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ecan is a highly heterozygous
outcrossing species, which shows
wide variation in nut and tree

quality when propagated from seed.
The majority of pecan nuts are har-
vested from orchards of clonally
propagated cultivars, although sig-
nificant production is still obtained
from seedling orchards and native
groves [U.S. Dept. Agr. (USDA),
2005]. Most pecan trees are pro-
duced in field nurseries. Pecan culti-
vars are budded or grafted onto
seedling rootstocks and then are
dug and sold as bareroot trees. Pecan
seedlings generally require two to
three seasons of growth before their
diameter is large enough to be grafted
or budded. At least one more season
of growth is incurred before trees
are dug and sold. Thus, at least 3 to
4 years are required in the nursery
before a saleable tree is produced,
increasing the cost of the product
and tying up land in the nursery. If
sufficient growth could be produced
the first year in the nursery, seedlings
could be grafted in the first winter,
reducing the time needed to produce
a saleable tree.

Propagation of pecan trees is
directly influenced by the growth
pattern of pecan seedlings. Pecan
seedling growth begins with the root,
which will extend into the soil 30 cm
or more before the hypocotyl emerges
(Sparks, 2005). Shoot growth in

young seedlings lags behind root
growth, and leaf number of `Curtis'
seedlings seems to be predetermined
at a maximum of 11 to 13 leaves per
seedling (Sparks, 2005). Stem dry
weight may comprise as little as 12%
of the total dry weight of a 1-year-old
pecan seedling (White, 1982). Once
this maximum has been reached, no
method has been developed to allow
the seedling shoot to continue grow-
ing the first year (Worthington,
1997). In contrast, the root contin-
ues to grow and can reach 2 m in
length by the end of the first season
(Sparks, 2005).

Nitrogen fertility levels can have
a profound effect on tree seedling
growth. Shortening rotation time by
maintaining high fertility is a common
method of increasing nursery produc-
tivity. Nitrogen (N) in particular is
relatively inexpensive and greatly
stimulates growth in red oak (Quercus
rubra) and red maple (Acer rubrum)
seedlings (Larimer and Struve, 2002).
Nitrogen fertigation resulted in a

twofold height increase for red oak
seedlings and over a threefold height
increase in red maple cuttings as
compared with no N treatments
(Larimer and Struve, 2002). Timing of
N applications may be as important
as the total amount of N applied.
Kormanik et al. (2003) found that
applications of N at intervals of 10 to
12 d maintained continuous elonga-
tion in first-year red oak and white
oak (Quercus alba) seedlings. Sparks
and Baker (1975) found that moder-
ate amounts of ammonium nitrate
stimulated growth of second-year
pecan seedlings but that higher rates
suppressed growth.

Nitrogen levels cannot only in-
fluence seedling growth rates, but can
also affect shoot:root ratios, which
influence seedling quality (Harris,
1992; Larimer and Struve, 2002).
High levels of fertility typically cause
plants to direct more growth to the
aboveground portions of the plant.
Competitor species like red maple
have been shown to direct more re-
sources to leaves and shoots in
nutrient-rich environments (Larimer
and Struve, 2002). This allows shoot
growth to be maximized giving this
shade-intolerant species an important
survival advantage. In contrast, red oak,
a stress tolerator species, responded
to higher N levels with proportionally
increased root and shoot growth
(Larimer and Struve, 2002). Pecan is
a shade-intolerant species, but pecan
seedlings can exist in the understory
in varying states of arrested growth
for several years until a disturbance
produces a light gap (Sparks, 2005).
This experiment was undertaken to
determine if the frequent application
of N could increase shoot growth
of first-year pecan seedling shoots as
was seen in red oak and white oak
(Kormanik et al., 2003). Increased
growth of first-year pecan seedlings
would be a valuable tool to decrease



the long turnover time needed
to produce grafted pecan trees.

Materials and methods
Open-pollinated seed of the

USDA selection 70-6-15 ('Kiowa' >
'Desirable') was used as the seed stock

to produce seedlings. Seed was soakec
in running water for 2 d and they
stratified in damp cedar shavings for
90 d at 4°C. Seed was then transferred
to 32 °C to initiate germination, and
seed with cracked shells and an emerg
ing radical was used to plant the
experiment. Seed was planted in the
first week of Mar. 2005.

The experiment was conduced
at Tifton, GA, on a Tifton loam)
sand (Ultisol Plinthic Paleudults: fine
loamy, siliceous, thermic). The pH of
the field was adjusted to 6.5 with
dolomitic limestone on 2 Feb. 2005,
The field was preplant-amended with
50 lb/acre of 10N-4.4P-8.3K with
micronutrients (2% magnesium, 12%
sulfur, 0.07% boron, 0.25% manga-
nese, 0.25% zinc) broadcast over the
entire plot and incorporated into the
soil. Soil was bedded into 3-ft-wide
beds and covered with white on black
1.25-mil polyethylene mulch. Rows
were spaced 5 ft apart and seedlings
were planted 1 ft apart within the
rows. Treatments were arranged in
four 100-ft-long rows in a north—
south orientation. Insecticides were
applied equally to all seedlings to
control pecan bud moth ( Gretchina
bolliana) and leaf phylloxera (Phyllox-
era notbilis). Weeds between rows
were removed by hand as needed.

Nitrogen fertigation treatments
were applied by placing two 4-L•h-1
pressure-compensated emitters at each
seedling. One emitter was attached
to a water line and applied only un-
amended water. The other emitter was
attached to a fertigation line, which
applied a 0.2% N solution of calcium
nitrate (CaNO 3 ). The timing of the
applications was varied so that five
different amounts of N were applied
to the treatments while keeping the
total amount of water applied con-
stant. In the first treatment, the water
line was on for 30 min and no N was
applied. In the second treatment, the
fertigation line was on for 3 min and
the water line was on for 27 min so
that 0.4 g N was applied. In the third
treatment, the fertigation line was on
for 7.5 min and the water line was on

for 22.5 min so that 1.0 g N was
applied. In the fourth treatment, the
fertigation line was on for 15 min
and the water line was on for 15 min
so that 2.0 g of N was applied. In the
fifth treatment, the fertigation line
was on for 30 min so that 4.0 g of
N was applied and the water line was
not turned on. The first application
was applied on 20 May 2005 at which
time most seedlings had three to four
expanded leaves. Nitrogen applica-
tions were thereafter applied every
14 d with the final treatment applied
on 23 Sept. 2005 for a total of 10
applications.

Treatments were arranged in a
randomized block design with nine
replications per treatment. Each rep-
lication consisted of nine seedlings
with all measurement and leaf analysis
coming from the five seedlings, in the
center of replication. Stem caliper at
soil level and seedling height were
measured on 20 May 2005 and then
at every other N application. The final
measurement was taken on 7 Oct.
2005, 2 weeks after the last N appli-
cation. Leaf samples for nutrient anal-
ysis were taken on 15 July 2005 and
7 Oct. 2005, 2 weeks after the fourth
and tenth N applications, respectively.
Samples were taken by removing the
two apical fully expanded leaves from
each of the center five seedlings and
grouping them together for a single
sample. Five replications of each N
treatment were randomly chosen for
leaf analysis with the same replications
being analyzed for the second anal-
ysis. To determine root and stem
dry weights, seedlings were dug in
Jan. 2006 and the roots were care-
fully washed to remove adhering soil.
Root caliper was measured 4 cm
below the soil line. Stems and roots
were labeled, separated, and air-dried
for several weeks before weighing.
Fertigation effects on seedling growth
and leaf elemental concentration were
statistically analyzed by analysis of
variance with mean separation by
Duncan's multiple range test using
SigmaStat (SPSS, Chicago) statistical
software. Associations between seed-
ling measurements were determined
by Pearson product moment correla-
tion coefficients using mean values of
replications across treatments. For
associations with stem height and
stem caliper, only the final measure-
ments taken on 7 Oct. 2005 were
used in correlation analysis.

Results and discussion
Pecan nursery operations are

hampered by the relatively slow
growth made by first-year pecan seed-
lings, which often necessitates a sec-
ond year of culture in the nursery
before they are large enough to graft.
Kormanik et al. (2003) found that
the frequent application of high rates
of N stimulated the growth of white
oak and red oak first-year seedlings
and prevented early bud set in the
nursery, and suggested that this pro-
tocol may be successful in increasing
first-year growth rates in a number
of hardwood species. In contrast,
Sparks and Baker (1975) found that
high levels of N resulted in a re-
duction in pecan seedling growth.
However, the Sparks and Baker ex-
periment was conducted on second-
year seedlings and took place in the
greenhouse in a relatively artificial
growing environment. The current
experiment was undertaken to deter-
mine if frequent applications of N
could increase shoot growth in first-
year pecan seedlings as was seen in red
oak and white oak.

The caliper of seedlings of all
treatments continued to increase
throughout the measurement period
(Fig. 1). Seedling caliper was unaf-
fected by N fertigation at any meas-
urement date except 12 Sept., when
the highest (40 g) N rate resulted in
a reduction in caliper as compared
with the 0 and 10 g of N treatment
(Fig. 1). Similarly, seedling height
was unaffected by N fertigation until
the last two measurements (Fig. 2).
In September, the 40 g N-treated
seedlings were shorter than the 10 g
N-treated seedlings. In October, the
40 g N-treated seedlings were shorter
than the 0 g N and 10 g N-treated
seedlings. The height of the seedlings
of most treatments increased until
September, after which there was
little change (Fig. 2). However, the
40 g N treatment stopped elongation
after the August measurement. Nitro-
gen fertigation did not affect dry
weight except that the 40 g N-treated
seedlings were significantly lower
than the 0 g and 10 g N-treated seed-
lings for root, shoot, and total dry
weight (Fig. 3).

Growth measurements taken
after the end of the growing season
were all highly correlated (Table 1).
Root caliper is more important to the



nurseryman than stem caliper because
this is the region that is cut for whip
grafting. However, to measure root

caliper, soil must be removed from
around the base of the plant and this
is labor-intensive and may damage

roots. Because these two measure-
ments are so highly correlated, stem
caliper is probably sufficient to use in
future studies.

Seedlings in this experiment con-
tinued to increase in height for a
period of at least 3 to 4 months from
emergence, depending on treat-
ments, which is greater than the 1 to
2 months listed by Worthington
(1997). This increase in growing
period may be explained by the abun-
dant moisture that was supplied to
the seedlings or the cooler soil pro-
vided by the white plastic. In other
experiments, we have found pecan
seedlings to grow better under white
plastic than on bare ground (unpub-
lished data). Root caliper of dormant
seedlings averaged ~2.0 cm across
treatments (data not presented), and
this is sufficiently large enough for
whip grafting. Patch budding, how-
ever, would take place in the summer
and stem caliper was not large enough
for this to be accomplished in the first
year.

Leaf element analysis was con-
ducted on leaves sampled on 15 July
and on 7 Oct., 2 weeks after the
fourth and tenth N fertigations, re-
spectively. The July sampled leaves
showed no significant differences
in N concentration (Table 2), but
N fertigation produced a modest
increase in leaf N concentration by
the end of the season (Table 3). The
maximum average N concentration of
the leaf samples was 2.68%, which is
near the lower limit of the sufficiency
range given for mature pecan trees
(Wells and Harrison, 2006). Sparks
(1968) found that 1-year-old pecan
seedlings grew best when leaf N con-
centration was in the range of 2.6% to
2.9%. The range of 2.2% to 2.6%,
which nearly all of these samples fell
into, was considered the range of
hidden deficiency. In contrast to this
study, where growth suppression
occurred with a leaf N concentration
of 2.68%, Sparks and Baker (1975)
did not see suppression of seedling
growth until leaf N concentration
exceeded 2.9%. However, it is diffi-
cult to compare these experiments
because leaf age varied between the
experiments and this influences N
concentration (Hammar and Hunter,
1949).

Calcium concentration increased
in the treatments receiving high rates
of fertigation by the second sampling



period (Table 3). This is not surpris-
ing given the high rates of CaNO 3
that were applied. Sparks (1986)
found that pecan seedling growth
was stimulated by leaf "calcium levels
up to 1.7%, and all treatments in
this experiment fell below this level.
Magnesium concentration of leaves
declined with increasing rates of fer-
tigation (Tables 2 and 3). The appli-
cation of high rates of nitrate may
have caused magnesium in the soil to
form soluble salts that were leached
from the root zone; in addition, high
levels of calcium can inhibit magne-
sium uptake (Loide, 2004). The
lower threshold for magnesium leaf
concentration of mature pecan trees is
0.30% (Sparks,1976); thus, the high-
est fertigation rate may have resulted
in a slight magnesium deficiency in
the seedlings by the end of the season.

Leaf concentration of boron
increased with increasing fertigation
rates (Tables 2 and 3). Optimum

boron concentration of mature pecan
trees is considered to be 15 to 50 ppm
(Plank, 1988), whereas concentration
above 373 ppm caused toxicity symp-
toms (Hammar et al., 1953). Fertiga-
tion treatments increased leaf boron
concentration above optimum, but
the highest levels were well below
the toxicity level. In the first sampling
period, N fertigation resulted in lower
leaf copper concentration (Table 2).
This trend continued in the second
measurement but was not significant
(Table 3). Copper concentration of
mature pecan leaves usually ranges
from 6 to 9 ppm, and no studies have
shown a benefit of applying copper to
pecans (Worley, 2001).

The mechanism of growth sup-
pression by high rates of N in pecan
is unclear. Sparks and Baker (1975)
suggest that ammonium toxicity may
be involved, but in this study, high
rates of nitrate N also suppressed
growth. High rates of N have often

been associated with a potassium
deficiency in pecan (Gammon and
Sharpe, 1959; Sparks and Baker,
1975). In this experiment, leaf potas-
sium in the second sampling period
was lower than the 0.75% threshold
used for bearing trees in Georgia.
However, there was no difference in
potassium levels among the treat-
ments, nor were there significant dif-
ferences in the N:K ratio (data not
shown), and the reduction in potas-
sium concentration may have been
influenced by the late timing of the
second sampling period. Therefore, it
does not seem likely that the reduc-
tion in growth incited by the high rate
of N fertigation is related to a potas-
sium deficiency.

Unlike some tree species that
alter relative dry weight distribution
between roots and stems with N
fertigation (Larimer and Struve,
2002), relative weights of pecan seed-
ling roots and stems remained
remarkably stable at all N fertigation
levels with stems accounting for
~ 18% of the plant dry weight across
all treatments. This indicates a low
probability of altering the root:stem
ratio as is also suggested by the high
correlations between top and root
growth (Table 1). An inability to
markedly increase growth rates or
alter root:stem ratios in a nutrient-
rich environment is characteristic of
a stress tolerator species (Larimer and
Struve, 2002). This growth pattern is
vital to pecan in its native sites, which
are characterized by abundant mois-
ture in the spring followed by a dry
summer with a lowering water table
(Sparks, 2002). Thus, in a semiarid
environment, a dominant taproot is
vital because a lack of surface water
often limits the growth of shallow-
rooted species, and pecan is the climax
vegetation (Sparks, 2002). However,
in more humid sites, pecan growth
is often restricted by the vigorous
growth ofmore competitive sympatric
species. Because pecan is a phreato-
phyte (a plant that characteristically
roots to the water table), acceler-
ating the first-year growth may be dif-
ficult unless the water table of the
planting site is altered (Tilt et al.,
1994).

Collectively, these data indicate
that there is no benefit in terms of
seedling growth of applying additional
N by fertigation to pecan seedlings
during the first season. Additionally,



as reported by Sparks and Baker
(1975), the higher rates of N were
detrimental to the growth of the
seedlings. The 10 g of N rate pro
duced the tallest seedlings, but this
treatment was not significantly differ
ent from the 0 g of N rate nor was the
caliper of this treatment larger thar
the 0 g N rate. It appears thatt
the application of 50 lb/acre of
10N-4.4P-8.3K before planting
plus native soil fertility, suppliec
adequate N for the first year of seed
ling growth.
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