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The application of 6 inches of
composted lime-treated horse manure
resulted in an undesirable increase in
soil pH. The soil pH has remained high
(7.0 or above) for at least 12 years.
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The presence of organic matter in
forest tree nursery soils has long been
recognized as essential for high
productivity. The amount of organic
matter present in soils directly affects
moisture-holding capacity, aeration,
structure, drainage, buffering capacity,
and availability of nutrients. Organic
materials commonly incorporated into
nursery soils include sawdust, bark,
straw, leaves, peat, and green manure
from cover crops (5). Many industries
burn wood waste to reduce their
energy costs thereby reducing the
availability of this source of organic
matter (7). New, inexpensive sources
of organic material, suitable for
application to nursery soils, should
constantly be investigated.

The Saratoga Tree Nursery,
Saratoga Springs, NY, is located
within a few miles of a major horse
racing facility offering a readily
available, inexpensive source of
organic material in the form of horse
manure. A study was undertaken to
evaluate the possibility of utilizing this
horse manure, including barn sweep-

ings, as a major source of organic
matter. The long-term effect of the
addition of composted horse manure
on soil pH is reported in this paper.

Methods

The Saratoga Tree Nursery
produces four to five million conifer
seedlings annually (10). The nursery is
located on deep loamy sand soil that
requires periodic addition of organic
matter to maintain productivity. A single
6-inch application of composted horse
manure was applied to various blocks
in one section of the nursery between
1973 and 1975. This resulted in some
blocks in the study area being
untreated in 1974. Soil samples have
been collected periodically since 1974
and analyzed for pH, organic matter,
total nitrogen, available phosphorus
and exchangeable potassium, calcium,
and magnesium according to standard
methods (4) as part of an ongoing soil
analysis program.

Results

The composted horse manure,
including barn sweepings, was highly
alkaline (pH 8.4) because hydrated
lime, sprinkled on the floor of the
stables to control odor, was mixed into
the material (table 1). The application
of lime to horse stalls is common
practice.

Table 1—Analysis of composted
lime-treated horse manure applied
to the Saratoga Tree Nursery

pH 8.4
Y M 0.78
% P 0.20
% K 067
% Ca a.67
= Mg 1.74
% MR 0025
% Na 011

Soil pH of areas that had not
received composted horse manure was
5.7 in 1974 (table 2); that of areas that
had received composted horse manure
during 1973 was 6.7 in 1974. Soil pH
has varied between 7.0 and 7.3 since
composted lime-treated horse manure
was applied, with no significant
downward trend indicated.

The application of manure increased
soil organic matter from 5.0% in
untreated areas to over 8.0% in areas
where manure had been applied (table
2). The soil organic matter content has
decreased since 1977 and is currently
being maintained at approximately
3.5%. The concentration of
exchangeable calcium increased from
450 ppm to 2,950 ppm as a result of
applying the manure and the
concentration of exchangeable
magnesium increased from 50 ppm to
750 ppm (table 2). The concentration
of exchangeable calcium and
magnesium appears to have stabilized
at approximately 1,200 ppm and 200
ppm, respectively. The recommended
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Table 2—Chemical properties of soil at the Saratoga Tree Nursery

before and after application of composted lime-treated horse manure

Composition (ppm)

Year pH % OM % N P K Ca Mg
Before compost
1974 5.7 5.0 0.08 136 69 454 50
After compost
1974 6.7 8.0 0.12 138 119 1,321 156
1977 7.2 8.1 0.19 196 246 2,947 756
1982 7.3 45 0.14 182 131 1,326 227
1983 7.0 3.4 0.11 170 138 1,250 200
1986 7.0 3.5 0.11 152 81 1,136 194

OM = organic matter.

concentration of exchangeable calcium
and magnesium for conifer seedling
production is 500 ppm and 150 ppm,
respectively (13).

Discussion

The single application of 6 inches of
composted limetreated horse manure
was equivalent to applying 3.5 tons per
acre of lime. A guideline for the
application of lime to sandy nursery
soils is that 1 ton per acre of lime
should increase soil pH by 0.5 units
(23).

The initial increase in soil pH was
not as large as the guideline
suggested. There are several possible
reasons for this. First, the soil organic
matter content before the application
of composted horse manure was
higher than normally found in sandy
soil. Soil organic matter and clay serve
as a buffer, thus preventing large
changes in soil pH. Second, some of
the calcium and magnesium present in
the

material applied was contained within
the organic matter itself. The organic
matter had to decompose before the
calcium and magnesium could react
with the soil. Third, the particle size of
the lime used in the horse stalls may
have been larger than the particle size
of lime normally applied to soil, thus
increasing the length of time required
for the lime to completely react with the
soil (6). The initial change in soil pH,
as a result of adding organic matter,
was not an indication of the total
change in soil pH or the duration of the
change.

The soil pH has not decreased with
time. Calcium and magnesium are
lost from soils in three ways: (a)
erosion, (b) crop removal, and (c)
leaching (6). The loss of nutrients by
erosion in this nursery is minimal. The
amount of calcium removed in
seedling crops is insignificant in
comparison to the amount of
exchangeable calcium presentin

the soil to which the composted horse
manure was applied. Harvesting 2 + 0
white pine (Pinus strobus L.)
seedlings grown in an area treated
with horse manure removed 23
pounds per acre of calcium (3).

The nutrients taken up by cover
crops are returned to the soil during
decomposition and thus are not
removed from the site. Another
possible reason that soil pH in the
treatment area has not decreased is
because the irrigation water contains
30 ppm of calcium. Twelve inches of
irrigation water per year contributes 80
pounds per acre per year of calcium.
This is equivalent to applying 150
pounds per acre of lime per year.

Problems with poor seed
germination, early survival, and poor
seedling growth have been
experienced in areas where the
composted lime-treated horse manure
was applied. High soil pH is believed
to be the main cause of these
problems (3, 9). Poor early seedling
survival may be attributed to
damping-off, which is favored in cool
and wet, neutral to basic soils
containing large amounts of organic
matter (8). The problems with poor
seedling growth may be attributed to
soil nutrient imbalance. Phosphorus
availability to plants is greatest when
soil pH is between 6.0 and 7.0.
Potassium and ammonium become
fixed and therefore
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unavailable to plants when soil pH is
too high. Solubility of micronutrients
such as zinc, copper, manganese, and
iron decreases as soil pH increases,
thus decreasing the availability of these
nutrients to plants. Plants may exhibit
nutrient deficiencies when soil pH is too
high (11).

Reports in the literature indicate
that some conifer species are
intolerant to soil pH above 6.0. Dry
weight of red pine (Pinus resinosa
Ait.), and Douglas-fir (Pseudotsuga
menziesii (Mirb.) Franco) seedlings
were found to be greatest when soil
pH was 5.5 (1, 12). The tallest
Norway spruce (Picea abies (L.)
Karst.) seedlings were produced
when soil pH was 4.5 (2).

Conclusions

It can be concluded that an
undesirable increase in soil pH
occurred after a single 6-inch
application of composted lime-treated
horse manure. The effect of applying
this material on soil pH and chemical
properties has persisted for at least 12
years. There are indications that the
high soil pH is responsible for poor
early survival and growth of conifer
seedlings.

Organic materials having a pH
above 7.0 and containing large
amounts of calcium and magnesium
should not be applied to soils in
conifer nurseries where

moderately acid soil conditions are
desirable. It must be stressed that
there is a need to test new sources of
organic matter and application rates in
small areas of the nursery before
applying the material to the entire
nursery. This testing program should
be designed to include several tree
species with a duration of at least two
rotations of seedlings.
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