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Relations between Plant Coverage and Soil Temperature beneath Film Mulch
with Different Size of Planting Hole

Teerasak Pongsa-anutin, Kousuke Shintani and Haruo Suzuki

Abstract

The purpose of this paper was to clarify the effects of planting hole diameters of mulch film and plant coverage on

soil temperature beneath mulch film. At both 6:00 and 15:00, the soil temperature in mulched zones decreased more

when the plant coverage was higher and the soil temperature in the control zone (bare plot) was higher. No signifi-

cant difference, however, was observed between zones with different planting hole diameters. The soil temperature

differences between zones are significantly affected by air temperature, soil moisture tension and plant coverage. In

vegetation zones, the daily range ratio of the soil temperature was the smallest in the zone with 3 cm diameter plant-

ing holes (Mp,). The daily range ratio of soil temperature in all vegetation zones, except the Mp; zone, was affected

by three factors: daily average air temperature, daily total amount of solar radiation and daily average wind speed.

Key words : Mulch, Planting hole, Soil temperature.

1. Introduction

Film mulches have many holes, where plants are planted.
The effects of the planting hole size and types of the plant
canopy on soil temperature beneath film mulch were already
reportedm. Ratio of daily range of soil temperature was found
to increase with the present of plant and varied depending on
seasons. However, in the report using imitation canopy, the
plant coverage was fixed throughout the experimental period.
Variation of soil temperature was depended on the plant stage
because different plant stages would provide different plant

2,3
coverage

. Since canopy quantity at each plant stage was
needed in the plots, imitation canopies at different stage had
been used.

The purpose of this paper was to clarify the effects of the

planting hole size and the plant coverage on soil temperature.

2. Experimental plots and measurement

The experiment was conducted in the experimental field of
the Faculty of Agriculture, Kagawa University, from Septem-
ber 2, 2007 to January 26, 2008. Three rows of the plot were
formed in the field, and were covered with 0.02 mm-thick
black polyethylene film. The size of each row was the same
as those in the reportw. No mulch plots were also established
as a control plot. In the plots with plant, a size of the imita-

tion canopy was 22.4 cm long and 22.4 wide. A diagram of

the imitation canopy was shown in the Fig. 1. The coverage
of the imitation canopy was varied (0%, 20%, 30%, 60%,
or 80%), and the coverage was rotated every two days. LAI
of each stage was fixed at 1.0. The measurements were con-

ducted in totally thirteen experimental plots; seven plots were
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Fig. 1  Imitation canopy in each plot.
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Table 1  Experimental plots.

Plots’ Diameter” Planting space’ Leaf canopy LAI  Plant’

(cm) (cm) size” (cm) coverage (%)
Nn — — — 0 0
Mn — — — 0 0
Mn, 3 50" x 25° — 0 0
No plant Mny, 10 50 x 25 — 0 0
Mny, 16 50 X 25 — 0 0
Mn,, 22 50 x 25 — 0 0
Mny, 39 50 X50 — 0 0
Np — 50 x25 224%x224 1
Mp; 3 50 X 25 224x224 1
Mpy, 10 50 X 25 224x224 1
Plnt oy 16 50x%  2dxma 1| 0300080
Mpy, 22 50 x25 224%x224 1
Mpy, 39 50 x50 224x224 1

" Plot symbol, N: No mulch, M: Mulch, n: Noplant and p: Plant.

® Planting hole diameter, cm

¥ a: Interrow space, b: Intrarow spacing

* Size of imitation canopy, 22.4cm long and 22.4cm wide.

® Plant coverage of each plot was changed from 20% to 80% every
two days.

without plant and the rest were with plant (Table 1).

During the experimental periods, solar radiation, albedo,
heat balance, soil temperature, and soil moisture were mea-
sured. Solarimeter (Iio, S-SR2) and albedometer (Eiko,
MR-21) were used for measuring the solar radiation and
albedo. Net radiation in the heat balance was measured us-
ing net radiation meter (Eiko, CN-40) placed in the center of
each plot at 50 cm above the row surface. Soil heat flux was
measured using heat flux plates (Eiko, CN-8), which were
laid below the soil surface, covered with about 2 mm of soil,
in the center of each plot. Sensible and latent heat fluxes were
not separated. Total of sensible and latent heat fluxes was cal-
culated as the remainder in the heat balance.

Soil temperature sensors were made using type-T thermo-
couples. In each plot, ten sensors were laid underground at 10
cm depth at intervals of 30 ¢cm in the direction of the rows.
The soil temperature at 10 cm depth is used as the representa-
tive soil temperature in experiments on mulches. These mea-
sured values were recorded twice a day at 6:00 and 15:00.

For soil moisture, soil moisture tension was measured, us-
ing tensiometers (Daiki, DIK-8343) laid underground at 10
cm depth. Although tensiometers and soil temperature sensors
were both laid at the same depth, they were kept at least 10
cm away from each other. The tension was measured at 6:00
and 15:00. Soil water content was also measured. As for other
meteorological factors, data observed at the observation field

adjoining the experimental field was used.

3. Results and discussion

3.1 Plant canopy and soil temperature
3.1.1 Temperature differences

The relations between soil temperature difference (each
plot-Nn) and that in the Nn plot were shown in Fig. 2.

At 6:00, in the Mps-Nn, the temperature difference at 0%
coverage was increased by increasing of soil temperature in
the Nn plot. However, when the coverage was 20% or higher,
the difference became lower as soil temperature in the Nn plot
increased. When soil temperature in the Nn plot was 9 °C or
larger, the temperature difference at 0% coverage was higher
than any other plots. While the coverage was in a range from
20% to 80%, the temperature difference among the varied
percent plant coverage was rather small. A high temperature
difference in the Mp;-Nn could be a result of heat stored in the
Mps, while, in the Nn plot, the heat was easily radiated to the
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Fig. 2 Relationships of soil temperature difference (each
plot-Plot Nn) and soil temperature of plot Nn at 6:00
and 15:00 from September 27 in 2007 to January 4 in
2008.
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®
atmosphere .

In the Mp,-Nn, the relations between temperature differ-
ence and soil temperature in the Nn plot at each percentage of
plant coverage showed the same tendency as those in the Mp;-
Nn, except for the 20% coverage. When the temperature in the
Nn plot was 18 °C or higher, the temperature difference for
each coverage could be ranked as follow: 0% > 20% > 30%
> 60% > 80%. Hence, the temperature difference decreased
with an increasing of the plant coverage, because during the
daytime larger plant coverage can reduce the amount of solar
radiation reach to the ground. Therefore, the stored heat in the
plots with the larger plant coverage caused the lowering tem-
perature difference”’.

In the Mp,;-Nn and the Mps,-Nn, at 0%, 20% and 30%
coverage, the temperature differences increased with the in-
creasing of soil temperature in the Nn plot. However, when
the plant coverage was larger than 30%, the temperature dif-
ference became lower as the temperature in the Nn plot was
increased. When soil temperature in the Nn plot was larger
than 14 °C and 10 °C in the Mp,; and the Mp,, respectively,
the order of temperature difference at each plant coverage was
0% > 20% > 30% > 60% > 80%. In the Mp,,-Nn, the tem-
perature difference showed the same tendency as found in the
Mps-Nn.

At 15:00, in the Mp;-Nn, the temperature difference at 0%

coverage increased as same as the increasing of soil tempera-

ture in Nn plot. On the other hand, when the plant coverage
was 20% or larger, the temperature difference decreased with
the increasing of soil temperature in the Nn plot. When the
planting hole was larger than 3 cm (Mp,,, Mpss, Mp,, and
Mps,), the relationship between temperature difference and
soil temperature in the Nn plot for each of the plant coverage
showed the same tendency as observed in the Mp,-Nn. Fur-
thermore, order of the temperature differences at each plant
coverage was 0% > 20% > 30% > 60% > 80%.

The temperature difference was reported to decrease with
the raising of a shade”™ because the shade by canopy could
decrease both of the solar radiation and the net radiation be-
neath the canopy up to 75% during the daytime "’

Both of 6:00 and 15:00, soil temperature difference was
found to increase with a higher soil temperature in the Nn
plot. This tendency was observed when the plant coverage
was larger than 30% regardless of the planting hole diameter.
Furthermore, the temperature difference reduced with the in-

creasing of the plant coverage.

3.1.2 Temperature difference and meteorological fac-
tors

In order to clarify the relation between the temperature dif-
ference and the meteorological factors, multiple regression
analysis was used (Table 2). The criterion variable was the

temperature difference, and the explanatory variables were

Table 2 Standard partial regression coefficients in the multiple regression between soil temperature difference at 10cm
depth under imitation canopy and meteorological factors from Sep. in 2007 to Jan. in 2008.

. » Multiple”
Temperature difference” Meteorological factor regreszion
Te Pr la Um SmA SmB Pc coefficient, r

Np’ -0.578 -0.518 0.458 0.495 0.791
Mp; -0.548 0.102 -0.470 0.309 -0.267 0.669
6:00 Mpy, 0.163 -0.225 -0.370 0.415
' Mpys -0.271 -0.215 -0.154 0.305
Mp., -0.498 0.265 -0.202 -0.262 0.629
Mps 0.106 0.453 -0.496 —-0.287 0.358
Np -0.526 —-0.086 0.714 -0.644 -0.383 0.871
Mp; -0.334 0.068 -0471 0.315 -0.514 0.716
15:00 Mp,, -0.168 -0.083 0.151 -0.247 —-0.652 0.724
’ Mpy -0.415 -0.180 -0.208 -0.542 0.717
Mp., -0.500 -0.100 -0.056 -0.586 0.805
Mpyy -0.161 0.235 -0.304 -0.711 0.741

" Criterion variables.
Y Explanatory variables.

Notation: Te = daily mean air temp. (C); Pr=amount of precipitation (mm); Ia = amount of insolation (MJm “day ');
Um = daily mean wind velocity (ms ') ; Pc = plant coverage (%) ; SmA = soil moisture suction of A plot (mmHg);

; SmB = soil moisture suction of B plot (mmHg).
¥ Adjusted for the degrees of freedom.
* Plot symbles were the same as in Table 1.
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daily mean air temperature (Te), amount of the precipitation
(Pr), amount of insolation (Ta), daily mean wind velocity
(Um), soil moisture suction of A plot (SmA), and soil mois-
ture suction of B plot (SmB).

At 6:00, daily mean air temperature, soil moisture suction
and plant coverage were selected to be considered in all plots,
except for the Mp,,. The multiple regression coefficient of the
Np (0.791) was higher than the plots with the planting hole.
In the plots with the plant hole, the coefficients were in the
range of 0.305 to 0.669. At 15:00, daily mean air temperature,
soil moisture suction and plant coverage were commonly se-
lected for every plots. The coefficient of Nn plot was higher
than the others, while the coefficients in the plots with the
planting hole showed a small difference and they were in the
range of 0.716 to 0.805.

From the multiple regression analysis, it was possible to
conclude that the variation of the temperature difference was
depended on air temperature, soil moisture suction and plant

coverage.

3.1.3 Ratio of daily range of soil temperature

The period average of the ratio of daily range varying from
0% to 80% coverage was shown in Fig. 3.

At 0% coverage, the ratio was significantly higher in the
Mn,y/Nn (1.00) than that in the Mn,/Nn (0.80) and Mn,;/Nn
(0.73). While there was no difference compared to the other
plots. The ratio of the Mn/Nn, Mns/Nn, and Mn,,/Nn were
0.90, 0.92 and 0.85, respectively. The low ratio was found in
the Mp,/Nn and Mp,s/Nn because of high heat exchange. The
same result was also reportedm.

At 20% coverage, the ratio in every plots was lower than 1.0
(the average of 0.78). The highest ratio, 0.90, was observed
in the Mn/Nn. From Mp,/Nn to Mny/Nn, the ratio was gradu-
ally increased with a larger planting hole diameter.

From 30% to 80% coverage, the ratio showed the same ten-
dency as those of 20% coverage, except for the Mp,,/Nn. The
ratio of Mp,,/Nn was rather small because of high soil mois-
ture content as previously reportedm. The average ratio in
all plots at 0% coverage was 0.87. The average ratio became
lower when the plant coverage was increased. Comparing the
average ratio of each plant coverage, the average ratios were
in the order of 80% > 60% > 30% > 20% coverage. This
result was the same in that of Duangpaeng'ﬁ).

When the plant coverage was larger than 20%, the ratio
was the smallest in the plot with a small hole diameter (3

cm), and increased with a bigger planting hole diameter, ex-
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Fig. 3 Ratio of daily range of soil temperature in each plot
under different plant coverage from September in
2007 to January in 2008.

cept in the plot with 22 cm diameter holes.

3.1.4 Ratio of daily range and meteorological factors

In order to clarify the relation between the ratio of daily
range of soil temperature and meteorological factors, the mul-
tiple regression analysis was used (Table 3 ). The criterion
variable was the ratio and the explanatory variables were the
same as those in the section 3.1.2.

At 0% coverage, soil moisture suction (SmA) was selected
as the explanatory variable in all plots. However, in the plots
with the planting hole larger than 16 cm, solar radiation and
the wind velocity were selected. The regression coefficient
was the highest in the Mny/Nn (0.693) and the lowest in the
Mn,,/Nn (0.443).

At 20% coverage, wind velocity was selected in all plots,
while in the plots with hole diameter larger than 10 cm, the
daily mean air temperature, solar radiation, and wind velocity

were selected. The coefficient was the lowest in the Mp,/Nn
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Table 3 Standard partial regression coefficients in the multiple regression between range ratio (range in each plot

/ that in Nn plot) and meteorological factors from Sep. 2 in 2007 to Jan. 26 in 2008.

. 3)
Plant D Meteorological factor” Multlpl.e
coverage (%) Range ratio regress'lon
Te Pr Ia Um SmA SmB coefficient

Mn/Nn 0.653 0.181 -0.186 0.618

Mn,/Nn 0.639 0.357 —0.538 0.693

0 Mn,/Nn 0.187 —0.285 -0.374 0.503
Mn,;/Nn 0.241 -0.301 -0.319 —0.289 0.532

Mn,,/Nn -0.200 =0.299 -0.323 -0.323 0.443

Mn,/Nn -0.433 0.246 0.254 —0.342 —0.386 0.509

Np/Nn -0.816 0.699 -0.194 0.150 0.712

Mps/Nn -0.214 0.237 0.271

20 Mp,/Nn —0.511 0.689 -0.217 0.249 0.612
Mp,sNn -0.529 0.764 -0.211 0.224 0.668

Mp,,/Nn -0.719 0.765 —0.241 0.679

Mps/Nn -0.572 0.775 —0.256 0.662

Np/Nn —0.686 —0.160 0.682 -0.202 0.692

Mps/Nn -0.205 0.253 0.279

20 Mp,/Nn —0.267 0.763 —0.259 0.208 0.693
Mp,¢/Nn —0.450 0.790 -0.237 0.162 0.678

Mp./Nn —0.848 0.751 —0.228 0.722

Mps/Nn -0.517 0.773 —0.260 0.660

Np/Nn —0.595 0.593 -0.176 0.205 0.564

Mps/Nn 0.186 0.143

60 Mp,/Nn 0.344 -0.218 0.289 0.436
Mp,s/Nn -0.317 0.649 -0.215 0.334 0.623

Mp,2/Nn -0.381 0.343 -0.195 0.406 0.519

Mp,/Nn —0.658 0.801 —0.244 0.135 0.693

Np/Nn —0.647 0.492 —0.159 0.219 0.564

Mps/Nn -0.178 0.239 0.245

30 Mp,/Nn —0.252 0.568 -0.262 0.253 0.534
Mp,¢/Nn -0.324 0.677 -0.217 0.327 0.642

Mp,,/Nn —0.643 0.642 -0.181 0.293 0.655

Mp;/Nn —0.496 0.785 —0.244 0.189 0.671

" Criterion variables.
* Explanatory variables.

19

Notation: Te = daily mean air temperature (°C); Pr=amount of precipitation (mm); Ia = amount of insolation (MJm “day ');
Um = daily mean wind velocity (ms '); SmA = soil moisture suction in A plot (mmHg);

; SmB = soil moisture suction in B plot (mmHg).
¥ Adjusted for the degrees of freedom.

(0.271),
much in different. They were distributed in the range of 0.612
to 0.712.

When the plant coverage was larger than 20% (30%, 60%,

80% coverage), the numbers of explanatory variable in each

while the coefficients in the other plots were not

plot were almost the same as in the plot of 20% coverage.
Furthermore, the coefficient was found to be the lowest in the
Mps/Nn, whereas the coefficients among the others showed
small differences.

As described above, from the Mp,/Nn to Mp,/Nn with the
plant coverage larger than 20%, the daily mean air tempera-

ture, solar radiation, and wind velocity were selected. From

20% to 80% coverage, the coefficient was the smallest in the
Mp,/Nn.

3.2 Frequency distributions of soil temperature differ-
ence

3.2.1 Frequency distributions

The frequency distributions of soil temperature difference
were shown in Fig. 4. The distributions of Fig. 4 were at
60% coverage.

At 6:00, in the Mps-Nn, the frequencies were mainly dis-
tributed on the positive side because of the presence of mulch

and plant canopy. Plant canopy could prevent the outgoing
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Fig. 4 Frequency distribution of the soil temperature differ-
ences at 10 cm depth between two plots at 6:00 from
April to June in 2006. Plant coverage in Fig. 4 was
60%.

. (10)
longwave radiation from the row surface

. This tendency
was found in every planting hole diameters. However, from
the Mp,, to Mps, the range (the distance between the left and
the right of the X-axis) of temperature difference in each plot
tended to increase with the increasing of the planting hole
size.

At 15:00, in the Mps-Nn,the frequencies were mainly dis-
tributed on the negative side. Soil temperature in the Mp; was
lower than that in the Nn plot because of decreasing of solar
radiation due to the canopy . Similar tendencies were also
found in the plots with larger hole diameter (Mplo to Mpgg).
However, in the Mp.,, two peaks of frequency distribution was

observed whereas only one peak was noticed in the others.

3.2.2 Mean and range of temperature difference

Frequency distributions of soil temperature difference be-
tween two plots were shown in Fig. 5. Mean and range of
temperature difference were used for the analysis of distribu-
tion patterns.

Mean of soil temperature difference: At 6:00, when
the plant coverage was 0%, the mean temperature difference
between any two plots (Nn plot and the others) showed posi-
tive values (Fig. 5 (a)). The mean was the highest in the

Mps, while the mean became lower as the planting hole size
increased, except in the Mpy. When the plant coverage was
larger than 30%, the mean temperature was the lowest in the
Mp,, plot. This may be a cause of high soil moisture content
under the Mp,, plot which could reduce soil temperature dif-
ference. Teasdale and Abdul-Baki” found that soil tempera-
ture difference between black polyethylene mulch and hairy
vetch mulch decreased due to high soil moisture content.
Besides, the mean of temperature difference (average value of
all plots) in each the plant coverage was almost the same.

At 15:00, when the coverage was 0%, the mean difference
in all plots (Fig. 5 (b) also showed the similar tendency as
noted in the 6:00. However, from 20% of the coverage and
above, the mean differences in all plots became lower and
the order of the mean temperature difference was the highest
in the Mps,. The temperature difference was decreased with
a decreasing of hole diameter, except in the Mp,, plot. The
lowest temperature difference was observed in the Mp,, plot

. . . (12)
because of high soil moisture content

. Comparing the aver-
age temperature among the plant coverage, from 0% to 60%,
the mean temperature differences were decreased with the in-
creasing of plant coverage, while no difference was observed
in the plots with the coverage between 60% and 80%. Hence,
increasing of the plant coverage would decrease the mean
temperature difference between the two plots. Suzuki ez al.™”
reported that soil temperature differences between two plots
decreased with the decreasing amount of solar radiation.

Range of soil temperature difference: At 6:00, the
ranges of temperature difference of all plots showed the posi-
tive values (Fig. 5 (c)). At 0% of the coverage, the lowest
range was observed in the Mps. This could be a result of high
soil moisture content which could increase a heat capacity in
the Mps. Thus, the temperature of this plot was lower than the
others, while in the Nn plot, the heat was easily radiated to
the atmosphere™’. From 0% to 30% coverage, the average of
range in all plots was increased with the increasing of the cov-
erage. On the other hand, the range had become lower when
the coverage was still increased.

At 15:00, from 0% to 30% coverage, the range of tempera-
ture difference of all planting hole diameter was increased
with a higher percentage of the plant coverage (Fig. 5 (d)).
When the coverage was larger than 30%, the range in all plots
remained higher than those in the coverage of 0%. This might
be a result of decrease solar radiation owing to the plant cano-

py"” while the Nn plot was exposed to the solar radiation.



Teerasak et al.: Relations between Plant Coverage and Soil Temperature beneath Film Mulch 21

Mean

90 r —A—Mp3-Nn

80 | —=—Mpl0-Nn

70 F  —Mpl6-Nn a
=60 —*%—Mp22-Nn
goso | ——Mp39-Nn
240 F
230
S0 |
=

10

0 . . . ) ,

3 2 -1 0 1 2 3

Temperature difference, °C

3 -2 -1 0 1 2 3
Temperature difference, °C

Range
6:00
-1 1 3 5 7 9 11
Temperature difference °C
15:00

-1 1 3 5 7 9 11
Temperature difference, °C

Fig. 5 Relations between plant coverage (%) and soil temperature difference at 10 cm depth
from September 8 in 2007 to January 5 in 2008. Mean: Mean of soil temperature differ-
ence, Range: Range of soil temperature difference.

3.2.3 Frequency distribution and meteorological fac-
tors

Mean and range of temperature difference were used for
the analysis of distribution patterns. In order of clarifying the
effect of the planting hole and plant canopy on the frequency
distribution (criterion variable), a multiple regression analy-
sis was conducted (Table 4 ). The explanatory variables were
the same as those in the sections (3.1.2, 3.1.4).

Mean of temperature diffrence: At 6:00, soil moisture
content and the plant coverage were selected in the Mp,-Nn
and Mps-Nn, however, soil moisture suction was not selected
in the Np-Nn relationship and the plant coverage was not
selected in the Mp,-Nn. The multiple regression coefficient
(average = 0.460) of the relationships that had the planting
hole was lower than that of the Np-Nn (0.733). This might
be because the plant coverage suppressed the amount of solar

¥ Thus, the coefficient of the plots with the plant

radiation"’
canopy showed the lower values.

At 15:00, the numbers of the selected explanatory variables
were more than that of at 6:00. The plant coverage and soil
moisture suction were selected in all plots, except in the Mp,,
that soil moisture suction was not selected. The coefficients
(average = 0.688) in the plots with the planting hole were
lower than that in the Np-Nn (0.778).

Range of temperature: At 6:00, the daily mean air tem-

perature and solar radiation was selected in all plots. The aver-
age of multiple regression coefficients in every plots with the
planting hole was about 23.8% lower than the case of Np-Nn
relation.

At 15:00, solar radiation, wind velocity and plant coverage
were selected in all mulch plots. However, the plant coverage
was the main factor affecting the average of the temperature
difference. The presence of plant on the surface can reduce
a diurnal range of surface temperatures”. Some of incom-
ing solar radiation could be intercepted by the plant surface
causing a reduction of the amount of solar radiation reaching
the surface. Therefore, the surface temperatures during the
day time are uniformly lower under the plant than over a bare
soil surface. At night, the outgoing longwave radiation is also
partly intercepted by the plant, and it would radiate the energy
back to the surface™ .

The mean of soil temperature difference was decreased by
the increasing of the planting hole diameter. This tendency
was found in both of 6:00 and 15:00 observations. The range
of temperature difference was changed by the planting hole,
however, a definite correlation was not observed between the
range and the planting hole. The plant coverage influenced the
mean and range of the temperature difference. The mean tem-
perature difference tended to decrease by the increasing of the

plant coverage whereas the range tended to increase.
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Table 4 Standard partial regression coefficients in the multiple regression between frequency distribution factor and meteorologi-
cal factors from September 2 in 2007 to January 26 in 2008.

. 1D

Distribution” . ) Meteorological factor” Multlpl.e
factor Time Plot regression

Te Pr Ia Um SmA SmB Pc coefficient

Np-Nn —-0.410 0.153 0.657 0.733

Mp;-Nn —-0.179 —0.250 —0.365 0.502

6:00 Mp,-Nn 0.146 —-0.299 —0.350 0.495

Mp,-Nn —-0.131 —-0.314 0.312

Mp,-Nn  —0.169 —0.519 0.535

Mean Mps-Nn 0.252 —0.189 —0.310 0.455

Np-Nn —0.192 -0.218 0.978 —-0.992 -0.373 0.778

Mp;-Nn 0.118 —-0.227 —0.650 0.709

15:00 Mp,-Nn —-0.142 —0.356 —0.575 0.679

Mp,-Nn —0.156 —0.404 -0.217 —-0.230 —0.453 0.625

Mp-Nn  —0.106 —0.220 —0.658 0.713

Mps-Nn -0.272 —0.662 0.715

Np-Nn -0.197 0.152 0.749 0.759

Mp;-Nn —0.518 0.489 -0.118 0.267 0.514

6:00 Mp,-Nn  —0.587 0.590 —-0.141 0.131 0.535

Mp;-Nn  —0.598 0.564 —-0.113 0.242 —-0.351 0.711

Mp,-Nn  —0.623 0.608 —-0.115 0.191 0.583

Range Mpy-Nn  —0.475 0.424 0.121 —0.356 0.548

Np-Nn 0.194 -1.123 1.042 0.353 0.735

Mp,-Nn 0.099 0.668 —-0.193 —0.104 0.127 0.718

15:00 Mp,-Nn 0.149 0.669 —0.204 —0.084 —-0.169 0.838

' Mp,-Nn 0.677 —0.151 —0.235 0.736

Mp,,-Nn 0.522 —0.206 —-0.105 0.194 0.621

Mps-Nn 0.649 —0.215 —-0.191 0.718

AP .
Criterion variables.

¥ Plot symbles were the same as in Table 1.

¥ Explanatory variables.

Notation: Te = daily mean air temperature. (°C); Pr = amount of precipitation (mm); Ia = amount of insolation (MJm “day ');
Um = daily mean wind velocity (ms™'); SmA = soil moisture suction of A plot (mmHg);
SmB = soil moisture suction of B plot (mmHg) ; Pc = plant coverage (%).

* Adjusted for the degrees of freedom.

4. Conclusions

Soil temperature was depended on the planting hole and the
percentage of the plant coverage. The planting hole could af-
fect the ratio of daily range of soil temperature. The average of
the ratio was decreased with the increasing of the percentage
of the coverage. Soil temperature differences between each
plot and the Nn plot at 6:00 were decreased by the increasing
of soil temperature in Nn plot. This tendency was observed
when the plant coverage was larger than 30%, regardless of
the planting hole diameter. At 15:00, the differences showed
the same tendency as that at 6:00, however the differences of
each pair of plots were larger. Furthermore, the difference was
decreased with the increasing of the plant coverage. From the
multiple regression analysis, the variation of the temperature
difference was depended on air temperature and soil moisture

suction.

From the frequency distribution, the means of the tempera-
ture difference were affected by the planting hole size and the
percentage of the plant coverage. At 6:00, under 0% coverage,
the mean was found to be the highest in the Mp; plot and be
the lowest in the Mp,, because of high soil moisture content in
the Mp.,. From 20% to 80% coverage, the mean of each plant-
ing hole diameter showed a small difference. At 15:00, the
mean tended to decrease with the increasing of the percentage
plant coverage. As for the range, both of 6:00 and 15:00, there
was no linear correlation between the range of temperature
difference and the planting hole diameter. While, from 0% to
30% coverage, the average of range in all plots was increased
with the increasing of the coverage. On the other hand, the
range became lower when the plant coverage was remained to
increase. However, the range at 6:00 was smaller than that at
15:00 due to the effect by solar radiation.
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BLEZHERNEBED T IVLTIVFIC L DHME EHEHEREDREE
ROV TIXTFa> T4—F97 FHIBEN - $5AKREH

= #

REBEOHWMIZ, 74 VATV F TFHIRICKITTEEL 7 4 VARARE LR ORI SHLNIZTH I ETH
%o 6 WM & 15MFHbIR & D12, RHRIX (BiHh) HiR2S 1A U CHBEEEDE C 2 512 EA RO MBI L7225, fiR
FIZE DB R EIT AN o720 HIRHEELIZOWTHMEERT TIE, R 3emD X (Mp,) 25 b AN E
e otze F2BMBET OMIRHEELICOW TR, MpXPAOXIZ H AR, HSHEDEE, HPFEED 3
FER Al LT A AF L7,



