soils, as reported by Youngberg and Dyrness (1964), or it could be caused by ¢
presence of the sand layer at about 2 feet.
The graph of precipitation across the bottom has been added to help explain the?
differences in soil-moisture use pattern from year to year.
A split plot analysis of the data was performed in which the “main plots” were
the treatment versus control plots, and years were considered the subplots. This
analysis showed a highly significant year-treatment interaction, indicating that the
treatment that occurred between the 1964 and 1965 measurements did indeed signifi- -
cantly reduce soil-moisture deficits. We saw this in Figure 1, but the interaction effect
is more clearly illustrated in Figure 2. The large decline in soil-moisture deficit the
third year in both treated and control plots resulted from greater than normal summer
precipitation.
This study has shown that significant potential savings of soil moisture are pos-
sible by cutting lodgepole pine in the conditions prevalent in the eastern Cascades.
Further studies are necessary to determine the persistence of the treatment effect, the
effect of thinning, and whether or not the water saved will show up as streamflow
or will be utilized some place else on the watershed.

. T. Hinds and W. H. Rickard

Environmental and Radiological Sciences, and Biology Departments
Battelle Memorial Institute

Pacific Northwest Laboratory

Richland, Washington

Soil Temperatures near a Desert Steppe Shrub*

The landscape of much of south-central Washington is dominated by natural vegetation
of a fairly uniform appearance consisting of widely spaced shrubs about a meter tall
with an “understory” of grasses and forbs growing beneath and between the shrubs.
The shrubs are long lived, so any alteration in the environment which the shrubs
induce is quasi-permanent. Although the total effect of the shrubs on the small her-
baceous plants growing on the desert steppe floor must be rather small, the plants
growing near the shrub will certainly be affected. One of the most pronounced effects
of the shrubs is the pool of shade cast by the shrub, which provides a substantially
cooler environment on the protected side of the shrub. Since observations showed a
significant difference in phenology of cheatgrass, Bromus tectorwm, when growing in
-the shady side compared with the sunny side of the same shrub, an investigation was
egun to define more carefully the environmental differences between shady and
sunny sides.
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The purpose of the first phase of the investigation was to measure the pattern of
-soil temperature around a shrub. Although soil temperature in itself will not define an
~environment, it is closely tied to both insolation and ventilation, as well as soil char-
cteristics. Thus, the pattern of soil temperatures may be used to illustrate differences
between two environments in an integrated sense; to define the differences requires
more versatile and specific measurements, especially the radiation balance.

The effect of shading on plant growth has been documented for some grasses;
or example, Reid (Shaw, 1952: 381) showed that velvet bent grass grown in half-day
shade produced only one-third the root weight of grass grown in full sun. More gener-
ally, the effect of vines on air temperatures near the surface (Geiger, 1965: 295) is
pronounced, and one may also suppose a similar effect on soil temperature. Geiger's
sketch indicates that the air temperature between rows of vines is higher than under
the vines in vineyards planted with north-south rows. He ascribes the low temperatures
1o direct shading and the warm areas between the rows to protection from ventilation.
Geiger also quotes (p. 290) some soil temperatures at 10 cm depths under various natu-
ial communities. The data show soil temperatures varying in space from 23 to 42 C under
0-cm tall evergreens whose canopies covered 75 per cent of the ground, with air
mperatures at 2 meters of 22 to 28 C. One may surmise that steppe lands, sparsely
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covered by shrub canopies, would show effects similar to those observed for both the
vineyard and the evergreen data, ze., both localized increase and decrease of soil
temperature.

Thermohm Placement About Hopsage

Methods Employed

To investigate the pattern and intensity of a shrub’s effect on the soil temperatur
immediately surrounding it, 18 thermohms (resistance thermometers) were place
around a single hopsage, Grayia spinosa, growing on the Hanford Reservation, Benton’
County, Washington. The plant was about 60 cm high and 120 c¢m in diameter; Figur
1 shows a photograph of the shrub. The thermohms, with a sensing element about
15 cm long and 1 cm in diameter, were buried horizontally at a depth of 3 cm (nominal)
around the shrub in a pattern as shown in Figure 2. The signals from the thermohms
were recorded by a multipoint strip chart recorder adjusted to record the soil tem:
perature pattern at 30-minute intervals. Since a complete traverse of the 18 thermoh
by the recorder took about 8 minutes, the temperatures were unmonitored for abouf
44 minutes each hour. Due to the slow change of soil temperatures, this was no handis
cap whatsoever.

Depth 3 cm

pose of this study, since in general the temperature change with time was a ve
smooth, uninterrupted increase or decrease.

re 2. Pattern of thermohm placement around the hopsage. Sensors were 3 cm below surface.

The accuracy of the array of thermohms was within == 2 F, a rather large error.
Jowever, the objectives of this investigation did not require greater precision, since
the gradients concerned were on the order of 20 to 40 F between thermohms of interest.

he temperature data from the edge of the canopy of the shrub on the north and

Figure 1. View of the hopsage from the north. Indicated heights are in decimeters. th sides are shown in Figure 3. The data here are from three successive days which
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DIURNAL TEMPERATURE VAR IATION AT EDGE OF HOP SAGE CANOPY
SOIL TEMPERATURE AT 3 cm

ACCUMULATED TEMPERATURE VS TIME
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Figure 3.

The total size of the shade pool at various times of the day can be found by
drawing isotherms about the shrub using data from all thermohms. Figure 5 presents
two isotherm patterns about the shrub drawn from three days’ data, averaged at 0800
and 1400 PST. The isotherms were drawn according to the relative increase or de-
crease in temperature from the unobstructed temperature; a negative isotherm indicates
an area cooler than unobstructed temperatures, a positive isotherm indicates an area
warmer than the unobstructed temperature. At 0800, a definite warming is seen on
the sunward side of the shrub, and a long shadow is obvious on the lee side. At 1400,
the shadow is much smaller, but the shading is intense. A slight warming at the
sunward edge of the canopy is also seen at this time. The intermediate times showed
fluctuating gradation between these two patterns. At night, all temperatures dropped
to within a 6 F range, with the warmest area being directly beneath the shrub canopy,
vhere shielding from radiation to the night sky was most effective.

were more or less typical of the time. The figure makes quite clear the extent
cooling due to shading, amounting to 25 or 30 degrees during the middle of the d
It is interesting to note, also, that the time of the maximum is some four hours la
and the time of the minimum about one or two hours later, on the north side. Th
the north side acts as if it were at a virtual depth several cm deeper than the. south
side, especially during the day, when solar radiation is the dominant heating fact
At night, the two sides of the shrub are about equally cooled.

Field observations indicate that cheatgrass is more or less dependent upon accum
lated temperature, that is, its growth and reproduction is a function of thermal
posure, the integral of the temperature vs. time curves in Figure 3. The rate
accumulation of temperature is shown in Figure 4 for sites under and outside
canopy on both the north and south sides of the shrub. The data in Figure 4
corrected to allow for a lower limit of effective temperature for growth, pre
to be 35 F; although exposure to even lower temperatures (vernalization) is n
sary for flowering, rapid shoot growth is associated with soil temperatures above ab
35 F (Hulbert, 1955). It is interesting to note that the under-canopy positions
quite comparable. Since the sites were 30 cm from the center of a 60-cm ra
shrub, the minimum extent of the shade pool must be at least 30 cm in rad
The outer positions, 40 cm beyond the canopy, are quite close in their behaviog;
should be expected, being essentially beyond the reach of the canopy effect. The u

Discussion and Conclusions

ince the rate of accumulation of temperature is so different on the two sides of
e shrub, some method of quantitative analysis of the effect of shading seems ap-
opriate. To do this, consider the definition of accumulated temperature or, more
recisely, the exposure of a point (or plant) to thermal energy: Er— [ T de. If T,
presents the temperature of the unobstructed surface, the relative exposure of two
oints can be expressed as the ratio of two integrals to form a “shade factor” f,:
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0800 PST 18, 19, 20 Jun 1966

(T-T¢)dt
f= j

[ (T~T.)de

where T is the lower bound of temperature effective for growth, in this case about
35 F. However, if fs is to be evaluated from the darta, the integral must be replaced
by a finite sum, over N hours, so:

N N

2 (T_Tc ) 2 T - NTc
n=1 n=1

N . N

3 (Te=T.) 3 T,| -NT,
n=1 n=1

Smoothed Pattern of Shade Factor
S (T-T )t
S S (TO-TC)dt

ss~~\ +5

f

1400 PST 18, 19, 20 Jun 1966

Figure 5. Isotherm patterns around the hopsage. Data are averages at the indicated hour over
three days. Temperatures are relative to unobstructed surface temperature.

Figure 6.
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ment for plant growth and development; this may be reflected by the appearance of
otherwise unobserved species, and certainly will be reflected in any temperature-
dependent life processes of affected plants.

The resulting pattern, in terms of f,, is shown in Figure 6. The values of f. have been
rounded off considerably to reflect the lack of confidence in detailed calculations from
the temperature data; nevertheless, the pattern is clear and the shading effect is con-
siderable, even in areas where one might expect little effect. The area covered by
£,=0.6 is about half the area covered by the canopy; likewise, the area covered by
£,=0.8 is also about half the canopy area.

It must be noted that f;—=0.6 does not imply that T==0.6T, over that area;
the temperature is more nearly 0.75 T, and varies with T.. The reduction in temperature
for f,=0.6 is shown in Figure 7, for T=35 F. Along the left side is the relative
reduction in temperature, and along the right side the total reduction in temperature.
It can be seen that although the toral reduction in temperature increases linearly with T,
the relative reduction increases more slowly and levels off at higher T,. (The limit"
in relative reduction is in this instance 0.4.)

Some interesting points can be made considering the pattern of f; shown in .
Figure 6. The area of significant temperature reduction approximates half the canopy
area of the shrub; if all shrubs show a similar pattern, then half of the total canopy
cover over a desert steppe is associated with a significant reduction in soil temperature. ;
A 20 per cent canopy cover is typical of arid shrub lands (Rickard and Beatley, 1965),"
so about 10 per cent of the total area is characterized by maximum soil temperatures
which are about 30 per cent less than the temperatures reported for level, homogeneous::
soil surfaces. This occurs in spite of an insignificant reduction of the average surface’
temperature of the shrub land, since the average f, (for T.=35 F) over the entire
area is about 0.93, implying an average temperature of about 0.97 T, The areas o
the desert steppe characterized by cooler temperatures provide a more diverse environ
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FRACTIONAL AND TOTAL TEMPERATURE REDUCTION AS A FUNCTION OF UNOBSTRUCTED
SURFACE TEMPERATURE FOR fs =0.6
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Figure 7.
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