosphorus in forms not readily available to 
plants. Calcium, iron, and aluminum ions and silicate clays 
may combine with phosphorus in low pH environments. An 
advantage of this soil furation of phosphorus is that little if 
any phosphoms is lost by leaching. 

Many soils in Pennsylvania are low in phosphorus. 
Corrective applications based on soil test results should be 
made. Since phosphorus is not very mobile in the soil, it may 
move as little as one inch per year from the site of 
application. It is important to incorporate phosphorus prior to 
planting so that it is in the zone of root growth at the time of 
planting. 

Single superphosphate (0-20-0) is preferred over triple 
superphosphate (0-40-0 or 0-46-0) because it supplies sulfur 
as well as calcium and phosphorus. Ammonium and 
potassium phosphates can also be used. 

Although superphosphate can be added to soil at relatively 
high rates without directly injuring plants, soil levels of 
phosphorus exceeding five hundred pounds per acre should 
be avoided. In soils with higher phosphorous levels certain 

Nitrogen
Nitrogen (N) is the element that most commonly limits
nrowth in plants. Almost all plants respond to the addition of

ogen fertilizers.
The amount of nitrogen available to plants in soil depends

first on how much is present, then how much is added, and
finally how much is used or lost.

Nitrogen becomes available to plants through:
• mineralization (decomposition) of organic matter by soil

microorganisms
• addition of fertilizers
• fixation of nitrogen in the air by bacteria

Nitrogen in the soil becomes unavailable to crop plants
through:
• absorption by weeds
• absorption by microorganisms decomposing organic matter

low in nitrogen
• denitrification by soil organisms
• loss from the root zone by leaching

Except for the direct application of fertilizer, these processes
are all influenced by the environment (temperature, moisture,
soil aeration, pH, and microorganisms).

Several different chemical forms of nitrogen fertilizers
come in a variety of formulations (liquid, granular, sulfur
coated, encapsulated, etc.). The nitrogen in most farm grade
fertilizer is readily available to plants. 1n recent years several

trogen products have been developed that delay or extend
"utricnt release ovcr a period of lime. These "slow release"
fertilizers are described on page 9.

Plants absorb nitrogen in one of two forms: ammonium­
nitrogen (NH4 +) or nitrate-nitrogen (N03-). Nitrate-nitrogen
carries a negative charge and is not adsorbed onto soil
particles. It moves with the soil water and is available for
absorption by plant roots or other organisms. If an excess of
water is applied through irrigation or rainfall, some of the
nitrate may leach below the root system,and be lost to the
plants. Nitrate-nitrogen can also be lost to the atmosphere
through denitrification when soils become water saturated.

Ammonium-nitrogen carries a positive charge and is
adsorbed onto the cation exchange capacity of soil particles.
Nitrogen in the ammonium fonn is not lost through leaching.
Although ammonium ions can be absorbed by most plants,
they commonly are transformed to the nitrate form by soil
microorganisms before moving down into the root zone. This
process occurs rapidly (beginning within two to three days
following application) when the soil temperature is warmer
than 50"F. Conversion from ammonium to nitrate is usually
completc within two to four weeks following application.
Plants respond more slowly to ammonium-nitrogen than to
nitrate-nitrogen, but ammonium ions are less readily lcached
from the soil.

The long-range effect of ammonium-nitrogen fertilizers is
) reduce soil pH. Anhydrous ammonia, urea, mono- or di­

ammonium phosphate, and ammonium sulfate greatly, but
temporarily, jncrease soil pH to 9.0 or higher in the zone of
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application whcn first applied. Carc is required in applying
these materials because they release ammonia, which can
"bum" genninating seeds or secdling roots in the area of
fertilizer placement. However, in the conversion of
ammonium ions to nitrate, an acid residue fonns, lowering
soil pH. This may lead to thc formalion of an "acid roof" on
the soil. In an "acid roof," the pH in the upper inch or two
of soil may be as much as an enlire pH unit less than thc soil
beneath. Failure of triazine herbicides to control susceptible
weeds may be due to the pH of the upper two inches of soil.
A gencral rule of thumb suggests applying six pounds of
limestone for each pound of nitrogen applied as ammonium
sulfate, or three pounds of limestone for each pound of
nitrogen applied as anhydrous ammonia, urea, or ammonium
phosphatc.

Urca is a water soluble form of organic nitrogen that
moves easily into the soil. In thc soil, urea converts first into
ammonium nitrogen, then into nitrate. Significant quantities
of nitrogen can be lost from urea by volatilization of the
ammonia. These losses are accelerated by warm, moist soils,
high pH, and surface organic matter. Losses are higher on
soils with low cation exchange capacity (CEC) and sandy
soils than on clay soils with a high CEC. Urea fertilizers
should be applied in cool weather or incorporatcd into the soil
by tillage or water movcment. Urea is not recommended as a
startcr fertilizcr because of the potential for ammonia toxicity
to germinating seedlings or young roots.

Organic forms of nitrogen other than urea, either natural or
synthetic, must be decomposed or transformed into more
soluble forms to move into and through the soil to plant
roots. The rate of decomposition or lransformation is usually
dependcnt on the forms of the material, temperature, soil
moisture, and the abundance of soil microorganisms.

Phosphorus
Phosphorus (P) exists in soils in both organic and inorganic
forms. Mineral soils, especially those that are acidic, tend to
fix or tie-up phosphorus in Conns not readily available to
plants. Calcium, iron, and aluminum ions and silicatc clays
may combine with phosphorus in low pH environments. An
advantage of this soil fixation of phosphorus is that little if
any phosphorus is lost by leaching.

Many soils in Pennsylvania arc low in phosphorus.
Corrective applications based on soil test results should be
made. Since phosphorus is not very mobile in the soil, it may
move as linle as one inch per year from the site of
application. It is important 10 incorporate phosphorus prior to
planting so that it is in the zone of root growth at the time of
planting.

Single superphosphate (0-20-0) is prefcrred over triple
superphosphate (0-40-0 or 0-46-0) because it supplies sulfur
as well as calcium and phosphorus. Ammonium and
potassium phosphates can also bc used.

Although superphosphatc can be added 10 soil at relatively
high rates without directly injuring planls. soillcvels of
phosphorus exceeding five hundrcd pounds per acre should
be avoided. In soils with higher phosphorous levels certain
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Micronutrients 
Iron and manganese are the micronutrients most often found 
to be deficient in plants. In almost all locations where plants 
show symptoms of iron or manganese deficiency, these 
elements are present in the soil in concentrations adequate to 
support normal growth. The deficiency occurs because the 
iron or manganese occurs in a chemical form that prevents its 
use by the plants. The situation is usually corrected by 
adjustments in soil pH. Plants in well-drained soils with a 
high pH are especially susceptible to this condition. 

The remaining micronutrients are rarely deficient in woody 
plants grown in soil. However, plants grown in soilless media 
often develop micronutrient deficiencies. Micronutrients, or 
trace elements, must be incorporated when mixing the media 
or applied postplant at least once a year to prevent 
deficiencies. 

Nutrient-element balance 
Plant growth is a function of both the total amount of nutrient 
elements available and the balance among the elements. 
Deficiency symptoms can develop in plants grown in soil in 
which all nutrients are present in adequate amounts, but not 
in the proper balance. 
1. High levels of magnesium or calcium decrease the plants 
ability to obtain potassium. 
2. High levels of potassium, ammonium nitrogen, or calcium 
can induce a magnesium deficiency. 
3. Conversely, high levels of magnesium can induce a 
calcium deficiency. 
4. Very high phosphorus levels may induce certain 
micronutrient deficiencies, such as copper or zinc. 
5. Conifers may show little or no response to increases in 
nitrogen fertility unless phosphorus levels are in balance with 
the nitrogen. 
6. When nutrient imbalance is caused by too much 
potassium, plant leaves are large, but relatively inefficient at 
photosynthesis. The resulting abnormally high concentration 
of nitrogen compounds compared to carbohydrates in the 
leaves makes the leaves more susceptible to fungal and 
bacterial diseases and drought stress. 

The important point is that fertilizer applications that are 
not based on soil test results may be a waste of money or may 
actually do more harm than good. 

DETERMINING NUTRITIONAL REQUIREMENTS 

Plants often survive and appear to grow normally under a 
wide variety of soil conditions without the addition of any 
supplemental fertilizers. In almost all situations, the addition 
of one or more nutrients would significantly increase the 
growth of the plants. There are three ways of estimating how 
well the nutritional requirements of a crop are being met: 
observing its growth, testing the soil, or testing the foliage. 

Deficiency symptoms 
The nutrient status of a plant can be determined by observing 
the length of shoot growth; leaf color, color pattern, and size; 

micronutrient deficiencies. particularly zinc or copper, may
be induced.

In fertilization experiments with a variety of ornamentalr- plants. conifers have shown the greatest growth increases in
response to phosphorus applications.

Potassium
Potassium (K), or polaSh (K10) as it is known to many
growers, is used in relatively large amounts by plants. It is
the third of the macronutrients that is most likely to limit
plant performance.

Potassium exists in the soil in three fonns:
nonexchangeable, exchangeable, and soil solution. Plants can
absorb the exchangeable and soil-solution potassium with
relative ease. As the exchangeable potassium is used by
plants, it is partially replaced by nonexchangeable potassium.
Nonexchangeable potassium is important because il can
sustain plant growth over several growing seasons and thus
alleviate the need for annual applications of potassium. Fields
in which the potassium content is at a recommended level,
may not need additional potassium for five years.

Potassium can be added as potassium sulfate, potassium
chloride (also called muriate of potash). or potassium nitrate.
The last fonnulation supplies both potassium and nitrogen.

Magnesium and calcium
Magnesium and calcium are positively charged ions that are
strongly adsorbed by clay particles or organic matter. They
must be applied 10 the root zone to be effective within a
reasonable time. Preplant incorporation of fertilizers
containing these elements is recommended.

Magnesium can be supplied in two forms - as magnesium
sulfate (Epsom salts) or as dolomitic Iimeslone (a mixture of
calcium and magnesium carbonates). Selcction of the form to
be used depends on the soil pH. Magnesium sulfate is used in
neutral or alkaline soils; dolomitic limestone under acid
conditions. Magnesium sulfate can be broadcast on the soil
surface, but dolomitic limestone must be incorporated into
the soil to be effective.

As in the case of magnesium, selection of the calcium
fonnulation added depends on the soil pH. Calcium sulfate
(gypsum) should be applied to neutral or alkaline soils. Lime
and limestone supply calcium and increase the pH of soils to
which they are applied. Calcium nitrate can be used 10 add
calcium and nitrogen to the soil.

In the soil, magnesium and calcium move from
exchangeable fonns into the soil solution as they are taken up
by plants. In this way. they are maintained at adequate levels
in the soil solution until the exchangeable sources are
depleted. 1llerefore, one application of these elements may
meet plant needs for several years.

Sulfur
Sulfur is rarely deficient in Pennsylvania soils. The primary
use of this element is to decrease the pH of soil or soilless
media. Details are given on page 8.

Mlcronutrients
Iron and manganese are the micronutrients mOSI often found
to be deficient in plants. In almost all locations where plants
show symptoms of iron or manganese deficiency, these
elements are present in the soil in concentrations adequate to
support nonnal growth. The deficiency occurs because the
iron or manganese occurs in a chemical fonn that prevents its
use by the plants. The situation is usually corrected by
adjustments in soil pH. Plants in well-drained soils with a
high pH are especially susceptible to this condition.

The remaining micronutrients are rarely deficient in woody
plants grown in soil. However, plants grown in soilless media
often develop micronutrient deficiencies. Micronutrients, or
trace elements, must be incorporated when mixing the media
or applied postplam at least once a year to prevent
deficiencies.

Nutrient-element balance
Planl growth is a function of both the total amount of nutrient
elements available and the balance among the elements.
Deficiency symptoms can develop in plants grown in soil in
which all nutrients are present in adequate amounts, but nOI
in the proper balance.
I. High levels of magnesium or calcium decrease the plants
ability to obtain potassium.
2. High levels of polaSsium, ammonium nitrogen, or calcium
cao induce a magnesium deficiency.
3. Conver.;ely, high levels of magnesium can induce a
calcium deficiency_
4. Very high phosphorus levels may induce certain
micronutrient deficiencies, such as copper or zinc.
5. Conifers may show little or no response to increases in
nitrogen fertility unless phosphorus levels are in balance with
the nitrogen.
6. When nutrient imbalance is caused by too much
potassium, plant leaves are large, but relatively inefficient at
photosynthesis. The resulting abnonnalJy high concentration
of nitrogen compounds compared to carbohydrates in the
leaves makes the leaves more susceptible to fungal and
bacterial diseases and drought stress.

The important point is that fertilizer applications tJUJI are
not based on soil test results may be a wasle ofmOrley or may
actUiJlty do mou harm Iha" good.

DETERMINING NUTRITIONAL REQUIREMENTS

Plants often survive and appear 10 grow normally under a
wide variety of soil conditions without the addition of any
supplemental fertilizers. In almost all situations. the addition
of one or more nutrients would significantly increase the
growth of the plants. lbcre are three ways of estimating how
well the nutritional requirements of a crop are being met:
observing its growth, testing the soil, or testing the foliage.

Deficiency symptoms
The nutrient status of a plant can be detennined by observing
the length or shoot growlh; leaf color, color pattern, and size;
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Problems not nutrient-related sometimes mimic deficiency 
symptoms. Bacteria or virus infections, overwatering, high 
soluble salts, or root damage may all cause symptoms 
resembling a nutrient deficiency. Therefore considerable 
experience is needed to "read" a plant's nutritional status. 

Perhaps the most important point to be remembered is that 
when a deficiency symptom is noticed, some damage has 
already been done. It is too late to make up the loss in growth 
and value. Any corrective actions taken only benefit future 
growth. 

Soil analysis 
Testing field soils or container media prior to planting a crop 
reveals nutrient deficiencies or imbalances and provides an 
accurate basis for their correction. Preplant amendments can 
be added to prevent any loss of growth that might occur 
between the time of planting and the first fertilizer 
application. Some materials such as lime, sulfur, and 
phosphorus are most effective if incorporated into the soil, 
and this is much easier to achieve before the crop is planted. 
Soil samples should be tested and the required amendments 
incorporated the year prior to planting in order to allow time 
for them to produce their desired effect. Soils for nursery 
crops should be tested every two to three years and corrective 
actions taken as needed. 

A soil analysis laboratory is operated by the Cooperative 
Extension Service of The Pennsylvania State University. To 
test soil or soilless media, a mailing kit including a container 
for the sample, sampling instructions, and mailing 
information can be purchased from County Cooperative 
Extension Service offices. The final report includes the 
chemical analysis and a lime and fertilizer recommendation to 
meet the needs of a particular crop. 

The testing laboratory offers several different tests. The 
Soil Test measures soil pH; available P; exchangeable K, Ca. 
and Mg; cation exchange capacity; and percent base 
saturation. It should be used for all field soils. Table 2 
provides information for interpreting the results. The 
Greenhouse Soilless Media Test includes all of the above as 
well as soluble salts and nitrates. It should be used for 
greenhouse or container media that do not contain soil. Table 
3 provides information for interpreting the results. Several 
other tests, available on an individual basis, include tests for 
organic matter, sulfur, boron, ammonium-nitrogen, and 
nitrate-nitrogen. 

Nitrogen is not regularly tested by most laboratories 
because of its unstable nature in soils. It is readily leached 
from the root zone area and is used in large amounts by 
plants. For these reasons, N applications are usually needed 
annually by field-grown stock and continuously for plants 
growing in containers. 

Kits are also available to test mushroom compost, peat, 
and soil particle size. 

and time of leaf fall. A slight nutrient deficiency may reduce
shoot growth without producing any other noticeable
..··."ptoms. The observer must have enough experience to

N what cbnstitutes "normal" growth, In more extreme
cases, the visual symptoms described in Table I are evident.

Deficiency symptoms may be difficult to interpret for
several reasons. Deficiency symptoms of some elements are
hard to distinguish. For example, deficiencies of iron or
manganese produce an interveinal chlorosis on new leaves.
Multiple deficiencies may be difficult to diagnose
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Table 1. Nutrient deficiency symptoms of woody plants.

Element

Nitrogen (N)

hosphorus (P)

POlasslum (K)

Calcium (Ca)

Iron (Fe)

Manganese (Mn)

inc (Zn)

oron (6)

Copper (Cu)

v!olybdenUm (Mo)
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Foliar symptoms

General yellowish-green, more severe on
older leaves. Stunted growth: small. fewer
leaflets; early leaf drop.
Dark green to blue green, slightly smaller
leaves. Veins, petioles. or lower surface
may becom.e reddish-purple, especially
when young; death of lower needles of
pines.
Partial chlorosis of most recently matured
leaves in interveinaf area beginning at tips,
followed by necrosis. Older leaves may
become brown and curl downward.
Death ot terminal buds, tip dieback,
chlorosis of young leaves; leaves may
become hard and sllft. Root injury is the
first apparent sign.
Marginal chlorosis on older leaves followed
by interveinal chlorosis. Tips and margins
may become brittle and curl upward.
Uniform chlorosis 01 new leaves; older
leaves usually are not affected.
Inlerveinal chlorosis of young leaves (sharp
distinction between green veins and yellow
lissue between veins). Older basal leaves
greener; exposed leaves bleached.
Interveinal chlorosis of young leaves
beginning at margins and progressing
toward midribs; followed by necrohc spots.
Young leaves may be yellow, small ("Iiltle­
leaf"), deformed or mottled with necrolic
spots. There may be a tuft of leaves at the
shoal tips.
Terminal growlh dies, laleral growth that
develops has sparse foliage.
Young leaves may be red, bronzed, or
scorched.
leaves may be small, thick, distorted, or
brittle.
Roselling of terminal growth. tn extreme
cases, terminal growth may die.
leaf symptoms not usually pronounced,
but veins may be lighter than blades.
Cupping of the older leaves; marginal
chlorosis followed by interveinal chlorosis.

Problems not nutrient-related sometimes mimic deficiency
symptoms. Bacleria or virus infections, overwatering, high
soluble saliS, or root damage may all cause symptoms
resembling a nutrienl deficiency. Therefore considerable
experience is needed to "read" a plam's nutritional status.

Perhaps the most important poilll to be remembered is thai
when a deficiency symptom is noticed, some damage has
already been done. It is too late to make up the loss in growth
and value. Any correClive actions taken only benefil future
growth.

Soil analysis
Testing field soils or container media prior to planting a crop
reveals nutrient deficiencies or imbalances and provides an
accurate basis for their correction. Preplant amendments can
be added to prevent any loss of growth that might occur
between the time of planting and the first fertilizer
application. Some materials such as lime, sulfur, and
phosphorus are most effective if incorporated into the soil,
and this is much easier to achieve before the crop is planled.
Soil samples should be tested and the required amendments
incorporated the year prior to planting in order 10 allow time
for them to produce their desired effec!. Soils for nursery
crops should be tested every two to three years and correclive
actions taken as needed.

A soil analysis laboratory is operated by the Cooperative
Extension Service of The Pennsylvania State University. To
test soil or soilless media, a mailing kit including a container
for the sample, sampling instructions, and mailing
infommtion can be purchased from County Cooperative
EXlension Service offices. The final report includes the
chemical analysis and a lime and fertilizer recommendation 10

meet the needs of a particular crop.
The tesling laboratory offers several different tesls. The

Soil Test measures soil pH; available P; exchangeable K, Ca,
and Mg; cation exchange capacity; and percent base
saturation. It should be used for all field soils. Table 2
provides information for interpreting the results. The
Greenhouse Soilless Media Test includes all of the above as
well as soluble salts and nitrates. It should be used for
greenhouse or container media that do not contain soil. Table
3 provides infonnation for interpreting the results. Several
other tests, available on an individual basis, include tests for
organic maUer, sulfur, boron, ammonium-nitrogen, and
nitrate-nitrogen.

Nitrogen is not regularly tested by most laboratories
because of its unstable nature in soils. It is readily leached
from the rool zone area and is used in large amounls by
plams. For these reasons, N applications are usually needed
annually by field-grown stock and continuously for plants
growing in containers.

Kits are also available to test mushroom compost, peal,
and soil particle size.



Foliar analysis 
The leaves of plants are analyzed to determine the mineral 
element content within a plant. The information gained from 
this analysis complements that which was obtained with the 
soil test. It is possible to have a soil test indicate that 
adequate levels of all nutrients are present in a soil and still 
have nutrient deficiency symptoms appear on a plant. The 
nutrients may occur in a form that is unavailable to the plant. 
For instance, in high pH soils, iron occurs in a form that is 
unavailable to plants like pin oak and rhododendron. There 
may also be physical problems within the soil, such as 
compaction, poor drainage, or poor aeration that can affect 
nutrient absorption. The problem may even be localized in a 
field that has "clay pockets" scattered throughout. It is also 
possible that the soil samples were taken in a way that did not 
properly represent the area tested. In any case, foliar analysis 
is useful in diagnosing deficiency symptoms. 

At this time, the use of foliar analysis for woody 
ornamental plants is confined largely to research studies and 
to confming visual diagnoses. More correlation among 
tissue analysis, plant symptoms, and fertilizer responses is 
needed before standards can be developed for determining the 
nutrient status and needs of woody ornamental plants. The 
guidelines presented in Table 4 are based on work with a 
limited number of species and should be used with that 
understanding. 

The greatest opportunity to make use of a foliar testing 
program is in the production of plants in containers. The 
soilless media that are generally used have very few naturally 
occurring nutrients. Many of the nutrients that are added are 
rapidly lost to leaching or absorption by the plant roots that 
may fill the containers. In such a situation, tests of the 

I ~

Table 2. A guide to the evaluation of field soil test results from
the Penn Stale Soil Testing Laboratory.

Soil pH - Recommendations will be given 10 adjust the pH to
5.5, a range of 6.0- 6.5, or7.0, depending on Ihe plants being
grown..

Foliar analysis
The leaves of plants are analyzed to determine Ihe mineral
element content within a plant. The infonnation gained from

this analysis complements that which was obtained with the
soil tcst. It is possible to have a soil test indicatc that
adequate levels of all nutrients are present in a soil and still
have nutrient deficiency symptoms appear on a plant. The
nutrients may occur in a form that is unavailable to the plant.
For instance, in high pH soils, iron occurs in a foml lhat is
unavailable to plants like pin oak and rhododendron. There

may also be physical problems within the soil, such as
compaction, poor drainage, or poor aeration that can affect
nutrient absorption. The problem may even be localized in a
field that has "clay pockets" scattered throughout. It is also
possible that the soil samples were taken in a way that did not
properly represent the area tested. In any case, foliar analysis
is useful in diagnosing deficiency symptoms.

At this time, the use of foliar analysis for woody
ornamental plants is confined largely to research studies and
10 confirming visual diagnoses. More correlation among
tissuc analysis, plant symptoms, and fenilizer responses is
needed before standards can be developed for determining the
nutrient status and needs of woody ornamental plants. The
guidelines presented in Table 4 are based on work with a
limited number of species and should be used with that
underslanding.

The greatest opponunity to make use of a foliar testing
program is in the production of plants in containers. The
soilless media that are generally used have very few naturally
occurring nutrients. Many of the nutrients that are added are
rapidly losl to leaching or absorption by the plant roots that
may fill the containers. In such a situation, tesls of the

Recommendations will be given to adjust" Ihe
p levella 200 Ib/acre.

~
I

hoSph rus (P) - The pounds per acre of available P
present in Ihe soil is indicated. Critical phosphorus levels are:

La 0·130 !b/acre
Medium - 130-300
High - 300-500

Potassi~m (K), Magnesium (Mg), and Calcium (Ca) are
presenlid in milli-eQuivalents per 100 grams of soil and as a
percent?, the base saturation.

Thd mllli-equivalents of each in the soil are
determined so Ihat its calion exchange capacity
(C~C) can be calculated. The GEe is a measure of
the soil's ability to store nutrients. The storage
capacity of Pennsylvania soils is essentially
saturated with hydrogen, K, Mg, and Ga. The GEG
of ~soil can not easily be changed.

Percent base saturation is the concentration of each element
xpress1d as the percent of the GEG. A balanced soil will fall
ithin these ranges!

K - 1 to 5 percent
Mg-10t015pement
ea - 60 to 80 percent

Recommendations lor the addition of these elements are
based a~ much on their ralios to each other as they are on
total am6unts in the soil.

Table 3. A guide to evaluation of greenhouse soil test results

I
, gao - ~ -,

Low Medium High _ -- Excess

Soil pH I Mineral soil 4.5-5.5 5.6-6.8 6.9-7.4 7.5 T ,
Soilless mix less than 4.4 4.5-6.0 6_1-6_6 6.7+'

itrate nitrogen' PPM Mineral soil 0·75 76-t~5 . 126-250 >: 250+

, Soilless mix Less than 100 10p·400 ~01 and ab.o.ve

~oluble saJls2 Dilution 1:2 0-39 '40-140 141-180 180+
Dilution 1:20 0-100 101-300 301-400

lNitrate nitrogen levels vary greatly with the crop, stage of development, time of year, and method'of fertilization. In growing
mixtures of less than 25 percent soil a nitrogen level of 126to 250 ppm might he considered medium under a wee~ly fertilizer
schedule, Using a growing mixture of more than 25 percent soil anti fertilizing each time you water, a nitrogen level of76-125 ppm
might also be.c0nsidered medium. A combination of high nittate ni!wgen and high soluble salts may be damaging and levels
should be reduced by leaching.

A soluble salts level of 80-90 or above on a 1:2 dilution is excessive lor seedlings,- newly planted bedding plants, azatealiners,
and newlr benched snapdragons or cuttings.
Leaching reduces excessive soluble salt levels.
leaChing can be achieved by applying 2 gallons of water per square foot so that water runs out of the bottom of the bench or bed
n three applications one hour apart.. For pots, enough water should be applied so thai it runs oul 01 llie bottom in three
aP-Rlica!iQ!1§.~Q!lehour 8p-art
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