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ABSTRACT

Diurnal changes in stem circumference at the 1954 and 1963 inter-
nodes of a 22-year-old Douglas-fir were monitored using automated
band dendrometers. Determinations of internal tree water potential
and estimates of transpiration were used to characterize the water
status of the tree. Environmental monitoring included the measure-
ment of air temperature along the tree stem and solar radiation above
the forest canopy. The results indicated that the 1963 internode,
within the live crown, was relatively more sensitive to the factors
affecting stem dehydration and shrinkage than was the 1954 internode
below the live crown. The diurnal patterns of stem shrinkage
seemed to be determined by the lag between water absorption and
transpirational loss, which was in turn dependent upon soil water
supply and atmospheric moisture demand. In addition, transpira-
tional demand appeared to be partially fulfilled by water temporarily
stored near the cambium.

INTRODUCTION

Transpiration produces an internal energy gradient that results in
water movement through the entire plant system. During periods of
rapid transpiration, as water loss exceeds absorption and plant
water potentials decrease (Gardner and Nieman 1964), certain
tissues in a plant dehydrate before stomata] closure occurs. When
transpiration decreases, continued water absorption by the roots in
response to internal water potential gradients rehydrates these
tissues. One result of this hydraulic phenomenon is diurnal di-
mensional fluctuation in the plant tissues involved. Such fluctua-
tions have been observed in numerous plant parts including stems,
branches, roots, leaves, and various reproductive structures
(Kozlowski 1965, Barrs 1968). The occurrence of diurnal dimensional
fluctuations in large tree stems is characteristic of numerous
coniferous species including Canary Island pine (Pinus canariensis)
(MacDougal 1924, Holmes and Shim 1968), Monterey pine (P. radiata)
(Haasis 1934, Fielding and Millett 1941), red pine (P. resinosa)
(Kozlowski and Winget 1964, Waggoner and Turner 1971), Scotch pine
(P. syZvestris) (Leikola 1969), and Douglas-fir (Pseudotsuga
menziesii) (Dobbs and Scott 1971, Zaerr 1971).

Diurnal fluctuations in stem dimension have long been associated
with the water status of trees (MacDougal 1924) and with the en-
vironmental factors that influence transpiration (Leikola 1969).
Only recently, however, have they been examined in relation to in-
ternal plant water potentials (Waggoner and Turner 1971, Zaerr
1971). Waggoner and Turner (1971) found that stem shrinkage near
breast height in Pinus resinosa was not closely related to branch
water potential unless a two-hour lag between water potential and
bole constraction was incorporated into the analysis. When this
was done, the relationship appeared nearly linear. A similar lag
has been observed in Pseudotsuga menziesii (Zaerr 1971).
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Recently, Dobbs and Scott (1971) showed that the amplitude of the
diurnal stem fluctuations was the greatest near the midcrown zone
in Pseudotsuga menziesii. Dimensional changes within this zone also
tended to begin earlier in the day than they did at other levels.
Though no actual measurements of plant water status were taken,
these authors attributed this pattern to greater stem dehydration
within this zone because of higher transpiration rates and lower
water potentials at midcrown. It was also thought that the cells
in this zone possessed greater "elasticity" making them more
responsive to changes in water potential. The primary location of
these fluctuations was shown to he the nonlignified cambial deriva-
tives peripheral to the cambium. Diurnal dimensional fluctuations
in tree stems were thought to occur in response to lateral water
transfer between this tissue and the xylem.

Methods

During the late summer of 1970, diurnal fluctuations in stem
dimension below (1954 internode) and within (1963 internode) the
live crown of a 22-year-old Douglas-fir were monitored using
automated band dendrometers (Dobbs 1969). The tree was approximate-
ly 15 m tall and 22 cm in diameter at 1.5 m above the ground.
It was located in a naturally regenerated stand of second-growth
Douglas-fir at an elevation of 550 cm on the Weyerhaeuser McDonald
Tree Farm in southwest Washington. The soil was a well-drained, fine-
textured reddish-brown laterite of the Boistfort Series (Steinbrenner
and Gehrke 1966).

The internal water status of the tree was examined by estimating
branch water potential (tb) with a pressure chamber apparatus and by
estimating transpiration rates (i.e., stem sap velocities) with a
heat pulse velocity (HPV) meter. Pressure chamber techniques used
were those described and evaluated by Scholander et al. (1965) and
Waring and Cleary (1967). Four readings were taken hourly on twig
samples obtained from different branches of the shaded portions of
the 1958 whorl. These were averaged for each sample period. The
HPV technique, as outlined by Swanson (1967) and Hinckley and Scott
(1971), was used. The HPV meter made possible automated measurements
simultaneously at three points in the stem every half hour (Hinckley
1971). Measurements were taken on different sides of the stem in
the 1954 internode. These were averaged for each sample period.

The environmental factors measured were solar radiation (Rs) above
the forest canopy and air temperature (ta) at various points along
the stem of the study tree. A dome solarimeter modeled after that
developed by Monteith (1959) was mounted atop an 18-m tower and RS
was integrated over 15-min periods. Temperature diodes were
constructed and calibrated as described by Fiinshaw and Fritschen
(1970). Six of these were placed at three-internode intervals
along the stem. Readings were averaged for each sample period.
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Readings from the dendrometer bands, the HPV meter, and the
temperature diodes were recorded 4.s ..°s sticaily every half hour
by a digital data recording system, while the solarimeter was
monitored by a volt-time integrating recorder. Data were
analyzed by a computer system at the Weyerhaeuser Research
Center.

Resin is

The data reported and discussed in this paper illustrate general
trends observed during August and September of 1970. Only about
0.5 cm of precipitation was recorded during August, while over 2.5
cm of rain fell on the area during the first week in September.
Following this rainy period, the weather cleared and remained
sunny throughout most of September.

August 24 (Fig. la) was fairly warm and cloudy but some clearing
occurred in the late afternoon. Transpiration (HPV) was relative-

ly low while `Yb remained high. Increases in stem dimension

(basal area, BA) were evident during the cloudy, high `Yb period,
but stem shrinkage occurred in the afternoon. August 30 (Fig. lb)
was very hot with relatively high Rs, but a temporary cloudy period
occurred at about 1200 hours Pacific Standard Time (PST). During

this period, HPV subsided and 'b, increased. In the morning, BA

decreased in response to decreasing w but reached a temporary
plateau at noon. Stem shrinkage continued as HPV increased and '1b
decreased during the aftieerno}n. September (Fig. lc) was cool
and overcast with light pr°ecipi cat ion. Transpiration rates (HPV)
remained low and 'b high throughout the day. Changes in BA were

negligible. After the rainy period, September 13 (Fig. Id) was

sunny and relatively cool. This day was marked by transpiration
rates (HPV) and water potentials ('Yb) similar to those on
August 30 (Fig. lb). Stem shrinkage., however, was considerably

less.

Discussion

The results suggested that, during the day, as atmospheric evapora-
tive demand increased HPV increased. As water loss continued and
absorption lagged, tran',p;irrsr_ion ''b decreased and certain stem
tissues dehydrated and shrank. The internode near midcrown (1963
internode) seemed more sensitive to factors affecting stem

shrinkage than did the 1951 E internode. Table 1 shows the correla-
tion coefficient for the pooled data from the four days discussed
in this paper. These coefficients were similar to those found when
individual days were examined. Fluctuations in BA were inversely
correlated with the independent variables examined (Table i). Tree
moisture status proved to be a better indicator of changes in BA

than did t or Rs. This suggested that perhaps environmental
factors influenced stem shrinkage by affecting tree water status.
Branch water potential itb ) was, slightly better correlated with



changes in BA than was HPV. Changes in BA of the 1963 internode
were always better correlated with environmental factors and tree
water status than were those of the 1954 Internode. These re-

sults are in agreement with the speculation of Dobbs and Scott
(1971), who suggested that internodes within the live crown were
more responsive to internal tree water potentials because of their

closer proximity to the transpiring surfaces and greater "elasti-
city."

Since a time lag between evaporative demand, internal water
potential, and changes in stem dimension probably exists, better
correlation might have resulted if a time lag had been incorporated
into the analysis (Waggoner and Turner 1971). Also, the relationship
between changes in water potential and stem dimensional fluctuations
was considered linear when, in fact, the relationship has been found
to be curvilinear for cotton (Gossypium hirsuturn L., Namken et al.

1971).

The maximum total amount of stem shrinkage per day seemed to be

related to the amount of water lost during the day (Table 2). Before
the rainy period in September, high average HPV and low average 'Yb
were generally associated with greater amounts of stem shrinkage.
Soil moisture also seemed to affect the magnitude of daily stem
shrinkage, however. Both August 30 and September 13 were marked by
identical average HPV values, suggesting that about the same amount
of water loss occurred on both days; but slightly higher average Yb
and considerably less stem shrinkage occurred on September 13
than on August 30. Presumably, soil moisture was slightly higher
on September 13 owing to the preceding rainy period. Since more

soil water was available for absorption and transpiration on
September 13, less water was required from the stem tissues peri-
pheral to the cambium. Therefore less stem dehydration and shrinkage
occurred on September 13 than on August 30. The differences in
average 'Yb between the two days were not great (1.8 bars), pre-
sumably because of the internal redistribution of water to meet the

transpirational demand. This relationship was probably also in-
fluenced by the fact that a relatively higher "predawn" Tb
(-8.5 vs. -5.5 bars) and a slightly lower evaporative demand
occurred in September than on August 30.

It seemed possible that some stem shrinkage could be associated with
the external dehydration of the bark (Burgan 1971); however the in-
stallation of the dendrometer bands involved the removal of superfluous
bark accumulations and the application of a lubricating petroleum jelly
to the remaining bark. Therefore, because of the small amount of bark
remaining and the hydrophobic characteristics of the jelly, the external
loss of water was assumed to be inconsequential.

The findings presented here suggest that tree stem shrinkage is closely
related to the transpiration-absorption lag common in forest trees
and that this lag is related to the relationship between soil moisture
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and atmospheric evaporative demand. Furthermore, it seems that
the transpirational demand can be fulfilled, at least partially,
by water temporarily stored in the stem near the cambium. The

importance of water storage in fruits, stems, and branches has
been recognized by some authors in examining plant-water transport
systems (Cowan 1965, Lang et al. '69).
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Table 1. Coefficients of correlation (r) for pooled data from 24 and
30 August and 13 September 1970 of changes in basal area for the 1954

and 1963 internodes (ABA), heat pulse velocity (HPV), branch water
potential ('b), air temperature (ta), and solar radiation (Rs). (Sig-
nificance at 95% level.)

Dependent Independent variables,
variables coefficients of correlation

Moisture status- HPV

Environment
to Rs

ABA 1954 -0.66 -0.63 -0.48 -0.31

ABA 1963 -0.59 -0.58 -0.33 -0.28

HPV +0.93 +1.00 +0.70 +0.86

Tb +1.00 +0.93 +0.79 +0.77

Table 2. Daily total solar radiation (R ) and daylight averages of
air temperature (ta), branch water potential (Y'b), heat pulse velocity
(HPV), and maximum stem shrinkage for the 1954 and 1963 internodes.

Averages Maximum shrinkage

Date Rs ta
1954

Tb HPV internode
1963

internode

1970 (ly) (°C) (-bars) (cm hr- (mm2) (mm2)

Aug. 24 4.34 14.3 8.3 5.2 12.45 11.05

30 7.00 18.9 12.9 10.5 53.70 37.63
Sep. 1 2.55 12.2 8.0 8.0 2.88 1.02

13 8.49 12.4 11.1 10.5 13.19 14.31
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Figure 1. Accumulative basal area (Acc. ABA), branch water potential ('Yb), heat pulse velocity (HPV),
air temperature (ta), and solar radiation (Rs) for 24 August (a), 30 August (b), 1 September (c), and
13 September (d) 1970.
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