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Abstract: Crop benefits derived fromorganic anendnents to southern
nurseries appear mnor and linted by the rapid rates of OM deconposition

common to,the region. This paper
to exam ne the actual and potenti al

reviews a case study and rel ated studies
benefits of anendnents as detern ned

by the kinds, anmpunts and frequencies of applications. It is possible to
increase the stable fraction of OMin nursery soils and, potentially, to
i nprove seedling growmh and yield. However, it will be necessary to apply
anendnents nore frequently than conventionally done.

| NTRODUCTI ON

Nur sery managers believe organic
amendnents are essential to efficient
nursery production in southern regions
This belief is at |least partially
derived fromthe manner in which
seedlings are harvested. In contrast to
nost agricultural crops, nursery
seedlings are harvested as whol e plants,
and only negligi bl e amounts of
post - harvest crop residues remain in the
soil.
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Clearly, organic matter (OM is
essential for efficient crop production.
It acts as a reservoir of nutrients that
beconme avail able slowy as deconposition
proceeds. In addition, OMinproves soil
cation exchange capacity (CEC).
Consequently, nore nutrients are
retai ned agai nst leaching in soils high
in OM OMalso buffers the soil against
abrupt changes in soil acidity that can
occur when fertilizers such as anmoni um
sul fate are applied.

OM i nproves water infiltration and
augnments net soil npisture retention.
These benefits are inportant for soils
that tend to crust or that have high
salt content, esp., sodium (DeBano,
1981). OM adsorbs the cations and
prevents floccul ation of clay particles.
Certain types of OM can suppress
soi | -borne plant pathogens such a
Pyt hi um and Phyt opt hora through the
rel ease of fungicides. OM al so can
al l eviate the synptons of certain
abi oti c di seases caused by herbici des or
excess salts.

Nurseries apply a variety of
organi ¢ amendnents to maintain soil OM
(Davey, 1984). In the South, conifer
sawdust and bark are commonly applied
because of the abundance of wood mill
resi due. Gt her OM anendnents include



har dwood sawdust and bark, mnuni ci pal
waste and ani mal waste. Use of these
materials is usually limted by | ocal
availability. For exanple, fish waste

or horse manure is applied if the
nursery i s near a hatchery or racetrack,
respectively. Transportation costs
general ly preclude nurseries fromusing
northern peat noss.

G een nanures or cover crops do not
add to the stable organic fraction of
the soil. In fact, when a cover crop is
turned under, soil OM may actually
decrease after a brief period (Pieters
and McKee, 1938). Essentially, the
stimul ation of mcrobial activity
created by the addition of a readily
deconposabl e food supply can cause a net
reduction in the steady state | evel of
soil OM However, cover crops are not
wi t hout merit; they can be used
effectively to reduce wi nd erosion and
to elimnate plow pans.

Nursery soil OM depends on | ocation
and soil type. Nurseries in the
Nort hwest tend to have OM | evel s greater
than 3 % (Davey, 1984). However,
nurseries in the South average |ess than
3 %soil OM( South and Davey, 1982)
and those on sandy or sandy | oamsoils
have less than 1.5 % OM Nurseries in
t he Sout hwest ( New Mexi co and Okl ahoma)
average about 1 % (Myatt, 1980; Wndl e,
1980) .

The objective of this paper is to
di scuss the short-termresponse of
nursery soil to organic matter additions
usi ng the USFS Al buquerque Tree Nursery
as a case study, and to discuss the
| ong-term opportunities to i nprove crop
production through better OM managenent
in nurseries.

CRGANI C AMENDMENTS APPLI ED TO A
SOUTHWESTERN NURSERY: A CASE STUDY

Treatnments

Before fum gation for the 1984
crop, approximately 12 nm of OM was
i ncorporated into the surface 15 cm
The OM treatments included
gamma-irradi at ed sewage sl udge, pine
bark, pine sawdust, horticulture grade
peat noss and no OM Treatnents were
added at the rate of 67 t/ha, except
sawdust that was added at 43 t/ha. Soil
and seedling nutrient status were

foll owed over the course of the
production cycle (1.5 grow ng seasons),
and seedling yield and norphol ogy were
det er mi ned Novenber 1985.

Resul ts

The OM additions caused inmediate
but short-term changes in soil OM and
nutrient availability. Soil OM
(particles < 2 nm was affected nost by
sawdust (Fig. 1). The sawdust plots had
an OM content of nearly 4 % about 2
nonths after application. Sludge
increased OMless than 1.0 % Particles

2 mMmwere still visible in the soil,
but these are not neasured in standard
OM determ nations. In all I|ikelihood,

particles this large neither stimulate
soil mcrobial activity nor directly
i nfl uence seedling nutrition.

Organic Matter (%)

O = check

@ = Sludge

O = sawdust
A = Peat Moss

¥ = Bark

0 T T T T T T T T T T T T
6 7 8 9 10 11 12 1 2 3 4 5 6 7

1984 1985

Figure 1.--Effect of organic anmendnents
on soil test OMat the Al buquerque
Tree Nursery. Only the peat npbss
treatnent is significantly
different fromthe control (a_= .05)
for the July 1984 sanple only.
Vertical bars represent _+ 1 S.E. of
t he mean.

The response of soil nutrients to
OM was al so short-lived. Only sludge
i ncreased soil NO3 (Fig. 2A). Bark and
peat noss had no detectable effect, but
sawdust caused rapid i mobilization of
NO3. By August, NO3 in the sawdust
plots was 1 ppm conpared to 28 ppm for
the control. By Decenber, all plots had
only 1 ppm NO3. Five applications of
urea (53 kg/ha) failed to increase soil
NO3 to nore than 20 ppm and by August
1985, soil N3 returned to 1 ppm the
pre-application |evel.



O her nutrients (P,K and Fe)
behaved simlarly (Fig. 2B-D).
Generally, soil nutrient levels
i ncreased shortly after OM application,
and decreased over the renmi nder of the
rotation. For exanple, K decreased from
145 ppm before sowi ng to about 60 ppm 14
nmonths | ater. Again, sludge increased
soil Kslightly early in the season,
whi |l e sawdust decreased soil K slightly.
Bark and peat noss did not alter
nutrient levels. Al treatmnent
di f ferences di sappeared by Decenber
1984.
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OM anmendnents had no effect on
seedling yield, height, caliper or fresh
wei ght. However, seedling R'S was
significantly reduced by bark, sludge
and peat nobss (Table 1). Seedling shoot
fresh weight was positively correl ated
with increased soil nutrient levels
brought about by the OM additi ons.
However, R/'S and shoot fresh weight were
only slightly affected by OM additi on.
Nevert hel ess, the responses detected do
i ndi cate that OM anendnents can alter
seedl i ng nor phol ogi cal devel opnent.
However, additional work is needed to
adequately explain this relationship.
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Figure 2.--Effect of organic anendnents on soil test nutrient
contents at the Al buquerque Tree Nursery, where A =

ni trogen, B = phosphorus, C = potassiumand D = iron.
Arrows in Fig. 2A indicate applications of 53 kg/ha of urea.
Vertical bars represent * 1 S.E. of the mean; N.S. = not

significant.



Table 1.--Effect of different organic
anendnents on 1.5 + 0 ponderosa
pi ne seedl i ng nor phol ogy.

Height Caliper Fresh  Weight (Q)

Treatment (cm) (mm) Shoot Root R/S
CONTROL 10.5 3.4 3.84 1.94 .36
SAWDUST 9.7 3.4 3.59 1.74 .54
BARK 11.4 3.4 3.98 1.86 .51 !
PEAT 10.4 3.2 3.66 1.72 .31 !
MOSS

SLUDGE 11.2 3.5 4.16 1.89 .50 !

N.S. N.S. N.S.* N.S.
. Significantly different from Control (d-.0 5)
* Correlated with Now. 1985 Soil CP7 and CN)

DI SCUSSI ON

Al t hough not encouragi ng, our
results generally agree with studies
conducted in the southern United States.
Sal oman (1953) treated soil with various
| evel s of sawdust and found no change in
soil OM and no inprovenent in plant
growh. Simlarly, the addition of
sewage sludge to a nursery soil in the
Nort hwest resulted in few inprovenents
among the conifer species tested, and
results fromthe outplanting trials were
general ly negative (Col eman, et al.,
1986). However, Berry (1980) found
that pine responded positively to the
addi tion of sludge in a Fl orida nursery.
Seedl i ngs responded best to sludge
applied at rates of 60-136 t/ha. The 67
t/ha treatnments enployed in our study
failed to pronote a simlar response in
ponder osa pi ne seedling growh.

Long- Term Cpportunities

Many studi es, including this one,
exam ne the short-termresponse of
soils, and generally report the response
of one seedling crop to a single OM
addi tion. Such studies point to the
rather abrupt changes occurring in
amended soils. Wthin 1 year, nore than
60 Y of the OM added wi Il deconpose, and
about 90 | will be deconposed in 2 years
or |l ess (Davey, 1984). Davey and Krause
(1980) believed the stable fraction of
soil OMcould be increased about 0.1 %
by addi ng 20 t/ha. However, Minson
(1983) found peat npss deconposed nore
readily as application rates were
i ncreased. Munson found OM |l evels in
the soil would return to anbient |evels
in 28 nmonths after the addition of 22
t/ha, and 34 nonths after the
application of 90 t/ha (Fig. 3).
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Figure 3.--Effect of rate of application
on the deconposition of sawdust in
a Florida nursery (after Minson,
1983). Return to anbient |evel is
extrapol ated to be 28 mo for 22
t/ha, 34 no for 45 t/ha and 35 no
for 90 t/ha.

Apparently, anendnents woul d have to be
applied nore frequently than once every
3-4 years to cause a net increase in
stable soil OM

A simlar conclusion can be drawn
from My and G lnore (1984) who applied
OMrepeatedly in a loblolly pine nursery
during a 6-year period. Sawdust was
applied at 33 or 66 t/ha rates repeated
two, three or six tinmes over the
course of the study. The maxi numrate
(66 t/ha applied every year) added a
total of 396 t/ha of organic matter and
effectively increased soil OMfrom1.9 %
to 3.2 % (Fig. 4). The OM | evel of the
control plots was not altered over the
6-year period, despite the harvest of
six seedling crops. Soil OMresponded
in a linear manner to the anount applied
and to the frequency of application.

The positive effects reported by May and
G lnmore contrast sharply with studies
enpl oyi ng single applications of
conparatively large anobunts of organic
matter, and consequently reporting no
practical benefits (e.g., Mnson, 1982).

A relationship often ignored in the
United States is the efficacy of
inorganic fertilization as a substitute
for organic anendnents. Mst
information on this subject cones from
the United Ki ngdomwhere the climate is
much | ess severe than in the South or
Sout hwest. Nevertheless, trials
conducted in the United Ki ngdom have
shown that inorganic fertilization can
serve as a suitable replacenent for OM



However, in certain tests, the best
treatment was a combi nation of inorganic
fertilization and OM addi tion.
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Figure 4.--Effect of anpunt and
frequency of application of sawdust
on OM content in a Al abama nursery
soil (after May and G lnore, 1984).
The application rate was 16 and 33
t/ha applied either 2, 3, or 6
times in 6 years.

Future Prospects

Few st udi es have actual ly
denonstrated that OM additions applied
at conventional frequencies
significantly inprove nursery soils,
seedling crops or profit nargins.
Present day practices will not
significantly increase soil OMIevels,
and crop benefits will be of mnor
i nportance (see Fig. 4). Mre
specifically, many nurseries apply 22
t/ha every 3 or 4 years before sow ng
2+1 or 2+2 crops, respectively.
Clearly, such practices will not
significantly inprove crop yield (Fig.
5). Wthin 4 years, the additional OM
wi || decompose and will not cause a net
gain in steady-state soil OM
Therefore, to significantly increase the
stable OM fraction, at |least 22 t/ha
shoul d be applied years 1 and 2 before
sowi ng a cover crop.

Frequent applications of organic
amendnents will benefit some nurseries
nore than others. Anong the problem
soils potentially benefiting greatly
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Figure 5.--Hypothetical trends in soil
OM fol l owi ng different schemes of
addi tion (adapted from Davey and
Krause, 1980)

from frequent applications are those
with conparatively | ow water
infiltration rates. As seen in Fig. 6,
OM | evel significantly affects water
perneability. In the Southwest, the
occurrence of torrential rains and the
need to control evaporative |osses are
rel ated concerns. OM should al so
increase soil nutrient retention and
reduce the occurrence of crop nal adi es
associ ated with salts and pesticides, as
numer ous studi es of | ow OM soils have
shown.
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Figure 6.--Effect of type and ampount of
OMon water perneability (after
Pokorny, 1982).



CONCLUSI ONS

Ext rapol ati ons from our work and
the study of May and G | nore (1984)
suggest that nursery soil OM can be
rai sed to higher stable levels, even in
regi ons where high tenperatures and
irrigation are conducive to rapid OM
deconposi tion (Munson, 1982). Also
evident is that present day anendment
practices would have to be revised to
provi de the benefits desired.

Al t hough OM anmendnent s
theoretically can inprove nursery yield,
field data for this region are
i nadequate to confidently predict
econoni ¢ benefits. For the present, we
recommend nurserynmen in the South and
Sout hwest either apply no OM or at
| east 2 applications of 22 t/ha over a
4-year rotation. Additionally, nursery
managers shoul d not overl ook the
opportunity to add OM before sowi ng the
seedling crop, or the benefits derived
frommul ching with organic materials
such as bark.
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