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EFFECT OF BLACK POLYETHYLENE MULCH ON THE THERMAL REGIME OF A SOIL"

EFEITO DA COBERTURA COM POLIETILENO PRETO SOBRE O REGIME TERMICO DE
UM SOLO

Nereu Augusto Streck?, Flavio Miguel Schneider®, Galileo Adeli Buriol®®, Arno Bernardo Heldwein®
SUMMARY

Two experiments were carried out at Santa Maria, Central Region of the Rio Grande do Sul State,
Brazil, in order to measure the effect of black polyethylene mulch on soil temperature. One experiment
was installed in an open field from March 24, 1993 to May 17, 1993. The other experiment was performed
inside a plastic greenhouse from August 21, 1994 to December 01, 1994. Daily measurements of soil
temperature in both mulched and bare soil were taken in the two experiments. Highest estimated values of
soil heat flux were obtained in mulched soil. In general, minimum, mean, and maximum soil temperatures
were higher in mulched soil. Black polyethylene decreased the maximum amplitude of soil temperature

wave.
K ey wor ds. mulching, soil temperature, thermal properties of soil.
RESUMO

Foram instalados dois experimentos em Santa Maria, RS, Brasil, com o objetivo de quantificar o
efeito da cobertura do solo com polietileno preto sobre a temperatura do solo. Um experimento foi
realizado em condic¢des de campo, de 24 de Marco a 17 de Maio de 1993 e outro no interior de uma estufa
pléstica, de 21 de Agosto a 01 de Dezembro de 1994. A temperatura do solo foi medida diariamente no

solo com cobertura e no solo desnudo. Os valores estimados de densidade de fluxo de calor no solo foram
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maiores no solo com cobertura de polietileno preto. A temperatura minima, média e maxima do solo foi
maior no solo com cobertura. O polietileno preto diminuiu a amplitude méxima da onda diéria de

temperatura do solo.

Palavr as-chave: cobertura, temperatura do solo, propriedades térmicas do solo.

INTRODUCTION

Soil temperature is an important edaphic factor that can influence many processes such as
evapotranspiration, growth and development of plants, biologica activity and others. Mulches are most
commonly used in horticulture to suppress weeds, reduce water loss from soil surface, increase nutrient
availability, and modify soil microclimate.

Changes in soil temperature due to black plastic mulches have been reported by several
researchers. Recently, STRECK et al. (1994) reviewed the effects of various mulches on soil microclimate.
The damping of the soil temperature wave isthe primary effect of opaque mulches.

Black polyethylene (PE) is highly opague to solar and terrestria radiations (ROSENBERG, 1974,
LIAKATAS et d., 1986), thus the minimun and mean temperatures are increased by the black PE as
compared to bare soil (STRECK et a., 1994). A review of the effect of black PE on maximum soil
temperature, however, shows that is a controversial issue. Although a greater number of papers report that
maximum soil temperature is increased by black PE because of heat conduction from the hot sheet to the
soil (GLINIECKI, 1959; TAKATORI, et d., 1964; COUTER & OEBKER, 1964; PENDLETON et 4.,
1966; EKERN, 1967; KNAVEL & MOHR, 1970; INADA, 1973; MAURYA & LAL, 1981; GURNAH &
MUTEA, 1982; TRIPATHY & KATIYAR, 1984; LIAKATAS et d., 1986; HAYNES, 1987; SALMAN et
al., 1990; TRUAX & GAGNON, 1993) some results of soil temperature decrease by black PE have been
found (HOPEN, 1965; BENNET et a., 1966; DECICO & SANTOS, 1976; CHOPRA & CAUDHARY,
1980; SILVA, 1980; BERTON, 1981). STRECK et a. (1994) attributed these divergences to climatic
factors, mode of mulch use, quality and thickness of mulch material, mulch width, and mainly, the soil
moisture conditions of bare soil during the measurements. Mulch materials block the transport of vapor
out of the soil, and consequently, reduce water losses from the soil. In contrast, in abare soil with high soil
moisture a large fraction of the net radiation is consumed as latent flux. Consequently, the bare soil dries
quickly. Thus, if the soil moisture of the bare soil is not controlled, the temperature difference between
mulched and bare soil can not be attributed only to the mulch material.

The purpose of this study was to measure the alterations in the thermal regime of a soil by black
PE mulch, inthe Central Region of the Rio Grande do Sul State, Brazil.



MATERIAL AND METHODS

Two experiments were carried out at the Experimental Field Station of the Crop Production
Department of the Federal University of Santa Maria, Rio Grande do Sul State, Brazil (29°43'S latitude,
53°48W longitude, and 95 m altitude). The texture of the soil is loam, with 36% sand, 38% silt, and 26%
clay.

The first experiment was installed in an open field. A 8mx15m area was plowed and disced in
order to bring the soil to a good tillage condition. One 1.5m x 15m plot was mulched with black PE 30pum
thikness from March 24, 1993 to May 17, 1993, and another plot (same size) was kept without covering, as
acontrol (bare soil).

The soil was moistened (field capacity) to a depth of 50cm one day before mulching. No
additional water was applied to the mulched plot during the experimental period. The control plot was
irrigated daily at about 10 o'clock, except in rainy days, in an attempt to maintain its soil moisture similar to
the covered one. The quantity of water applied was estimated according to atmospheric conditions.

Soil temperature was measured throughout the experimental period using mercury-in-glass
geothermometers at 2cm and 5cm depth. Daily measurements of soil temperature were taken at
15h30min and 16h00min, local standard time (LST). On 05/06/93, a clear day, soil temperature was
recorded between 6h00Omin and 21h00min, every hour. Near to the time of occurence of minimum and
maximum temperatures at each depth, the reading interval was reduced to 15min. The soil moisture
content was measured by the gravimetric method on 05/06/93 at 16h0Omin. Six samples per treatment
were colected in a 0-5 cm layer. Thermal properties of mulched and bare soil were estimated on 05/06/93.
Soil heat capacity (C) was calculated according to De VRIES (1963).

C=04 Xn+06 Xog+ Xuw (1)

Where X, Xo, and X,, denote the volumetric fraction of minerals, organic matter, and water of the
soil, respectively.
Thethermal diffusivity (D) of the soil was calculated after (DECICO, 1974; SCHNEIDER, 1979).
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Where U = angular velocity of the earth [(7.272)10° rad.s ], z and z; are the soil depths (cm), and
DT = Tmax; - _(Zi);
DT; = Tmax; - _(z); Tmax and _ are the maximum and mean soil temperatures at i and j depths

(2), respectively. Mean soil temperature (_,) was calculated by:

— _ (Tmin,+ Tmax;)
i 2 3)

The thermal conductivity (K) was obtained from the relation between C and D (DECICO, 1974;
SCHNEIDER, 1979).
K=C.D (4)

The soil heat flux (S) was estimated on 05/06/93 according to the Fick's law:

_ T
STREX

QI-I-O

©)
WhereK = thermal conductivity (cal.cm™.°C*.s) and AT/AX = temperature gradient (°C.cm’™).

The second experiment was performed inside a 10m x 25m nonheated plastic greenhouse. Four
5.2m x 2m plots were covered with black PE 30im thjckness from August 21, 1994 to December 01, 1994.
Seedlings of "Monte Carlo" tomato, an indeterminated growth variety, was planted on August 22, 1994
using 0.40 m x 1.00 m plant spacing. Each plot had two rows with tomato plants (13 plants/row). Plants
were irrigated by drip irrigation lines under the mulch. Water was applied through the irrigation lines as
needed to keep tensiometer readings below 80 kPa. One tensiometer was placed at the 10cm depth within a



row of tomato plants in the plot where soil temperature was measured. Geothermometers were buried at
2cm, 5cm, 10 cm, and 20cm depths within arow of tomato plants in one mulched plot. The control plot
was composed of a 1 m® noncropped area (unmulched bare soil) at the center of the greenhouse.
Geotermometers were installed at the same depths of the mulched plot. Control plot was not cropped
during the experiment and irrigated as described in first experiment.

Daly measurements of soil temperature in both mulched and control plots were taken at
9h00min, 15h30min, 16h00mMin, 17h30min, and 21h00min (LST). At Santa Maria, Rio Grande do Sul State,
Brazil, the minimum soil temperature at the 20 cm depth occurs near to 9h and the maximum soil
temperatures at 2 cm, 5cm, 10 cm, and 20 cm depths occur near the afternoon measurements mentioned
above, respectively (SCHNEIDER, 1979). Thus, the mean soil temperature at 20 cm depth () was
calculated according to equation (3).

According to DECICO (1974) and SCHNEIDER (1979) if the mean soil temperature at a given
depth is known, it can be assumed as being the mean temperature of the soil profile. Assuming that the
waves of soil temperature follow a sinuosidal model, regardless of the depth, the maximum amplitude of

the soil temperature wave (To) at each depth (i) can be estimated by:

To= Tmax '-Tzo (1)

Equations (3) and (6) were used to estimate the mean temperature of soil and the maximum

amplitude of each soil depth in mulched and bare soils.
RESULTSAND DISCUSSION

Soil moisture was somewhat higher in the mulched than the bare soils on the measurement day:
05/06/93 (Table 1). Consequently, thermal properties of the soil, mainly volumetric heat capacity (C) and
thermal conductivity (K), were higher for the mulched soil. Although the bare soil was irrigated one day
before the measurements, the water loss from the soil was very intense for the bare soil as compared to the
mulched soil. Similar results were obtained by DECICO & SANTOS (1976). Soil mulching reduce soil
evaporation and improve water conservation.

Soil heat flux was higher in soil under black mulch than in bare soil, particularly at the early
afternoon and the early evening of 05/06/93 (Figure 1). This result is in conflict with other reports that
show a decreasing of soil heat flux by black PE (ROSENBERG, 1974; TRIPATHI & KATIYAR, 1984,
LIAKATAS et al., 1986). LIAKATAS et al. (1986) reported values of maximum heat into the soil of up to

48% smaller in mulched soil with black PE as compared to the bare soil. As explained previously, the large



number of papers which describe the effect of black PE on soil temperature do not present a control of the
soil moisture in both treatments. Thus, it is probable that a greater quantity of net radiation was used as

latent heat flux and litle remained to be used as sensible heat and soil heat flux in the bare sail.

Table 1 - Molsture content and thermal
praperties o f soil mualched with bhlack
polvethylene and bare soil on 055706793, Santa
Maria, ‘RS, Brazil.

Traskbment 5} 2 B I
Mulched 0,262 5 4,62 SRR
Bare soil 0.22%2 0.45% 4.08 L I
f=volumetric wetbness [cmﬂ-:‘.':'r.'ll_ ., CEyolumetric
heat capaci by (Bt 13 Bt EEE SR 6wt 1P E=thermal
- - . ¥ =4 i,
conduccivity {-c'.-_.__'—.: e T e AR "= D=tharmal

diffusivity (cmf. .2 =103,

The highest soil heat flux under black PE mulch resulted in higher values of the soil temperature
wave on 05/06/93 as compared to the bare soil (Figure 2). During the early morning and the early evening,
soil temperature diferences between mulched and bare soil were larger then near noon. Similar results were
reported by MAURYA & LAL (1981) and LIAKATAS et d. (1986). Differences of minimum, mean, and
maximum soil temperatures between mulched and bare soil were similar on cloudy and clear days. In
general, minimum, mean, and maximum soil temperatures were high in the mulched soil in both
experiments, regardless the depth (Table 2). These results are similar to those reported in many papers
including INADA (1973), ROSENBERG (1974), LIAKATAS et a. (1986), HAYNES (1987), and
STRECK et al. (1994)

A particular response was observed in the greenhouse experiment: maximum soil temperature on
clear days was higher in the bare soil at 2cm depth (Table 2). DECICO & SANTOS (1976) reported similar
results: on a clear day, the maximum soil temperature was higher in the bare soil at 1cm depth, similar to
the mulched soil at 9 cm depth, and higher in the mulched soil at 27 cm depth. Two causes can explain
these results: (i) inside a plastic greenhouse SCHNEIDER et a. (1993) demonstrated that soil temperature
isincreased compared to the outside. According to the authors a decrease in latent and sensible fluxes is
caused by a poor exchange of air between inside and outside the plastic greenhouse.

Thus, a greater soil heat flux into the bare soil can be expected inside the plastic greenhouse. (ii)
clear days used in this experiment were distributed throughout the tomato growing period. Thus, days with
litle and greater shading of soil surface by plants were included. The effect of soil mulching decreased as
the crop developed and shaded the surface (COUTER & DEBKER, 1964, ROSENBERG, 1974). The



average of minimum, mean and maximum soil temperature during the 10 first days of the greenhouse

experiment, when crop shading was small, showed the same trend of the noncropped field experiment

Table 2 - Average values of minimuom (Min), mean, maximum {(Max)
temperatures, and maximum amplitude of temperature (T, of scil
mulched with black polyethylene and bare scil. Santa Maria, RS,
Brazil.

Depth Mulehed soil Bare soil
Experiment {cm) = m—T
Min Mean Max Ty Min Mean Max Ty
e Average of the experimental pamLads | rlrea oy
1993 2 & = 28.6 - = 26.9
=1 = - 27.1 - = & 24.5
1994 2 - 24.2 23.0 4.8 22.0 28.8 6.8
5 - 28.2 4.0 27.8 5.4
10 - 267 2.5 = 26.6 4.6
20 23.4 24.9 Q.7 20.3 LT A
< A0 first days of experimental periocd ... ..
1994 2 2000 25,08 5.0 B N P T b
5 24.4 4.4 22.5 4.8
10 QRS Eenih i " e W]
20 1.2 20.8 0.8 LEnd aHl= R R e
........ S clear days (n/W = 0.9)
1353 2 L R B 28.2
27.4 25.5
1994 2 24.4 p29.9 B.& e I TH it E L e
5 3.5 5.l S SR
14d . R N R | 27500 B0
20 23.4 PR i © a1 PR L]
........ 5 cloudy days (n/H < 0.1)
1553 2 = - 23.8 & = - 21.5
5 = = 22.9 = . - 20 h
1454 2 - 2300 225000 2.0 2100 S 2306 L6
5 7 24.7 1.7 35 I Frl|
10 . 2357 0T 22.86 1.8
20 22.8 23.2. 0.2 1%.4 22.5 L5
n = sunshine duration (hours.day &)
¥ = day length {houra.day )

(Table2).

The results reported in this paper sustain the controversial issue of the effect of black PE on
maximum soil temperature. As indicated in the Table 3, athough the greater number of days the
maximum soil temperature was higher in mulched soil during the experiment 1993 (noncropped soil), the
cropping modified this behavior particullarly in upper layers. However, at 20 cm depth in the experiment
1994 the behavior was similar to the experiment 1993. Thus, an additional factor should be considered in
studies of soil temperature modifications by black PE, i.e., the crop shading. However, if considering only
the experiment 1993 where the soil moisturein both treatments was as similar as possible and the soil was
not cropped, than the results are in agreement with the papers that report an increase in maximum soil

temperature by black PE.



Table 3 - Percentage of davs at which the
maximum  so0il temperature was  greater  in
mulched than bkare soil, Santa Maria, RS,
Brazil.

Experiment Depth (cm} % mulched = bare soil
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Figura 2 - Componentes do balangoe de energia (W.m #) en uma cultura de milho, cv. SAVE-342(a) e razfo
de Bowen(b). Taquari, RS, 1%/12/86, 30/12/86 e 28/01/87,

The maximum amplitude of soil temperature was decreased by black PE (Table 2). This decrease
was larger on clear days. These results are in agreement with those reported by other researchers
(ROSENBERG, 1974; DECICO & SANTOS, 1976; LIAKATAS et a., 1986; STRECK et al., 1994).

Opaque mulches damp the wave of soil temperature as a consequence of their high opacity to solar and



terrestrial radiations. Therefore, the most important thermal effect of soil mulching with opaque materials

isthe decrease of the variation of the daily soil temperature.
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