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DEVIATIONS IN THE HORIZONTAL DISTRIBUTION OF
SOIL TEMPERATURES BENEATH FILM MULCH AND
EVALUATION OF THE MULCH EFFECT -

II. Deviations of Soil Temperatures in Terms of
Films and Mulching Seasons

Haruo Suzuki » Hiroki ITO*

Deviations in the horizontal distribution of soil temperatures beneath film mulch were studied in relation
t6 meteorological conditions, aiming at identifying characteristics of the deviatio.n in terms of films and
mulching seasons. Transparent PE film (0.04mm in thickness) and black PE film (0.03mm) were tested as
mulching materials and a broad bean variety was used for the mulched culture.” The results are as follows.

(1) ‘Diurnal changes in the deviation of soil temperatures undetr uncultured conditions became small both
during the-day and night in parallel with the soil depth, regardless of the ﬂmulched plots with transparent and
black PE films or a bare plot. As regard seasonal changes, the deviation in each plot was smaller-in the
winter than in the summer,

(2) Results of multi-regréssion analysis on the deviation of soil temperatures and meteorological factors
showed no common characteristics among the tested plots in the case of summer, but, in the winter, three
thoisture-related variables were found as common factors in each plot. In addition, depth (0-30cm) -in-
dependent variables were found : mean wind velocity in the mulched plot with transparent PE film, mean
wind velocity and mean humidity in the bare plot and five other variables in the plot with black film.

(3) Deviations of row soil temperatures during broad bean culture differed with the measured points, i.e.,
central part (intrarow spacing) and isterrow space, and such a tendency was remarkable in the mulched plots
compared with the bare plot. No clear relation was féund between the deviations and growth of the crop.

On the basis of thése results, it was confirmed that the deviation of soil temperatures was an important

factor for the evaluation of temperatures beneath various mulched films.
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Fig. 2 Variations of mean soil temperatures.for 10 points and their standard devia-
tions in each plot. Transparent: Mulched plot with transparent PE film,

Black : Mulched plot with black PE film, Bare:Bare plot.
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Table 1.

FIIRZRF ARG
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Standard partial regression coefficients in the multiple regression between the standard

deviations of temperatures measured at 3:00 p.m, meteorological factors and soil moisture
from July 28 to September 20 in 1986. :

Soil

Standard Meteorological factor? moisture Multiple
deviation Te  Ta Ti He Hi Pr  Ev Ia Du Um Ua. pF coé"?ffcsfelﬁ?ﬂ
0 0.494 -0.821 0.551 L 0.696*
2.5 0.881 0.877**
T 5 0.830 -0.5% 0.851 -0.198 0.913%*
10 0.893 0.889**
20 0.381 0.576 0:892**
30 -0.273 0.712 0.599**
0 -0 720 1.327 "0.651%*
25 0.317 ~0.180 0 676 -0.272  0.934**
BY 5 -0.383 0655 0248 -0.374  0.841**
10 0.929 0.926**
20 -1.022  0.762 0.353 0.329 0.864**
30 -0.390 -0.847 0.799**
0 , -0.483° 0.389 0.287 0744 .0.849**
2.5 0.301 -0.286 0.167 -1.226 1538 0.83¢4**
N9 5 0.818 © =059 -0.632 -0.300 0.814**
10 -0.525 0331 0.777%*
20 -1.976 1.136 -1.539" 0889 0.744**
30 0.607 0.588** .

1) Notations: Te=daily mean air temp,; Ta=daily maximum air temp.; Ti=daily minimum air temp.; He=daily mean
humidity ; Hi=daily minimum humidity ; Pr=amount of precipitation; Ev=amount of evaporation; la=
amount of insolation; Du=duration of sunshine; Um=daily mean wind velocity ; Ua=daily maximum
wind velocity ; pF=soil moisture suction (pF)=in mulched plot.

2) Adjusted for degrees of freedom.

3) Notations: B=mulched plot with black PE fllm T=mulched plot with transparent PE film ; N =unmulched plot

% % © Significant at 1% level

Table 2. Standard partial regression coefficients in the multiple regression between the standard devia-
tions of temperatures measured at 3:00. p.m., meteorological factors and soil moisture from
November 5 to December 29 in 1986.
Standard Meteorological factor” Soil moisture” Multiple
L regression
deviation  Te Ta Ti He Pr Pk Ev la Du Um Tm Bm Nm ' coefficient?
0 cm 0.815 -0.132 0.039 0075 -0.186 0.993**
2.5 -0.194 0.162 0.670 -0.176  0.039 -0.096 0.087 -0.246 0.995**
T 5 0.803 -0.142 0076 -0.201 0.993**
10 -0.198  0.160 - 0.683 -0.141 -0.080 0.105 -0.212 0.995**
20 0.810 -0.140 0.078 -0.191 0.993**
30 0.811 -0.141 0.077 -0.191 0.994**
0 0.162 -0.178 -0.147 0.960 -0.082 -0.068 - -0.187 0.996**
2.5 0 149 -0.164 -0.148 0940 -0.083 -0.066 -0.185 0.996**
B 5 0.191 -0.074 -0.164 1.066. -0.113 -0.047 -0.189 0.996**
10 0 145 -0,.150 -0.172 0.904 -0 080 -0.064 -0.187 0.996**
20 -0.078 0.807 -0.128 -0.181 0.995%*.
30 -0.080 0.808 -0.128 -0.178 0.995**
0 -0.241 0.685 -0.117 -0.055 -0.164  0.992**°
2.5 -0.242 0.682 -0.117 -0.055 -0.166  0.992**
N® 5 -0.239 0.684 -0.117 -0.055 -0.167  0.992**
10 -0.236 0.685 -0.118 -0.055 -0.170  0.992**
20 -0.239 0.683 -0.118 -0.056 -0.170  0.992**
30 ~0.250 0.673 -0.118 -0.058 -0.169  0.992**

1) Notations: Te=daily mean air temp,; Ta=daily maximum air temp.; Ti=daily minimum air temp,; He=daily mean humid-
ity ; Pr=amount of precipitation ; Pk=coefficient of rain fall ; Ev=amount of evaporation; Ia=amount of insola-
tion ; Du=duration of sunshine ; Um=daily mean wind velocity ; Tm=soil moisture content in mulched plot with
transparent PE film ; Bm=soil moisture content in mulched plot with black PE film ; Nm=soil moisture content in
unmulched plot
2) Adjusted for degrees of freedom,

3) Same as in Table 1.

% %  Significant at 1% level
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Fig.3 Relations between standard deviations of soil temperatures at 3: 00 p.m. and daily
solar radiation in MJ m~2day~".
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Fig. 4 Seasonal variations of standard deviations of soil temperatures at 10 cm depth.

Table 3. Average values of soil temperatures (°C) for 10 points and their standard deviations -
(°C) at 10 cm depth in each plot from November 23 in 1986 to March 31 in 1987. v

Cultivated o
Uncultivated
Mulched Unmulched i
Intrarow® Interrow® Intrarow Interrow  Mulched Unmulched

Max. Temp.” . 11.8 11.2 11.5 10.4 13.9 12.1
S.D? 1.2 1.0 0.7 0.8 0.5 0.5
Min. Temp.? 4.7 5.3 3.7 3.4 5.9 4.2
S.D? 0.4 0.8 0.7 0.6 0.5 0.5

1) Mean soil temperatures for 10 points measured at 3:00 p.m. .

2) Standard deviations of 10 soil temperatures.

3) Points of measurement (see Fig. 1).
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Table 4. Order relation for soil temperature at 10 cm depth by t-test
in broad bean field from November 23 in 1986 to March 31 in

1987.
Mulched Unmulched
Relation
’ Max. Min. Max. Min.
Intrarow* > Interrow* 14 days 1 71 10
Intrarow = Interrow 83 50 26 87

Intrarow < Interrow "0 46 0 "0

% : Points of measurement (see Fig. 1).

Table 5. Three phase of soil at 0 to 5 cm depth in the mulched plot with black PE film and
in the bare plot on February 24 in 1987.

Cultivated Uncultivated

Mulched Unmulched

Mulched Unmulched -
Intrarow Interrow  Intrarow Interrow

Solid ratio* 44.9% 42.0 43.6 41.9 45.5 . 44.8

Water ratio* 21.3 19.0 22.1 20.3 24.8 23.5
Air  ratio* 33.8 38.9 34.4 37.9 29.8 31.7

% . Means of 5 samples.
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Table 6 . Relations between standard deviations of soil temperatures and daily solar radia-
tion in the mulched plot with black PE film and in the bare plot from November 22
in 1986 to March 31 in 1987.

Plot Item Position ‘Relation

V Max . [ Intrarow spacing To=0.134+12.77 10~? la r=0.81*"
Mulch Interrow space To=0.29+ 7.78 1072 la r=0.73**

Min, [ Intrarow spacing (To=0.43+ 0.05 1072 Ia) r=0.01
Interrow space To=0.43+ 3.97 1072 1a r= 0,73*

Max. [ Intrarow stacing T6=0.18+ 5.25 1072 Ia r= 0.55*
Bare Interrow space To=0.24+ 5.79 107* Ia r=0.69**
Min., [ Intrarow stacing To=0.40+ 3.25 107* Ia r=0.75**
Interrow space To=0.73- 1.95 107% la r= —0.64*

Notations: To=Five day mean of standard deviations of 10 soil temp. at 10 cm depth: la=
Five day mean of daily solar radiation in MJ m~2day™!,
% . Significant at 5% level, % % : Sigificant at 1% level.
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