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Effects of Some Kinds of Mulches on Soil and Air Temperature
Evaluated from the Ratio of Daily Temperature Range

Kazuhiko NEMOTO, Teerasak PONGSA-ANUTIN and Haruo Suzuki

Abstract

Effect of some kinds of mulch on air temperature and soil temperature were evaluated using the ratio of daily

temperature range. This experiment was conducted from September 26 to December 15 in 2000. A total of 14 experi-

mental plots were prepared by seven kinds of mulch, and with and without plants.

There were no clear relationships between albedo on the mulch surface and surface temperature among the mulch

plots. The differences of mean air temperatures of 10 points among the plots were small, but those of diurnal range

were large. On the soil temperatures, the differences were large. The ratios of diurnal range (Air temperature S5cm

height / Soil temperature 10cm depth) in the plots with plant became larger than those of the plots without plant. On

the whole, differences of mulch effect of air temperature were small. Conversely it became large in the case of soil

temperature. Effects by mulch film alone differed in the plots with or without plant. Effect of micrometeorological

factors on the air temperature at each plot became smaller than those of the soil temperature.
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Table 1  Plot symbols in each experimental plot.

Plot Treatment

No plant Plant"’

No muclh Nn Np
Mulch with black PE film®’ Bn Bp
Mulch with transparent PE film®’ Tn Tp
Mulch with violet PE film*’ Vn Vp
Mulch with straw®’ Sn Sp
Mulch with paper“ Pn Pp
Mulch with nonwoven fibers”’ Rn Rp

1) Radishplant, 2) 0.02mm thick, 3) Rice straw,
4) Used news paper, 5) Made from polyester.

Fig. 1  Experimental plots.
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Table 2 Albedo and surface temperature of ex-
perimental plots from 13:20 to 13:50 on
November 7, 2000.

Plot"’ Albedo Surface temperature >
Nn 18.5% 27.2C
Bn 7.3 37.0
Tn 21.5 35.6
Vn 19.2 35.0
Sn 23.0 29.1
Pn 22.5 30.1
Rn 21.8 28.7

1) Plot symbols are the same as in Table 1.
2) Row surface.
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Fig. 2  Average values of mean temperatures for 10 points and their mean standard deviations from September 26 to December
15, 2000. Air temperature is at 5 cm height, and soil temperature at 10 cm depth. Plot symbols are the same as in Table 1.
15:00: Temperature at 15:00, 6:00: Temperature at 6:00, Mean: Daily mean temperature, Range: Temperature difference

(Daily maximum — Daily minimum) .
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Fig. 3  Mean ratios of daily temperature range from September 26 to December 15, 2000. A: (Daily range of air temperature at 5
cm height)/(Daily range of soil temperature at 10 cm depth) in each plot. B, C, D, and E are (Daily range of air tempera-
ture)/ (Daily range of air temperature) or (Daily range of soil temperature)/ (Daily range of soil temperature) .
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Table 3 Standard partial regression coefficients in the multiple regression between ratio of daily temparature range
and meteorological factors from September 26 to December 15 in 2000.

Explanatory variables "’ Multiple
aB) Ia Uv Pr Ma Mb Pa Pb Ca Cb regression
coefficient
Nn - - - - -
Tn -0.518 - - - - - - 0.477
Bn -0.681  0.303 - - - - - 0.577
No plant Vn -0.746 0317 -0.458 - - - - - - 0.780
Pn 0.499 - - - - - - 0.456
Sn 0.325 - - - - - - 0.236
. 3) Rn -0.576 - - - - - - 0.543
Air/Soil Nr - 060 - - 0.656
Tr - - 0.796 - - 0.782
Br 0.505 - - - 1.028 - 0.806
Plant Vr - - 1.175 - -0.390 - 0.834
Pr - - 0.723 - - 0.703
Sr - - - -
Rr - - 1.448 - -0.708 - 0.788
Tn/Nn -0.639 - - - - - - 0.611
Bn/Nn -0.572 -0.347 - - - - - - 0.428
No plant Vn/Nn -0.327 - - - - - - 0.233
Pn/Nn -0.461  0.310 - - - - - - 0.462
Sn/Nn -0.662 -0.402 - - - - - - 0.536
Air temp. Rn/Nn : : - : : =
Tr/Nr -0.599 -0.464 - - -1.053 0.838
Br/Nr - -
Vi/Nr - -
Plant Pr/Nr ; ;
Sr/Nr - -
Effect of Rr/Nr - -
mulch Tn/Nn  0.687  -0.802 -0.409 - - - 0.650
Bo/Nn  0.757  -0.798 -0.485 - - 0.693
No plant Vn/Nn ) ) )
Pn/Nn -0.650 - - - 0.624
Sn/Nn - - -
Soil temp Cn/Nn__ 0.772  -0.328 - - - 0.678
’ Tr/Nr -0.394 - -1.034 0.856
Br/Nr - -0.700 0.678
Plant Vr/Nr - -0.722 0.702
Pr/Nr 0.460 - 0.406
Sr/Nr 0.723 0.300 - -1.091 2440 0.877
Rr/Nr - -0.610 0.579
Nr/Nn - - - -
Tr/Tn - - - -0.730 - 0.710
Br/Bn  0.563 - - - - 0.527
Air temp. Vr/Vn - - - -
Pr/Pn -0.551 - - -0.716 - - 0.812
Sr/Sn 0.626 0.495 0.309 - - - - 0.620
Effect of Cr/Cn -0.694 -0.629 - - - -0.831 - 0.734
canopy Nr/Nn - -0.680 - - 0.656
Tr/Tn - - -0.527 - -0.455 - 0.956
Br/Bn  0.443 -0.275  -0.176 - - -0.487 - 0.930
Soil temp. Vr/Vn 0478 - - -1.322 - - 0.882
Pr/Pn -0.181 - - -0.970 - - 0.954
Sr/Sn - - - -
Cr/Cn_ -0.521 -0.216 ~ -0.333 - - -2.557 - 1.393 - 0.881
Tr/Nn -0.830  0.246  -0.266 - - - -1.004 - 0.784
Br/Nn 0491 - - - - 0.444
Air temp. Vi/Nn ) ) ) )
Pr/Nn -0.651 -0.585 - - - -0.778 - 0.646
Effect of St/Nn ) ) ) B
mulch and Rr/Nn - - - -
canopy Tr/Nn -0.498 -0.230 - -0.633 - -0.499 - 0.899
Br/Nn -0.423 0120 -0.293 - -0.444 - -0.701 - 0.942
Soil temp Vr/Nn -0.346 -0.213 - -0.745 - -0.396 - 0.944
’ Pr/Nn -0.503 -0.300 - -1.009 - - 0.804
Sr/Nn - - -
Rr/Nn - -0.785 - - 0.770
1) Notations : Tm = daily mean air temp., la = amount of insolation, Uv = daily mean of wind velocity, Pr = amount of precipitation,

Ma = soil moisture suction in the plot A, Mb = soil moisture suction in the plot B, Pa = plant height in the plot A, Pb = plant
height in the plot B, Ca = ratio of diurnal range of temperature in the plot A, Cb = ratio of diurnal range of temperature.
Adjusted for the degrees of freedom.

Air/soil denotes the ratio of diurnal air temperature range to that of soil temperature.
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