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ed to all rates and number of applications by the
end of the second growing season (October 2006)
with fertilized trees in most treatments (except
height increase at three applications), increasing
in height more than non-fertilized controls (Figure
4; Figure 5). Applying more than historical 1.0 rate
resulted in no height (Figure 4; P = 0.28) or cali-
per (data not shown; P = 0.66) increase by the end
of the second year (2006) regardless of number of
applications. Increasing the number of applica-
tions above one resulted in no height (Figure 5; P
= 0.09) or caliper (data not shown; P = 0.12) re-
sponse at the end of second year (2006) for any rate.

Quercus receiving the highest three rates grew
more in height in the third growing season (2007)
than trees receiving the lowest rate (0.33) and the
non-fertilized control; however, in the last season
(2008), trees receiving all rates, including the con-
trol, had similar height increase (Figure 4; P = 0.50).
Cumulative height increase at the end of the study
(2008) on trees receiving fertilizer at any rate was
larger than on those not fertilized, and trees at the
0.33 rate were 14 cm shorter (P < 0.05) than those
receiving the 1.0 historical rate (Figure 4). Number
of fertilizer applications had no impact on height
increase in the final year (2008; P = 0.16) except for
trees receiving four applications increased in height
more than those receiving one application in year
three (2007, Figure 5). Fertilizer rate above 0.66
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Figure 4. Quercus height increase from October 2005
through October of the indicated year with increasing fertil-
izer rate. Historical rate was 1.0; other rates are multiples of
historical.

z For each year, mean increase among rates with differ -
ent lowercase letters was statistically different at P < 0.05;
cumulative increase among rates with different uppercase
letters was statistically different at P < 0.05; n = 16 averaged
across number of fertilizer applications because interaction
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historical rate (Figure 4) or number of applications
above one had no influence on height (mean of fer-
tilized trees = 5.7 m) or cumulative height increase
(Figure 5) during the course of the entire study.

Although the interaction between fertilizer rate
and number of applications was significant because
9 of the 16 treatment means were larger than non-
fertilizer controls, caliper (mean = 91 mm for all
fertilized trees) and caliper increase (Figure 6)
were similar for all combinations of fertilized trees;
the slower growth of the non-fertilized controls
(caliper = 83 mm) accounted for the interaction.

Figure 5. Quercus height increase from October 2005
through October of the indicated year with increasing num-
ber of fertilizer applications.

z For each year, mean increase among number of applica-
tions with different lowercase letters was statistically different
at P <0.05; cumulative increase among number of applications
with different uppercase letters was statistically different at
P < 0.05; n = 16 averaged across fertilizer rate because inter -
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Figure 6. Effect of the interaction of fertilizer rate and number
of applications on Quercus caliper increase. Historical rate
was 1.0; other rates are multiples of historical.

z Means with a different letter were statistically different
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DISCUSSION

Caliper increase and height increase—instead of
caliper and height—were used as the primary com-
parison metrics because this removed slight differ-
ences among trees in initial size at planting. Appli-
cation of fertilizer resulted in a mean of 6 mm (Ilex,
Figure 3) or 8 mm (Quercus, Figure 6) increase in
caliper (mean over 40 plots in 16 fertilizer treat-
ments) over the control during the four-year pe-
riod in nursery field soil. There was little evidence
to suggest that Quercus caliper increased with either
number of fertilizer applications or amount of fer-
tilizer applied (rate); one application at the low rate
(0.33 historical) provided the same caliper response
as the high rate (1.3 historical) divided into four ap-
plications (Figure 6). The implications on capital
savings from fertilizer production, transport, ap-
plication, and potential leaching into ground water
are obvious. Two applications for Ilex were needed
at three of the four rates (i.e., all but the 1.0 rate)
in order to produce significant caliper increase
compared to the non-fertilized control (Figure 3).

Height increase data generally mirrored that of
caliper (i.e., fertilizing over a four-year period had no
impact on Ilex height increase). Lack of differences in
height increase could have been due to nursery crews
shearing trees to about the same height in the plots;
however, crews were given instructions to shear as
they would for a typical tree of that size. The 14 cm
increase in Quercus height at the end of the four-year
period at the 1.0 historical rate (3.64 m) compared
to the 0.33 (3.50 m) rate came at three times the fer-
tilizer cost (Figure 4). The potentially lower market
value for the slightly shorter (3.64 m versus 3.50 m
= 4%) finished crop with the same caliper could be
compared with the savings from purchasing and
applying one-third the amount of fertilizer to deter-
mine which is the better management alternative.

There were few consistent responses of either
genus from more than one application at any fertil-
izer rate. One application at the 0.33 rate, which was
one-third of the grower’s historical rate, was enough
to cause a small but significant growth response
compared to the control. Increasing rate from 0.33,
or dividing the rate equally among two, three, or
four applications, resulted in little or no increase in
growth. In a similar study on palms (Roystonea elata
Bartr.) growing in a field nursery in south Florida,
reducing N to half the grower’ historical rate had

no impact on growth of any measured parameter
(Migliaccio et al. 2008). Gilman and Yeager (1990)
and Gilman et al. (2000) concluded that laurel oaks
(Quercus laurifolia Michx.), Japanese ligustrum
(Ligustrum japonicum Thunb.), southern magno-
lia (Magnolia grandiflora L.), and live oak (Quercus
virginiana Mill.) in the same geographic region as
the current study grew as well with or without fer-
tilization. Broschat et al. (2008) suggested that not
only are many tested dicots insensitive to the type
of fertilizer they receive, but that under the soil and
environmental conditions at many test sites, they
may not benefit greatly from fertilization at all (sup-
ported by Ponder et al. 1984; Robbins 2007; Watson
2010). Extensive root systems on established woody
plants (Stout 1956; Watson and Himelick 1982)
probably allow for a high capacity to scavenge min-
erals and N needed for growth and development.

Rose and Joyner (2003) suggest that growth
response may occur primarily in poor urban soils
and not in fertile soils typical in nurseries and in
university test fields, where most studies have been
performed; however, they present no evidence of
this. Ingram et al. (1998) suggested 28 g N/m? as
adequate for many shade trees growing in Ken-
tucky, U.S., nurseries; however, no application area
was provided, making it impossible to calculate
how much N was applied to the trees. This rate falls
between the 20 g N/m? (for the first two years of pro-
duction, applied to a 0.65 m? circle around the tree)
and the 40 g N/m? (for the third and fourth years)
that resulted in the best growth for southern mag-
nolia in a sandy field nursery in Florida (Gilman et
al. 2000). Higher rates resulted in no more growth.

Robbins (2007) showed no tree response, com-
pared to non-fertilized controls, to a fairly low rate
of 11 g N/m? for Zelkova serrata (Thunb.) growing
in an Arkansas, US., field nursery. Perhaps this
rate was too low or the soil too fertile to provide a
response in this soil type (not provided), or more
likely the applied soil area (0.093 m?*) was very small
resulting in little applied N (1 g N/tree or approxi-
mately 0.5 g N/cm caliper). As evidence of a rela-
tively small amount of N, Mathers (2012) applied the
same rate (11 g N/m?), but at nine times the amount
of N because it was applied to a larger (0.84 m?) area,
thus explaining the resulting tree response. This
suggests that rate calculated as amount of applied
N/tree or N/cm caliper may provide a more reliable
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comparison among various studies because tree size
or the area of soil receiving fertilizer varies among
studies, or one of these values was not reported.

Tested amounts of N/cm caliper (23 g N/cm cali-
per, Fini et al. 2007; 29 g N/cm caliper, Watson 2010;
up to 58 g N/cm caliper, Struve 2002) and amounts
above which there was no response (13 to > 26 g
N/cm caliper depending on N source, Neely et al.
1970; 40 to 80 g N/cm caliper, Perry and Hick-
man 1998; 4.5 to 36 g N/cm caliper depending on
tree size, Gilman et al. 2000) are within an order
of magnitude of the historical rate from the cur-
rent study [mean = 32 g N/cm caliper (range = 21
to 41 g N/cm caliper) across both species and all
three years]. However, it would be hard to make a
case for applying more than 0.33 of the historical
rate based on current caliper and height data, which
would amount to about 11 (32 g x 0.33 historical
rate) g N/cm caliper/year. This falls near the bot-
tom of the range of cited studies. Perhaps the natu-
rally fertile soils in many nurseries combined with
N in rainfall (Pribble and Janicki 1999) or irriga-
tion in eastern North America, where most studies
have been conducted, precluded growth responses
to more than a small amount of fertilizer. Total
NOx-N applied/tree (2.4 mg/L in well water x 3224
L irrigation/tree annually x four-year study period
= 31.2 g N) through irrigation during the current
study was 15.3% of the total N applied in fertilizer
at the 0.33 historical rate (51 + 163 + 196 + 196 g
N = 607 g N fertilizer/tree for the historical rate +
0.33 =202.3 g N). Although small, this background
N apparently supplied enough N to support growth
that was more than 90% of that of fertilized trees.
Results may have been different if the N-rich shoots
pruned from trees were removed from the plots.

CONCLUSIONS
Reducing fertilizer amount to one-third of what
was historically used in a shade tree field nursery,
and reducing number of applications from three to
either one or two, had a negligible impact on growth
of one species of Ilex and Quercus. Nurseries can
use the outlined approach along with N recovery
rates from wood in harvested trees to find the most
efficient strategy for applying fertilizer to their nurs-
ery crops. Managers could conduct efficiency tests
similar to the one outlined here in an attempt to find
the smallest amount of fertilizer required to pro-
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duce crops. A few selected nurseries have done this.
Although the current study tested a 0.33 historical
rate, the data and conversations with growers sug-
gest that even lower rates should be included in
future tests. After finding the lowest rate and
smallest number of applications in a three- to
four-year test, researchers recommend incor-
porating the most efficient rate into a couple
of fields, adjusting as needed, and eventually
applying the new rate to the entire operation.
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Zusammenfassung. Die Diingeempfehlungen fiir die Produk-
tion von Schattenbdumen in den Baumschulfeldern Nordameri-
kas scheinen auf Tradition und Baumleistung zu basieren. Es gibt
wenig empirische Daten. Diese Studie wurde entwickelt, um die
Effizienz von reduzierten traditionellen oder historischen Diinge-
empfehlungen und Anzahl der Applikationen fiir zwei Arten zu
untersuchen und um ein Protokoll fiir Produzenten zu présentie-
ren, um die Diingeleistung zu testen. Eine traditionelle Diingergabe
wurde zusammen mit 4 anderen appliziert: Null, 1/3, 2/3 oder 1
1/3 der traditionellen Gabe. Der Diinger wurde in eine, zwei, drei
(trad.) oder vier Gaben wihrend der Vegetationsperiode aufgeteilt.
Die Studie wurde auf einem feinen Sandboden mit 680 Baumen aus
jeder Art in benachbarten Reihen im gleichen Feld. Es gab 16 Be-
handlungskombinationen und eine nicht gediingte Kontrolle. Eine
auf 1/3 der historischen Werte reduzierte Diingergabe und eine
Reduktion der Gaben von drei auf zwei oder eine fithrte zu wenig
wenn iberhaupt messbarer Reduktion des Stammdurchmessers
oder Hohenwachstum in der vierjahrigen Periode. Diese Arten
schienen unabhingig von der zusitzlichen Stickstoffgabe zu wach-
sen. Produzenten konnen sich mit einem Forscherteam zusammen-
schlieflen, um effiziente Diingergaben und Anzahl der Applika-
tionen, die die Produktionskosten vermindern, suchen.

Resumen. Las recomendaciones de fertilizacion para la produc-
cién de drboles de sombra en vivero en América del Norte se basan
en la tradicion y el comportamiento de los arboles, hay pocos datos
empiricos. Este estudio fue disefiado para examinar la eficacia de
la reduccion de la cantidad tradicional o histérica de fertilizantes
(tasa) y el nimero de aplicaciones para dos taxa y para presentar
un protocolo para los cultivadores y poner a prueba la eficiencia
del uso de fertilizantes. Se aplicd la tasa tradicional de fertilizante
junto con otras cuatro: cero, un tercio, dos tercios, o de uno y un
tercio del tradicional. El fertilizante fue dividido en una, dos, tres
(tradicional), o cuatro partes iguales aplicadas durante la tempo-
rada de crecimiento. El estudio se realizé en un suelo fino arenoso
del campo con 680 arboles de cada taxa en parcelas adyacentes.
Hubo 16 combinaciones de tratamientos factoriales ademas de un
control no fertilizado. La tasa de fertilizantes cortada a un tercio de
la tasa histdrica y el nimero de aplicaciones reducido de tres a uno
o dos dio como resultado poca o ninguna reduccion en el didmetro
del tronco o el crecimiento en altura durante el periodo de cuatro
afos. Estos taxones parecian crecer casi independientemente de
la estrategia de aplicacién de nitrégeno. Los productores pueden
asociarse con un equipo de investigacion para encontrar una tasa
eficiente de fertilizantes y el numero de aplicaciones que podrian
reducir los costos de produccion.
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