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Abstract

　This experiment examined how the planting hole diameter of films used in film mulch cultivation affects the soil 
temperature, in relationship to soybean. The experiment was conducted from March to June 2007. In zones without 
vegetation, the albedo and surface temperature of film mulch changed in proportion to the planting hole diameter. In 
zones with vegetation, no obvious correlation was observed. In vegetation-free zones, the daily maximum and mini-
mum soil temperatures were lower when the planting holes were larger. In vegetation zones, no distinct relationship 
was found. In all zones, the daily range ratio of soil temperature related to the planting hole diameter and the daily 
range ratio were also affected by the ground coverage rate. Both with and without vegetation, the daily range ratio of 
soil temperature was smallest in zones with 16 cm diameter planting holes.
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1．Introduction

　The variations of soil temperature beneath the film mulch 
were effected by many factors, for example the percentage of 
the mulch cover, the planting hole size, and etc（1）. An effect of 
the planting hole size on soil temperature without plant condi-
tions has already been reported by Suzuki et al.（2）. They sum-
marized that the relationships between the planting hole size 
and a daily range of soil temperature were varied depending 
on seasons. However, these relationships under the plant con-
ditions have not been known much in details. From previous 
paper（3） that using Japanese radish as the test plant, the ratio 
of daily range of soil temperature was the lowest in the plots 
with planting holes, 10 cm in diameter. 
　As reported by Duangpeang et al.（4）, the soil temperature 
were depended on the plant canopy type. They concluded that 
the soil temperature in the plots with a large plant coverage 
was lower than those under the smaller ones although they 
had the same LAI. Thus, plant canopy type was important fac-
tor. In this experiment, soybean was used as the test crop.
　The objective of this experiment is to clarify the effect of 
soybean canopy and the diameter of the planting hole on soil 
temperature. 

2．Materials and Methods

2.1　Experimental plots
　This experiment was carried out from March 26 to June 
25 in 2007. Four ridges were made in a field stretching from 
east to west and each ridge was 14.0 m long, 1.0 m wide, and 
20 cm high. Each ridge was divided into two parts; one with 
plants and another one without plants. Each divided ridge was 
further divided into plots depending on size of the planting 
holes in the film mulches. Thirteen experimental plots were 
established in total. Black polyethylene film （0.02 mm） was 
used as the mulch material, and soybean （Glycine max L., cv. 
Kurodaizu） was used as the test crop. The experimental de-
tails were shown in Table １.

2.2　Measurements
　During the experimental periods, solar radiation, albedo, 
heat balance, soil temperature, and soil moisture were mea-
sured. Solarimeters （Iio, S-SR2） and albedometers （Eiko, 
MR-21） measured the solar radiation and albedo. The net 
radiation in the heat balance was measured using net radiation 
meters （Eiko, CN-40） placed in the center of each experi-
mental plot at 50 cm above the ground. 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 experimental plot. Sensible and latent 
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heat fluxes were not separated. The total of the sensible and 
latent heat fluxes was calculated 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 ridges. 
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 sen-
sors 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. Ap-
proximately 15 g of soil was taken from two places per plot, 
at 10 cm depth. Water content was determined using the oven-
drying method.
　As for other meteorological factors, data observed at the 
observation field adjoining the experimental field was used.

3．Results and Discussion

3.1　Radiation in each plot
　The relationship between the albedo, the surface tempera-
ture and the net radiation in each plot were shown in Fig. １.

　Under no plant conditions, the albedo in the Nn plot was 
17.6%, and in the Mn plot was much lower, 9.3%. As the 
planting hole diameter became larger, from Mn3 to Mn22, the 
albedo increased up to 13.3%. The larger in the planting hole 
diameter caused the albedo to be higher. The same tendency 
was also observed in the plots with plant, but the average 
albedo in all plots under a plant condition was 10.1% higher 
than those under no plant condition. Comparing the varia-
tions of the albedo for the periods of at 34 DAS （29% of the 
shadow ratio） and 54 DAS （85% of the shadow ratio）, the 
value at the 34 DAS was 14.3% higher than that at the 54 
DAS. These results agreed well with the results of Andre and 
Viswanadham（5）. They have reported that the albedo increased 
with an increasing of the plant coverage.
　For a row surface temperature under no plant condition, 
comparing to that of the albedo, the temperature showed an 
adverse tendency. The temperature decreased when the size 
of the planting hole size increased, except in the Mn39 experi-
ment. Much lower of the soil temperature in Mn22 could be an 
effect of a thick air layer between the film mulch and the soil 
surface which acted as an insulator（6）. 
　The surface temperature, under the plant conditions, 
showed the same tendency as those in the plot without plant. 
However, the average temperature of all plots was 21.8ºC low-
er than those under no plant condition. Considering the tem-
perature at 34 DAS and 54 DAS, the average at 54 DAS was 
approximately 1.9ºC lower than those at 34 DAS. This could 
be due to a change of an evapotranspiration with crop devel-
opment as reported（5）. When the LAI of plant was increased, 
the surface temperature became lower by an increasing of the 
evaporatranspiration. 
　The net radiation in the plot under no plant conditions and 

Table １　Experimental details.

Diameter２） Mulching Space of 
Plot１） cm coverage planting

ratio３）, % hole４）, cm

No plant

Nn - 0
Mn - 100　
Mn３ 3 99.5 50ａ x 25ｂ
Mn10 10 93.9 50 x 25
Mn16 16 84.5 50 x 25
Mn22 22 70.6 50 x 25
Mn39 39 53.9 50 x 50

Plant５）

Np - 0 50 x 25
Mp３ 3 99.5 50 x 25
Mp10 10 93.9 50 x 25
Mp16 16 84.5 50 x 25
Mp22 22 70.6 50 x 25
Mp39 39 53.9 50 x 50

１）Plot symbol. N: No mulch, M: Mulch, n: No plant, p: Plant.
２）Diameter of planting hole.
３）Ratio of mulching coverage to row soil surface.
４）a: Interrow space, b: Intrarow space.
５）Soybean（Glycine max L. cv., Kurodaizu）. 

Fig. １ Albedo, surface temperature and net radiation of 
each plot measured at 11:00-11:45 on May 8 in 
2007.
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without mulch （Nn; 0.47 kWm－2） was lower than those in 
the plots with mulch, except in Mn39 （an average net radia-
tion of all plots was 0.51 kWm－2）. Generally, covering the 
row surface with black film mulch could increase a soil heat 
flux and decrease a sensible and latent flux at the surface（7，8）. 
Hence, the net radiation increased in the mulched plots. When 
comparing the net radiation among the mulched plots, net 
radiation in all plots was almost the same and it in the range 
of 0.51-0.53 kWm－2, except in Mp39. In Mn39, which was large 
hole diameter, the net radiation was lower than the other 
mulch plot, became of the mulching coverage was decreased.
　Under the plant conditions, the effect of the planting hole 
size on the net radiation was not clearly observed. Nonethe-
less, the average of the net radiation of all plots with plant was 
higher than that without one.
　Under no plant conditions, the correlation between the al-
bedo and the planting hole diameter could be noticed while no 
definite correlation was observed between the albedo and the 
net radiation. This tendency was not observed in the plots with 
plant.

3.2　Daily variations of the air and soil temperature 
　Air temperature: The daily variations of the air tempera-
ture in the plots with/without mulch, and with/without plant 
（Nn, Mn, Mn10, Mp10） were shown in Fig. ２. 
　According to Fig. ２, at 10:00, the temperature at a height 
of 1 cm in Nn plot was about ３ºC higher than that just above 
the planting hole while the temperature at each height, from 
11 cm to 40 cm high, was not much different. The tempera-
ture difference between 1 cm and 11 cm high was found to 
be the biggest （3.6ºC） at 12:00. After 12:00, the temperature 
difference became smaller. From 18:00 of May 21 to 10:00 
of May 22, the temperature near and above the ground was 
almost the same. In the mulched hole without planting （Mn）, 
an hourly change of the air temperature at 1 cm high above 
the hole was much larger than that in the Nn plot. However, 
from the height of 11 cm to 40 cm, the hourly change of the 
temperature at each height in the Mn plot was almost in the 
same degree as found in the Nn plot. In the mulched plot with 
10 cm of a planting hole （Mn10）, the hourly changed of the air 
temperature showed the same tendency as that in the Mn plot. 
Nevertheless, the air temperature in Mn10 plot at 1 cm high 
was lower than the temperature in the Mn plot. In the Mp10 
plot, the daily variation of the air temperature in this plot was 
smaller than the others.

　Soil temperature: In the Nn plot from 10:00 to 16:00, the 
highest temperature （40ºC to 45ºC） was observed near the 
row surface. After 18:00, the temperature near the ground 
started to drop, and was in a range of 10ºC to 20ºC after 19:00. 
The soil temperature stayed high, 20ºC to 25ºC, for the depth 
about 10 to 20 cm. After 6:00 of the following day, May 22, 
the temperature started to increase.
　In the Mn plot, the change of soil temperature was much 
larger than that in the Nn plot. The surface temperature, par-
ticularly around noon, was about 50ºC to 55ºC which had not 
been observed in the Nn plot. Furthermore, at 10 cm deep, an 
isotherm of the soil temperature in the range of 25ºC－30ºC 
was larger than that in Nn plot. In the Mn10, the hourly chang-
es of soil temperature showed the same tendency as noticed in 
the Mn plot. However, soil temperature in the Mn10 plot was 
lower than in the Mn plot because the latent heat flux from the 
row surface increased in an existence of a planting hole. 
　In the Mp10, the hourly changes of soil temperature were a 
little smaller than in the Mn10 because an effect of the plant 
canopy. 
　In order to clarify the daily variation of soil temperature, 
the temperature was measured at 0 cm, 2.5 cm, 5 cm, 10 cm, 
20 cm and 30 cm in depth. The daily mean （a0）, the daily 
range （a1） and the phase angle of soil temperature （ε1） were 
calculated using the harmonic analysis （Table ２）.

Fig. ２ Daily isotherm of soil temperature in the plot with 
and without canopy under mulch and no mulch plot 
from 10:00 of May 21 to 10:00 of May 22 in 2006.
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　The daily mean and the daily range of soil temperature in 
each plot showed the highest values at 0 cm and decreased 
as the soil depth increased. In the Nn plot, the average daily 
mean of soil temperature from 0 cm to 30 cm was 3.4ºC and 
1.3ºC lower than those of the Mn and Mn10, respectively, be-
cause of the effect of mulch. In the Mp10 plot, the average dai-
ly mean for all depth was 0.1ºC lower than those found in the 
Nn plot owning to the effect of the plant canopy. The average 
of daily range （0-30 cm） in the Nn plot was 0.6ºC and 0.1ºC 
higher than in the Mn and the Mn10, respectively. The phase 
angle of soil temperature became smaller with an increasing 
of the soil depth. This tendency was found both in the plots 
with and without mulch whether or not there was plant. None-
theless, the change of soil temperature in the Nn plot was 
higher than the others. Comparing between the changes of 
soil temperature in the Mn and Mn10 plots, the changes of soil 
temperature in the Mn10 was little smaller than the changes in 
the Mn plot. The smaller changes of soil temperature were no-
ticed when there was plant.  
　The changes of air and soil temperature were affected by 
mulch, the planting hole and the plant canopy. Mulch could 
increase soil temperature when compared to the Nn plot. 
The temperature difference between mulch and the Nn plots 
became lower when the planting hole existed. Moreover, the 
effect of mulch and the planting hole was suppressed by the 
plant canopy.

3.3　Soil temperature 
3.3.1 Period average of soil temperature and standard 
deviation
　Soil temperature: Average maximum, minimum, mean 
and range of soil temperature and their standard deviation 
were shown in Fig. ３.
　Under no plant conditions in Fig. ３（a）, the maximum of 
10 soil temperatures was the lowest in the plot with no mulch 
（Nn）. The highest temperature was observed in the Mn plot, 
and the temperature in the other mulch plots decreased as the 
size of the planting hole increased. This related to the results 
reported in the previous experiment（3） that the mulching cov-
erage decreased as the planting hole diameter increased. The 
same results were reported by Li et al.（1） that soil temperature 
depended on the mulch coverage. When the mulch cover-
age was decreased, soil temperature beneath the film mulch 
became lower. The minimum and the mean value of soil 
temperature also showed the same tendency as the maximum 
soil temperature. The daily range of soil temperature was rela-
tively stable and stayed within the range of 4.8ºC－ 6.2ºC.
　Under plant conditions （Fig. ３（b））, the maximum soil 
temperature in the plots without mulch （Np） was lower than 
those in the mulched plots. Comparing among the mulched 
plots, the maximum soil temperature was found to be the low-
est in the Mp16, because the shadow ratio of this plot （Mp16） 
was higher than the other plots. Soil temperature was related 
with the solar radiation（9）. When the plant coverage showed 
by the shadow ratio of the plant canopy was increased, soil 
temperature became lower. The minimum and the mean of 
soil temperature showed the same tendency as the maximum 
soil temperature. The daily range of soil temperature in the Nn 
plot （2.6ºC） was lower than those in the mulched plots. Under 
mulch conditions, the daily range was gradually increased as 
the planting hole size increased, except in the Mp16. The low-
est daily range in the Mp16 plot could be explained in term of 
the highest shadow ratio that could reduce an incoming of the 
solar radiation during the daytime and could intercept an out-
going long-wave radiation during the night time. The shadow 
ratio of soybean for each plot was shown in Fig. ４. The high-
est and the lowest shadow ratio were observed in the Mp16 plot 
（70.9%） and the Mp39 plot （48.9%）, respectively.
　Standard deviation: Under no plant conditions （Fig. ３
（c））, the maximum soil temperature of the 10 points in the 
Mn plot appeared to be the highest standard deviations （1.0ºC） 
because of a high soil temperature. The standard deviation 
showed a positive relationship with soil temperature. In gener-

Table ２　Harmonic coefficients for the daily cycle of soil 
temperature from 10:00 on May 21 to 10:00 on 
May 22 in 2007. a0 : Daily mean temperature, a1 
: Daily range of temperature（ºC）, ε1: Phase angle
（deg.）

Depth
Nn Mn

a0 a1 ε1 a0 a1 ε1
0 cm 25.0 ºC 15.5 ºC 50° 15’ 27.6 ºC 12.5 ºC 33° 49’
2.5 22.9 8.1 21  26 26.9 7.3 354  69 
5 22.1 5.5 349  92 26.0 6.0 335  77 
10 21.4 4.4 322  51 24.9 4.5 298  04 
20 19.7 3.2 259  61 22.8 3.3 252  39 
30 18.8 2.8 242  47 22.0 2.5 237  52 

Depth
Mn10 Mp10

a0 a1 ε1 a0 a1 ε1
0 cm 26.2 ºC 12.7 ºC 33° 05’ 24.7 ºC 9.3 ºC 19° 51’
2.5 24.7 7.6 3  03 22.9 5.8 341  17 
5 23.7 5.9 340  91 22.2 4.9 325  42 
10 22.6 4.4 310  00 21.1 3.9 297  38 
20 20.6 3.2 257  51 19.6 2.7 265  61 
30 19.9 2.6 241  93 18.9 1.9 257  79 
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al, the standard deviation （S.D.） of soil temperature increased 
with an increasing of soil temperature. From the Mn3 to Mn39 
plots, the difference of the deviation was rather small. The 
average of S.D. in all of the mulched plots was 0.7ºC. The S.D. 
of the minimum soil temperature in all plots was approximate-
ly 0.3ºC. The deviation of mean soil temperature showed a 
similar tendency as the maximum soil temperature. The daily 
range of the S.D. was found to be the smallest in the Mn3 be-
cause of high soil moisture content. The relationship between 
the S.D. and the soil moisture content was reported by Suzuki 
and Tanada（10）. They reported that the variation of the S.D. of 
soil temperature was related to soil moisture content, which 
would decrease with an increasing of the soil moisture con-
tent. 
　Under plant conditions （Fig. ３（d））, the S.D. of the maxi-
mum soil temperature in the plot without mulch （Np） was 
lower than those in the plots with mulch. In the mulched 
plot, the highest S.D. was observed in the Mp3 plot （0.9ºC） 
while the lowest S.D. was found in the Mp16 because of a high 
shadow ratio in the Mp16 plot. Arya（11） reported that the varia-
tion of soil temperature was depended on the shading of plant 
canopy, which would be decreased with an increasing of the 
shading. The minimum and the mean of S.D. showed the same 
tendency as that of the maximum. The daily range of the S.D. 
almost showed the same tendency as that of the maximum. 
However, the S.D. of range was lowest in the Mp22 because of 
a small difference between the maximum and the minimum of 
soil temperature affected by the high soil moisture content as 

Fig. ３ Mean soil temperatures for 10 point and their standard deviations in each plots 
from April 13 to June 23 in 2007.

Fig ４ Mean of shadow ratio that measured every 5 days 
from April to June in 2007.

previous report（2）. 
　Soil temperature in the plots without plant increased as the 
planting hole size increased. This tendency was not observed 
in the plots with plant. The temperature was lowest in the 
Mp16, which was decreased by the high shadow ratio. The S.D. 
of soil temperature was related to soil temperature depended 
on soil moisture and a plant growth.

3.3.2 Frequency distribution of soil temperature
　The characteristics of distribution patterns of the experi-
ments were shown by the maximum frequency of soil temper-
ature difference. Fig. ５shows the maximum frequency under 
plant condition between each plot and the control plot （Nn）.
　At 6:00, the maximum frequency in no mulch plot （Np） 
was about －0.8ºC, which was significantly lower than those 
in the mulched plots. The maximum frequency in the mulched 
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plots was highest in the Mp3 case （1.2ºC） due to a high per-
centage of a mulched coverage. While the maximum frequen-
cy compared from Mp10 to Mp39 was relatively stable staying 
within the range of －0.32 to 0.42ºC.
　At 15:00, the maximum frequency in no mulch plot （Np） 
decreased to －3.4ºC. In case of the mulched plots, the fre-
quency was noticed to be the highest in the Mp3 plot because 
a smaller hole could reduce the latent heat escaped from soil 
surface to the atmosphere. On the other hand, the frequency 
was found to be the lowest in the Mp16 because its high shad-
ow ratio could prevent the incoming solar radiation.
　In both of 6:00 and 15:00 observations, the maximum 
frequencies changed by the effect of the planting hole. The 
maximum frequency was highest in the Mp3 plot having small 
holes.

3.3.3 Order relationships of the soil temperature be-
tween two plots
　Frequencies of the order relationships of soil temperature 
between any two plots were determined using t-test method as 
a reference（10）. Fig. ６showed the order relationships between 
two plots divided into three sections. The topmost section was 
for the shadow ratios of 0-30% （a）, the middle one was for 
the shadow ratio of 30-60% （b）, and the last one was for the 
shadow ratio of 60-90% （c）. 
　Shadow ratio 0-30%: At 6:00, for the Np - Nn relation-
ship, the frequencies when Np > Nn and Np ≒ Nn rela-
tionships were about 5% and 29%, respectively. While the 
frequency of Np < Nn relationship was accounted for around 
67%. In the Mp3-Nn relationship, the frequency of the Mp3 
> Nn relationship was accounted for 100%. When the plant-
ing hole was larger than 3 cm, the frequency of mulch （Mp10, 
Mp16 and Mp22） > Nn relation was decreased, except in the 
Mp39. On the other hand, the frequencies of mulch < no mulch 
and mulch≒no mulch relationships were increased with a size 
of hole. This was caused by the effect of the planting hole that 
could decrease soil temperature when increasing the planting 
hole size（2）. 
　At 15:00, the relationship between each plot with a planting 
hole （Mp10, Mp16 and Mp22） and Nn plot was about 41% of the 
mulch < no mulch relationships. This relationship increased 
when the hole diameter was larger than 22 cm. While, the fre-
quency of mulch > no mulch and mulch ≒ no mulch relation-
ships tended to increase as the hole size increased.
　Shadow ratio 30-60%: At 6:00, the frequency of order 
relation of all plots showed the same tendency as those in 

0-30% of shadow ratio cases. 
　At 15:00, in the Np-Nn relationship, soil temperature 
showed only the “Np < Nn” relationship. In each planting 
hole and Nn relationship, the frequency of mulch > no mulch, 
and mulch ≒ no mulch relationships in all relations almost 
showed the same tendency as that at 6:00. Whereas, the mulch 
< no mulch relationship was observed to be approximately 
50% for all of the relationships.
　Shadow ratio 60-90%: At 6:00, in the plots with mulch, 
the frequency of mulch > no mulch and mulch ≒ no mulch 
relationships showed the same tendency as that in 0-30%. 
Whereas, the frequency of mulch < no mulch relationship in 
all relations became longer when the planting hole size was 
increased due to the effect of mulch, except in the Mp39-Nn 
relation. When the planting hole diameter was increased, soil 
temperature in the larger hole became higher and almost to be 
equal to that in the Nn plot resulted from the decreasing of the 
mulch coverage.
　At 15:00, soil temperature in the Nn plot was clearly seen 
to be higher than all of the other plots with mulch because of 
the effected of the plant canopy. Increasing the plant cover-
age would decrease soil temperature difference between two 
plots because it decreased an amount of solar radiation at the 
soil surface. Suzuki et al.（12） and Teasdale and Abdul-Baki（6） 
reported the differences of soil temperature between the two 
plots was decreased with the decreasing of the amount of solar 
radiation.  
　As mentioned earlier, at 6:00, the variation of soil tempera-
ture depended on the planting hole size and the plant stage. At 

Fig. ５ Maximum frequency distribution of the soil tem-
perature difference between each plot and Nn plot at 
10 cm depth from April 13 to June 23 in 2007. The 
same letter within the graph are not significantly 
different according the Tukey （P = 0.05）.
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15:00, the effect of the planting hole on soil temperature was 
suppressed when the shadow ratio of plant was larger than 
60% of the coverage.

3.4　Ratio of daily range of soil temperature
　Ratio of daily range of soil temperature was calculated by 
dividing the daily range of soil temperature in each plot with 
that of the Nn plot （Fig. ７）.
　Under no plant conditions, the highest ratio was observed 
in the plot without the planting hole （Mn: 1.16）. When the 
diameter of the planting hole was varied to 16 cm, the ratio of 
the range was lower down to 0.88. However, the ratios were 
increased to 0.99 and 0.90 when the diameters were increased 
to 22 and 39 cm, respectively. An increase of the ratio in the 
Mp22 and Mp39 plots could be a result of much of solar radia-
tion, during the day time, that the row surface of these two 
plots could receive and lower the shadow ratio. On the other 

hand, during the night time, an outgoing long wave radiation 
was almost the same as that of the other plots（2）. 
　Under plant conditions, the ratio of the range in the plot 
without mulch （Np） was lower than those in the mulched 
plots. In the plots with mulch, the ratios increased as the 
planting hole size increased, except for the Mp16. The lowest 
ratio was observed in the Mp16 plot because of its high plant 
coverage, which could reduce an incoming solar radiation and 
prevented the outgoing long-wave radiation from the row sur-
face.
　In order to clarify the relationships between the ratio of 
daily range of soil temperature and the meteorological condi-
tions, the studies were carried out with some experimental 
variations as summarized in Table ３. 
　According to Table ３, under no plant conditions, soil 
moisture content had been observed in all plots, except in the 
Mn10 that only air temperature was recorded. The multiple re-
gression coefficients were found to be the highest in the Mp10 
plot, while the coefficients of the others were within the range 
of 0.313 to 0.530. 
　Under plant conditions, the shadow ratio was observed in 
all plots, except in the Mp39. The shadow ratio is one of factors 
that could affect the variation of soil temperature. Numbers of 
explanatory variables were increased twice as much as those 
for the conditions under no plant. Furthermore, the multiple 
regression coefficients values of all plots in plant conditions 
were higher than those in the plots without plant. 
　The variation of the ratio of range was depended on the 
planting hole diameter and soil moisture content under no 
plant conditions. While the under plant conditions, the shadow 
ratio was high in relation with the variation of the range ratio.

3.5　Growth and yield of soybean 
　The yield of soybean was examined in June 25 in 2007 
（Table ４）. 

Fig. ６ Order relation of frequency of soil temperature dif-
ference at 10 cm depth between the two plots under 
soybean canopy from April 13 to June 27 in 2006.

Fig. ７ Ratio of daily range of soil temperature in each plot 
to that of plot Nn（control） from April 13 to April 
23 in 2007.
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　Comparing the yield of soybean between the mulched and 
no-mulched plots, significantly differences were not observed 
in the shoot, root and pod weight. Whereas, pod weight and 
the pod number were significantly affected by the mulch. 
The average of the pod weight of soybean in a mulched plot 
was 25.3% higher than the Nn plot. On the contrary, the pod 
number was 35.2% lower than that in the Nn plot. This may 
be a result of the mulch which could increase an availability 
of nutrient absorption（13）. Consequently, the growth of soybean 
in the plots with mulch was higher than in the plots without 
mulch. This result had also been reported by Suzuki et al.（14）. 
They reported that the height of soybean in the plots with 
black polyethylene mulch was higher than no mulch plots.
　The effect of the planting hole on the yield was not signifi-
cantly observed. However, the growth and yield of soybean 
were the lowest in the Mp3 case because a high soil tempera-
ture in this plot might decrease the growth of soybean. 
　In order to clarify the relationship between the yield of soy-
bean and soil temperature, the correlation coefficient was es-
tablished （Table ５）. A significantly negative correlation was 
observed between the soil temperature and yield of soybean, 
except for the pod weight. The shoot, root and pod weight and 
the pod number decreased with an increasing of soil tempera-
ture. This result has agreed well with the result of Pushkala 
and Yagarajarao（15） studied the effect of soil temperature on 

the growth of soybean. They reported that the shoot weight of 
soybean was declined as soil temperature increased. On the 
other hand, a weight per pod was increased as soil temperature 
increased.
　Mulching and the planting hole could significantly in-
creased the pod weight of soybean compared to that in the Np 
plot. On the contrary, they also could significantly decreased 
the pod number. Furthermore, soil temperature had a negative 
correlation with the yield of soybean, but not the pod weight.

4．Conclusions

　The albedo and surface temperature was correlated with the 
planting hole diameter under the conditions of no plant, while 
the correlation between net radiation and planting hole was 
not observed. The albedo showed positively correlations with 
the planting hole diameter, whereas the surface temperature 
showed a negative relation with the hole diameter. On the 
other hand, for the under plant conditions, these correlations 
were not clearly observed because the growing crops exerted 
an increasing shading effect which could limit the period of an 
effectiveness of a mulch. As for the changes in soil tempera-
ture, under no plant conditions, the average soil temperatures 
for 10 points were affected by the mulch and the planting hole 
diameter. When the planting hole diameter was increased, the 

Table ３　Standard partial regression coefficients in the multiple regression of daily range ratio of soil temperature 
at 10 cm depth and meteorological factors from April 13 to June 23 in 2007.　　　　　　　

Range ratio１）
Meteorological factor２）

Multiple
regression

Te Pr Ia Um SmA SmB Sr coefficient３）

No plant

Mn/Nn４） 0.517 0.459
Mn3/Nn 0.576 0.530
Mn10/Nn  0.601 0.550
Mn16/Nn -0.440 0.484 0.393
Mn22/Nn -0.391 0.411 0.313
Mn39/Nn -0.561 0.677 0.357

Plant

Np/Nn -0.286 0.175 -0.911 0.975
Mp3/Nn -0.410 -0.260 -0.491 0.891
Mp10/Nn -0.424 -0.297 -0.447 0.871
Mp16/Nn 0.337 -0.390 -0.563 0.933
Mp22/Nn -0.133 -0.134 -0.117 -0.798 0.987
Mp39/Nn -0.628 -0.404 0.766

１）Criterion variables.
２）Explanatory variables.
　　Notation: Te: Daily mean air temp. （ºC）; Pr: Amount of precipitation （mm）; Ia: Amount of insolation （MJm－2day－1）; 

Um: Daily mean wind velocity （ms－1）; SmA: Soil moisture suction of A plot （mmHg）;
SmB: Soil moisture suction of B plot （mmHg）; Sr: Shadow ratio （%）.

３）Adjusted for the degrees of freedom.
４）Plot symbles were the same as in Table １.
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maximum and the minimum soil temperature became lower. 
On the other hand, this pattern was not found under the plant 
conditions. However, soil temperature under plant conditions 
was affected by the planting hole diameter and the shadow 
ratio. Soil temperature was the lowest in Mp16. 
　As for the ratio of daily range of soil temperature, the range 
ratio depended on the planting hole diameter and soil moisture 
content under no plant conditions. On the other hand, under 
plant conditions, the range ratio depended on the planting hole 
and the shadow ratio. The range ratio was the lowest in Mp16. 

This might be due to the highest shadow ratio in the Mp16 plot 
reducing the incoming solar radiation during the daytime and 
intercepting the outgoing long-wave radiation during the night 
time.
　As mentioned above, the mulching and the planting hole 
could significantly increase the pod weight of soybean com-
pared to the Np plot. On the contrary, it also could significant-
ly decreased the pod number. Furthermore, soil temperature 
had a negative correlation with the yield of soybean, except to 
the pod weight.

Table ４ Effects of planting hlole size on growth of balck
　　　　soybean, measured on June 25 in 2007.

Top weight Root weight Pod weight Pod weight Pod number
（g/plant） （g/plant） （g/plant） （g/pod） （pod/plant）

Np 133.3 32.3 200.0 2.0 b 102.8 a
Mp3  89.2 16.9 180.7 2.7 a 67.7 b
Mp10 112.9 19.7 216.6 2.7 a 82.0 b
Mp16 107.8 22.8 196.6 2.6 a 75.7 b
Mp22 112.7 30.3 192.2 2.6 a 73.8 b
Mp39 113.2 29.4 217.0 2.7 a 80.9 b

ns ns ns * *
Average 111.5 25.2 200.5 2.6 80.5

*: Denote significantly difference at P < 0.05, ns: No significantly difference, n = 10.
  The same letter within the column indicates no significant difference at P < 0.05.

Table ５ Relation between average soil temperature and 
　　　　soybean growth form April 13 to June 23 in 2007.

Growth parameter　　 Equation r
Top weight （g/plant） Y = －14.49X ＋ 384.57 0.888 *
Root weight （g/plant） Y = －5.35X ＋ 126 0.734
Pod weight （g/plant） Y = －1.28X ＋ 224.62 0.077
Pod weight （g/pod） Y = 　0.29X －2.83 0.884 *
Pod Number （pod/plant） Y = －11.49X ＋ 296.90 0.820 *
X: Soil temperature at 10 cm depth, Y: Growht parameter
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フィルムマルチ下地温に及ぼす植穴とダイズ植被の影響

ポンサアヌティン　ティーラサク・奥田延幸・鈴木晴雄

要 　 　 　 約

　本実験の目的は、フィルムマルチ栽培におけるフィルムの植穴径が地温に及ぼす影響を、ダイズ植被との関係から明
らかにすることである。実験は2007年３月から６月にかけて行った。フィルムマルチのアルベドと表面温度は、無植生
下の場合は植穴径と比例して変化したが、植生下では明瞭な関係がみられなかった。植穴径が増大すると最高地温と最
低地温は低下するが、植生下では明確にみられなかった。各区の地温日較差比は植穴径と関係がみられ、さらに地被率
による影響も受けた。日較差比は、無植生下と植生下ともに植穴径16cmの区にて最も小さくなった。
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