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The practice of soil surface treatment, usually
by some type of muleh, 1s probably as old as
agriculture itself. The usual purposes of surface
treatment were to prevent water loss by evapora-
tion, to influence soil temperature, or to mini-
mize weed growth, Jacks, Brind, and Smith (4)
recently published an extensive review of litera-
ture on this subject. Evaporation was reduced by
a muleh where the soil moisture content at the
surface was maintained at a high level, by a
water table elose fo the surface, or by frequent
rains. In less humid regions where the surface
soil moisture content was not maintained at a
high level, the influence of muleh on evaporation
was almost negligible,

The usual effect of a mulch is to lower soil tem-
perature during the sumimer and increase soil
temperature during the winter. Since the thermal
conductivity of a mulch is usually much lower
than the soil, the heat gain or loss 1s Jess under &
muleh. Many investigators have listed this effect
on soil temperature as one of the reasons why
evaporation 18 Jess. Hanks (2) showed that, if
all other econditions, such as moisture content or
thickness of mulch, are equal, evaporation was
directly proportional to the temperature of the
soil. Under field conditions there may be no
direct relationship Lbetween evaporation and soil
temperature, because other factors hecome limit-
ing, Garduer (1) showed that evaperation from
soil ecolumns with a uniform 1ntial moisture con-
tent conld be predicted by an isothermal flow
equation with vaper movement negleeted. The
experiments were conducted under what might
be ealled sub-humid conditions, i.e., the evapo-
rated moisture was not replenished by 2 shallow
water table or frequent rains. Different evapora-
tive epvironments gave practically identical

1 Joint contribulion from the Western Soil and
Waier Management Rescarch Braneh, Agricul.
tural Research Serviee, U. 8. Dep. Apr. and Kan-
sas Agriculturnl Experiment Station, Contribu-
fion No. 94, Department of Agronomy, and
Contribution No. 77, Department of Physies,
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evaporation rates. Gardner (1) concluded that
evaporation under conditions similar to those
investignted was limited by the flow of liquid
water within the soil.

The geucral purpose of the present investiga-
tion was to clarily the relationship of net radia-
tion, soil lemperature, and soil surface conditions
on evaporation. The specific investigation was
designed to determine the influence on those
three factors of widely varying soil surface
conditions.

EXPERIMENTAL MEPTHODS

The general plan of the investigation called for
intensive measurements of soil temperature, net
radiation, and cvaporation for a few days every
month throughout the growing season. Measure-
ments were confined to periods of relatively clear
weather during 1058 and 1959. Tn some cases in
1959 trouble with the temperature recorder and
portable a.c. power unit prevented the procuring
of reliable measurements of all desired factors,

The five soil surface conditions studied were:
(a) check (bare soil}; (b) 4 tons wheat straw per
acre; (¢) 1 inch gravel (34 to 114 inches diameter)
painted with flat black paint; (d) 1 inch gravel
painted  aluminum; and (¢} plastic-covered
ridges about 6 inches high (about one-half the
arca was covered with plastic). The plots were
15 fect square and the treatments were replcated
twice. Soil dikes were {formed around cach plot to
climinate runoff; in a fow instances, however,
these dikes failed, and in 1958 some runoff
oceurred from the check treatment. Runofl was
prevented in 1939 by reinforcing the dikes with
hoards, The plastie used in 1958 was clear
polyethylene, which disintegrated about mid-
summer and had to be replaced. In 1939, black
polyethylene was used and it was more nearly
satisfactory.

Net radiation was mcaswed with the “Eco-
nomical Net Radiometer” {Agmet Produsts Co.,
AMiddleton, Wis)) as deseribed by Suomi and
Kuhn (7). Preliminary tests of the economvical
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F1G. 1. Influence of scil surface conditions on
net radiation (1958).

neb radiometers were made in which they were
compared with a more precise, ventilated net
radiometer {8). Very c¢lose agreement was shown
botween the two. In addition to the low cost of
the “Economical Net Radiometers,” their use
was advantageous because fhe measurement
made was femperature, which permitted measure-
ments of net radiation and soil temperatures on
the same recorder.

Soil temperature was measured af depths of
1, 4, 16, 64, and 152 ¢in. with copper-constantan
thermocouples. For depths of 1, 4, and 16 em.,
three thermocouples of equal length were at-
tached in parallel to give a better average of the
temperature. The thermocouple junctions were
coated with an insulating paint (“Insuldip”}.
Measurements were made in regard to the soil
siurface on all treatments and not the surface
of the muleh. In 1959 temperature measurements
were made in the air immediately above the
surface with a thermocouple shielded both above
and below by two aluminum plates.

Two methods were used to measure evapora-
tion. Trequent measurements of soil moisture
content were made with the “Neutron” soil
moisture mefer (d/m-gauge of Nuelear Chicago
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Corporation). Continuwous measurements of
cvaporation were also made on the check and
straw treatment using floating lysimeters similar
to those described by King, Tanmner, and Suomi
(5).

The experiment was conducted on the Kansas
State University Agronomy Farm near Man-
hattan, Kansas. The soil was a Geary silt Joam.
The rainfall in 1958 was 43.55 inches, and in
1959 20.47 inches; the long-term mean is 31.73
inches.

RESULTE AND DISCUSSION

Tigure 1 ghows hourly recorded net and total
racliation for a representative day from May
through August, 1958. The average daily tolals
for each period are shown in table 1. Net radis-
tion was greatest over black-painted gravel, Net
radistion was next largest on the eclear plastic
plot in 1958 and the black plastic and check plot
in 1959, followed by the straw and aluminum-
painted gravel plot. During the carly part of the
scason net radiation was lowcest on the straw
plot, but at the end of the scason it was higher on
the straw plot than on either the aluminum-
painted gravel or the check plot. This was due
to the darkening of the straw with time.

Figure 2 shows average temperatures ab a
l-cm. depth for the same day as in figure 1; the
clear plastic-covered treatment had the highest
temperature during the day and the cheek treat-
ment the next highest, followed by black-painted
gravel, aluminum-painted gravel, and straw.
Figure 3, with soil temperatures at 16 am., shows
the same general trends, of course, but with less
difference between treatments. Table 2 shows the
average temperatures computed for the hourly
measurements for all of the depths measured;
average temperature was lowest at all depths on
the straw.mulch treatment. The diffcrence in
average temperature in 1958 between plastic
and straw was about 19°F. at 1 em., 15°F. at
4 c¢m., 11°F. at 16 em., 6°F. at 64 cm., and
25°F. at 152 cm, The relative differences in
1959 were similar to 1958, except that the tem-
peratures under the black-plastic treatment were
much lower in 1959 than under the clear plustic
used in 1958, Air temperature above the plots
was bighest by about 4°F. over the black-painted
gravel but was about the same above the rest
of the surlaces.

The higher soil temperature under the black-
painted gravel, in comparison with the aluminum-
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TABLE 1
I'nfluence of sotl surface condition on nel radialion
Radiation {in Langleys/day)
Time Net
Tatal
Check Black Aluminum Straw Plastic

1958:

May 28-30...... 683 321 393 204 281 3311

June 17-19...... GOD 238 299 237 237 202+

July 12-14. ... 530 300 — 302 310 3041

Aug. 25-30... ... 563 269 323 261 277 -

Ave., 1958, ... .. 594 295 (b0)* 341 (57)* 274 (46)* 276 (46)* 309 (52)*
1959

June 6-8........ 647 370 408 333 310 —

Sept. 5-7....... 527 — 394 248 268 298¢

Ave., 19589, ...., 587 370 (o7 ) 401 (57)* 200 (49)* 289 (49)* 298 (57 )*

® Per ecnt of total radiation. T Clear. 1 Black.
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Fig. 2. Influence of soil surface conditions on
soil temperature at 1 em. (1958).

painted gravel, was undoubtedly a result of the
increased not radiation on the black-painted
treatment. The higher temperature under the
clear plastic compared with the eheck was prob-
ably due to the “greenhouse efleet” produced
under the plastic, the decreased veulilation of
the soil surface, and the increased net radiation

pver the plastic plot. The higher soil tempera-
ture of the cheek plot in comparison with the
black-painted gravel plot was probably due to the
effectiveness of the gravel mulch on the black
plots as an insulator. This influence was sufficient
1o counteract the increased net radiation of the
black plat.

The measurement of cvaporation was not
sufficiently precise to distinguish any difference
among treattnents, with the exception of the
check treatment. Figure 4 shows the soll mois-
ture content of the treatments with time in 1958.
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Fra. 3. Influence of soil surface conditions on
soil temperature at 10 cm. {(1958).
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The lower moisture content of the check is due
to runoff in some instances as well as increased
evaporation. In 1959, when runoff was climinated,
the same general differences were evident, but the
total difference in roisture content was about
3 inch of water between the check and other
treatments, Lysimeter measurements of  soil
moisture loss due to evaporation are illustrated
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in figure 5. The data show that the cumulative
evaporation Joss from the bare check plot was
about 0.06 inch more in 6 days than from the
straw-covered plot. The precision of the lysimeter
measurements is illustrated by the data of figure
5, where a 0.14-inch rain occurred on August 25.

Some evidence regarding the mechanism of
moisture flow within the soil ean be deduced from

TABLE 2
Influence of soil surfoce conditions on soil lemperature in 1958 and 1959

Check Biack [Aluminum{ Straw Plastic | Check Black l.a\luminum Straw Plastic
Date
F op
I cm. depth 64 cm. depth
1958
May 28-30....] 83.7 80.1 75.1 70.5 898.7 | 69.0 68.3 65.6 62.6 72.5
June 17-10.,..] 82.4 g1.6 78.6 76.6 4.5 || 75.4 74.7 71.3 73.3 77.6
July 12-14. ... 90.1 g3.8 80.9 78.4 8.8 | 78.8 76.7 74.9 73.1 80.2
Aug,. 25-30....| 81.3 79.5 6.2 74.0 92.6 || 76.6 76.3 74.6 73.2 —
Ave, 1958, ... 4.4 81.3 77.7 74.9 93.9 [ 75.0 74.0 7.6 70.6 76.8
1959;
June 6-8...... 91.4 87.0 BL.5 72.0 — 70.7 71.2 8.3 63.8 —
Sept. 5-7.....| 88.5 84.6 B82.7 74.5 — 7.6 81.5 77.8 72.0 77 .4
Ave, 1959 . .. 90.0 85.8 821 73.2 - 74.1 76.3 73.0 67.9 —
4 em. depth 152 cm. depth
1058:
May 28-30....} 81.5 79.6 5.1 69.7 93.2 || 59.0 58.4 55.1 1.7 61.1
June 17-19....1 81.4 81.2 78.3 76.3 91.5 | GB.1 69.5 68.9 66.6 68.1
July 12-14. .. .| 86.2 83.2 80.7 77.9 87.7 [ 70.4 069.6 68.5 67.9 72.8
Aug. 25-30....| 81.0 79.3 77.2 740 S4.8 [ 73.4 72.3 71.6 71.2 70.8
Ave. 1058 . ] 82.5 80.8 7.8 74.5 §0.3 | 67.7 67.4 66.0 (5.9 (8.2
1959
June 6-8...... 86.3 85.2 20.0 71.0 — 60.6 61.3 59.5 58.9 —
Sept. 5-7..... 85.8 84.6 2.4 74.2 81.7 [ 72.4 - 73.9 69.7 72.2
Ave. 1959, ... 86.0 84.9 81.2 2.6 — 66.5 — 66.7 64.3 —
16 em. depth Air temperature above surface
1958:
May 28-30.... 77.8 76.4 70.3 67.3 85.3
June 17-19....| 80.4 79.6 77.1 76.1 86.2
July 12-14 .. | 83.3 81.0 18.7 76.3 85.1
Aug. 25-30....}1 79.6 78.4 76.2 73.6 50.8
Ave 1058 ....] 80.3 78.9 75.8 73.3 84.3
1959:
June 6-8.. ...] §1.4 8i.2 75.9 69.0 — 79.5 83.6 7.7 78.5 s
Rept. 5=7..... 82.4 82.0 £80.2 3.6 80.4 | 85.2 88.9 84.5 81.5 81.8
Ave, 1058 . .f 81.9 81.6 78.0 71.3 £2.3 86.2 1.1 S1.5 —

Values are averages of hourly readings,
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Fie. 4. Tufluence of soil surfsace conditions on moisture content (1958)

the data in table 2, The direction of water vapor
movement within the soil can be deduced from
vapor pressure gradients. Hf the soil moisture
content is greater than 15 atmosphere per-
centage, the relative humidity at equilibrium is
greater than 08 per cent, and the spil vapor pres-
sure is approximately equal to the saturated
vapor pressure. Since saturated vapor pressure
increases with temperature (air pressure com-
stant), water vapor would move from a high
temperature to a low temperature,

The data (table 2) show that the average
temperature decreased with depth for all treat-
ments thronghout the summer, This indicates
that net water vapor movement was downward
throughout the summer season. The assumption
of 100 per cent relative humidity was probably
not valid for the surface l-em. measurement
bogause of surface drying, but soil moisture
measuremnents made throughout the seasons
indicated that the assumption was reasonable
below a depth of 4 em. Consequently it appeared
that water movement to the soil surface, in
response to evaporation, was in the liquid phase
and not as vapor. Vapor movement was probably
of importance only within the soil surface. Thus
it appearg that cvaporation, where moisture is
not readily available at the soil surfaee, would
have little relation to soil temperature but would
be Hmited by liquid water movement to the
surface,

This confirms the laboratory studies on soil
drying of Gardner (1), who showed that evapora-
tion could be predicted quite accurately from the
soil by considering only isothermal Liquid flow
within the soil. It should be emphasized that this
conclusion is valid only under sub-humid condi-
tions, where moisture is not readily available at
the soll serface. ¥n humid sreas where moisture
is readily available, evaporation would depend
on the energy available, i.e., the net radiation (8).
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It is apparent from the data that, even in
1958 when the soil was comparatively wet, mois-
ture was not readily available for any appre-
ciable period of the year. Visual observation of
the check plot following a rain indicated that the
surface soil dried within a few hours after the
rain. Once the soil dried a “soil muleh” was
formed. Hanks and Woodruff (3) showed that a
“soil mulch” may be much mare effective in
decreasing water vapor flow than either a straw
or gravel mulch,

SUMMARY

Investigations were made to determine the
influence of straw, black-painted gravel, alumi-
num-painted gravel, and plastic mulches on net
radiation, seoil temperature, and evaporation.
Net radiation was highest on the black treatment
followed by the plastic-covered, check, straw-
covered, and aluminum-painted gravel treat-
mients. Soil temperature was highest under the
clear plastic treatment, followed by the check,
black-painted, aluminum-painted, and straw-
covered treatments, respectively. Evaporation
was greatest on the check plot but was about
equal on all of the other treatments. The total
difference in evaporation over the year between
the check and other treatments was no more
than 1 mch of water.

There was no direct relationship under the
conditions of this experiment between net
radiation or soil temperature and evaporation.

This is probably due to the great limiting in-
Buence of soil moisture within the soil after the
soll surface dries,
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