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Abstract. -- Cupric carbonate treated containers

produced ponderosa pine,
fir seedlings with a nore natural
di stribution than controls.

western white pine and Dougl as-

| ateral root

Treatment has not increased

survival or height gromh after three field seasons.

I NTRODUCTI ON

Root nor phol ogy differs between natural and
cont ai ner-grown seedlings. Natural seedlings
general ly develop a well distributed lateral root system
provi di ng nmechani cal stability and nmaxi mum growt h
potential (Stein 1978). Container-grown seedlings
frequently have long |lateral roots directed dowward
along the container wall until air-pruned at the
drai nage hole. In the field, such seedlings often
have Iimted |l ateral root egress from upper portions
of the plug but a high concentration of root egress
fromthe plug base. Restricted root egress may reduce
potential survival, growh, and nmechanical stability,
particularly on drier sites. Burdett (1978a,b)
reported root elongation of container-grown | odgepole
pine (Pinus contorta Dougl.) seedlings was
conpl etely inhibited upon contact with container
wal l's coated with cupric carbonate. After
outplanting, lateral roots of treated seedlings
egressed fromthe upper portion of the root plug in a
pattern simlar to a natural root system (Burdett
1981; Burdett and others 1983). MDonal d and ot hers (1981)
found sinmilar results with ponderosa pine (Pinus
ponderosa Laws. var. ponderosa Engel m). Wenny and
Wool I en (1988) used this cupric carbonate technique
for root pruning northern |Idaho sources of western white
pi ne (Pinus nonticola Dougl.), ponderosa pine, and
Dougl as-fir (Pseudotsuga nenziesii var.

glauca (Beissn.) Franco) seedlings. W found a

significant increase in root egress fromthe upper
portions of the plug in growmh roomtests. First
year field results of these seedlings did
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not increase significantly in growth or survival rates
(Wenny and others 1988).

METHCDS

Nort hern | daho sources of Dougl as-fir, ponderosa
pine, and western white pine seedlings were chenically
root- pruned while growing in the University of |daho
Resear ch Nursery greenhouse. Two Ray Leach® pine cell
trays (200 cells per tray) and two Styrobl ock 4A
trays (198 cavities per tray) were used for each
species. Forty pine cells per tray and 39 cells per
styrobl ock (each 66 cn’) were randonly assigned one
of five treatments: an unpainted control; or a latex
pai nt coating containing cupric carbonate at
concentrations of 0, 30, 100 or 300 gL'l. Si nce
previous research with chem cal root pruning by Burdett
(1978) and McDonald (1981) found a concentration of
100 gL"! cuCo3 was effective in inhibiting root
growth, the 30, 100, and 300 gL'1 concentrations were
chosen in an attenpt to bracket an optimal concentration
for the species studied. Containers were filled with
1:1 peat:vermiculite forestry potting m x. Seeds were
sown and the containers placed on greenhouse benches to
receive species specific Research Nursery grow ng
regi mes (Wenny and Dunroese 1987a, b). Seedling height
and root collar dianeter neasurenents were taken at
monthly intervals during the growi ng season. Data
coll ected were subjected to conventional analyses of
vari ance and Fisher's protected LSD.

G owt h Room Tests

Dor mant seedlings were renoved fromthe
containers (February), and placed into cold storage
at 2°C. A root growth potential test (Duryea 1984) was
initiated to evaluate effects of chenical root pruning
on root system norphol ogy. Ten seedlings from each
contai ner type and treatmnment conbination were planted into
1-gallon pots containing 1:1 peat:vermculite forestry
potting m x. The potted seedlings were placed in a
growth roomfollowing a split plot random zed
conpl ete bl ock design. Growth room



tenperatures were 27°C during the 16 hour day and
21°C at night. To obtain a 16 hour photoperi od,
light energy reaching the canopy at an intensity of
220 uEmZs " was provided by fourteen 96 inch G ow
Lux fluorescent bul bs. Root measurenents were
collected fromthree zones: top, nmiddle, and bottom
New roots, longer than 1 cm energing fromthe plug
were neasured, counted and wei ghed for each separate
zone. Root dry weights were obtained after oven
drying at 60°C for 24 h. Seedling height, root collar
di amet er, shoot dry weight, the nunber, length, and dry
weight of newroots by root zone, and total root

I ength val ues were subjected to conventional analyses
of variance and Fisher's protected LSD.

Field Tests

In April, seedlings were planted on the
University of Idaho Experinmental Forest. A
randoni zed conpl ete bl ock design with three
replicates was used. Ten seedlings of each species
for each tray type and treatnent conbination were
randomy assigned within a block. After the first
grow ng season, survival, height, root collar dianeter,
shoot and root dry wei ghts, and new root nunber were
measured. Survival and growh data were col |l ected after
the second and third growi ng seasons. The plantation
will be re-exanmined in the future.

RESULTS & DI SCUSSI ON

Greenhouse and Growt h Room

Shoot growth was uni nfluenced by treatment
during greenhouse culture. Hei ght and root

collar diameter nmeasurenents were not significantly
different at any time during the grow ng season

(April - Cctober). Observation of root devel opnent
showed nontreated seedlings had mnany nore long, |ateral
roots running longitudinally along the plug wall, while

treated seedlings had nost |ateral
the plug wall.

G owt h roomdata indicate seedling height, root
col lar dianeter, and shoot dry weight was unaffected
by treatnent, regardl ess of species and contai ner
conbi nati ons. Root devel opment did show a treatnent
affect with greater new root nunbers, dry weights,
and lengths in the top and mddl e plug zones of cupric
carbonate treatnents. These results were significant for
nost speci es and contai ner conbinati ons and are best
illustrated by conbining total new root length for the
upper zones (Table 1). Increases in total | ength and total
nunber of roots from chem cal root pruning probably
occurred because 1) primary, secondary, and tertiary
chemically pruned lateral roots resumed growth from
the upper portions of the root systemafter planting and
2) pruning enhanced initiation of higher order

roots pruned at

laterals. In contrast, unpruned seedlings, with
primary and secondary l|lateral root tips at the plug
bottom lack this growh resunption in the upper

portions of the root system Although unpruned
seedlings still initiate higher order laterals in the
upper root plug, it is not at the enhanced rate of
chem cally pruned roots.

Fi el d Perfornmance

After one field season, all CuCO3 treatnents
display a trend of greater new root nunbers in

Table 1. Mean total root length (cm) in the top and middle root
zones for Douglas-fir, ponderosa pine, and western
white pine.

SPECIES/CONTAINER
DOUGLAS-FIR PONDEROSA PINE W. WHITE PINE

TREATMENT Leach Styro 4A Leach Styro 4A Leach Styro 4A

Control 730 BC 1304 AB 431 B 276 C 567 B 783 C

Paint 550 C 646 B 908 B 144 C 736 B 1137 C

30 gL'1 739 BC 1610 AB 2292 A 1134 AB 1061 B 3088 A

100 gL'1 1528 AB 2046 A 2347 A 1433 A 1306 B 2531 AB

300 gL'1 2292 A 1628 AB 897 B 874 B 3782 A 1382 BC

LSD 800 1091 1352 520 1165 1250

Means followed by the same letter were not significantly different

when subjected to Fisher’s LSD test at the alpha =

0.05 level.



the upper two-thirds of the plug for all
but the difference is not
contai ner types (Table 2).
root nunbers in the | owest
CuC03 treatnent, but is not significant with all

tray types (Table 3). No trend appears when new root
nunbers throughout the plug are totaled (Table 4).
This suggest cupric carbonate treatnents did not
increase the total nunber of new roots, but altered
root distribution within the plug, increasing the
proportion of roots in the upper two-thirds of the

pl ug.

Exami nation of new root dry weights in the
upper plug shows a general increase with a CuC03
treatment (Table 5). New root dry weights tend to
decrease with treatment in the | owest root zone
(Table 6). In neither case are differences
significant with all species and tray type
conbi nati ons. When root dry weight data is conbined
for all root zones (Table 7), no trend is apparent.
Sone seedlings had few new roots but their dry
wei ghts were high because of secondary, tertiary,
and hi gher order lateral roots. Conversely, sone
seedl i ngs had many new prinmary roots yielding | ow
dry weights.

Seedl i ng survival, height growmh and root collar
dianeter after outplanting was unaffected by treatnent
during the first three years. Root redistribution,
with greater nunbers and | engths of new roots in the
upper portions of the plug, did not result in
seedling growth differences. Burdett (1981) also found
seedling growth was not i ncreased until after the third
growi ng season when a 15% hei ght increase was
det ect ed. Root egress on sanpl ed seedlings did not
di ffer between controls and treated seedlings for
Dougl as-fir. For pines, root egress was greater from
the upper portions of the plug since the controls had
nore long laterals directed downward al ong the plug
wal | s.

speci es,
significant for all

A trend of reduced new
root zone occurs with

Managenent | nplications

A planted seedling' s root norphogenesis is
dependent upon the el ongation of existing roots and the
initiation of newroots along the plug wall. Root
el ongation and initiation are influenced by 1) nursery
cultural practices, 2) planting medium and 3)
planting tool. Qur field results, to date,
shown benefit from chenical root-pruning
treatnments. This may be due to the high degree of
nontreated seedling root egress. In circunstances
where cul tural or handling/storage practices produce
seedlings with excessive long |ateral roots or nedia
is conpacted in the planting operation, chem cal
root-pruni ng may prove to have nore i medi ate
benefit.

have not
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Table 2. Mean number of new roots (> 1 cm) in the top and middle
root zones for Douglas-fir, ponderosa pine, and western
white pine.

SPECIES/CONTAINER
DOUGLAS -FIR PONDEROSA PINE W. WHITE PINE

TREATMENT Leach Styro 4A Leach Styro 4A Leach Styro 4A

Control 20 A 16 BC 13 B 14 A 18 ¢ 19 B

Paint 18 A 14 C 13 B 17 A 27 B 22 B

30 gL'l 23A 314 23A 204 34 AB 35 A

100 gL‘1 21 A 27 AB 28 A 17 A 38 A 28 AB

300 gL'1 26 A 27 AB 27 A 17 A 28 B 25 AB

LSD NS 11 8 NS 8 12

Means followed by the same letter were not
when subjected to Fisher’s LSD test at the

significantly different
alpha = 0.05 “evel.



Table 3. Mean number of new roots (> 1 cm) in the bottom root
zone for Douglas-fir, ponderosa pine, and western white
pine.

SPECIES/CONTAINER

DOUGLAS -FIR PONDEROSA PINE W. WHITE PINE

TREATMENT Leach Styro 4A Leach Styro 4A Leach Styro 4A

Control 30A 16 A 16a 15A 2 A 17 A
Paint 16 B 12 AB 10A 164 23A 13 AB
30 gLl 12B 15 AB 11A 14 AB 13 AB 12 AB
100 gL-1 78 7B 11 A 7B 24 A 10 AB
300 gL-1 9B 9 AB 10 A 12 AB 11 B 5B
LSD 10 9 NS 7 11 8

Means followed by the same letter were not significantly different
when subjected to Fisher's LSD test at the alpha = 0.05 level.

Table 4. Mean number of new roots (> 1 cm) in all root zones for
Douglas-fir, ponderosa pine, and western white pine.

SPECIES/CONTAINER

DOUGLAS -FIR PONDEROSA PINE W. WHITE PINE

TREATMENT Leach Styro 4A Leach Styro 4A Leach Styro 4A

Control 49 A 32 AB 29 AB 29 A 42 B 35 A
Paint 3B 26B 23 B 33 A 50 AB 35 A
30 gLl 35 AB 46 A 35A 344 46 B 47 A
100 gr-1l 27 B 33 AB 39A 244 61 A 38A
300 gLt 35 AB 35 AB 36 A 29A 40B 31A
LSD 15 17 11 NS 14 NS

Means followed by the same letter were not significantly different
when subjected to Fisher’s LSD test at the alpha = 0.05 level.



Table 5.

Mean new root dry weight (gm) in the top and middle root
zones for Douglas-fir, ponderosa pine, and western white

pine.
SPECIES/CONTAINER
DOUGLAS -FIR PONDEROSA PINE W. WHITE PINE
TREATMENT Leach Styro 4A Leach Styro 4A Leach Styro 4A
Control 0.43 B 0.40 B 0.31 B 0.37 A 0.77 A 0.92 B
Paint 0.383 B 0.47 AB  0.50 AB 0.41 A 0.97 A 1.00B
30 gL'1 0.73 A 0.85 A 0.80 A 0.56 A 1.29 A 1.47 A
100 gL‘l 0.52 AB 0.58 AB  0.69 AB 0.49 A 1.05 A 1.14 AB
300 gL'1 0.61 AB 0.65 AB 0.72 AB 0.76 A 1.06 A 1.07 AB
LSD 0.27 0.38 0.43 NS NS 0.46

Means followed by the same letter were not significantly different

when subjected to Fisher’s LSD test at the alpha

= 0.05 level.

Table 6. Mean new root dry weight (gm) in the bottom root zone

for Douglas-fir, ponderosa pine, and western white pine.

SPECIES/CONTAINER
DOUGLAS-FIR PONDEROSA PINE W. WHITE PINE

TREATMENT Leach Styro 4A Leach Styro 4A Leach Styro 4A
Control 0.30 A 0.33 A 0.33 A 0.52 A 0.53 A 0.48 A
Paint 0.20 AB 0.26 AB 0.39 A 0.32 A 0.57 A 0.59 A
30 gL'1 0.15 AB 0.28 AB 0.41 A 0.41 A 0.45 A 0.55 A
100 gL'1 0.07 B 0.11 B 0.31A 0.23 A 0.57 A 0.58 A
300 gL'1 0.10 B 0.17 AB 0.12 A 0.50 A 0.41 & 0.30 A
LSD 0.16 0.20 NS NS

NS NS

Means followed by the same letter were not significantly different
when subjected to Fisher’s LSD test at the alpha = 0.05 level.



Table 7.

Mean new root dry weight (gm) in all root zones for
Douglas-fir, ponderosa pine, and western white pine.

SPECIES/CONTAINER
DOUGLAS - FIR PONDEROSA PINE W. WHITE PINE
TREATMENT Leach Styro 4A Leach Styro 4A Leach Styro 4A
Control 0.73A 0.73AB 0.64B 0.89A 1.30A 1.40A
Paint 0.58 A 0.73AB 0.87 AB 0.73 A 1.55 A 1.59 AB
30 gl  0.88A 1.13A 1.21A 0.97A 1.74A 2.01A
100 g.-1  0.61A 0.69B  1.00 AB 0.73 A  1.62 A 1.72 AB
300 gl 0.71A 0.83AB 0.84 AB 1.23A 1.47A 1.378B
LSD NS 0.41 0.56 NS NS 0.61

Means followed by the same letter were not significantly different
when subjected to Fisher's LSD test at the alpha = 0.05 level.
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