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Abstract

Four Juniperus chinensis cultivars, ‘“Torulosa’, ‘Sylvestris’, ‘Pfitzeriana’ and ‘Hetzii’ had mean and maximum root spreads of 1.6m
(4.8 ft) and 2.2 m (6.6 ft) resp, 12 months after planting. Despite large differences in plant form, root spread on all four cultivars
was equal. The columnar cultivar ‘Torulosa’ had significantly less root length within the drip-line than the more spreading cultivars
‘Pfitzeriana’ and ‘Hetzii’. Percentage of total root length within the dripline was correlated (r= —.72) with the ratio of plant height

Species used in this test: Torulosa juniper, Sylvestris juniper, Pfitzeriana juniper, Hetzii juniper, Juniperus chinensis L.

Introduction

Root development following transplanting varies with
species, environmental conditions, physiological status, time
of year, cultural practices and type of root system (2, 6,
11, 16). Soil amendments in the backfill were ineffective
for enhancing root weight, plant survival or shoot growth
in soils ranging from silt loam (14) to fine sand (10, 19).
Root number, trunk caliper and top weight of container-
grown and field-grown transplanted pecan trees were similar
after five years (12). Other establishment techniques tested
have included variations of root ball slicing, teasing roots
away from the periphery of the root ball and striking the
root ball a number of times against a concrete structure to
loosen the roots from the medium (3, 17). None of these
techniques have improved woody plants long-term root growth
after transplanting in the landscape.

Stout (15) found hardwood species in a forest had roots
well beyond the drip-line with root spread of established
trees linearly correlated with trunk diameter and branch
crown spread. Longleaf pine roots extended at least 2 times
the branch spread for a variety of tree ages (9). A number
of tree species planted as windbreaks in Oklahoma had root
systems which were related to the size of the crown (4).
Many roots were found beyond the dripline. The literature
contains citations expressing root spread with respect to tree
height. American elm (Ulmus americana) growing from
seed at the edge of a woodlot had a shallow root system
extending over a radius greater than the height of the tree (5).

Gilman (7) found roots spread 1.7 to 3.7 times the drip-
line, depending on species. A portion of this variability is
probably attributable to genetic differences between taxa.
Some of the variability in root spread relative to branch
spread may be due to differences in plant form, i.e., col-
umnar formed plants may have the same root spread mor-
phology as broad-spreading formed plants so that less roots
are found within the dripline on columnar formed plants
because of the narrower crown.

The objective of this study was to relate root spread mor-
phology to crown form of recently planted culivars of Jun-
iperus chinensis. This study also measured root establishment
rate into landscape soil during the first year following planting.
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Materials and Methods

The study was conducted on an Arrendondo fine sand
(loamy, siliceous, hyperthermic Grossarenic Paleudults) with
pH of 6.1. Container size No. 3 ‘Pfitzeriana’, ‘Hetzii’,
‘Sylvestris’ (on its own roots) and ‘Torulosa’ Chinese jun-
ipers representing spreading, upright spreading, fastigiate
and columnar forms, were planted Sept 19, 1986. Plants
were placed in 4 blocks (1 rep of each cultivar to a block)
on 6 m (20 ft) centers. A 10 cm (4 in) thick layer of coarse
hardwood chip mulch was spread on a square 1.8 m? (20
ft?) area around each plant to simulate a landscape planting.
A 30 cm (12 in) wide weed-free zone was maintained around
the edge of the mulch with glyphosate. Ammonium nitrate
at 2.7 kg N/93 m? (6 1b/1000 ft*)/yr. in 3 equal applications
(Oct. 13, 1986, & Apr. and July 1, 1987), was applied to
the surface of the mulch. Overhead irrigation was provided
to insure that at least 2.5 cm (1 in) of water was applied
each week during the growing season. Final branch crown
spread was recorded as the mean of the largest crown di-
ameter and three other equally spaced diameters. Final plant
heights were recorded on Sept. 22, 1987 according to AAN
standards (1) at which time root systems were excavated by
hand. Root location was mapped to scale onto graph paper.
Mean root spread was calculated by averaging 4 equa-spaced
root spread diameters including the North-South transect.

Roots were collected from 4 overlapping zones around
the plant: a) within the branch dripline; b) outside the drip-
line; ¢) within a 1 m (3 ft) diameter circle, centered at the
trunk; and d) outside a 1 m (3 ft) diameter circle. After
washing soil from roots, Newman’s line-intersection method
was used for estimating the total length of roots in each
zone for individual plants (13).

Results and Discussion

The 4 juniper cultivars had similar root spreads (1.48—
1.71 m (4.8-5.6 ft) 12 months after planting (Table 1),
despite large difference in plant form. Maximum root spread
(Table 1) was also similar for the four cultivars (2.09-2.36
m (6.8-7.7 ft) and was only 25% greater than mean root
spread, indicating a somewhat symmetrical root system
(Figure 1).

Branch spread and plant height differed among cultivars,
as expected, since each cultivar was selected for their unique
plant form (Table 1). Roots spread 3.2 times branch spread
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Fig. 1. Plan view of one root system on 4 juniper cutivars. Solid

circular line indicates the branch dripline.

for columnar plants, but only 1.5 times branch spread for
spreading cultivars. This range of root spread to crown
spread ratios is similar to ratios calculated for tree species
excavated three years after planting (7) and for established
trees growing in a forest (15). This implies these four Juniper
cultivars, may have reached their characteristic root spread

to branch spread ratio sometime within 12 months of plant-
ing. Further study is needed to test this.

Total root length was significantly less for ‘Torulosa’ than
the other cultivars, yet caliper increase was similar for all
four cultivars (Table 2). Perhaps ‘Torulosa’ can support top
growth with a more efficiant, smaller root system. Ratios
of percentage of root length within a 1 m (3 ft) diameter
circle (76.7%) to root length outside of this area (23.3%)
were similar for all four cultivars reflecting the similarity
among root systems. However the correlation between ratio
of plant height to spread and percentage of root length within
the dripline (figure 2) indicates that columnar formed plants
have a smaller portion of the root system within the dripline
(39.6%) than broad spreading plants. Many landscape main-
tenance firms apply fertilizer to an area beneath the dripline
or just beyond. Only a small portion of the root system may
be fertilized following this practice for upright, fastigiate
and columnar formed plants. However if these plants are
growing in turf, ground cover or a shrub bed which is
maintained on a fertility program, the entire root system is
likely to be fertilized.

Roots grew very rapidly during the first year of landscape
establishment. Future studies will determine when and if
the initial rate of root growth decreases. This study dem-
onstrates that despite large differences in crown form, root
morphology on four cultivars of Juniperus chinensis is sim-
ilar. Prediction of percentage of roots within the dripline
among cultivars can be made with the ratio of plant height
to spread, not with either parameter alone.

Significance to the Nursery Industry

Determining the extent of tree root systems can help the
landscape maintenance industry develop effective fertiliza-

Table 1. Mean and maximum root spread and branch spread diameters of four field-grown Juniperus chinensis cultivars.
Mean root Maximum root Mean branch Plant Root spread to
Juniper spread diameter* spread diameter spread diameter? height branch spread
cultivar (m) (m) (m) (m) ratio
Torulosa 1.48a* 2.09a .46a 1.6¢ 3.2
Sylvestris 1.55a 2.07a .86b 1.0b 1.8
Pfitzeriana 1.71a 2.36a 1.11b 0.5a 1.5
Hetzii 1.64a 2.28a 1.09b 0.8ab 155
“Mean of 4 equa-spaced diameters, including the N-S transect.
YMean of 4 equa-spaced diameters, including the largest.
*Numbers in a column followed by different letters are significantly different at the P<<.01 level by Duncan’s MRT.
Table 2. Caliper increase and root length” of four field-grown Juniperus chinensis cultivars 12 months after planting.
Root length Root length
Mean total within a 1 m outside a I m Root length Root length
root diameter circle diameter circle within outside
Juniper Caliper increase length around trunk around trunk dripline dripline
cultivar (cm) (m) (m) (m) (m) (m)
Torulosa 1.0a¥ 156a 124 (79.5)* 32 (20.5) 62 (39.2) 94 (60.4)
Sylvestris .8a 350b 293 (83.6) 57 (16.4) 252 (72.1) 98 (27.9)
Pfitzeriana 9a 301b 215 (71.4) 86 (28.6) 234 (77.9) 67 (22.1)
Hetzii 7a 283b 204 (72.2) 79 (27.8) 210 (74.2) 73 (25.8)

“Length of roots in the field soil beyond original root ball.

YNumbers in a column followed by different letters are significantly different at the P<<.0l level by Duncan’s MRT.

*Percentage of total root length in parenthesis.
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Fig. 2. Percentage of root length within the dripline relative to plant
form.

tion practices. It can also assist tree managers and regulators
develop tree protection measures for construction sites. Re-
cently, a model showing tree roots extending to 3 times the
branch dripline has been used to describe landscape tree
root growth patterns. Although many tree species probably
have roots extending to 3 times the dripline, the current
study shows that roots of columnar formed plants extend
further from the dripline than those of broad spreading plants.
Watson’s (18) root extension model is workable for open-
grown oval to round shaped trees and has been supported
by other studies (7, 8). It can be modified to become more
inclusive of all plant forms by stating that columnar formed
plants will have roots farther from the tree than 3 times the
dripline; whereas, plants with a broad spreading crown are
likely to have roots extending to somewhat less than 3 times
the dripline. Further study will help quantify these modi-
fications.

This study also shows that the length of roots within the
dripline can be reliably predicted by measuring the ratio of
plant height to crown width. This gives us one more tool
to use in determining root distribution in landscape sites.
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