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Abstract. Seedlings of nine coarse-rooted species—sawtooth oak (Quercus acutissima
Carruth), white oak (Q. alba L.), cherrybark oak (Q. falcata var. pagodifolia Elliott), post
oak (Q. stellata Wangenh.), black walnut (Juglans nigra L.), pignut hickory [Carya glabra
(Mill.) Sweet], pecan [C. illinoinensis (Wangenh.) C. Koch], Chinese chestnut (Castanea
mollissima Blume), and common baldcypress [Taxodium distichum (L.) L. Rich]—were
grown for one growing season in nontreated containers or in containerstreated on their
interior surfaceswith whiteinterior latex paint containing 100 g Cu(OH),/liter. Seedlings
of each species and container treatment were harvested twice: once after being trans-
planted from 3.2- to 15.0-liter containers and at the end of the growing season. Cupric
hydroxide-treated container s decreased the amount of circled, kinked, and matted roots
formed at the container wall-medium interface in all species tested. Plants grown in
Cu(OH),-treated containersalso had altered root dry-weight partitioning. The partition-
ing patterns wer e species specific and included 6% to 20% increasesin the percentage of
root dry weight in interior vs. exterior portions of the rootball (white oak, black walnut,
Chinese chestnut, and baldcypress), 10% to 21% increasesin the percentage of root dry
weight in upper vs. lower halves of the rootball (sawtooth oak, cherrybark oak, black
walnut, and baldcypress), and an increase in the percentage of primary lateral roots
(lateral roots originating from taproots or roots functioning as taproots) on the upper
(proximal) half of taproots (cherrybark oak, pecan, and baldcypress). Nutrientsin leaves,
stems, and roots of sawtooth oak seedlings wer e analyzed at both harvests. Seedlings grown
in Cu(OH),treated containers had more Cu in most plant tissues than nontreated
seedlings. Also, seedlings grown in Cu(OH),-treated containers had higher total Ca and
Mg concentrations at transplanting and higher total N and Zn concentrations at the end
of the growing season than nontreated seedlings.

Many coarse-rooted tree genera, such as
Quercus L., Juglans L., Carya Nutt., and
Taxodium L., have ornamental, conservation,
or reforestation value, but are found infre-
quently in landscapes because of difficulties
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encountered when transplanting them (Dirr,
1990). Coarse taproots, poor transplant sur-
vival, and slow growth rates are common
difficulties during orchard establishment of
nut tree species in the genera Carya, Juglans,
and Corylus L. (Jaynes, 1979). Producing
coarse-rooted species in containers amelio-
rates transplant problems, but causes circled,
kinked, and matted roots at container wall—
medium interfaces. Copper-treated containers
have increased the fibrosity of root systems;
i.e., lateral root weight, the number of lateral
roots per unit mother root, or the total number
of nonsuberized root tips (Arnold and Strove,
1989a, 1989b; Arnold and Y oung, 1991). Root
growth inhibition in Cu-treated containersis
caused by amild Cu toxicity that is confined to
the root tips contacting treated surfaces (Arnold
and Struve, 1989a; Flanagan and Witte, 1991).
However, the effects of Cu-treated containers
on root distribution in the containersisun-
known and the amount of data on nutrient

concentrations and distribution is limited
(Arnold and Struve, 1989a). Initia results
with moderate [green ash (Fraxinus penn-
sylvanica Marsh.)] to very coarse-rooted spe-
cies (badcypress) indicate that Cu(OH),-
treated containers [either in alatex paint car-
rier or formulated as Spin Out (CGriffin Corp.,
Valdosta, Ga.)] may substantially reduce, if
not completely eliminate, circled, kinked, and
matted roots at container wall-medium inter-
faces (Arnold, 1992; Beeson and Newton,
1992).

The objectives of this study were to test the
effectiveness of Cu(OH),-treated containers
in altering root distribution and nutrient up-
take patterns of selected coarse-rooted species
during container production.

Materials and Methods

Stratified seeds of sawtooth oak, white
oak, cherrybark oak, post oak, black walnut,
pignut hickory, baldcypress (K & S Jeane
Seed, Quitman, La.), Chinese chestnut (Em-
pire Chestnut Co., Carrollton, Ohio), and pe-
can (Sheffield’s Seed Co., Locke, N. Y.) were
sown in flats containing 3 milled pine bark: 1
sand medium (v/v) between 19 Feb. and 21
Mar. 1991. Flats were placed in a greenhouse
(Cookeville, Term.) covered with 55% light-
excluding material; day/night temperatures
were set at 24/18C. Asthe first true leaves
began to expand between 8 Mar. and 9 Apr., 40
seedlings of each species were uprooted gen-
tly, the lower halves of taproots were re-
moved, and the seedlings were planted in
black polyethylene 3.2-liter containers (16.25
cmin diameter, 16 cm high) (Zarn, Reidsville,
N. C.) containing a medium of 3 milled pine
bark : 1 sand (v/v) supplemented with 3.5 kg
dolomite/m®, 1.7 kg ON-20P-OK, and
Micromax (Sierra Chemica Co., Milpitas,
Cdlif.). Before planting, the interior surfaces
of half of the containers for each species were
painted by hand with white interior latex paint
containing 100 g Cu(OH), (Griffin Corp.)/
liter. After planting, 16 g 18N-3.1P-8.3K—
1Fe Sierrablen Nursery Mix 8- to 9-month
formulation (Sierra Chemica Co.) was ap-
plied to the surface of each container. The
plants were returned to the greenhouse, and
each species was placed in a randomized com-
plete-block design of two blocks (adjacent
benches) with 20 plants/block for each of the
two container treatments (360 total plants).

From 2 to 6 May, half (10) of the seedlings
of each species and container treatment com-
bination was harvested to determine growth
[height, stem diameter (5 cm above the root
collar)], foliage and stem dry (2 weeks at 70C)
weight, root distribution, and minera nutri-
tion characteristics. The rootballs of five seed-
lings of each species and treatment combina-
tion were dissected horizontally to determine
root dry weight in the upper and lower halves
of rootballs. A cylindrical ring of medium (2.5
and 4.0 cm wide for 3.2- and 15.0-liter con-
tainers, respectively) containing about one-
half of the volume of medium was removed
from the other five seedlings of each species
and treatment combination to determine the
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dry weight of roots contained in the inner and
outer one-half volumes of the containers. The
number of primary (10, |ateral roots originat-
ing from the upper (proximal) and lower (dis-
tal) half of the taproot (or regenerated lateral
roots assuming the form of a taproot) was
recorded for each plant. After being rinsed in
tap and distilled water and dried, foliage, stem,
and root tissue samples of three sawtooth oak
seedlings per container treatment were sent to
the Research and Analytical Laboratory
(Wooster, Ohio) for nutrient analysis.

On 7 May, the remaining one-half of the
seedlings of each species and container treat-
ment was transplanted from the nontreated
and Cu(OH),-treated 3.2-liter containers to
nontreated and Cu(OH),-treated black poly-
ethylene 15-liter containers (28.5 cm in diam-
eter, 23.5 cm high) (Zarn), respectively, and
placed outdoors under 55% light exclusion.
The medium used was that described previ-
ously, except an additional 48 g of the 18N—
3.1P-8.3K fertilizer was applied to the surface
of each container. After 14 days of acclima
tion, the plants were moved to a graveled
container yard, the same blocking design was
maintained as in the greenhouse. Plants were
irrigated daily by hand in the greenhouse and
using overhead impact sprinklers outdoors.
During the experiment, a 20N-8.7P-16.7K
water-soluble fertilizer (Peters; W.R. Grace
Co., Fogelsville, Pa.) was applied weekly at a
rate of 200 mg N/liter water.

Midday (between 12:00 and 3:00 Pm) air
temperatures adjacent to the southern side of
the containers, medium temperatures adjacent
to the interior south-facing container wall, and
medium temperatures at »2.5 cm (in 3.2-liter
containers) or 4 cm (in 15-liter containers)
inside the south-facing container wall were
sampled using an expanded-range digital ther-
mometer with stainless-steel triple-purpose
probes (Fisherbrand; Fisher Scientific, Pitts-

burgh). Readings were taken at 1- to 3-day
intervals from 22 Apr. through 27 Sept. 1991.
The temperature probes were placed on two
pots of sawtooth oak seedlings per container
treatment. Probes adjacent to container walls
were within 0.5 to 1.0 cm of the walls, but not
in direct contact with them.

The second harvest occurred just before
leaf abscission at the end of the growing sea
son—| 8 Sept. for black walnut, pignut hickory,
and pecan; 20 Sept. for post oak; 4 Oct. for
Chinese chestnut; 17 Oct. for white oak; 23
Oct. for baldcypress; 1 Nov. for cherrybark
oak; and 11 Nov. for sawtooth oak. Data were
collected as described previously. In addition,
root ratings were recorded for each plant. The
following rating scale was used: 0 = many
matted, circled, and kinked roots present at the
container wall-medium interface, 1 = several
lateral roots elongating >1 cm after contacting
treated surfaces and taproot(s) deflected and
continuing to elongate after contacting a con-
tainer surface, 2 = no escaped lateral roots, but
taproot(s) continuing to elongate more slowly
after contacting a container surface, 3 = no
escaped lateral roots and taproot(s) ceasing to
elongate after contacting a container surface.

Morphological and nutrient data for each
species were analyzed separately using SAS's
general linear models procedure (SAS Insti-
tute, 1985). Means were declared significantly
different, where appropriate, using Fisher's
least significant difference procedure (P £
0.05).

Results

Growth in 3.2-liter containers. At the first
harvest, sawtooth oak seedlings grown in
Cu(OH),-treated containers had significantly
(P £ 0.05) increased height (46 vs. 34 cm);
stem diameter (3.7 vs. 3.3 mm); foliage (4.5
vs. 3.30), stem (2.2 vs. 1.5g), and root (1.9 vs.

1.7 g) dry weights; and total number of 1°
lateral roots (133 vs. 83) compared to those
from nontreated containers. Treating contain-
ers also increased the height (26 vs. 22 cm),
stem diameter (2.0 vs. 1.7 mm), and foliage
dry weight (0.30 vs. 0.19 g) of baldcypress
seedlings. Cupric hydroxide-treated contain-
ersincreased root dry weight (1.03 vs. 0.71 g)
and total number of 1° lateral roots (168 vs. 98)
on white oak seedlings, but only the total
number of 10 lateral roots on cherrybark oak
(120 vs. 81) and pecan (54 vs. 43).

Black walnut, Chinese chestnut, and pig-
nut hickory seedlings grown in Cu(OH),-
treated containers had a higher percentage of
their root dry weight in the interior of the
rootball than the nontreated seedlings: 77% vs.
57%, 95% vs. 80%, and 95% vs. 88%, respec-
tively. No significant differencesin root dry-
weight distribution between upper and lower
halves of the container volumes were found at
transplanting to the larger 15-liter containers
(data not presented).

Second harvest growth. Overall, plant
growth varied considerably among species.
Many of the species with continuoudly flush-
ing or recurrently flushing growth patterns
grew taller rapidly: white oak (121 cm),
cherrybark oak (134 cm), sawtooth oak (102
cm), Chinese chestnut (144 cm), and
baldcypress (136 cm). More moderate re-
sponses were observed in post oak (57 cm),
black walnut (64 cm), and pecan (43 cm).
Most pignut hickory seedlings failed to break
bud after theinitial growth flush (15 cm)
following germination, with much of the first
year's growth occurring in the root systems
(9.8 g for rootsvs. 1.7 g for shoots). All of the
latter species, except post oak, exhibited a
determinate shoot growth pattern during the
experiment. A similar shoot growth pattern
was observed previously with yellow buckeye
(Aesculus flava Ait.) seedlings during con-

Table 1. Effects of Cu(OH),-treated (+) and nontreated (~) 15-liter containers on growth and root distribution of seedlings of nine coarse-rooted species.

Root dry wt* (%) 1° Lateral’
Inner Upper 1° Lateral roots’ (no.) Toots on the
cores of half of Upper half Lower half upper half Root
Species Cu(OH), rootballs - rootballs Per plant of taproots of taproots of taproots (%) rating”*

Quercus acutissima - 72 31 209 52 157 26 0.0
- + 85 43 212 59 153 30 2.1*

Q. alba - 90 66 184 61 123 35 0.0
+ 96" 65 155 64 91 41 2.9*

Q. falcata - 69 42 166 38 128 25 0.0
+ 81 56 161 67" 94 44° 2.8

Q. stellata - 90 59 150 57 92 46 0.0
+ 94 61 228 96" 132 47 24"

Juglans nigra - 87 37 34 21 63 30 0.0
+ 94* 58" 67 24 44 38 2.6"

Carya glabra - 95 78 122 68 54 55 0.0
+ 99 68 71 39° 32 57 2.7*

C. llinoinensis - 86 30 83 28 55 C 34 0.0
+ 920 33 60" 27 33 45* 1.6*

Castanea mollissima - 67 65 80 4 37 74 0.0
+ 85 73 92 67 25 81 2.2°

Taxodium distichum - 74 27 159 30 129 20 0.0
+ 83" 40 133 47 83 36" 1.8

*Values are means of five observations.
YValues are means of 10 observations.

*Root ratings range from 0= many circled, matted, or kinked roots at the contamner wall-media interface to 3 = no escaped lateral roots and no elongation of taproots

after contacting a container surface.
*Significant at P < 0.05 by Fisher’s Lsp.
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tainer production (unpublished data). Appar-
ently some ecto- or endodormancy factor must
be overcome before these species can be in-
duced into recurrent flushing, even under en-
vironmental conditions favorable for shoot
elongation.

Generally, Cu(OH),-treated contained had
little effect on seedling height, number of
growth flushes, stem diameter, or total dry-
weight accumulation at the end of the season,
except for baldcypress seedlings, which had a
significantly greater stem diameter (27 vs. 24
mm), and higher foliage (53.7 vs. 39.7 g), stem
(132.0vs. 103.2 g), and total plant (316.0 vs.
247.6 g) dry weights than seedlings in
nontreated containers. Root dry weights of
cherrybark oak seedlings were reduced sig-
nificantly (81 vs. 106 g) by treated containers,
resulting in a reduced root: shoot ratio (0.5 vs.
0.8); however, total plant dry weight was not
affected (234 vs. 239 g). The total number of
10 laterd rootsin both Carya species was
reduced by Cu(OH),. The number of 10 lateral
roots of pignut hickory in the upper and lower
half of the containers and of pecan in the lower
half only was reduced (Table 1).

Cupric hydroxide altered the root distribu-
tion of most of the species during growth in the
15-liter containers. Cupric hydroxide-treated
containersincreased the percentage of root dry
weights present in the inner core in white oak,
black walnut, Chinese chestnut, and baldcy-
press (Table 1). Sawtooth oak, cherrybark oak,
black walnut, and baldcypress seedlings grown
in treated containers also had an increased
percentage of root dry weights in the upper
half of the rootball, aresult that allowed amore
even vertical distribution of the root systems
(Table 1); i.e., closer to 50% of the root system
in the upper and lower halves of the rootball.
Cherrybark oak, post oak, and Chinese chest-
nut seedlings grown in treated containers had
more 10 lateral roots on the upper half of the
taproots, pecan had fewer 1° lateral roots on
the lower half, and pignut hickory had fewer 1°
lateral roots on the upper and lower halves
(Table 1). In Cu(OH),-treated containers,
cherrybark oak, pecan, and baldcypress seed-
lings had more 1° lateral roots on the upper
half of the taproots than seedlingsin nontreated
containers (Table 1).

Cupric hydroxide-treated containers sig-
nificantly reduced circled, kinked, and matted
roots formed at the container wall-medium
interfaces in all species tested, but the relative
effectiveness varied among species (Table 1).
White oak and cherrybark oak roots contact-
ing treated surfaces were nearly completely
inhibited. Sawtooth oak, post oak, black wal-
nut, pignut hickory, and Chinese chestnut roots
were not inhibited as much; taproots elon-
gated, but root deformation was less in
Cu(OH) -treated containers than in nontreated
containers. This response was even more pro-
nounced with pecan and baldcypress.

Nutrient status of sawtooth oak in 3.2-liter
containers. Although statistical differences in
tissue concentrations (data not presented) and
total quantity (Table 2) of nutrients present in
tissues were found between treatments, nutri-
ent levels did not seem to be deficient for
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sawtooth oak seedlings from either treated or
nontreated containers. On a total-quantity-
per-tissue basis, Cu(OH),-treated containers
did not reduce any nutrients, and foliar Ca,
Mg, Zn, and Cu; stem Ca, Mg, Fe, and Zn; and
root and tota plant Cu significantly increased
(Table 2).

End-of-season nutrient status of sawtooth
oak. At the end of the growing season (No-
vember), the total quantity of root N, K, and
Cu and whole-plant Cu of sawtooth oak seed-
lings in Cu(OH),-treated containers were
higher than those in nontreated containers
(Table 2). The low quantities of some nutrients
in foliar samples at the final sample date likely
were due to nutrient translocation in response
to autumn leaf senescence, which had begun.

Productiontemperatures. During the green-
house and shade-acclimation phases, medium
temperatures adjacent to exterior container
surfaces at midday were similar to ambient air

temperatures, while interior medium tempera-
tures were dightly lower (Fig. 1). After mov-
ing containers to the outdoor container yard,
midday temperatures in the medium adjacent
to the exterior container surfaces were 3to 5C
higher than those in the interior of the medium
and 1 to 3C higher than ambient through
September (Fig. 1).

Discussion

Cupric hydroxide-treated containers did
not adversely affect dry-matter accumulation,
shoot elongation, or stem diameter in any
species, except for atransitory reduction in the
root dry weight and stem diameter of white
oak after being transplanted to 15-liter con-
tainers, and reduced first-year dry weight of
root systems of cherrybark oak, an effect re-
sulting in a lower root: shoot dry weight ratio
at the end of the growing season. However, by

Table 2. Total quantities (in milligrams) of selected nutrients in various tissues of Quercus acutissima grown

in Cu(OH),-treated containers.

Total nutrient quantity (mg)
Harvest Nutrient Cu(OH), Foliage Stem Root Plant
May N - 108 32.6 52.1 192.4
+ 173 41.5 49.2 263.9
P - 9.0 3.8 7.7 20.6
+ 13.7* 6.3 75 215
K - 38.9 16.0 20.7 75.6
+ 70.3 27.8* 23.2 121.3
Ca - 31.2 139 6.2 514
+ 58.2" 271.7" 8.0 93.9*
Mg - 3.0 2.0 19 6.9
+ 5.1* 39 23 11.3°
Mn - 1.1 0.4 03 1.8
+ 1.9 0.7 03 3.0
Fe - 04 0.1 0.3 0.8
+ 0.6 0.2 03 1.1
B - 04 0.1 0.1 0.6
+ 0.7 0.2* 0.1 1.0
Zn - 0.1 0.06 0.2 04
+ 0.2" 0.11" 03 0.6
Cu - 0.03 0.02 0.03 0.1
+ 0.06" 0.04" 0.19" 03"
Al - 0.1 0.0 04 0.5
+ 0.1 0.1 04 0.6
Na - 0.6 0.4 1.5 24
+ 0.4 04 1.7 25
November N - 811 558 1141 25,100
+ 795 1175 1966* 39,400°
- 83.6 65 184 331
+ 771 154 293 524
K - 427 344 856 1627
+ 386 633 1317 2336
Ca - 404 644 384 1433
+ 599 1295 804 2698
Mg - 28.1 89 99 215
+ 39.7 177 137 354
Mn - 5.0 7.7 4.6 17.4
+ 9.2 21.7 82 39.2
Fe - 1.6 25 164 20.5
+ 24 6.1 23.6 322
B - 1.4 1.2 1.1 3.7
+ 23 23 1.7 6.3
Zn - 13 22 43 7.8
+ 28 7.0 9.7 19.5°
Cu - 0.2 0.5 1.7 25
+ 0.3 L1 65.6™ 71.0"
Al - 13 1.0 15.0 17.3
+ 23 2.4* 314 36.2
Na - 5.7 3.7 31.1 40.5
+ 8.3 6.4 432 579

**Significant at P < 0.10 or 0.05, respectively, by Fisher’s Lsp; values are means of three observations.
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Fig. 1. Air and medium temperatures during greenhouse (April to May), shade-acclimation (May), and
container-yard (May to September) phases of container production of Quercus acutissima seedlings.
Ambient air temperatures adjacent to the southern container wall (@), medium temperature adjacent to
the southern side of the container (M), and interior medium temperatures (A). Values are means *sg of

15 to 56 observations.

the growing season’s end, total plant dry weight
and stem diameter were not affected in white
oak or cherrybark oak. Similar reductionsin
the root: shoot ratio without reductionsin total
plant dry weight in response to Cu(OH),-
treated containers have been reported for
woody (Arnold and Strove, 1989b) and herba
ceous species (Case and Arnold, 1992). Early
in the season, Cu-treated containers induced
increases in shoot growth of sawtooth oak and
baldcypress seedlings, but, by the end of the
growing season, only baldcypress seedlings
showed significantly improved shoot growth
in response to Cu(OH),-treated containers.
The increased shoot growth of baldcypress in
response to Cu(OH),-treated containers con-
firms earlier reports by Arnold (1992) and
Beeson and Newton (1992).

Previous experiments using CuCO,- and
Cu(OH) -treated containers showed nearly
complete control of circled, kinked, and mat-
ted roots formed at container wall-medium
interfaces with fibrous-rooted to moderately
coarse-rooted landscape trees, such as north-
ernred oak (Q. rubraL.), green ash, and apple
(Malus x domestica Borkh.) (Arnold and
Struve, 19893, 1989b; Arnold and Y oung,
1991). While al of the coarse-rooted species
in this study showed significantly reduced
circled, kinked, and matted roots in response
to Cu(OH),-treated containers, control with
most species was not complete (Table 1).
Beeson and Newton (1992) also found incom-
plete control of deflected roots on some spe-
cies, including baldcypress, using Cu(OH),-
treated containers. Results of previous experi-
ments (Arnold, 1992) on baldcypress with
Cu(OH) -treated pyramid pots (round con-
tainers with stepped-pyramid indentations)
suggest that further study is needed to deter-
mine if combining mechanical impedance with
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chemical treatments, such as Cu(OH),, can
improve control of container-induced root
deformation.

Cupric hydroxide significantly altered the
horizontal root distribution of black walnut,
pignut hickory, and Chinese chestnut grown in
3.2-liter containers and of white oak, black
walnut, Chinese chestnut, and baldcypress
grown in 15-liter containers (Table 1). Of the
species affected, Cu(OH),-treated containers
caused a 6% to 20% shift in the partitioning of
root dry weight from the exterior to interior
half of therootballs (Table 1). Most of this
shift likely was due to reduced root matting at
the container wall-medium interface on treated
seedlings. Root-zone temperatures of >32 to
40C, depending on species and environment,
have been shown to be detrimental to plant
growth or photosynthesis (Foster et a., 1991;
Johnson and Ingram, 1984; Ruter and Ingram,
1992). Root-zone temperatures measured in
this study did not reach these levels (Fig. 1).
However, temperatures indicated that roots in
the interior portions of the rootballs were sub-
jected to lower midday temperatures than those
found near the container walls. Thus, in con-
tainer production environments where
supraoptimal root-zone temperatures are en-
countered, Cu(OH),-treated containers may
reduce the percentage of the root system sub-
jected to these extreme temperatures and sub-
sequently reduce the adverse effects on plant
growth.

By the end of the season, Cu(OH),-treated
containers caused a 10% to 21% shift in dry-
weight accumulation from the bottom to top
half of the roothall in sawtooth oak, cherrybark
oak, black walnut, and baldcypress seedlings,
and increased the percentage of 10 |ateral roots
initiated on the top portion of cherrybark oak,
pecan, and baldcypress taproots (Table 1).

The shift in dry-matter allocation was due to
reduced growth of the taproots after they con-
tacted the bottom of the containers and the
subsequent more-even vertical distribution of
the root system.

The net effect of the Cu(OH),-treated con-
tainers was to increase the total numberof10
lateral roots on sawtooth oak, white oak,
cherrybark oak, and pecan growing in 3.2-liter
containers and to decrease the total number of
10 laterals on pignut hickory and pecan grow-
ing in 15-liter containers (Table 1). The greater
number of 1° laterals on pecan may have little
importance to transplant survival, since many
of these 10 lateral roots were located on the
lower portion of the taproots (Table 1), which
continued to elongate after deflection at the
bottom of the container and should be re-
moved at transplanting. Likewise, a portion of
theincreasein the number of 10 lateral rootson
nontreated pignut hickory seedlings was due
to continued growth of the taproot after con-
tactiug the bottom of the container. A similar
proliferation of 10 lateral roots on the portion
of taproots deflected by the bottom of contain-
ers often was observed for the seedlings of
most species in nontreated containers. If these
plants were root-pruned correctly before be-
ing transplanted (Harris, 1992; Stone and
Norberg, 1978), many of these 1° lateral roots
would be lost. Root-pruning green ash and
apple seedlings grown in CuCO,-treated and
nontreated containers to correct root deforma-
tion (Harris, 1992; Stone and Norberg, 1978)
has shown that plants grown in CuCO,-treated
containers lost less of the lateral root system
(Arnold and Young, 1991). Also, the number
of 10 lateral roots >1 mm in diameter is an
important indicator of initia field performance
of bare-root seedlings of northern red oak
(Ruehle and Kormanik, 1986) and sweetgum
(Liquidambar styraciflua L.) (Kormanik,
1986). No distinction was made in this study in
1° lateral root size, but the data suggest that
further studies are needed on the effects of
copper-treated containers and root-pruning
practices on transplant establishment and 1°
|ateral root development in container-grown
plants.

The increased amount of Cu in tissues
(Table2), particularly roots, of seedlings grown
in Cu(OH),treated containers confirms ear-
lier reports on Cu accumulation in CuCO,-
treated green ash (Arnold and Strove, 1989a)
and Cu(OH),-treated double-file viburnum
(Viburnum tomentosum Thunb. var. plicatum)
(Flanagan and Witte, 1991). By the end of the
Season, no nutrient concentrations or total
quantities (Table 2) in any plant tissue were
decreased by Cu(OH),-treated containers. In
fact, treated containers significantly (P £ 0.05)
increased the total quantity of root N, K, and
Cu and whole-plant Cu (Table 2). An acceler-
ated autumnal translocation of nutrients from
senescing foliage of Cu(OH),-treated seed-
lings compared to nontreated seedlings was
unlikely, asthe total quantities of nutrientsin
the foliage tissues did not differ significantly
between treatments (Table 2). Perhaps the
more fibrous and evenly distributed root sys-
tems of plants grown in Cu(OH),-treated
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containers allowed a greater uptake of avail-
able nutrients from the container medium and,
thus, improved the plants' nutrient-use effi-
ciency.

The increased quantity of N is of particular
interest, as this nutrient is most likely to be
limiting after seedlings are transplanted to the
landscape. Increased growth of trees grown in
CuCO -treated containers over those from
nontreated containers, particularly in the year
after transplanting to the field, have been re-
ported (Arnold and Struve, 1989b). Additional
study is needed to determine if higher stored
nutrient reserves in the stem and root tissues of
trees grown in Cu-treated containers might be
translocated to accelerate growth the follow-
ing spring.

This study demonstrated that Cu(OH),-
treated containers reduced the amount of
circled, kinked, and matted roots that devel-
oped during the production of several coarse-
rooted species. It was also shown that, for
some species, Cu(OH),-treated containers a-
tered dry-matter partitioning of the root sys-
tems from exterior to interior portions of the
roothals, induced a more equal partitioning
between upper and lowerhalves of the roothall,
or both. Cupric hydroxide-treated containers
aso increased the total quantity of severa
nutrientsin various plant tissues.

ProbucTion AND CULTURE
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