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Significance to the Nursery Industry

Nurserymen and scientists may now, by using the
techniques and recommendations given in this paper,
test large numbers of small woody plants for the ability
to compartmentalize trunk wounds. These tests could be
applied to large unselected populations of seedling
origin or to smaller groups of plants that had already
undergone some selection for other desirable landscape
characteristics. At the present time, it would appear that
the simplest and most accurate method of visualizing
the compartmentalization response of very small plants
would be by sawing off the tree stem through the
wound. This procedure would indeed remove the top of
the plant, but the genotype may still be preserved be-
cause of the natural tendency of most angiosperm
genera to produce sprouts. For material larger than 2 in
(5 cm) diameter, an increment borer might be used (3).
Trees that show strong wound compartmentalization
will be more likely to be landscape assets for longer
periods of time and plants exhibiting this trait may be
more amenable to propagation by budding and grafting

(3).
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Abstract

The response of dormant canyon maple (Acer grandidentatum Nutt.) seedlings to chilling was investigated. The most rapid,
uniform bud break occurred after the plants were chilled for 1,000 or 1,500 hours at 5°C (41 °F). Plant height and caliper were
also greater for chilled plants than unchilled controls. These results suggest that A. grandidentatum production can be accel-
erated by alternately growing the plants in a greenhouse until growth ceases and then chilling them for at least 1,000 hours to

Introduction

Acer grandidentatum Nutt. bigtooth or canyon
maple, is a potentially useful native landscape plant in
the Intermountain West (2, 3) and could be adapted to
many areas of the United States. The tree is drought-
tolerant, cold hardy, and has attractive fall foliage. Re-
search on canyon maple, however, has been very lim-
ited. Canyon maple growth is slow, particularly during
the first few growing seasons. Barker (3) observed seed-
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ling growth and found that an extensive root system was
developed during the first growing season, but shoot
growth was only about 5 cm (2 in). Hence, it would take
several years to produce a saleable plant under normal
growing conditions.

The present work was undertaken to determine if k

shoot growth of canyon maple could be accelerated
using a combination of greenhouse production and in-
duced chilling to promote growth flushes. The require-
ment of many woody plants to undergo chilling to break
rest is well known (1, 4, 5, 6, 7), but the chilling require-
ment for canyon maple has not been determined.

Materials and Methods

The plants used in this study were grown from seed
collected during December from canyon maple growing
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in Logan Canyon, Utah (elevation 1,900 meters [6,500
ft]). The seeds were placed in a peat-perlite mix (1:1 by
vol) and stored at 1°C (34°F) until the following April
at which time they were planted in 10 cm (4 in) pots con-
taining a peat-perlite-soil medium (1:1:1 by vol) and
placed in a greenhouse under a natural photoperiod.
Greenhouse temperatures were 24-29 °C (75-85 °F) dur-
ing the day and 18-21°C (65-70°F) during the nights.
Plants were fertilized bi-weekly with a complete N-P-K
liquid fertilizer (20-20-20). The plants remained in the
greenhouse until shoot elongation ceased which re-
quired a period of about 100 days (mid-August). After
this period of growth, plants of uniform size were
selected and stored in a walk-in cooler at a temperature
of 5°C (41 °F) for 0, 500, 1000, or 1500 hours (25 plants
per treatment). For the O hr chilling treatment, plants
were defoliated by hand and were left in the greenhouse.

After the chilling treatments, any leaves remaining on
the plants were removed and the plants were returned to
the greenhouse. Bud break was then monitored daily for
the next 56 days. Buds were considered broken when
green tips began to show. Lateral as well as terminal bud
break was monitored and it was observed that either all
buds on a given plant broke or there was no bud break
at all. Caliper (10 mm [0.4 in] above soil level) and the
increase in plant height were measured after growth
ceased which occurred by about 100 days after removal
from the chilling treatments. Caliper and average in-
crease in height were calculated considering only plants
that exhibited bud break.

Results and Discussion

Unchilled plants had only 56% bud break after 45
days compared to chilled treatments which had 100%
bud break (Table 1). Unchilled plants that failed to
show bud break did not survive. Bud break was evident
in all treatments by the 16th day after chilling. Plants
that received either 1,000 or 1,500 hours of chilling,
however, reached 100% bud break at 30 days after chill-
ing while plants receiving 500 hours of chilling did not
reach 100% bud break until after 45 days. Hence, chill-
ing not only improved total bud break but also in-
creased the rate of bud break. The relatively long period
needed to achieve 100% bud break indicates that 1,500
hrs of chilling at 5°C (41 °F) probably was not adequate
to completely overcome rest. Apparently the chilling re-
quirement for canyon maple is similar to that of sugar
maple (A. saccharum) which requires about 2,000 hours
at 5°C (41 °F) to break rest (9). It does appear, however,
that 1,000 hours of chilling is sufficient to induce fairly
rapid bud break after plants are transferred to a warm
environment.

Chilling did not affect the number of days required to
observe the first bud break. In both chilled and un-
chilled treatments no bud break was observed on the
15th day after chilling but by the 16th day bud break
began to be evident in all treatments (Table 1). This sug-
gests that some seedlings require little or no chilling
while others require considerable chilling before bud
break can occur. Similar variability in chilling require-
ment has been observed in Pyrus seeds collected from
the same location (10). These data also illustrate the
need for canyon maple to undergo a certain number of
days at warm temperatures after chilling before bud
break can occur. A similar phenomenon has been ob-
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Table 1. Percentage of canyon maple plants that exhibited bud
break after the different chilling treatments.

Duration of Chilling Days After Chilling

Treatment (hrs) 15 16 20 25 30 35 40 45 56

0 0° 4 4 4 24 40 44 56 56
500 0 4 20 36 80 88 96 100 100
1000 0 4 48 96 100 100 100 100 100
1500 0 4 56 96 100 100 100 100 100

ZAll figures represent 25 plants per treatment.

served with other woody species (4, 6, 7, 8). Richardson
et al. (7) evaluated the heat requirement for peach tree
bud break using a growing degree hour (GDH) model
and found that the GDH requirement for ‘Redhaven’
and ‘Elberta’ peaches was about 5,000°C (8,900 °F).
Using this model, the GDH requirement for bud break
in canyon maple can be approximated using our data.
Assuming an approximate daily average greenhouse
temperature of 21 °C (70°F) and a base temperature of
4.4°C (40°F) (7), about 400 °C (720 °F) GDH would ac-
cumulate every 24 hrs. Because it required 15 days for
bud break to occur, the GDH required for canyon
maple bud break was approximately 6,000°C
(10,800 °F).

Chilling had a significant effect on caliper and in-
crease in height (Table 2). Chilling increased caliper by
18-24% compared to controls and there were no signifi-
cant differences in caliper between the 500, 1,000 and
1,500 hr chilling treatments. Increase in plant height was
48-74% greater in the chilling treatments compared to
controls and the length of the chilling period above 500
hours did not influence plant height. These data suggest
that the production of canyon maple can be accelerated
by artificially chilling the plants for at least 1,000 hours
and then forcing growth flushes in the greenhouse.

Significance to the Nursery Industry

This research demonstrates that relatively rapid bud
break in canyon maple will occur after 1,000 hours of
chilling at 5°C (41°F). Hence production can be ac-
celerated by alternately placing the plants in a green-
house until growth ceases and then chilling them for at
least 1,000 hours. Compared to field production, such a
production scheme should significantly decrease the
time to produce canyon maple plants for landscape use.

Table 2. Effect of different chilling period lengths on canyon maple
caliper and increase in height.
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Growth?

Duration of Chilling Increase in
Treatment (hrs) Caliper (mm) Height (cm)
0 342 6.5a
500 40b 10.0b
1000 42b 11.3b
1500 40b 9.6b

Means were calculated considering only plants that exhibited bud
break.

YData within a column followed by the same letter are not significantly
different at the 5% level according to the Neuman-Keul Multiple Test.
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Abstract

A computer model of transpiration from individual tree crowns was modified, tested and verified using container-grown Nor-
way maple (Acer platanoides) and sugar maple (Acer saccharum), two widely planted street trees in the Northeastern United
States. Within each species, three soil moisture regimes were established to simulate non-drought stressed, moderately
drought stressed and severely drought stressed conditions. Model estimates of transpiration were compared to lysimetric
determinations as a verification of the model’s ability to simulate the transpirational process. Model estimates of average
hourly transpiration rates ranged from 6.8 to 55.5 g/m?/hr (0.24 to 2.00 oz/yd? of leaf surface/hr) while lysimetric determina-
tions ranged from 10.4 to 63.4 g/m?/hr (0.37 to 2.28 0z/yd? of leaf surface per hour). The success of the model as a mechanis-
tic simulation of transpiration, its areas of weakness and the need for further research to strengthen the model are discussed.

Index words: computer modeling, transpiration, Acer saccharum, sugar maple, Acer platanoides, Norway maple

Introduction

The benefits of trees and other vegetation in urban
and suburban areas has long been intuitively accepted
(14), but the empirical data to either verify or refute in-
tuition have been lacking. If trees are indeed ‘‘nature’s
air conditioners,’’ how much benefit can be expected to
be derived from their presence in the landscape? We
need to know the role vegetation plays in the overall ur-
ban and suburban energy budget to assess its amenity
value in those settings.

The characteristic of the ‘“urban forest,”” as it is
called, is the lack of surface homogeneity of its
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vegetative cover. Due to this inhomogeneity, any study
of the vegetative modification of the urban physical en-
vironment must consider the system at the level of the
individual elements (7). Mechanistic modeling of the
transpirational process of individual trees, however,
allows for analysis of system function while arriving at
estimates of transpirational water use and plant energy
exchange.

Of more direct practical application for the nursery
industry is the model’s use as a predictor of the trans-
pirational water use of individual trees. Any species/
cultivar or size of tree under any set of environmental
conditions can be simulated by the model, assuming
some basic information is available for the plant. The
model’s output would be very useful in irrigation plan-
ning, both in the landscape and in production.

Past efforts in the modeling of transpiration have
been directed primarily toward the development of
canopy models (3, 5, 16, 17). There has not been a com-
parable effort in the development of models for trans-
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