
gested to control root growth (Jackson, 1985),
and in our experiment, roots of pulled trans-
plants grew less (lower fresh and dry weights)
than nonpulled transplants kept at 5C, but
RDW for the two groups was the same at
15C (Table 1).

Experiment 2. Pulled transplants stored at
20/28C (night/day) had shorter SL, lower LA,
LDW, STDW, and RDW than nonpulled
transplants (Table 1). The significant han-
dling method x time interaction for S : R
ratio (Table 1) indicated that nonpulled
transplants had higher S : R ratios (4.0 and
4.3 at 1 and 2 days) than pulled transplants
(3.8 and 3.7 at 1 and 2 days). The shoot and
root growth decreases in pulled plants could
have been due to the interaction of high air
temperature, darkness, and the physical ef-
fects of pulling and packing. Plant survival
was 100% and, therefore, not affected by
transplant handling or storage time. Reduced
plant survival was reported for field-grown
transplants packed at high density [1250 plants
per crate (Risse et al., 1985)] and for con-
tainerized transplants stored for 10 or 15 days
at either 4.4, 12.8, or 21.1C (Risse et al.,
1979).

In the first and second harvest, nonpulled
transplants yielded more (3.7 and 3.2 t·ha-1)
extra-large fruits than pulled transplants (2.2
and 1.9 t·ha-1). Similarly, nonpulled plants
produced more total extra-large fruits than
pulled transplants. Extra-large fruits ac-
counted for 12% (7.0 t·ha-1) and 7% (4.1
t·ha-1) of the total marketable fruits for non-
pulled and pulled transplants, respectively,
with P = 0.01 for F test. Differences in
yield for medium and large fruit and for total
yield were nonsignificant (data not shown).

The results of these experiments indicate
that transplant maturity and handling af-
fected transplant growth after 4 days of stor-
age at either 5 or 15C. Nonpulled 45-day-
old transplants maintained better shoot and
root characteristics than pulled transplants.
Considerations should be given to minimize
the effects of pulling and packing young
transplants. Transplant storage temperatures
should be selected to avoid the possibility of
chilling injury or fruit disorders, such as cut-
facing, present in transplants conditioned at
10 to 18C before transplanting (Wien, 1990).
However, this response may differ among
varieties and physiological age of seedlings
(Lyons, 1977). If planting is delayed beyond
2 days, storage at lower (i.e., 8 to 9C) than
ambient temperatures would be desirable to
retard shoot growth and early flower devel-
opment.
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Abstract. Nutrient status of young pecan [Carya illinoensis (Wangenh.) C. Koch] trees
grown under eight combinations of orchard floor management and irrigation was de-
termined by leaf and soil analyses. Orchard floor management practices were weedy-
unmowed, weedy-mowed, weed control with herbicides, and weed control by disking,
with trees either irrigated or nonirrigated. The element most affected by treatment was
K. Mean leaf K for the two sample years was significantly (P < 0.01) lower in the
weedy plots (0.56% K) than in those where weeds were controlled (0.76% K), sug-
gesting a highly competitive effect of weeds for K with young pecan trees. Weed com-
petition also suppressed leaf Ca and Mg, but presence of weeds or sod resulted in
higher soil pH and higher leaf Zn. Leaf concentrations of N, P, B, Cu, and Fe were
not significantly affected by the treatments.
In pecan, information on plant nutrition as
affected by orchard floor management is
limited. Worley and Carter (1973) compared
grazing, clean cultivation + winter leg-
umes, intercropping + summer cultivation,
and mowed sod treatments in an orchard of
Received for publication 28 Jan. 1991. Alabama
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old ‘Stuart’ pecan trees and found treatment
differences for foliar concentrations of N, P,
Ca, Mn, and Zn. Smith et al. (1960) found
that sod without a legume decreased leaf N
concentrations compared to summer clean
cultivation with a cool-season legume. Pecan
leaf N concentrations using a sod with a leg-
ume were similar to summer clean cultiva-
tion with a cool-season legume. Norton (1970)
reported that weed competition reduced leaf
N. Gossard and Hammar (1957) reported no
consistent differences in N, P, K, Ca, or Mg
concentrations of pecan leaves between sod
and clean cultivation. Since nutrient concen-
tration affects growth, yield, and kernel
quality in pecans (Sparks, 1989), we con-



ducted this experiment to examine the effects
of orchard floor management practices on
nutrient concentrations of young pecan trees.
Growth of the trees in the same experiment
was reported previously (Patterson et al.,
1990).

‘Desirable’ pecan trees planted bareroot in
Feb. 1986 in a Malbis fine sandy loam (fine
loamy siliceous, thermic Plinthic Paleudults)
at the Gulf Coast Substation, Fairhope, Ala.,
were used in the experiment. Spacing was
9.1 x 10.7 m. The experimental area was
infested with large crabgrass [Digitaria sun-
guinalis (L.) Scop.], common bermudagrass
[ Cynodon dactylon (L.) Pers.], yellow nut-
sedge (Cyperus esculentus L.), pitted mom-
ing glory (Ipomoea lacunosa L.), prickly sida
(Sida spinosa L.), horseweed [ Conyza can-
adensis (L.) Cronq.], Carolina geranium
(Geranium carolinianum L.), henbit (Lum-
ium amplexicaule L.), cutleaf evening prim-
rose (Oenothera laciniata Hill), and tall
ironweed (Veronica altissima Nutt). Mod-
erate to high populations of large crabgrass,
common bermudagrass, and yellow nutsedge
were present at planting.

Lime and fertilizer were applied and in-
corporated before planting based on soil
analysis. Postplant fertilizer and lime appli-
cations were uniformly applied to all plots
based on composite leaf and soil samples
taken in July to determine the following sea-
son’s application, according to established
recommendations (O’Barr et al., 1989).

Treatments were arranged in a split-plot
design, with irrigation at two levels, irri-
gated or nonirrigated, assigned randomly to
rows within the four main plots. The rows
were split into single-tree subplots to which
four orchard floor management practices
(weedy-unmowed, weedy-mowed, weed
control with herbicides, and weed control by
disking) were assigned.

Mowing and disking were performed during
the growing season on a 2- and 4-week sched-
ule, respectively. Weed control with herbi-
cides was with preemergence application in
March of 4-(dipropylamino)-3,5-dini-
trobenzenesulfonamide (oryzalin) plus l,l’-di-
methyl-4,4’-bipyridinium ion (paraquat) at 2.2
and 0.6 kg a.i./ha, respectively. This March
application was followed with two applica-
tions of N-(phosphonomethyl)glycine (gly-
phosate) at 2.2 kg a.i./ha during June and
August and an application of 4-chloro-5-
(methylamino)-2-(3-(trifluoromethyl)- phenyl)-
3(2H)-pyridazinone (norflurazon) at 2.7 kg a.i./
ha in the fall. In the second growing season
after planting and thereafter, 6-chloro-N,N’-
diethyl-1,3,5-triazine-2,4-diamine (simazine)
at 3.4 kg a.i./ha was added to the oryzalin +
paraquat treatment. All herbicides were ap-
plied with a tractor-mounted, boom-type sprayer
using compressed air (220 kPa) as the propel-
lant and delivering a carrier volume of 140
liters·ha-1. All weed control treatments were
confined to a 3 x 3-m area centered on the
tree.

Drip irrigation, using five emitters per tree
delivering a total of 19 liters-h-l, was ap-
plied to irrigated plots according to the
scheduling proposed by Daniel1 (1989). Ir-
rigation was initiated Mar. 1986 at planting
and has been maintained since that time. Other
management practices, including pest con-
trol, were those normally recommended for
commercial pecan orchards (Goff, 1989;
McVay et al., 1990).

In July 1988, the 3rd year of treatment
application, and again in July 1990, leaf
samples were collected and analyzed to de-
termine foliar elemental concentrations. The
samples consisted of 50 leaflets taken from
the middle of compound leaves attached to
the middle of current-season’s shoots of each
tree. Leaves were rinsed briefly in water
containing 2% (v/v) detergent to remove sur-
face contaminants, then again in water, and
allowed to dry before analyzing. Samples were
analyzed for B, Ca, Cu, Fe, K, Mg, Mn, N,
P, and Zn using a dry ashing technique (Hue
and Evans, 1986). Soil samples were col-
lected in July 1990 from within the 3 x 3-
m treated area surrounding each tree to a
depth of 20 cm. These samples were ana-
lyzed for the same nutrients, except N, and
for soil pH using established procedures (Hue
and Evans, 1986; Mehlich, 1953). Results
of analyses were compiled and tested using
analyses of variance and contrasts of interest
selected a priori (Mize and Schultz, 1985).

The element most affected by treatment
was K (Table 1). Where weeds were not
controlled, mean K concentration in leaves
was 0.56%, which is considered deficient
(O’Barr et al., 1989). This compares to a
mean of 0.76% K, a marginal-to-adequate
leaf concentration, in the treatments where
weeds were controlled by herbicides or disk-
ing. Soil K was also significantly lower
(P< 0.05) in 1990 in the plots in which weeds
were not controlled. These results indicate
that weeds are highly competitive for K with
young pecans.

Leaf Ca was higher in trees that were in
herbicide-treated plots (P < 0.05). The leaf
Ca concentration for the two years from her-
bicide-treated trees was 1.8%, compared to
1.5% in trees receiving no herbicides. Sim-
ilarly, leaf Ca was higher in nonweedy floor
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Abstract. The effects of late summer, fall, and winter pruning on the cold hardiness
of x Cupressocyparis leylandii (A.B. Jacks. and Dallim.) Dallim. and A.B. Jacks. ‘Hag
gerston Gray’ (Leyland cypress) and Lagerstroemia L. ‘Natchez’ (crape myrtle) were
determined. Pruning in late summer through early winter significantly reduced the
cold hardiness of both taxa. The maximum difference in cold hardiness between pruned
trees and controls for X Cupressocyparis leylandii ‘Haggerston Gray’ in October, De-
cember, January, and February was 3, 3, 2, and 6C, respectively. The maximum
difference in cold hardiness between pruned plants and controls for Lagerstroemia
‘Natchez’ in December, January, and February was 3, 4, and 2C, respectively. Early
spring pruning of Leyland cypress and late winter or early spring pruning of crape
myrtle are suggested from these data.

Crape myrtle and Leyland cypress are
widely grown in the southeastern United

small tree in borders, or mass plantings for

States. Leyland cypress is used for screens,
flower, bark, and fall color (Halfacre and

hedges, and Christmas trees, while crape
Shawcroft, 1989). Both taxa are pruned reg-

myrtle is often used as a specimen shrub or
ularly throughout the year to maintain de-
sired characteristics. Several researchers
(Gibson. 1988: Wade and Midcap, 1990:
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of publishing this paper was defrayed in part by
laying pruning of crape myrtle in late sum-

the payment of page charges. Under postal regu-
mer or early fall.

lations, this paper therefore must be hereby marked Late summer, fall, and early winter prun-
advertisement solely to indicate this fact. ing may predispose woody ornamental plant
1Research assistant. taxa to cold injury. In Georgia, Gibson (1988)
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has suggested delaying pruning of trees and
shrubs until the threat of severe freeze is over.
management treatments (1.7%) than with
weedy floor management (1.5%). In irri-
gated trees, weedy plots contained less leaf
Ca, averaged over the two sample years, than
did plots in which weeds were controlled.
Soil Ca in 1990 was higher in the disked than
the herbicide-treated plots.

Leaf Zn concentration was lower (P<,
0.05) in the treatments where herbicides were
used (Table 1). This difference was pro-
nounced in 1990, when the leaves of trees
in the herbicide-treated plots had Zn concen-
trations of 88    µg·g -l compared to 124  µ g·g -l

in the trees where no herbicides were ap-
plied. As Zn deficiency became apparent, a
program (O’Barr et al., 1989) of foliar ap-
plication combined with soil application was
initiated, which subsequently corrected the
problem.

Leaf concentrations of P were not signif-
icantly altered by treatments (Table 1). Soil
P in 1990, however, was lower (P < 0.01)
in the weedy plots, and the separation into a
contrast of weeds vs. no weeds in irrigated
plots showed that soil P was significantly
lowered (P < 0.01) when weeds were pres-
ent under irrigation.

Leaves of irrigated trees contained higher
(P < 0.001) Mn concentrations than those
of the controls (Table 1). Soil Mn was higher
in the areas that received herbicides than in
all areas that received no herbicides (P <
0.05) or in disked areas (P < 0.05).

Soil pH was significantly lower (P < 0.05)
in 1990 in the plots where weeds were con-
trolled, but the difference was only 0.16 pH
units (Table 1). Herbicides lowered pH,
compared to the nonherbicide and disked
treatments (P < 0.001). Soil pH was nega-
tively related to Mn; thus, as pH decreased
in the herbicide-treated plots, soil Mn in-
creased.

Leaf concentrations of N, P, Mg, B, Cu,
and Fe were not significantly affected by the
treatments (Table 1.) Lack of treatment ef-
fects on leaf N differs from some previous
reports (Norton, 1970; Smith et al., 1960).

Orchard floor management and weed con-
trol can significantly alter nutritional status of
young pecan trees, and a fertilization program
adjusted according to the orchard management
practice may be necessary. Particularly, K, Zn,
Ca, and soil pH were affected. Weed com-
petition reduced uptake of K and Ca, but, con-
versely, the presence of weeds and sod increased
soil pH and leaf Zn.

Weed competition reduces pecan tree
growth (Patterson et al., 1990); therefore,
weed control is necessary for optimum growth
and early production of fruit-bearing surface.
Weed control using herbicides may induce
Zn shortages, requiring additional soil- or
foliar-applied Zn. Soil pH may also be low-
ered when the orchard is disked or when a
herbicide program is used and may require
additional lime or the use of nonacidifying
fertilizers, such as calcium nitrate or nitrate
of soda-potash, to maintain optimum pH
(Sparks, 1977).
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