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Soil Surface Energy Balance and Soil Temperature in Potato Field Mulched
with Recycled-Paper and Black Plastic Film

Ri-Xian Cui*' and Byun-Woo Lee*
*Dept. of Agronomy, Coll. of Agri. and Life Sci. Seoul National University, Suwon, 441-744 Korea

ABSTRACT : The thermal and photometric properties of
mulching materials modify the radiation and energy bal-
ance on the mulched soil surface and thereby change the
soil temperature. The soil surface energy balances and soil
temperatures under the mulching treatments of non-mul-
ched control, recycled paper (RPM), and black polyethyl-
ene film (BPFM) were compared before and after the
establishment of potato canopy. On August 30 in 1998
when potato was not emerged yet and solar radiation was
17.9 MJ m*day™", the net radiation of the soil surface was
estimated as 10.0, 2.4, and 1.3 M.J mday ! under the con-
trol, BPFM, and RPM, respectively. The sensible and
latent heat loss from the soil surface was 9.65 MJ m“day !

in the control, most of the net radiation being lost through
evaporation and convection, whereas it amounted only to
1.39 MJ mday” in BPFM and 136 MJ m day in
RPM. Therefore, the soil heat fluxes were 0.36 1.02, and -
0.06 MJ m>day”’ under the control, BPFM and RPM,
respectively. On September 27 when potato canopy was
fully developed, the soil surface net radiation in the con-
trol was sharply decreased as compared to that of Aug. 30,
whereas the net radiation of the mulched soil surfaces
showed llttle changes. The soil heat flux was -0.01, 0.95, and
012 MJ m 1 at the soil surface under the control,
BPFM and RPM respectlvely As the mulching treatments
brought about such alteration of energy partitioning into
the soil, the highest soil temperature was recorded in
BPFM and the lowest in RMP without regard to potato
canopy development. However, the soil temperature dif-
ferences among the treatments become smaller when
potato canopy were fully developed.

Keywords : mulching, paper mulch, black polyethylene film,
energy balance.
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Table 1. Optical properties of mulch materials.

Description Value

1. mulch paper '

reflectivity of solar radiation 045

reflectivity of long wave radiation 0.22

transmissivity of solar radiation 0.01

transmissivity of long wave radiation 0.04
2. black polyethylene film

reflectivity of solar radiation 0.04

reflectivity of long wave radiation 0.01

transmissivity of solar radiation 0.02

transmissivity of long wave radiation 0.14
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Fig. 1. Comparison of measured and calculated net radiation over the mulch surfaces and bare soil on Aug. 30, 1998 at Suwon.
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Fig. 2. The calculated net radiation over soil surfaces with different
mulching materials on Aug. 30, 1998 at Suwon.
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Fig. 3. The calculated net radiation over soil surfaces with different
mulching materials on Sept. 27, 1998 at Suwon.
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Table 2. Partitioning of energy at the soil surface under different mulching treatments in 1998.

Net Radiation Soil heat flux Sensible and latent heat
Date Treatment LAI i ; ;
night = day o) night — day night — day o)
time time time time time time
_____________________ MJ m_2 U,

Black film 0.0 0.10 231 2.40 -1.98 3.00 1.02 208 -0.69 1.39

Aug. 30 Paper mulch 0.0 0.10 1.20 1.30 -1.42 136 -0.06 152 -0.16 1.36

Bare soil 0.0 -1.33 1135 10.0 -1.60 1.96 0.36 0.27 9.38 9.65

Black film 1.75 0.11 2.07 2.18 -1.43 2.38 0.95 154 031 1.23

Sep. 27 Paper mulch 4.40 0.94 1.12 2.06 -0.65 0.78 0.12 1.53 042 1.95

Bare soil 3.70 -0.46 2.09 1.64 -0.93 092 -0.01 043 1.23 1.66
L 5o 93 AYZ A (sensible heat flux, Wm2)o|H, G Z} & $A5o] xR|eh= HLL I} ¢V @ BEYR
= AZ2YE(soil heat flux, Wmolth, 528 & R & e me} WA s, U9 B, RS o8 FE
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Mulch and soil surface energy flux density (W/m?)

Black film Paper mulch Bare soil Black film Paper Bare soil
mulch
Mulch Rn -4.32 -7.14 Mulch Rn 34337 25521
surface H+LE 18.06 7.99 surface H+LE 64.79 35.67
Soil Rn 3.15 232 -22.80 . Rn 71.34 39.15 357.88
o H+LE 25.53 17.46 -1.26 Soil H+LE -20725 -i8038 12473
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G -22.39 -15.14 -21.54 G 27859  219.53  233.15
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Fig. 4. The soil temperature profiles and energy balance at 06:20 (left) and 15:00 (right) on Aug. 30, 1998 at Suwon.
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Fig. 5. Diurnal changes of soil temperature as influenced by types of mulch at Suwon on Aug. 30, 1998.
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Mulch and soil surface energy flux density (W/m?)

Paper

Black film Paper mulch Bare soil Black film Bare soil
mulch
Mulch Rn -15.65 -13.59 Muich Rn 16045  109.08
surface H+LE 16.39 6.39 surface H+LE 57.04 7743
Soil Rn 18.43 20.21 -13.59 . Rn 76.08 22.56 12642
o H+LE 5047 4019 1541 Sl puE 2733 909 8504
surface surface
G -32.04 -19.98 -29.00 G 103.41 31.65 41.38
100} @ <«—— Ajr temperature J/100 I ® <=— Ajr temperature ® J{
] Black film Mulch paper 10
1Z / temperature / tempera_ture B __Sois_u_rfici i —SECPE?%?LW ______ /_:?ET:EZ%:‘E‘:___ _S_oﬂs_ur_f_ac_e_
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20 30 40 5020 30 40 50 20 30 40 50 210 :s'o 4'0 ;o 2ro 3'0 4'0 5'0?0 3'0 4T 50
Temperature("C) Temperature(°C)
Fig. 6. The soil temperature profiles and energy balance at 06:00 (left) and 14:00 (right) on Sept. 27, 1998 at Suwon.
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Fig. 7. Diurnal changes of soil temperature as influenced by type of mulch at Suwon on Sept. 27, 1998.
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