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Appendix 1

DESCRIPTION OF MICROCLIMATE VARIABLES AT THE VICINITY OF

THE WINDBREAK/CROP INTERFACE

Abstract

Along with the measurement of soil moisture in the 1998 field test, as described
in Chapter 2, microclimate variables, precipitation, air temperature and relative humidity,
net radiation, wind speed and direction, and soil temperature, were also measured.
Despite the fact that limitations in sensor replications and space might dictate
cautiousness in interpreting the observed results, some trends in respect to the distance
from the windbreak are obvious. Considering the consistently measurable differences in
soil moisture with distance from the windbreak in the root pruned plots (Chapter 2), it

seems probable that microclimate variations are a contributing factor.

Results and Discussion

Root-pruning was found to improve soil moisture conditions in the top 45¢cm
profile in the south exposure of the windbreak (Chapter 2). Volumetric soil water
contents in the pruned plots were consistently higher than the nonpruned plots for up to
1.25 times tree height into the field. However, root-pruning did not completely eliminate
differences in soil moisture with distance from the windbreak (Fig. 2.7), suggesting other
factors besides tree competition may also playing a role. Such factors include rainfall

distribution, which was discussed in Chapter 2, and aboveground microclimate variables.




In order to detect if any consistent differences in microclimate variables existed at
the windbreak/crop interface, field instrumentation was implemented along with the
systematic measuring of soil moisture in 1998 (see Chapter 2 for experimental layout).
Air temperature, relative humidity, net radiation, wind speed and direction, precipitation,
and soil temperature at 0.75H, 1.00H, and 1.25H were measured in two replications
throughout much of the 1998 growing season. Data analysis was made after checking out
abnormal recordings against some quality control criteria described by Hubbard (1988).

Some trends in microclimate variables are described below.

Net radiation

The net radiation in the vicinity of a windbreak/crop interface can be calculated
from the following energy conservation equation:

R,= SWI(1-0) + e(LWI-06T*) = H + LE +Gg +S + Ps

where R, represents net radiation at the surface; SW{ and LW stand for incoming short
wave and long wave radiation; o and o are the surface albedo and emissivity,
respectively; and T refers to the surface temperature. In regard to distance from the
windbreak in the south exposure both SW{ and LW tended to be higher at sites closer
to the windbreak because of the greater reflected portion by the surface of the trees. If o
and ¢ remain the same, surface temperature is the only term controlling the respective net
radiation at each specific location.

During daytime, net radiation af 0.75H was consistently lower than at the control
point (assumed at 2H from the Windbreak for this study), especially during sunny

middays. The differences of half-hourly averaged net radiation from 11:00am to 16:00pm
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at 0.75H and control points observed during days of the year 176 to 216 is illustrated in

Appendix Fig. 1.

Air temperature and relative humidity

Air temperature is one of the most important microclimate factors directly
affecting evapotranspiration and net radiation. It also influences relative humidity, which
in combination with wind speed and sensible heat advection, comprise the key factors
controlling the evaporative loss of soil water.

Appendix Fig. 2 shows the differences of mean air temperatures betweeﬁ 0.75H
and 1.50H during 11: 00 AM to 16:00 PM from June 29 to July 25 (Day of the Year
(DOY)180 to 206). Mean air temperature at 0.75H was consistently higher than at 1.5H
on most of the dates. This is likely due to windbreak suppression of air turbulence which
makes the sensible heat exchange near the windbreak less efficient and less active
compared with further locations. Difference in air temperature ranged from ~0.71 to 1.78
degrees Celsius. Using SAS Mixed procedure, we found that date and distance were a
significant interaction (P< 0.001). On several dates (DOY 180, 182, 187, 194, 197,198,
203, 205) the differences were significant at the 5% level and on other dates at the 10%
level (DOY 181, 188, 195, 199). Differences in relative humidity between corresponding
locations were less significant. All together six temperature sensors were used at each
measuring location in two replications. The sensor as well as replication numbers may
not have been adequate enough to ascertain the observed difference in air temperature
and humidity, because of the higher fluctuation in turbulence and temperature which are

generally expected within the narrow strip adjacent to the south face of the windbreak.



The air temperature trend with distance from the windbreak we observed in this study

needs further investigation.

Soil temperature

During the same period soil temperatures measured at both 10 cm and 15 cm
below the soil surface showed similar patterns as air temperature in regards to distance:
the closer to the windbreak the higher the soil temperature. Daily average soil
temperature at 10 cm on June 21 (DOY 202) are illustrated along with air temperature in
Appendix Fig. 3. Again, the limited numbers of sensors used here require caution in
interpreting whether these differences are statistically significant on a large field basis,
because soil temperature not only tends to change within short ranges but also is critically
related to the exact position in the vertical profile. Small difference in installation could
result in dramatically different readings.

Based on data recorded from June 25 to August 3 at 0.75H, net radiation was 12.4
+ 5.3 Watts/s m? higher, air temperature was 1.35 = 0.47 °C higher, and the soil
temperature was 1.58 + 0.83 °C higher than those at 1.50H (Table 2.7). We did not,
however, detect any differences in relative humidity nor in wind speed between these
points (Appendix Fig. 4).

Regarding a windbreak’s effect on air temperature, general agreement exists that
the windbreak increases air temperature during the daytime because of the reduction in
heat flux away from the surface in the sheltered areas. Brown and Rosenberg (1972)
reported the daytime air temperature averaged 1.8 °C greater in a corn-sheltered

sugarbeet field than that in a nonsheltered area. Van Eimern et al. (1964) found soil
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moisture at 0.05 m in a sheltered area was more than 1 °C higher compared to an open

field. Unfortunately, there are few other studies reporting microclimate variables in the
near vicinity of a windbreak.

In a study for microclimatic interactions in an agroforestry system in southern
India, Monteith (1991) found that the advantages in terms of the interception of radiation,
windspeed, VPD and temperature are relatively unimportant compared with the adverse
effects on interception of rainfall and belowground competition. In this study, the
cumulative rainfalls at 0.5H and 0.75H were 14% and 3% less respectively, than those at
1.00H, 1.25H and 1.50H (Chapter 2). If root-pruning did effectively eliminated or at least
reduced the windbreak’s extraction of soil water from the top 45 cm layer, the existence
of a measurable gradient in soil moisture with distance beyond the pruning line could be
a combined effect of windbreak’s edge effect on precipitation and aboveground

microclimate variables.

Conclusion

In general, microclimate measurements in the southern exposure of a field
windbreak showed some consistent trends with distance from the windbreak. At 0.5H the
mean precipitation was 14% less than those at 1.00H, 1.25H, and 1.50H (P<0.001). At
0.75H the reduction was 3%, also significantly less than the mean of the three further
locations (P<0.05). Both air and soil temperatures increased while net radiation and
windspeed decreased with proximity to the windbreak. We think these variations may
have contributed to the observed consistent decline in soil moisture with proximity to the

windbreak in both root-pruned and nonpruned plots. It also suggests that, although highly
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important, soil moisture extraction by the windbreak vegetation in the interface does not

comprise the whole picture of the competitive relationship at the tree/crop interface.
Aboveground microclimate factors did vary with distance from the windbreak, even at
the south exposure where shading effect is minimal. Variations in microclimate variables
were at least partially responsible for the lower soil moisture near the windbreak and
consequently may be contributing to the well-documented competitive yield suppression

within the windbreak/crop interface.
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Appendix Figure 2. Differences in air temperatures between 1.50H and 0.75H as
measured with six pairs of sensors at two height levels and the interior of
dataloggers. The associated t values were calculated using SAS

Mixed procedure with Diff option for the Lsmeans statement.

From 11:00 am to 16:00 pm mean temperature at 0.75H was always higher than
those at 1.50H. H represents windbreak height.
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Appendix Figure 3 Air temperatures measured at 0.75H and 1.50H from the
windbreak at 1 meter and 2 meter height levels as well as the interior of Data
logger. Soil temperature was taken at 10cm depth level at 0.75h and

1.50H locations. Reference refers to the interior air temperature.

H represents windbreak height.
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Appendix Figure 4. Windspeeds measured at 0.75H and 1.50H
from the windbreak at 1 meter and 2 meter height levels in two
replications. H represents windbreak height. Data for Day of the Year 202,

1998.
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Appendix Figure 5

EXPERIMENTAL LAYOUT IN 1997
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Appendix Figure 6

EXPERIMENTAL LAYOUT IN 1998
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Appendix Table 1

Windbreak Heights and distances from the tree row for the soil moisture measurement

points in 1997 and 1998 .
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Windbreak Exposure
systems (Height) Relative distance from the windbreak

0.5H 075 1.0H 125  15H
Southwest East (11.9) 6.0 8.9 11.9 14.9 17.9
windbreaks West (10.9) 5.5 8.2 10.9 13.6 16.4
North East(123) 6.2 9.2 123 154 185
windbreaks West (11.7) 5.9 8.8 1.7 146 176
East East (12.3) 6.2 9.2 12.3 154 185
windbreaks West (12.0) 6 9 12 15 18
Windbreak(98)  South(10.5) 5.3 7.9 10.5 13 15.8

Measuring unit is meters.
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Appendix 2
HINTS FOR MEASURING SOIL MOISTURE USING THREE KINDS OF

INSTRUMENTS

The proper use of ecophysiological equipment is crucial to the success of any
kind of indirect measurement, especially if the targeted matrix is heterogeneous in terms
of the variable to be measured. For soil moisture, site selection and proper installation
are highly critical because soil moisture tends to vary within very short distances in both
the horizontal and vertical directions. Based on our field experiences with the TDR Trase
System, Hydra Soil Moisture Probes, and CS615 Time Domain Reflectometry, we think
the following points need special attention when designing and conducting soil moisture

sampling,

Hints for using the TDR Trase System (6050X1 SoilMoisture Equipment Corp.. Santa

Barbara, CA)

¢ Use the special driving tool to keep the waveguides parallel while driving them into
the soil. This is critical since deformation will change the propagation of the electrical
wave, causing serious errors in measurement.

* The exposed portion of the waveguides must only be exposed enough to make good
contact with the cable connector since the machine will integrate whatever it senses

along the whole waveguide into moisture readings.



Air pores along the waveguide can result in large differences in moisture readings.
Change position whenever a stone or larger obstacles are encountered during
installation.

Frequent measurements will inevitably cause some loss of contact between the
waveguides and the soil, especially at the soil surface. Connect cable head gently and
fill the surface space by pushing additional soil around the top of the waveguides.
Avoid inadvertently compacting the soil around the waveguides while conducting
measurements.

Avoid micro-topographical differences while selecting the insertion locations.
Rainfall may accumulate in the depression creating aberrant conditions compared to
the whole field being sampled.

The cable is not very durable. During a field season, it helps to keep a spare one
handy.

Try to measure all the waveguides at about the same time of the day especially when
doing repeated measurements during an entire season. This will reduce the impact of
thermal variation in the soil profile and reduce the temperature effect, if there is any,
on the soil dielectric constant.

Calibrate the machine against site specific conditions.

Hints for using CS615 Time Domain Reflectometers (Campbell Scientific, Inc. Logan,

UT)

Program the data logger according to the manual description. Connect each wire to

the specific data logger input and power channel as designated in the program.
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Test run to see if the readings are reasonable. If abnormal readings appear check the

wire connections.

Calibrate the sensor against gravimetrically determined measures taken over a wide
range of soil moisture conditions most likely to occur at the intended site. Carefully
insert the sensor into the soil to the full length so that the waveguides remain parallel.
Take readings for about 10 minutes then pull sensor out. Collect gravimetric soil
sample from soil inbetween the two waveguides and determine the moisture content
as described earlier. Determine the bulk density near the same location. Repeat the
procedure for ten to twelve locations of different moisture contents. Keep in mind to
cover the full moisture range expected for the intended field conditions.

Determine the calibration coefficients using the sensor’s raw output in milliseconds
against volumetric water contents calculated from direct sampling data and the
corresponding soil bulk density.

Input the specific calibration coefficients for each individual sensor into the data
logger program. After on-site calibration the accuracy can reach 2%.

The CS615 is suitable for both horizontal and vertical installation in the soil profile,
but site selection deserves great attention. For treatment comparison sensors should
be kept in paired conditions to yield the maximum information.

As a quality control procedure, paired sensors should be switched on a regular basis
to eliminate systematic error caused by either calibration or the data acquisition
system.

Frequent checking of sensor readings from the data logger will ensure a timely

correction of malfunctioning.



The CS615 is temperature sensitive. A temperature correction should be conducted

using corresponding soil temperature data.

Hints for using the Hydra Soil Moisture Probe (Vitel, Inc. Chantilly, VA)

The Hydra probe can be automated with a data logger. Programming is fairly simple,
however, it takes four output channels and thus is very power consuming.

Little information on the vendor’s calibration is available from the manual.

On site calibrations can be conducted as described for the CS615, but calibration
accuracy is not as good due to the small sensing volume (hard to determine the
corresponding soil water content by direct sampling).

According to the manufacture’s description the effective sensing volume is a cylinder
approximately 2.5 cm in diameter and 6 cm in length bounded by the three outer
tines. The manufacture argues that a confined effective volume by the sensor can be
“an important advantage as the probe can be installed very near the soil surface
without a surface induced error”.

The Hydra Soil Moisture Probe is appropriate for determining soil moisture status at
specific site or layer such as monitoring the wetting front in a soil profile. It is
inappropriate for measuring a vertical soil profile unless multiple sensors are
available for installation at different horizons and their individual readings integrated

for an average.
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