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ABSTRACT

During the summer of 1971, diurnal patterns of water status were
monitored in Acer circinatum. Measurements of transpiration rate, internal
moisture stress, and relative leaf resistance were used to characterize
the water status of the tree. For the days examined, the diurnal and seasonal
fluctuations of water status in relation to environmental factors were
compared and discussed.,

INTRODUCTION

Vine maple (Acer circinatum) is a major subordinate species in
the coniferous biome, ranging from the southern mainland coast of British
Columbia to the coastal section of northern California. Vine maple is
seldom found with a single trunk; rather, it grows in clumps, forming
a bushy mass. It is very shade tolerant and usually found growing under
trees (Lyons, 1964). Despite its prevalence, little is known of its
ecology, as the major emphasis of study in this area has been on Douglas-
fir (Pseudotsuga menziesii).

This study investigated diurnal patterns of internal water status
in vine maple during the summer of 1971. Several techniques were used
to assess the effects of environmental factors on transpiration rates,
internal moisture stresses, and leaf resistances. Frequently, studies
of this type have been conducted on conifers (Cleary 1970, Hinckley
1971, Ritchie 1971), but similar field investigations on broadleaf species
seem to have been somewhat neglected. The study was conducted in conjunction
with the IBP Coniferous Biome studies of water relations and CO2 assimilation
in forest ecosystems.

NET! IODS

This study was conducted at the Allen E. Thompson Research Center
located about 35 miles southeast of Seattle in the foothills of the
Washington Cascade i1ountains. The research center, containing about
60 acres, is located on the western portion of the Cedar River watershed,
in a 40-year-old second-growth Douglas-fir plantation. The climate is
typical of lower elevations in western Washington; the average temperature
in July is 16°C, in January, 3°C. The average annual precipitation
is 144 cm, with the majority falling during the winter months, as less



than 20% falls during June through September. The soil is an Everett
series, gravelly sandy loam, a brown podzolic soil derived from Pleistocene
glacial outwash. The climate, geology, and soils have been more completely
described by Cole and Gessel (1968).

There are three principle forest covers found on the research area
(Cole and Gessel, 1968). The most prominent is the 40-year-old Douglas-
fir plantation, in which this study was conducted. The dominant trees
are about 80 feet in height, the principal subordinate species being
salal, Gaultheria shallon (Pursh.); Oregon grape, (Berberis nervosa
(Pursh.) (Nutt); bracken fern, Pteridium aquilinum (L.) (Kuhn) var.
pubescens (llnderw.); sword fern, Polystichum munitum (Kaulf.) (Presl.);
vine maple; and various species of moss. The second principal type
is a Douglas-fir forest of about the same age as the first; however,
the crown density is not as uniform as in the major Douglas-fir stand.
The subordinate vegetation is essentially the same as that in the plantation.
The third cover type is a dense grove of red alder (Alnus rubra Bong.).
These trees are slightly younger (about 30 years old) than the adjacent
Douglas-fir stand, and average about 80 feet in height. The understory
vegetation is similar to that of the Douglas-fir stands, with an emphasis
on sword fern.

In the clump of vine maple investigated, there were 14 individual
stems, which averaged 1.5 inches in diameter. Six of these plants had
been cut off at about breast height; small branches were growing out
of the base. The average height was difficult to determine, as some
plants became convex between 8 and 12 feet; however, the tallest erect
stem reached 35 feet in height. Each plant was classified into one
of four growth forms depending upon whether it was A, erect, stem within
20° of the vertical; B, leaning, stem lean of over 20°; C, convex,
arched stem with branched tips; and D, decumbent, the stem prostrate
(after Anderson, 1968). The "stumps" were all erect. The remaining
trees were classified as follows:

Table 1. Stem classification
of vine maple clump, A. E.
Thompson Research Center.

Class Number of stems
A
B 2

C 3
1) 1

All of the stems had bryophyte coverings of 25% to 60%. Stems leanedin all directions. Above the clump was a moderately heavy Douglas-
fir canopy. East of the clump was a small clearcutting.

The transpiration rates of one major stem in the study clump were
estimated using the heat-pulse-velocity (}IPV) technique (for reviews
of this technique see: Swanson 1965, Hinckley 1971 a). This technique
was first developed by If. Rein (1929) to measure the rate of blood flow
in humans. It was later adapted by Huber and Schmidt (1937) to measure
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sap velocities in tree stems. Basically, the method consists of injecting
heat into the stem of a plant and measuring the time it takes to reach
a point further up the stem. Marshall (1958) and Closs (1958) have shown
thermodynamically that this technique gives a valid indication of liquid
movement in xylem tissue. The actual technique employed in this study
was similar to that described by Skau and Swanson in 1963. These authors,
as well as Hinckley (1971 a), showed that sap velocities are valid relative
estimations of transpiration rates in forest trees. In this study, JIPV's
were taken automatically every half hour with a heat-pulse-velocity meter
described by Hinckley and Scott (1971).

Branch water potentials (indicators of stem internal moisture stress,
Ps) were measured using the pressure-chamber technique (Scholander et.
al. 1965). This technique measures the pressure (P) at which sap emerges
from the cut xylem surface of an excised twig. This pressure is related
to water potential according to Boyer (1969) by:

1JW= P+,sxyIem

where '* is the water potential, P is the pressure, and 0 xylem equals
the matric and osmotic potentials. The pressure (P) is teen the hydrostatic
pressure component of the water potential equation (Slatyer 1967). When
measuring the water potential of plant twigs, osmotic and matric pressures
are generally considered to be negligible and constant; therefore, P
is often used as an estimate of water potential (Scholander et. al. 1965,
Boyer 1969).

Numerous investigators have used this technique to successfully
estimate P in the field (Waring and Cleary 1967, Klepper 1968, Cleary
1970, Hinckley and Scott 1971). For this study, at least 3 twig samples
were taken periodically from a shaded portion of the crown between 2
and 8 feet high.

The water potential of the xylem in the main stem (Px) was estimated
using a Spomer moisture sensor (SMS). The description and construction
of this sensor is described by Spomer (1968). Basically, the sensor consists
of a pair of small electrodes, spaced by Fibreglas wrapping around one
of them embedded in a gypsum cylinder. The changes in the sensor's electrical
resistance are primarily a result of changes in the hydrostatic pressure
of the zylem in which it is embedded. Spomer, in 1968, showed that,
when transpiration was minimized, the resistance of these sensors correlated
positively with coincidental pressure-chamber measurements (Ps) in a.

Iucalyptus sapling. In this study, one reading was taken at least every
two hours from a sensor installed near the IIPV sample point.

Leaf resistances (RL) to transpirat:i,'n were measured using a leaf-resistance
meter and techniques described by van Bavel (1964). jasically, this technique
uses a sensitive humidity sensor to measure the transpiration rate of
a small portion of leaf under known and prescribed conditions. The rate
of transpiration when compared to the rate of evaporation from a free water
surface of identical area, under similar conditions, gives the value of RL.
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The equation for R1. is (Slatyer 1967) :

l/RL = 1/Re + 1/RS

where RL = leaf resistance to diffusion
RC = cuticular resistance
Rs = stomatal resistance

(Rw + Ri + R,)
Rw = mesophyll cell wall resistance
Ri = intercellular space resistance
Ril = stomatal pore resistance.

Therefore, the use of the leaf-resistance meter as a porometer (i.e.,
an indicator of stomatal aperture) assumes that water vapor diffusion
out of a leaf into dry air is regulated primarily by the degree of
opening of the stomata (neglecting cuticular transpiration) and that
the intercellular spaces and mesophyll cell walls in the leaf are
saturated with water vapor (Meidner and Mansfield 1968). However,

as there appears to be great controversy concerning the magnitudes
and importances of F.c, Rw, Ri and Rp, it is best to consider RL
values as resistance to vapor diffusion rather than a direct indicator
of the degree of stomatal opening. Resistances for two or three

vine maple leaves were measured periodically during the study in
similar locations as PS samples.

The only environmental data taken for the clump during the study
were relative humidity (RH) and air temperature (Ta). These were

taken in the shade with a sling psychrometer approximately every
hour. Psychrometer theory, description, and technique are completely
described by "'iddleton and Spilhaus (1953). These data were used
to calculate vapor pressure deficit (VPD) to characterize the atmospheric
moisture demand (Slatyer 1967).

RESULTS

The data examined in this paper were collected on eight days
during July, August, and September of 1971. The actual days examined
are July 21 and 27, August 3, 17, 24, and 31, and September 1S and
22. '!-,is period was without rain until August 21 when approximately
0.5 inch fell. A major rain storm occurred, in which about 4 inches
fell, during the latter part of August and early part of September.
i)uring the study period, leaf fall was minimal, though necrotic spots

had appeared on many leaves by September 22.
The data. collected during this study were graphed as functions

of time of day and can be seen as Figures 1-8. For most days examined,
a basic trend in the data was evident. Early in the morning, Ps,
STLS, HPV, Ta and VPD were quite low, but RL was high. As the day
progressed, Ps, SMS, IIPV, Ta and VPD steadily increased and reached
maxima near 1200 Pacific Standard Time (PST). During this period,
1L decreased to a minimum.
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All the days examined were clear and sunny except for August

3 and 31. August 3 was marked by a heavy fog that persisted during

the morning, followed by sunny weather in the afternoon. Generally

speaking, VPD remained fairly low during the foggy period, as did

SMS and IIPV. Upon clearing, VPD, SHS, and IIPV increased normally.
During this period, Ps and RL seemed to be unaffected by the fog;

P. increased steadily as RL decreased. August 31 was quite rainy
during the morning and completely cloudy the entire day. The entire

day was marked by very low values for Ps, SMS, '1"a and VPD. Transpiration
rates (IIPV) were also quite low during the rainy morning, but became

erratic in the afternoon.
Table 2 shows daily averages for the water status and environmental

data collected during this study, Averages were calculated for Ps,

SM4S, IIPV, Ta and VPD from 11 readings , one taken every hour between
0600 and 1600 PST. Leaf-resistance averages were calculated from six hourly

readings taken between 1000 and 1500 PST. All these hourly readings

were taken from Figures 1-8. Generally, high values for Ps, SMS,

and IIPV were associated with the high average VPD's occurring during

July and August. The latter half of August and the month of September

seemed to be marked by lower averages for Ps, S1S, HPV, Ta and VPD, but

RL averages were generally higher.

Figure 9 compares trends in average Ps (Ps) and SP1S (SMS) during

the study period. Basically, V'- and St1S (i.e., Px) followed similar
trends throughout the summer. highest stresses were found on August

3, followed by a steady decrease during the rainy and cloudy periods

of August and September. With some clearing in the weather during

September, s began to rise again. However, no similar increase

in S occurred at this time.
Figure 10 shows "predawn" (0600 PST) values for Ps and SMS during

the study period. These data followed the same general patterns

as the P. and SHS data.
Figures 11 and 12 show the relation of P. and SMS values, respectively,

for both hourly and daily average values. These graphs suggested

that, though the relationship was far from linear, high SIMS values

were associated with high Ps values. Variation in these data, however,

seems to be quite great.

DISCUSSION

An equation for approximating plant water status has been given
by Ritchie (1971) as follows:

WT = G - E + I 1

where 19 = the water content of the plant
G = the water gained through root absorption
E = water lost primarily by transpiration

through leaves
1-1 = water stored

On a diurnal basis, E usually exceeds C, because of increased evaporative
demand. At night, G usually exceeds L, as I: stops altogether because of
a low evaporative demand. T'Iherefore, 1, on a daily basis can be used
as in estimate of G (Ritchic 1971). Throughout a rainless summer,
however, C will decrease steadily because the soil progressively

45



DATE Ps SIS HPV RI Ta VPD

1.971 -bars 103ohms -1 + 0
cm

hr-1
min cm

July 2 1 9.6 5.5.)t,, tjt ll.ts.
27 9. ti 5tt 0.117 6) 8.222

Aug. 3 11.7 20I 5.0 0.416 6i8 8.821

17 6.2 149 5.8 ----- 65 7.079

24 5.5 62

1

5.1 0.7111
1

67 5.407

13 i0 32 r4.1 >7 1.235

Sept 15 5.0 4.3 4.7 0.537 5 724

22 2 6.7 5.2 3.7 0.730 63 7.882

T:: L 2. Average daily values for branch moisturo stress (Ps), Spc:;ermoi t ro sensor read r,: (S;-,iS ), heat pulse velocity (HPV), leaf re:3istance
(Rl), air temperature (Ta), and vapor pressure deficit at A.E.
Thompson Research Center.
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dries and becomes less able to supply water for G. Therefore, with
E remaining fairly high, III should decrease progressively.

From the results, an overall diurnal pattern for plant water
status during clear and sunny days is discernible. During early
morning "predawn," the air was cool and fairly humid; !ZL was highs
which suggests that stomata were relatively closed; Ps, SMS and i1PV
were low. As the day progressed, the water vapor in the air decreased,
VPD increased and Ta rose. These factors created an increase in
the evaporative demand. As stomata began to open, mainly in response
to increasing light levels, to take up carbon dioxide for photosynthesis,
RL values began to decrease. Because external factors had created
an evaporative demand and stomata had begun to open, the tree began
to transpire, which increased the IIPV. As transpiration rates rose,
continued water loss increased Ps and S?IS until about midday. In

the afternoon, the stomata began closing because of decreasing solar
radiation values and/or increasing P. values. With this came a corresponding
decrease in IIPV. As less water was being transpired, while water
continued to be absorbed through the roots, stress values began to
drop and continued falling until evening. At night, VPI) and Ta decreased,
which created a low evaporative demand. Leaf resistances were high,
suggesting that stomata were relatively closed. As a result, little
transpiration was taking place; IIPV readings were correspondingly
low. As virtually no water was being transpired, Ps and Si<S values
would continue dropping until morning. From this point, the entire
pattern should repeat itself.

The highest P. and SMS values, however, were not always associated
with the highest VPD values. This idea is exemplified by comparing data
for August 3 to those of July 21 (Figures 1 and 3 and Table 1). These

data emphasized the influence of stomatal control of water loss in
plants. On August 3, 1ZL remained lower than on July 21, thus allowing
a greater build-up of Ps even though the VPD on August 3 was somewhat
lower. It is also interesting to note that the highest "predawn"
(0600 PST) stress of the summer occurred on August 3. This was probably
attributable to low G and high E values during this period. This

would, of course, influence the average P. calculated for August 3.
on a seasonal basis (July-September) the results of this study

suggested that before the rain storms, G had become low, which resulted
in higher average Ps values (see Table I and Figure 9). This period
also had large potential E because of high VPI). After the soil had
been recharged with water, G was better able to match F, which resulted
in lower P. averages. This period also was associated with lower
potential E values (i.e., lower VPD). The average '.+PV values for
the days examined show this trend: higher average rates occurred
before the rainy period. "Predawn" P and SI,tS values (Figure 10)
also showed similar patterns, suggesting a difficulty in recharging
during the night. It should be pointed out that these results may
be confounded by the fact that the leaves, as they approached abcission,
might transpire less efficiently.
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In comparing Px (estimated with the SI5S) and Ps on both a diurnal
and seasonal basis, the results suggested that, though a lag may
he involved (Spomer 1968), the Px generally increased (implying decreasing
P) with increasing PS values. A major departure from this trend
however, occurred in September when Px remained extremely low, at
least an order of magnitude lower than before the rainy period. 'I'bis

may be explained by the fact that after the soil was recharged, G
was better able to match E on a daily basis, thus allowing higher
levels of II in the stem. Such seasonal fluctuations in stem moisture
contents in response to soil moisture levels and precipitation are
fairly substantiated in the literature (Gibbs 1958). It seems logical
that a better correlation between Ps and SA?S would have resulted
if a lag between Ps and TS had been considered.

CONCLUSIONS

As time has not allowed adequate analysis of the data collected
during this study, only tentative conclusions can be stated at this
time. The equipment used in this study proved to give valid measurements
of the water status of vine maple during the summer of 1971. It

was shown that an increase in the evaporative demand caused transpiration
to increase, with a corresponding increase in internal moisture stress.
The magnitudes of these increases, both diurnal and seasonal, were
regulated by the availability of soil water (influencing G) and by
the leaf resistances to diffusion (influencing E). Though possibly
influenced by 11, indications were that the S'LS might prove to be
adequate in estimating magnitudes of P in the xylem of vine maple
stems.

Continuation of this study is presently underway. In its final
form this study will include:

1) calculations of actual transpiration rates (E) as outlined by van
Bavel (1964),

2) calculations of soil moisture levels using the Thornthwaite method
as outlined by Iachno (1966),

3) multiple regression analysis in order to better examine the relationship
of the various water status and environmental factors, and

4) the incorporation of these data into the IBP Coniferous Biome model
for transpiration.

It is thought that once completed these results will elucidate more fully
the water relations of vine maple and its importance in the Coniferous
Biome.
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