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ABSTRACT 
Sap and maple syrup equivalent production increased after a coniferous 

understory was removed from a sugarbush in northwestern Vermont. These 
increases, which became apparent the sixth year after treatment, were 14 and 
17 percent for sap and syrup respectively, relative to the yields from an 
adjacent open sugarbush. The open sugarbush yields were used as the control 
in the analysis, to indicate the influence of weather conditions in each sapflow 
season. Understory removal also sclmutated growth of the averstory maple 
trees, 
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been protected from grazing since the establish- 
ment of this study. 

The Mitchell sugarbush is at 250 meters eleva- 
tion in the foothills of the Green Mountains east 
of the Champlain Valley. The soil is Lyman very 
rocky loam, and is shallow, with numerous out- 
crops and ledges and excessively drained. Lyman 
soils are less than 50 cm to bedrock; they are 
usually saturated during early spring but dry out 
quickly and are low in available moisture capacity. 
They have low natural fertility and are rated only 
fair for timber production (Allen 1974). The ter- 
rain is nearly level, but undulating, with numerous 
hummocks. 

Before the conifers were removed, the maple 
trees in each portion of the sugarbush were tapped 
and sap was collected over a 3-year calibration 
period to determine the average annual sap- 
volume yield and sap-sugar percentage for each 
tree. This was done during the 1965, 1966, and 
1967 sapflow seasons. 

We then selected 28 of the highest-yielding trees 
in the open sugarbush and 28 of the highest yield- 
ing trees in the closed sugarbush. Grouping the 

data makes it possible to detect smaller treatment 
differences (Blum and Gibbs 1968). The selected 
trees ranged in dbh from 30 to 84 cm; the average 
diameter in the open sugarbush was 53 cm, in the 
closed area, 46 cm. 

During October 1967, all the white pine and 
hemlock stems 2.5 cm or more in diameter, a total 
of 656 stems, were cut and removed from the 
closed sugarbush (Fig. 2). This area was 0.5 
hectare. The basal area of cut material was equiva- 
lent to 14.9 m2 per hectare. Most of the conifer 
stems were in the overtopped or intermediate 
crown class. The diameters and numbers of pines 
and hemlocks were: 

Diameter class 
cm 

2.5 - 12.6 
12.7 - 17.7 
17.8 - 22.7 
22.8 - 27.8 
27.9 - 32.9 
33.0+ 

Total 

White Pine Elem lock 

trees this way on the basis of previous sap-yield Each year, standard-size tapholes (1.1 cm in 

Figure 2.-A portion of a cut sugarbush area 
after the eonlfers were removed. 



diameter) were drilled into the southern side of 
each sample tree to a wood depth of 7.5 cm at ap- 
proximately 1.5 m above ground. The same tap- 
ping procedures were followed every year. Ex- 
treme care was exercised to insure that all tapholes 
were as  nearly uniform in dimensions as possible. 

A plastic sap spout with a piece of plastic tubing 
attached was inserted into each taphole. The sap 
from individual tapholes was collected in separate 
plastic containers and measured to the nearest 0.5 
liter (Fig. 3) to determine the total yield for the 
season for each tree in the study. Sap was 
measured during the calibration period and also, 
after the conifers were removed during the 
"sugaring seasons" of 1968 through 1976, except 
for the 1971 and 1972 sapflow seasons, when sap 
was collected from only 9 trees in the open bush 
and 11 trees in the cut bush. 

Sap-sugar percentages were computed as the 
average of three or more readings per season made 
with a sap-sugar refractometer, which measures 
sugar concentrations to the nearest 0.1 percent. 

Annual syrup-equivalent yield was computed 
for each tree from the sap-volume and sap-sugar 
data. This is the amount of syrup that could have 
been produced from the sap collected, and is a 
useful measure of the performance of the tree. 

The data were analyzed by multivariant analysis 
of variance, carried out by making simultaneous 
comparisons among the average annual yields dur- 
ing the posttreatment period, and the correspond- 
ing average yields during the calibration period. 
The yield data from the open sugarbush were used 
as controls to indicate the magnitude of influence 
exerted on sapflow by the weather conditions in 
each season. 

Growth response to the removal of the under- 
story was assessed by extracting increment cores 
from a sample of 16 trees. Radial growth for the 9- 
year period before the treatment and for the 9- 
year period after treatment was measured in each 
portion of the sugarbush. These data were com- 
pared by a t-test for paired replicates. 

RESULTS 
During the 3 sap seasons of the calibration 

period and the 3 following years, an average of 14 
percent less sap was collected from the trees in the 
cut sugarbush than from those in the open sugar- 
bush (Table I), but only in 1965 was the difference 
statistically significant. In 1973, the sixth sap sea- 
son after treatment, and each year thereafter, the 
annual average sap volume per taphole from the 
cut sugarbush was slightly greater than that from 
the open sugarbush. 

Sap sweetness, as indicated by the percentage of 
sugar in the sap, was significantly greater in the 
closed sugarbush than in the open sugarbush for 2 
of the 3 years before the conifers were removed 
(Table 1). After removal of the conifers, the 
average sugar contents were similar. Only in one 
posttreatment year (1 969), was the difference in 
sugar content great enough to be significant, and 
that difference was only 0.3 percent. 

The understory removal did stimulate radial 
Figure 3.-Maple sap from each taphole was growth. In the trees within the cut sugarbush, the 
collected separately in covered plastic con- radial growth averaged 16 mm during the 9 years 
tainers. The total sap volume per season for after treatment; during the preceding 9 years, it 
each taphoie was determined to the near- averaged 11 mm, an increase of 5 rnm (p L .01). 
est 0.5 liter. The resultant increase in the width of annual 



Table 1.-Average maple sap volume, sap-sugar content, and syrup equivalent from "open" and 
"cut" portions of a northwestern Vermont sugarbush before and afier removal of a coniferous 
understory 

n Sap volume Sugar concentration Syrup equivalent 

Year Open Gut Open Cut Open Cut Open Cut 

-Liters- -Percent- -Liters- 
Pretreatment 

1965 
1966 
1967 

Posttreatment 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 

* Difference between open and cut sugarbushes significant at 5-percent level. 
** Difference between open and cut sugarbushes significant at 1-percent level. 

growth rings became visible in 50 percent of thc 
sampled trees the second year after release, and by 
the third year, it was apparent in all the sampled 
trees. In the open sugarbush, the average radial 
growth was the same (13 mm) for the 9 years 
before and the 9 years after the time of the under- 
story removal. 

DISCUSSION 
I believe that removing the coniferous under- 

story made more moisture, nutrients, and growing 
space available, which resulted in faster growing, 
more productive trees with large crowns. The 
response in growth rate to the release treatment 
shows that physiological activity increased. The 
influence of fast growth, increased tree vigor, and 
large crown area on sap and tot91 sugar produc- 
tion is well documented (Blum 1973; Moore et al. 
1951; Jones et al. 1903). 

Sap yield and syrup equivalent yield generally 
followed the same trends. In 9 of the 11 sap sea- 
sons observed, the sugarbush with the greatest sap 
yield per taphole also gave the most syrup 
equivalent per taphole (Table 1). The 1974 and 
1976 sap seasons were exceptions; differences in 
these years were minimal. On the other hand, the 
percentage of sugar was relatively unimportant in 
computing syrup equivalent volumes. The 
sugarbush with the higher sugar concentration was 
usually the one that also produced the higher sap 
volume. Blum (1973) also observed that sap 
volume was very important in explaining total 

sugar yield, and sugar concentration relatively 
unimportant. 

I observed that in the closed sugarbush there 
was less variation in daily air temperatures from 
January to April than the open sugarbush, and 
that the temperature rose more gradually during 
the day. 

The maple sapflow mechanism is known to be 
extraordinarily sensitive to temperature changes; a 
2- or 3-degree rise is often sufficient to initiate a 
good flow. The twigs are regarded as being the 
most sensitive to air temperature changes, but the 
best flows usually occur when the entire tree is 
warmed rapidly (Marvin 1969). 

I believe that trees warm faster when there is no 
understory. If so, sapflow would begin earlier in 
the day, during the usual time of peak flow. On 
some days, the closed sugarbush may not warm 
enough to produce a flow, or only enough to 
trigger a "weeping" flow, while the open bush 
produces a good flow. Jones et al. (1903) noted 
that on good flow days most of the sap and sugar 
was generally yielded before noon (63 percent of 
the total). The flow then diminished gradually 
until about 3 p.m., then declined rapidly. 

The differences in sugar concentration noted 
during the calibration period are interesting and 
confusing. In 1965 and 1966, the average sugar 
concentration was significantly (p < -01) greater 
in the closed sugarbush. Then the relationship re- 
versed, and the open sugarbush produced a 
significantly higher sugar concentration. The year 



after removal of the understory, and at each 
observation since, the differences in sugar con- 
centration between the two areas were much 
smaller. In only 1 of the 9 years after treatment 
was the difference statistically significant. 

I believe that this effect is due to the influence 
of the coniferous understory on daily air tempera- 
ture variation. Changes in sap-sugar content can 
be induced by temperature change. The enzymes 
that convert starches to sucrose are more active at 
lower temperatures (Kramer and Koslowski 1960). 
The peak rate of conversion occurs at  about 4" C. 
As the temperatures rise above 5" C, the process 
reverses, and starch is resynthesized (Hol 1 1975). 
Marvin et al. (1971) also found in the laboratory 
that temperatures of 4 " C induced the conversion 
of starch to sucrose in the cells of maple tissue. 
When the temperature pattern in the closed sugar- 
bush differs from that in the open bush, starch 
conversion would proceed at different rates, and 
thus the sugar percentages would differ. 

The sapflow mechanism is thought to function 
at the cellular level, and differences in sapflow and 
sugar content may be explained by different 
numbers of certain cell types (Marvin 1958). Re- 
serve carbohydrates are stored mainly in 
parenchyma, and in sugar maple the bulk of this 
storage is in the ray cells. Sauter et al. (1973) have 
shown that release of sucrose in sugar maple 
depends on respiratory activity within specialized 
cells of ray and axial parenchyma called "contact 
cells". These connect the axial and radial 
parenchymal systems with the vessels,and have 
numerous large elliptical pits facing the vessels. It 

is conceivable that the number of contact cells 
increases as the ray cell population increases. This, 
in turn, could increase both sapflow and sugar 
release, producing larger sapflows and increased 
sugar production, although not necessarily higher 
sugar concentrations. Xylem ray abundance can 
be silviculturally manipulated: it increases when 
the tree's growth rate is increased (Gregory 1977). 

This hypothesis explains the increased sugar 
production observed in our study, because we also 
observed the increase in growth rate. It also helps 
to explain the time lag before the increased pro- 
duction became evident. If a change in cambial 
activity caused a change in the number of xylem 
ray cells, and this, in turn, changed the trees' sap- 
flow pattern, several years would be required be- 
fore sufficient wood could be produced to estab- 
lish these new sapflow characteristics. 

The increased yield from the treated area did 
not become evident until the sixth season after 
treatment (1973), but it is possible that it could 
have been detected in 1971 or 1972 (Table I). Our 
data for these 2 years suggest the possibility, but 
are too limited to fully support such a conclusion. 

CONCLUSION 
We found that the coniferous understory in this 

sugarbush did inhibit syrup equivalent production 
and tree growth. Removing it increased sugar 
production after a lag of several years, as well as 
improving accessibility and working conditions in 
the sugarbush. We recommend removing any 
coniferous understory from sugarbushes. 
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