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Can Bareroot Stock Quality be Improved?’
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Abstract.--Bareroot stock quality and subsequent field

survival and growth can be inproved by

(1) - grow ng seedlings

at wider spacings which results in increased dry weight, |ower
shoot/root ratio, larger root collar dianeter and in sone cases

increased root growh capacity (RGC);

(2) - root culturing

(undercutting or root wrenching) which increases RGC, and (3) -
nutrient loading with fall applications of nitrogen fertilizers
whi ch increases both RGC and field growth.

| NTRCDUCTI ON

A B.C. Mnistry of Forests report (Errico and
Pel chat 1984) which, by neans of conputer assisted
l'i near programmi ng, conpared several nursery stock
type options to produce interior spruce (Picea
glauca and/or Picea engel mannii) planting stock
suggested that if field performance was ignored
85% of the spruce trees planted in BC should be
produced as 2+0 bareroot stock. However, when field
performance and increased norphol ogi c standards were
included in Errico and Pelchat's nodel, only 5% of
spruce planting stock was to be produced as 2+0
bar eroot stock. Poor field performance (survival)
of the 2+0 bareroot stock was the reason the node
proj ected such a radical shift in spruce stock
types. Field performance, survival, and growth data
are limted for nost species planted in British
Col unmbi a. Col |l ective opinion, however, seens in
agreenment that the 2+0 seedlings produced are not
surviving in great enough nunbers and those that
survive often grow poorly.

There are two choices to resolve the

precedi ng probl em

a) abandon bareroot 2+0 stock in favor of nore
successful stock types, or

b) adjust or nodify the 2+0 bareroot stock
cultural regine so that survival and growth is
i nproved
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To the recipient of nursery stock, the first
option is the nost obvious solution as he wants only
a product that perfornms. However, if the field
performance of the |east cost stock type, the 2+0
bareroot seedling, can be inproved by changi ng
nursery cultural and field handling practices, the
obj ective of obtaining the greatest nunber of
surviving, "free-to-grow' seedlings at the | east
cost may be in reach

This report has been prepared to present the
results of several experinents conducted by the
aut hor since 1977 on various aspects of bareroot nursery
culture. The common goal of all these experinents
has been to inprove the field performance of 2+0
bareroot planting stock by
nmaking relatively | ow cost changes to nursery
cultural and handling practices. At the onset, 2+0
bareroot stock quality, or field performance potential,
was considered to be so poor that any inprovenents
made were certain to nore than justify the research
i nvest ed

Wthin the bareroot seedlings' nursery
environment, there are relatively fewcultural factors
whi ch may be manipulated with great precision
Factors which may be controlled include: nursery
location and soil, seedling espacenent, root
culturing, nutrients, irrigation, and lifting
dates. The response, in terns of seedling field
performance, to any specific cultural factor interacts
sonewhat with genotype and prior nursery culture. For
this reason, a series of experinents were conducted
with various species to investigate the separate
ef fects of several nursery cultural factors on field
performance. The conbined effect of sinultaneous
changes to several cultural practices is best seen
as the change in field performance of stock produce
in past years relative to field performance of
present day 2+0



pl anting stock planted on simlar sites. Due to the
scarcity of field performance data, quantitative
conparison of past and present 2+0 stock is rarely
possi bl e. However, collective opinion would suggest
that some field performance inprovenent has
occurred, but certainly greater success nust occur
to attain the goal of |east cost for surviving free
to grow trees.

NURSERY LOCATI ON AND SO L

I npl ementation of a root growth capacity
(RGC) testing programin 1977 for testing of
nursery stock at the B.C. Mnistry of Forests' Red
Rock (Prince George) and Skimkin (Sal non Arm)
nurseries and casual observations of the relative
field performance of stock fromthese two nurseries
resulted in the perception that there were
substantial and consistent stock quality
di fferences between the two nurseries.

To deternmine to what extent "nursery" and

soil" affected stock quality and field perfornmance,
a reciprocal soil transfer experinment was
undertaken. At each nursery, raised beds of each
nursery's soil were established and along with a
regul ar nursery bed, sown with | odgepol e pine and
interior spruce seed. Using sinmilar fertilizer and
root culturing regines in all soil treatnents, the
seedlings were grown for 2 years. On Cct. 20 of
the second growi ng season, the seedlings were
handlifted and stored overwinter (ca. 6 nps.) at -
2°C. In the spring (May), stored seedlings' RGC s
were determ ned, and the seedlings were outplanted
onto a forest site near Vernon, B.C.

First year field survival of the interior
spruce was high (86 to 97% and there were no
significant (p<0.05) nursery or soil effects.
Lodgepol e pine seedlings grown in raised nursery
beds at Skim kin nursery had reduced survival,
perhaps due to sone unneasured quality differences

(fig. 1). Gowh of surviving
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Figure 1.--First year field survival (Z) of
| odgepol e pine grown at Skim kin and Red
Rock nurseries in soil fromthose two

nurseries.

seedl i ngs was not affected by nursery soil and only
slightly by nursery location (for exanple, fig. 2).

There were no consistent effects of either
nursery or nursery soil on RGC after storage (fig.
3); however, it was noted that | odgepole pine R&C s
were consistently greater than those of interior
spruce.

The concl usion drawn from this experinment was
that the previously observed RGC differences between
Ski mi kin and Red Rock nurseries nmust have been due
to sone cultural factor rather than nursery

climate, or nursery soil.
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Figure 2.--Gowth of surviving field planted
| odgepol e pine seedling grown at Skimkin
and Red Rock nurseries in soil from those
two nurseries.

25
5
5 ot
52 Soil Origin
15
se J native 804l
E N g0t 2 Sximikin
.
. £ Aed Rock
38 4
0

Scimikin Awd Rock

Nursery Location

Figure 3. --Root growth capacity (RGC) of
| odgepol e pine grown at Skinikin and Red
Rock nurseries in soil fromthose two
nurseries.

SEEDBED DENSI TY

Wiet her a stand of trees be in a nurserybed or
on a forest site, conpetition occurs between
individuals. In the bareroot nurserybed,
conventional sowi ng machi nes scatter seed in six to
eight parallel drill rows that are approximately 15
cmapart. The distribution of



seed within the drill rows is often not uniform
resulting in clunps of seedlings. To denpbnstrate
that field performance of Douglas-fir and ponderosa
pine 2+0 planting stock could be inproved by grow ng
the seedlings at reduced and nore uniform seedbed
densities, two experinents were initiated.

In May 1978 plots with four seedbed density
levels: 74, 118 172, and 259 Douglas-fir seedlings
per nZ, were established by thinning seedbeds sown
to create an operational density of 259 seedlings
per nf. After two grow ng seasons the 2+0 seedlings
were lifted and planted on a forest site. Survival
of all treatments was near 100% however, there were
significant growth differences in both the first and

second year after outplanting (fig. 4).

[ second vear
B First Yeasr

Shoot Growth (cm)

259 172 118 74

Seedlings per me

Figure 4. --Shoot growth (cm of Douglas-fir
seedling one and two years after planting on a
forest site. For each year, neans followed by
a simlar letter are not significantly
different (p< 0.05).

The positive effect of reduced seedbed density
on field performance was likely the result of
| arger seedlings being produced at the | ower
densities. Wile shoot height in the nursery was
not affected by bed density reductions, both root
collar diameter and seedling dry weight increased as
density decreased (table 1).

Table |.--Seedling spacing effects on Dougl as-fir
root collar diameter (m), total dry weight (g)
and shoot/root ratio. Means underlined by the
sane line are not significantly different
(p<0.05).

Seedling Spacing (seedlings per .mé)
259 172 118 74

Root Collar 3.5 4.5 4.9 5.8

Ory Weight 3.9 53 6.5 9.2

Shoot/Root 1.97 1.75 1.56 1.23

In 1979 a second experinment was established
usi ng ponderosa pine to investigate seedbed density
| evel s of 80, 160, 240, and 290 seedlings per nf.
As in the earlier experiment with Douglas-fir, as
ponderosa pi ne seedbed densities decreased; root
col lar dianmeters increased, seedling weights
increased, and shoot:root ratios deceased (table
2).

Table 2. -Seedling spacing effects on ponderosa pi ne
root collar dianmeter (nm), total dry weight
(g) and shoot/root ratio. Means underlined by
the same line are not significantly different
(p<0. 05).

Seedling Spacing (seedlings per mé)

290 240 160 80
Root Collar 4.2 5.1 5.2 6.3

Ory Weight 4.2 6.0 6.5 9.2

Shoot/Aoot  1.97 1.74 1.89 1.63

Si gnificant positive inprovenents in both
first year field survival and growth due to
seedbed density reductions occurred when the
ponder osa pine seedlings were planted on a
forest site (fig. 5).
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Figure 5.-- Nursery bed spacing effects on first year
survival (indicated in brackets) and shoot
growth (bars) of outplanted seedlings. Means
followed by simlar letters are not
significantly different (p<0.05).



O ten physical neasures of nursery stock quality
such as root collar diameters and shoot:root ratios are
poor predictors of field performance because of
variation i n physiologic vigor or quality. Stored
tissue nutrient levels and root growth capacity were
nmeasured to deternine what seedbed density effects, if
any, occurred. Wth Douglas-fir no significant
differences in root growh capacity |levels of seedlings
raised at different seedbed density were observed, and
of N, P, K, Ca, and My neasured in root, stemand foliage
tissue, only stemN |evel s were shown to increase as
density decreased. This increase in stemN may reflect the
proportionately greater ampunts of bark and phl oemtissue
on the larger seedlings produced at |ow densities.

Wth ponderosa pine, tissue nutrient |evels were not
af fected by seed bed density reductions. However, root
growt h capacity of seedling after over winter storage was
hi gher in those seedlings grown at wider spacing (fig. 6).
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Figure 6.--Nurserybed spacing effects on root growth
capacity (nunber of new roots |onger than 10
mm per seedling) of ponderosa pine seedlings.
Means followed by nunber letters are not
significantly different (p<O 05).

To summarize, in both experinents, seedlings
produced at |ower bed densities had better
nor phol ogi ¢ quality (greater dry weight; |ower
shoot:root ratio; larger root collar dianeter) and
in the case of ponderosa pine had inproved root
growth capacity levels. It is supposed that
i nprovenments to both norphol ogi c and physi ol ogi ¢
quality contributed to the superior field
performance of the seedlings raised at |ower
densities.

ROOT CULTURI NG

Left undisturbed in the nursery bed, conifer
seedl i ngs produce a root systemw th long primary
and secondary roots. This type of root systemis
well suited to exploitation of npisture and
nutrients in the natural environnent. However, if
seedlings with a

natural type root systemare lifted, many of the
second and higher order lateral roots necessary for new
root regeneration on replanting are lost. A
bareroot seedling for field planting nust therefore
be encouraged to devel op a conmpact root systemthat
will not be lost on lifting. Root culturing is used
to produce conpact fibrous root systens. There are
three main root culturing practices: lateral root
cutting, undercutting, and root w enching.

Root pruning, as opposed to root cutting,
refers to triming of seedlings' root systens
that may occur after the seedlings have been
lifted fromthe nursery bed.

Lateral root cutting is acconplished by passing
vertical blades or rolling coulters between the
drill rows. This treatnment is usually done during
the second growi ng season, and pronptes a bi-|ateral
shaped root systemand tends to reduce the anount of
root tearing which occurs during lifting and
gradi ng. Undercutting is done by passing a
reci procating horizontal blade through the seedbed
to sever the primary and secondary roots at a depth
of between 10 and 20 cm In the late 1970's there
were two main types of equipnent used in B.C. forest
nurseries: a "Marsh" undercutter having a fairly
thick (5 mm rigid blade that reciprocates fairly
slowmy, and a second, nore recently introduced
machi ne, the "Lotus" undercutter having a thin (2
m) spring steel blade that reciprocates sonewhat
qui cker. The Lotus nachi ne makes a cl eaner cut
through the seedlings' root systens resulting in
| ess bed di sturbance such that a nore shall ow
undercutting treatment is possible. The Mrsh
machine, by virtue of its nore robust construction
can travel through the seedbed at sonewhat greater
speeds.

Root wrenching is done using a non-
reci procating blade that is passed under the
seedbed at an angle. This treatnent results in a
| ooseni ng of the bed, the degree dependent on the
bl ades angl e and speed through the seedbed. Root
wrenching is usually done in the second grow ng
season and often at a slightly greater depth than
under cut ti ng.

The effectiveness of root culturing, in
particular, of undercutting and root wenching, in
pronoting a nore conpact root systemvaries with
speci es and nursery soil as well as severity,
timng and frequency of treatment. To investigate
the effectiveness of undercutting and wenching in
inproving field performance potential, two experiments
were conducted at the B.C Mnistry of Forests' Surrey,
Skimkin, and Red Rock nurseries. The first
experinment manual ly simulated shall ow undercutting
and root wenching at weekly intervals fromlate
July until md-Cctober of the 2+0 stock's second
growi ng season.



There were no consistent effects on seedling
hei ght, root collar dianeter or shoot and root dry
wei ghts which would be attributed to the
undercutting and wenching treatnents. However, root
systens of seedlings receiving undercutting or
wrenching treatments were noted to be nore conpact
and fibrous than were the root systens of seedlings
receiving no root culturing.

Seedl i ngs produced in this experinent were not
field planted, however, root growth capacity
measurenments made in the spring after 24-weeks

of -2°C coldstorage suggests that the
undercutting and wenching treatnents in sone cases
significantly increased this indicator of field
performance potential (fig. 7).
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Figure 7.--Root culturing effects on root growth
capacity (nunber of new roots longer than 10
mm per plant) of white spruce (right hatch),
Engel mann spruce (|l eft hatch), |odgepole pine
(cross hatch) and Dougl as-fir (solid). Wthin
each species, means followed by simlar letters
are not significantly different (p<0.05).

Except in Douglas-fir, the effects of the root
wrenching treatnent on post-storage root growh
capacity was equal to or better than the
undercutting treatnent.

The manual root wenching treatnment used in
this experinment was nore severe, and at a shal |l ower
depth than the machi ne root wenching usual ly
practiced in British Golunbia nurseries. A
second experinment to determine if
simlar results could be obtained using a
st andard wenching bar for the root wenching
and the thin blade "Lotus" undercutter was
conducted at the B.C. Mnistry of Forests'

Ski m ki n Nursery beginning in 1981.

The results fromthis experiment (fig. 8)
suggests that root wenching (RW resulted in
slightly shorter seedlings, but that the field
growt h of these seedlings was simlar to
seedl i ngs receiving the undercut (U) treatnent.
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Figure 8.--Root culturing effects ONaverage hei ght
of seedlingsinthe nursery (solid bar) and
after one year on a forest planting site (open
bar). U= undercut only; RWE root w enched.

The conclusion drawn from these root
culturing experinents is that as field
performance of root w enched and undercut
seedlings seens to be sim |l ar, and likely better
than non-root cultured seedlings, that the choice
of root culturing nethod shoul d be based on
operational preference.

NUTRI ENT LOADI NG OR FALL FERTI LI ZATI ON

Mbi sture stress and reduced fertilization
are often used in forest nurseries to slow shoot
growt h, induce dormancy, and pronote col d hardeni ng
of conifer nursery stock (Burdett and Sinpson 1984).
These practices can contribute to reduced tissue
nutrient |evels. Several authors (Anderson and
CGessel 1966; Benzian et al. 1974; van den
Dri essche 1984) have reported i nproved field
perfornmance attributable to fall fertilization.
Earlier experinents in B C nurseries (Donald and
Si npson 1985) found that fall fertilization of
seedl ings with a balanced fertilizer (4-12-8)
i mproved both root growth capacity and first year
growt h after outplanting.

To separate the effects of nitrogen (N),
phosphorus (P), and potassium (K) on RGC and
performance of outplanted stock, an experi ment
was undertaken at two interior nurseries (Red
Rock near Prince George, B.C and Skimkin near
Sal mon Arm B.C.) and one coastal nursery (Surrey
near Vancouver, B.C ). Four species were
treated: white spruce ; Engel mann spruce ;
| odgepol e pine ; and interior Douglas-fir
Fifteen fertilizer treatments were applied to
2+0 bareroot seedlings 6 to 8 weeks before their
being lifted to overwinter cold (-2 C) storage.

Root growth capacity was neasured after a
storage period of approxi mately 6 nonths (Cctober-

Novenber to early May) and outpl antings



were established in irrigated but not fertilized
transpl ant beds at Skim kin nursery.

Significant RGC i nprovenents in spruce fromboth Red
Rock and Skim kin nurseries occurred only in those
fertilizer treatments containing N (fig. 9). The
RGC response was greater in Skimkin-grown stock
than in Red Rock-grown stock and may be related to
the higher N-uptake. Spruce stock which received N
at a rate of 500 kg/ha 34-0-0 had foliage N levels
increased froma level of 1.9%to 3.1%at Skimkin
nursery and 1.5%to 2.0% at Red Rock nursery. Spruce
stock treated at Surrey Nursery failed to show a
RGC i nprovenent, perhaps because little uptake of N
was observed.

Lodgepol e pine from Red Rock nursery
regenerated | arge nunbers of roots in all
treatments, and there were significant RGC
improvenents in those fertilizer treatnments
containing N. Douglas-fir at Skimkin Nursery
responded simlarly, having higher RGP levels in those
treatments containing N (fig. 9).
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Figure 9.--Nutrient |oading effects on root growth
capacity (nunber of new roots longer than 10 nm
per plant) of interior spruce (solid bar) and
Dougl as-fir (cross hatch bar). Means indicated
are pool ed values for treatments at Skinmikin
nursery where nitrogen (as 34-0-0) was applied
at 0, 250, or 500 kg/ ha.

Phosphorus applied singly, or in conbination
with other nutrients as top dressings was not taken
up by any of the species, and there were no
treatment effects on RGP or growh after
out pl anting. Potassium content was only slightly
increased by fall applications of K, however, it was
noted that N application decreased foliar K |evels.

First year growth responses after outplanting
were simlar (fig. 10) to the RGC responses to
fall fertilization treatment wherein those
treatments containing Nresulted in inproved shoot

growt h.
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Figure 10.--Nutrient |oading effects on root growth
capacity (nunber of new roots |onger than 10
mm per plant) of interior spruce (solid bar),
Dougl as-fir (cross hatch), and | odgepol e pine
(right hatch). Means indicated are pool ed
val ues for treatments at Skim kin and Red Rock
nurseries where nitrogen (34-0-0) was applied
at 0, 250, or 500 kg/ha.

I'n summary, significant positive inprovenents in
post - st orage RGC and subsequent field performance of
2+0 bareroot spruce, Douglas-fir and | odgepol e pi ne
nursery stock at interior nurseries should be
expected with addition of N as 34-0-0 at rates of
250-500 kg/ha 6 to 8 weeks prior to lifting to
overwinter (ca. 6 to 8-nonth) storage at -2°C.
Spruce at coastal nurseries, such as Surrey, are not
expected to respond to | ate season fertilizations as
undertaken in this experiment.

OPERATI ONAL TRI AL

Once it had been established that substantial
i nprovenents to bareroot nursery stock quality could
be obtai ned by bed density reduction, root culturing,
and nutrient |oading, an operational denonstration of
the conbi ned effectiveness of these practices was
under t aken.

The denonstration consisted of six 120 m | ong
seedbeds sown with interior Douglas-fir, |odgepole
pine, and white spruce. These beds were divided in
half with the first 60 mof each bed receiving
"normal " nursery culture (circa 1980-81) and the
second 60 mreceiving "inproved" culture.

Seedbed density was reduced about one-hal f
(table 3). Root culturing in the "inproved
culture" consisted of fortnightly wenching at 15 cm
depth fromJuly 15-Sept. 30, while root culturing
in the normal culture area was done nmuch |ess
frequently (exact details not available). Fall
fertilization was applied as a single application
of 34-0-0 fertilizer at



250 kg/ha on Sept. 1, which was 6 weeks prior to
lifting. Wth the exception of the single fall
fertilization, both normal and inproved seedbeds
received identical fertilizer applications.

First year field performance of the spruce was
not neasured; however, one Douglas-fir seedl ot was
outplanted as were two | odgepol e pine seedlots. The
results fromthese plantings (fig. 11) suggest that
the seedlings grown with the inproved cul tural
practice had significantly better first year field
per f or mance.

Tabl e 3.--Cperational denpnstration.

Normal Culture | nproved Culture

Fact or
Bed Density 180- 360 115-130
Root Cul ture occasionally fortnightly
Nut ri ent none 250 (34-0-0)
Loadi ng
15
®
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$w
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N 87.0 82.0
5
3T 7R 360
w r 34.5
o A
Normal Improved
Nursery Cultural Regime
Figure |l.--First year survival (% and growth

(cm) of Douglas-fir (cross hatch) and
| odgepol e pine (right hatch) which received
"nornal " and "inproved" nursery cultural

regi mes.

CONCLUSI ON

The data obtained in the preceding experinents
suggests that there is potential to inprove the
field performance of 2+0 bareroot seedling for use
in reforestation through relatively | ow cost
changes to the nursery cultural practices used to
grow this stock type. The econom c efficiency of
this stock type suggests it should receive serious
consideration as a reforestation alternative.
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