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Abstract

Cork oak Quercus subet..) seedlings of two Iberian provenances (PA-SR and SM-Lp) were grown for one growing season in non-
treated containers or in containers treated on their interior surfaces with white exterior latex paint containing 8@liteC@oPper
carbonate-treated containers effectively prevented root deformation and decreased the amount of circled, kinked andsmdtted root
formed at the container wall-medium interface. Root morphology was altered by the copper coating, so elongation of ateral root
contacting CuCQtreated surfaces was more reduced than that of the tap root (82.7% vs 1.5%). These lateral roots showed higher
branching frequency than roots contacting untreated container walls. Qrga@nent decreased root collar diameter, but did not
influence seedling height, leaf area and tap root length. No sign of copper toxicity was observed in any seedling tr€ai@@with
Provenance had a significant effect on height, root collar diameter, tap root length and root weight per unit lengthilthesayres
reflect differences in growth habit of the two provenances. Other growth parameters measured were affected by a coppece proven
interaction. Seedlings of the PA-SR provenance produced less root and plant dry wt when grown jtréziw€Dthan in control
containers, but shoot:root ratio was not influenced.

Index words: Quercus subet., root morphology, provenance, container production, reforestation.

Significance to the Nursery Industry Introduction

Copper compounds applied to the interior surfaces of con-  Since the 1960s, coating interior surfaces of containers
tainers have been shown to be effective in controlling root with copper salts (CuCQor Cu(OH), mainly) has been
deformation and increasing lateral branching of woody plants shown to be a viable method of controlling circling roots of
during production. Results of this study indicate that a cop- many containerised woody species. Among them are mainly
per carbonate (CuCJxoating waeffective in reducing root conifers PinustaedaandP. palustris(18), P. pineaandP.
circling, matting and kinking of cork oak seedlings. This pinaster (1)), but also woody landscape speci@sidrcus
experiment expands the list of species for which copper- rubra (2), Acer rubrum, Ligustrumjaponicum Quercus
treated containers appear to reduce root deformation with- laurifolia, etc. (5) Eucalyptus/iminalis Jacarandaacutifolia
out detrimental effects on shoot growth or quality. As shoot (12), RhododendronMagnolia grandifola, etc. (6)), tropi-
growth was not affected by the copper coating, there is not cal speciesAverrhoacarambola Dimocarpuslongan etc.
likely to be any significant economic effect. No sign of cop- (17)), and species used for afforestatidogciaholosericea
per toxicity on above-ground organs was observed in any Eucalyptuscamaldulensisetc. (10)).
seedling treated with CuCOrhe dose tested (80 g/liter) was Successful afforestation relies on selecting the appropri-
enough to prevent root deformation, but as various speciesate species, planting adequately conditioned seedlings and
exhibit a different dose response, the effective range for employing efficient establishment techniques. Well devel-
chemical root pruning must be tested for each one. The al- oped and structured root systems with numerous lateral roots
tered and improved root morphology in the treated seedlings are an essential attribute of high quality seedlings (20). This
suggest that chemical root pruning is an adequate nurseryattribute is even more important in Mediterranean sites, where
practice to improve the performance of seedlings used for rainfall varies yearly and is unpredictable. Under such con-
reforestation purposes in xeric sites. Even when seedlingsditions seedlings must develop an adequate root system, ca-
are well planted, the relative reduction in root-soil contact pable of reaching the deep water table (25). After outplanting,
due to transplanting can be a cause of reduced water uptakeseedlings must show the ability to quickly reestablish soil-
and transplanting stress. Thus, only when roots resume growthroot contact and to rapidly produce new roots. The best way
does a seedling recovers its water status, and this appears tto achieve this is with a root system large enough at the time
occur more rapidly and effectively with copper coating due of outplanting to supply water in amounts that cover transpi-
to a higher presence of root tiPsovenances highly adapted ration loss (8), to provide physical support, and with suffi-
to drought conditions and more responsive to copper coat- cient laterals to resume growth.
ing must be selected. Seedlings often have root morphologies drastically differ-
ent from those grown from seed in place (23). Container
grown seedlings frequently have long lateral roots directed
downward along the container wall until air-pruned at the
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One succesful strategy for reducing or eliminating these conditions: 30/10C (86/50F) day/night temperature, under
root distortions produced in container-grown seedlings is the natural photoperiod, 450 to 600 umaol/mof light intensity
use of copper salts. These salts are found to increase rootat midday, and watered to field capacity as needed. Condi-
system density by inhibiting root elongation and stimulating tions outdoors from mid-April to mid-October were: 18.9C
lateral root branching (3).The elongation of the lateral roots (66F) average temperature (26.9 to 10.8C (80.4-51.4F)),
ceases when their growing tips come into contact with the 1000 to 1500 pmol/frs of light intensity at midday, 157.3
copper coating on the interior of the containers (10). Sec- mm (61.9 in) of rainfall and watered as needed.
ondary lateral root growth develops from further back and At the completion of the growing season (October 10,
when these laterals reach the container wall they are als01997) stem height and diameter at ground level of all seed-
inhibited by the copper. Overall root distribution is more ef- lings were recorded. Components of height growth (mean
ficient and natural than in untreated seedlings, and the younglength and number of stem units) were measured and related
feeder roots tend to be located within the container media to shoot height by the following equation:
volume rather than on the outside; this leads to more effec-

tive utilisation of water and nutrients (14) and a quicker es- SH = NSU x MSUL
tablishment after outplanting, when the arrested root tips re-
sume growth (5). where SH is total shoot height (cm), NSU is number of stem

Little is known about the response to copper coating of units and MSUL is mean stem unit length (cm).
Mediterranean containerised species used for reforestation The exteriors of the root ball were examined visually for
purposes. Among them is cork oa®uercussuberlL.), a circling or matting of roots. Root ratings were recorded for
xerophytic and endemic species of the western Mediterra- each seedling. The following rating scale was used (4): 0 =
nean area with 0.5 million hectare of coverage in Spain (19). many matted, circled, and kinked roots present at the con-
Cork oak has a special relevance in the forestry and rural tainer wall-medium interface; 1 = several roots elongating
economy of the Iberian Peninsula and has been widely used> 1 cm (0.4 in) after contacting a container surface; 2 = no
in the reforestation of former agricultural land. The objec- escaped lateral roots, but taproot(s) continuing to elongate
tives of this study were to test the effectiveness of CHCO more slowly after contacting a container surface; 3 = no es-
treated containers in altering root distribution patterns of two caped lateral roots and taproot(s) ceasing to elongate after
different provenances of cork oak, a coarse-rooted species,contacting a container surface. After harvest, the following
during container production. The effect of the copper com- measurements for individual seedlings were recorded: leaf
pound on other morphological parameters was also investi- area (in crj with the use of a Delta-T image analyzer), root

gated. volume (in cc, by displacement of the cleaned root system
dipped into a vessel of water standing on a top-loading bal-
Materials and Methods ance (7)), length of tap root and lateral roots (in cm), root

density (estimated by dividing the average dry weight by the
average root length, in g/cm) and dry weight (shoot, root,
leaves and plant; in g; seedlings were oven dried to constant

On December 10, 1996, 200 pre-germinated acorns of
QuercussuberL. from two Iberian provenances, Parque de

los Alcornocales-Serrania de Ronda (PA-SR) and Sierra ~< X .
Morena occidental- Llanuras pacenses (SM-Lp), were sown weight at 70C (158F)). Shoot to root dry weight ratio (S/R,

in Forest Pot® block containers (truncated square pyramid 9/9) and sturdiness quotient (cm shoot height/mm root collar
cell, dimensions of cell: 4.6 x 4.8 x 18.0cm (1.8 x 1.9 x 7.1 d'%meter) were codmbputed.l s of vari .
in), 300cc (18.3 cubic in); 50 cells per container, 390 c&ll/m atawere tested by analysis of variance (22) in a two prov-

(36.2 cell/ff)), containing a medium of Spaghnum peat ©nance x two CuCQactoria_l treatment arrangement in a

moss:vermiculite (3:1 by Vv/v). Provenance details are pre- COmpletely randomized design. Mean separation of param-

sented in Table 1. eters was tested using Tukey’s Multiple Range test for sig-
Before seeding, half of the containers used for each prov- Nificance. When the interaction copper x provenance was

enance had the interior surfaces coated with 80 g GUCO significant, each copper x provenance level was analized by
liter (2.67 oz/qt) of flat white acrylic latex exterior house t-Student test.

paint. The other containers were left unpainted as controls. A
2 x 2 factorial experiment that included all combinations of

provenance (PA-SR/SM-Lp) and +/— copper coating (+Cu/  Copper carbonate-treated containers significantly reduced
—Cu) was set up. Containers were placed in the greenhouseircled, kinked and matted roots formed at the container wall-
until April 15, 1997, when the seedlings were grown out- medium interfaces in the two provenances. Cork oak roots
doors (40°25'N, 3°44'W, 590 m (1920 ft) elevation). Plants contacting treated surfaces were nearly completely inhibited
were completely randomized under the following greenhouse (root rating: 2.7, +Cu vs 0.0, —Cu). Previous experiments

Results and Discussion

Table 1. Details of the two Iberian cork oak provenances used in the study in Spain.

Provenance Name Coordinates Elevation Annual Annual Soil type
rainfall avg temp
(m) (mm) ©
Parque de los Alcornocales-Serrania de Ronda PA-SR  36°34'16" N 600 1,500 18 Eutric cambisol
5°28'00" W
Sierra Morena occidental-Llanuras pacenses SM-Lp  38°22'31" N 500 666 16 Distric and eutric cambisol
6°50'52" W
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Table 2.  Cork oak seedling morphological parameters as affected by CuG@ontainer treatment and provenance

Morphological parameter Container interior walls treatment Provenance
+Cu —Cu PA-SR SM-Lp

Height (cm) 22.84a 22.52a 26.39a 18.71b
No. of stem units 23.7a 24.1a 26.0a 21.8b
Length of stem units (cm) 0.92a 0.94a 1.00a 0.85b
Root collar diameter (mm) 4.99b 5.68a 5.80a 4.88b
Tap root length (cm) 16.77a 17.02a 16.39b 17.40a
Lateral root length (cm) 2.55b 14.73a 8.58a 6.80a
Root weight per unit length (g/cm) 0.41a 0.43a 0.45a 0.39b

“Means are the average of 15 seedlings per treatment.
YMean separation for main effects within columns by ANOVA at P < 0.05.

with other coarse-rooted specig3ugrcus acutissimaQ. of Dunn et al. (10) in five native Australian tree species, and
falcata Q. alba Q. stellatg using Cu(OH)}-treated contain- Brass et al. (6) with different woody landscape plants. How-
ers showed similar results (4), so roots contacting treated ever, results of McDonald et al. (18) with pine seedlings,
surfaces were nearly completely inhibited, although total and Ruter (21) with four vigorous-rooted tree species, indi-
control was not complete. Taproots were elongated, but lat- cated that, in some instances, root-collar diameter was in-
eral root deformation was less in Cug@ated containers  creased by copper treatment.
than in non-treated containers (Table 2). Beeson and New- Root dry wt reduction in the PA-SR provenance in treated
ton (5) also found incomplete control of deflected roots on containers also affected total seedling dry wt, but not
some species using Cu(QHpeated containers. In general, shoot:root ratio (Table 3). A reduction in root system dry wt
root systems of seedlings grown in Cu@(@ated contain- from copper application has been reported for other species
ers appeared more fibrous than those from non-treated con-5, 24). Meanwhile, root:shoot dry wt ratio was reduced in
tainers, with numerous higher order lateral roots originating the SM-Lp provenance when seedlings were grown in
from several cm behind the inhibited roots. CuCQstreated containers, while shoot growth was equal to
Visual observations indicated cork oak root systems were the non-treated seedlings. Similar results with other tree spe-
more branched and evenly distributed throughout the me- cies have been found (2, 3, 13).
dium in CuCQ-treated containers than in controls. Similar Studies have shown copper to have positive (3, 18), nega-
results were reported by Arnold and Struve (2) in red oak tive (12) or no effects (9, 24, 26) on plant height. Height
(Quercus rubra. growth in cork oak is the result of the interaction between
While no sign of copper toxicity on above-ground organs number and length of stem units, as has been described else-
(leaf chlorosis, senescent leaves and necrotic stems) was obwhere (15). Our results showed no increase in the length or
served in any seedling treated with CuCte roots that number of the stem units; which means that height was not
contacted treated surfaces exhibited a mild copper toxicity affected by the copper treatment (Table 2). On the contrary,
confined to the apical few cm of the root tips (2). This toxic- shoot growth showed a response to the provenance: PA-SR
ity was so low that the root thickening and the increase in the provenance had greater shoot growth than SM-Lp provenance
root dry wt per unit length, frequently observed in forest spe-
cies grown in culture solutions containing heavy metals (1),
was not shown (Table 2); but the toxicity was enough to af-
fect the morphology of the root system by decreasing elon- Table 3. Cork oak seedling morphological parameters affected by a
gation of laterals more than that of the tap root (82.7% vs copper x provenance interaction.
1.5%, Table 2).

Copper treated containers effectively controlled (P < 0.05) Evaluation parameter Copper Provenance
root collar diameter and lateral root length (Table 2). All seed- PA-SR SM-Lp
lings had similar height (22.6 cm (8.9 in)), leaf area (90.0
cn? (14.0 i) and tap root length (16.9 cm (6.7 in)). The Rootvolume (cc) * 10.33aB 10.608A
rest of the morpho[ogical parameters were affected by a cop- .. dry wt (q) N 126.7632}1% 107'%742':
per x provenance interaction (P < 0.005). Root volume, root _ 8.21aA 6.10bA
system dry wt and plant dry wt were significantly greater for Leave dry wt (g) + 1.00aA 1.13aA
control seedlings; while sturdiness quotient was greater for - 1.17aA 0.880bB
copper treated seedlings, but only in the PA-SR provenanceSeot dry wt (g) * 21é92iaAA 126135baBA
(Table 3). Leaf dry wt, shoot dry wt and S/R were greater for pjant gry wt (g) N 8.60aB 0.373A
copper treated seedlings, but only in the SM-Lp provenance - 10.54aA 7.38bA
(Table 3). Height, root collar diameter, tap root length and S/R (g/g) + 1.14aA 1.27aA
rootweight per unit length showed a provenance effect (Table . . - 1.31aA 1.00bB
2); these results may reflect differences in growth habit of Sturdiness quotient cm/mm) — + 0 fdggaA 0 fdzibA

the two provenances.

_ Our results showing Chem_ical root pruning with _CLQCO zMeans separation within columns (lower case) and rows (upper case) by t-
inhibited root-collar diameter in the nursery, agree with those test, P < 0.05.
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due to |onger stem units and a higher proportion of them. 8. Carlson, C. and D.E. Miller. 1990. Target seedling root system size,
Milder temperatures joined to more abundant rainfall (Table hydraulic conductivity, and water use during seedling establishment. Target
. . . Seedling Symposium: Proceedings, Combined Meeting of the Western Forest
1)' absence of frosts, and major proximity to the sea in the Nursery Associations. August 13-17, 1990. Roseburg, OR. pp. 53—66.
more southern provenance (PA-SR provenance) lead to a 9. Dumroese, R.K. and D.L. Wenny. 1997. An assessment of ponderosa
Ionger growing _Season_’ which _permlts hlgher seedl_lng grovvth pine seedlings grown in copper-coated polybags. Tree Plant. Notes 48:60—
(Table 3), and in particular higher shoot elongation (Table g4,
2). This sou_t_hern provenance is adapted to warmer falland Dunn, G.M., H.R. Huth, and M.J. Lewty. 1997. Coating nursery
Wm_ter conditions and continue growth under shorter photo- containers with copper carbonate improves morphology of five native
periods than the SM-Lp provenance. Thus PA-SR provenanceAustralian tree species used in agroforestry systems. Agroforestry Systems
maintained higher shoot activity. Other speciBamgs 37:143-155.
pinaster P. ponderosgAbies magnificgA. concolol) showed 11. Fernandez, M., L. Gil, and J.A. Pardos. 1996. Superviencia y
a similar increase on seedling height growth due to lower crecimiento en vivero (’je pIanta:; de cinco procedenci&Sndis pinaster
elevation and more rainfall at the seed source site (11 15 Ait. bajo diferentes regimenes hidricos. Invest. Agr: Sist. Recur. For. 5:19—
) ‘44
16).
The study clearly showed the CuCteatment stopped
the growth of many lateral roots of cork oak at the wall inter-
face, and that more higher order laterals formed in response
to repeated pruning of tips. Thus cork oak, important species _
for reforestation purposes in the Mediterranean basin. can 14. Gordon, |. and R. Hayes. 1994. Control of woody root systems using
be added he li f ol h h b ! copper compounds. Combined Proceedings International Plant Propagators’
e added to the list of plants whose root growth can be con- gociety 44:416-424.
trolled in CuCQ-treated containers without drastically af- 15. Hallgren, S.\W. and J.A. Helms. 1988. Control of height growth
feCtmg blomas_s prOdu_Ctlon'_CoerI _Of rO_Ot development of components in seedlings of California red and white fir by seed source and
woody plants in containers is potentially important because water stress. Can. J. For. Res. 18:521-529.
plants with temppra_rlly inhibited first-order laterals shpuld 16. Harry, D.E., J.L. Jenkinson, and D.B. Kinloch. 1983. Early growth
develop a WE||-.dIS'[I’IbUt6d root system nearer th(_"-' SQ” SUr- of sugar pine from an elevational transect. For. Sci. 29:660-669.
face after planting. Moreoyer, the ehm_manpn of circling or 17. Marler, T.E. and D. Willis. 1996. Chemical or air root-pruning
d_O_anard-dGﬂGCted roots in the container increases the sta-containers improve carambola, longan and mango seedling root morphology
bility and growth rate of planted trees once they are estab- and initial root growth after transplanting. J. Environ. Hort. 14:47-49.
lished, and, therefore, enhances establishment of transplanted 18. Mc Donald, S.E., R.W. Tinus, C.P.P. Reid, and S.C. Grossnickle. 1984.
cork oak. Various studies have shown how the differences in Effect of CuCQcontainer wall treatment and mycorrhizae fungi inoculation
root morphology between Cugﬁ)eated seedlings andcon- of growing medium on pine seedling growth and root development. J.
trol seedlings that were observed in the nursery, persisted inEnviron- Hort. 2:5-8.
the field (2, 10, 17, 26). Poor root morphology at the time of _ 19|- Montero, G. and I. Csﬁeﬂas-I}\lglgAg-l\"//l'jguafe_fefﬂfesmgé”VCU'“VO
planting caused permanent and serious root deformation in9¢ acomogueQuercussuberL.). INIA, € Agricultura, Fesca y
. Alimentacion, 103 pp.
the untreated seedlings.

12. Furuta T., W.C. Stone, W. Humphrey, and T. Mock. 1973. Chemical
control of root growth in containers. Amer. Nurseryman 137:56-57.

13. Gilman, E.F. and R.C. Beeson. 1995. Copper hydroxide affects root
distribution ofllex cassinein plastic containers. HortTechnology 5:48-49.

20. Rose, R. and D.L. Haase. 1995. The target seedling concept:
implementing a program. pp. 124—18@.National Proceedings, Forest and
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