THE INFLUENCE OF SOIL MANAGEMENT ON THE
TEMPERATURE WAVE NEAR THE SOIL SURFACE



CONTENTS

I. THE THERMAL PROPERTIES OF SQIL AND AIR
A. The thermal conductivity of soils
B. The thermal diffusivity of soil and air

11, THE TEMPERATURE WAVE NEAR THE SURFACE OF A HOMOGENEOUS
SOIL .

A, Theory
B. Calculations

. THE TEMPERATURE WAVE NEAR THE SURFACE OF A LAYERED SOIL

A. Theory
B. Calculations

SUMMARY

LITERATURE .

15
15
16

2i

21






i. THE THERMAL PROPERTIES OF SOIL AND AIR

A. THE THERMAL COCNDUCTIVITY OF SOILS

According to DE VRiEs (1952), the thermal conductivity of soils may be calculated
from the kind, shape and arrangement of the particles and the moisture content. In
this theory the soil is supposed to be a coherent medium, viz, air in dry and water
in wet soils, in which several kinds of ellipsoidal particles are present. This leads to
the relation:

__]ivzvlvg + KuwXuwhw + AuXuhu

— R ot = — 1
’ kevXy + kwXw + kuXy M
with
-1
e
ke =} {1#(}\-—1)&1] (22)
a b, e 0
got gt ge=1 €)]
Xo+ Xp+Xu=1 4)
in which
As = the thermal conductivity of the soil (cal/cm sec. °C)

2o Papy Ay = the same of the soil components, where v, w and o refer to resp. solid
material, water and air. An index o refers to the coherent medium and
the index 7 to the particles; for the coherent medium 3; == A,and &k = 1.

X == the volume fraction of the component considered ; in dry resp. saturated
soils, Xy resp. X3 Is zero and therefore the corresponding terms in (1).
g == factor which depends on the shape of the particles, denoted by the

relation of its axis: @ = & = ne; with spherical particles is # = 1 and

8o =8 =g = %
If go = ga then g =1-—2gq and (2a) will transform into:

2 1
by =1 Ag + Ag (2b)
”31+Fﬁ0@1+ﬁﬁmh%ﬂ
%o o
The value g of the soil particles may be determined from direct measurements of
their axes or from measurements of the diffusion rate of vapour through a cylinder
with dry soil, since (1) alsc holds for diffusion. In that case &y is the only unknown,
from which g4 can be derived.
In a wet soil transport of heat by destillation of water aiso occurs, which results in
an increase of the thermal conductivity of the air.
Direct measurements of the thermal conductivity can be executed with the non-
stationary method of DE VRIES (1952). As an example, the calculation of the thermal
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conductivity of a sandy soil will be given. The results of such measurements have been
presented already elsewhere (VAN DuIN, 1956).
The properties of this soil are given in table 1.

TasLE [. Properties of the soil to which fig. [ and 2 refer

Composition | _ l . ‘ Grains Conductivity (10-%)
e Moisture content | Specific I
<2wp <16y org. | at field capacity : weight ) 2 2
matter D &a v i t
|
— ——
3.5 8.0 3.5 l 12.5%; of weight ’ 2.56 4 0.15 10.5  1.42 0.0615-
|

Saturated soil: The value of A, has been determined from direct measurements of
the conductivity of saturated soil. In that case 2, = 1.42, ky = 1, gqg = 0.15 and
Xu = 0; the measured value of A; was 4.82. 1073 at X, = 0.60, which gives &, = 0.398
and x; = Ay = 10.5.1073 calfcm.sec.°C.,

Soil at field capacity: Xy = 0.60, Xy = 0.184, Xy = 0.216, ky == 1. With small
values of X, the air-filled pores are approximately spherical and for these pores
ga = %; if Xy —0a value g = 0.0317 can be derived. The value of g at field capacity
then follows from interpolation between 0.0317 and 0.333, which results in g, =
= (0.170, k,, = 1.53 and }; = 4.16.10~* cal/cm.sec.”C.

Dry soil: Xy = 0.60, X,, = 0, X, = 0.40, ky, = 1. The value of &, = 0.028 follows
from (2b) with 2; = 10.50. 1073, 3, =0.0615.10~° and g, = 0.15. Since the theory gives
too small values for s with small values of X, a correction factor must be determined
by means of direct measurements. This factor appeared to be 1.31 for this soil, giving
s = 1.31.0.48 = 0.63.

Mglcal/emosec . °C) atemf/sec)
a A
510 T
/xv=oeo T 10.10 [ } ,
-3 / o
4.10 7 4060 8.10° 7 ﬂ
L X,2060
4“—” 040 !,‘-_-.-J-‘-"'- ‘
. o -3 [/ 3
310 r 4 810 T==0.60
[/ //:_’_’ k-5 %0 iy Y
2 A /_j ---- "~ . /f \“k_‘—-——_ £ 40
210 o 410 l‘ R e
el [/ C.40
i ¥ ’,!I
116° ’,’/ 216 B2
‘ /47 & I R L R et 0 g 0.10
'// l I A [ R I J
© 030 020 030 040 050 060 O 010 020 030 040 0S50 060
w Xw
FiG. 1. The thermal conductivity of sand (——), Fic. 2. The thermal diffusivity of sand (—-),
clay {------ ) and peat {....... ) in relation to the clay (------ ) and peat (.......) in relation to the
volume fractions of solid material (X;) and volume fractions of solid material (X3) and
water (X} water (X))
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The influence of the moisture content of this soil on its thermal conductivity has
been presented in fig. 1 for several values of X, together with this relation for a clay
soil and a peat soil.

B. THE THERMAL DIFFUSIVITY OF SOIL AND AIR
The heat capacity of a soil, per unit volume Cs, is determined by the heat capacity
of its components, according to:
Cs = C@)Xv + Cwa + CuXu (5)
For water, minerals and organic matter the values of C are respectively 1.0, 0.46

and 0.60 cal/cm?2.°C, so the heat capacity will increase with an increasing moisture
content.

F1G. 3. Model used as basis for the treatment of
the temperature wave near the soil surface

An important value to indicate the thermal behaviour of a soil is its thermal dif-
fusivity @ = &s/Cs (cm?/sec). The greater the value of g, the faster and the deeper will
a particular heat wave at the soil surface penetrate into the soil.

The thermal diffusivities of several soils in relation to their moisture content are
presented in fig. 2, from which it appears that the diffusivity of mineral seils has a
maximum at a moisture content of approx. 159 of volume. In studying heat transport
in soils, the assumption of %; and C; being independent of depth, or representing
these properties by mean values for certain layers (e.g. according to fig. 3), will give
a good approximation in many problems. With heat transport in the air this as-
sumption is a too great simplification smce the turbulent diffusion dominates the
molecular conduction to a large extent. For the present investigation a linear increase
with height of the thermal diffusivity coefficient of the air, K, has been chosen in
accordance with LETTAU (1952). This assumption does not hold for larger distances
from the soil surface and for that reason the heat flux into the air is somewhat over-
estimated. The increase of X with height is given by

K=ty (z + 2o) ©)
v = constant of VoN KArMAN, with a value » =— 0.40
. — friction velocity (cm/sec)
distance to the surface {cm)
» — roughness parameter (cm), varying between 0.01 cm for a smooth surface and
10 cm for high grass.

The friction velocity follows from the velocity profile for fully rough flow and neutral

stability:

»
If

BN
Il

Uy 1. z+4 2z
— = - In —

u, x Zp
where u; = wind velocity at height z (cm/sec).
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Another value which is of importance with reference to the heating and cooling of
soils is the product AC, since its values for soil and air determine the distribution of
the heat available at the surface among them [compare (23)], while the quotient
1s/Cs determines the distribution of the heat with depth [compare (27a)]. The equa-
tions for a constant flow of heat into soil and air are given by:

aT
B == s o (8)
J

L = -KCy % (9
B = heat flux into the soil (cal/cm®sec)
L = heat flux into the air (cal/cm?2.sec)
T = soil temperature (°C)
® = air temperature (°C)
C, = heat capacity of the air per unit volume (cal/cm?®.°C).

The consequences of the available heat at the surface being a periodic function
of time, will be dealt with in the next chapter.



Il. THE TEMPERATURE WAVE NEAR THE SURFACE
OF A HOMOGENEOQUS SOIL

A. THEORY

The net amount of radiation reaching the surface of a large homogeneous field,
is used for heating the soil and air and will cause evaporation according to:
H—E=B+L=U (10)
H = radiation that reaches the earth, minus reflection and outgoing long wave
radiation (cal/cm?2.sec)
E = energy used in evaporation (cal/cm?2.sec)
U = the available heat for heating soil and air (caljcm®.sec)
If the total heat flux at the surface, U, is a periodic function of time, ¢, according to:
Ufe, t) = Uy + Uy cos ot (11
and the thermal properties of soil and air are constant with time, the heat fluxes B
and L are given by:

B (o, 1) = Byy + By cos (ot + 5) (12)
Lo, 1) = Loy + Ly cos (eor + o) (13)
Uge = Bgo + Log {14)
Up= By cos p+ Ly cos o« =Ly (cose + R cos B) (15)

U, 1) = total heat flux into soil and air at depth z = o and time 7.

Uggs Boos Lgy = mean value of the heat waves at the surface

Ug By, Ly = amplitude of the heat waves at the surface

o = circle frequency of the periodic fluctuation, where o = 2/t if 7 is
its peried (sec.)

B, « = shift of phase between the total heat flux and the fluxes resp. into
soil and air

R = By/L,

The temperature wave at the surface is given by:
T, £) = Ty + Ay (cos ot + v) (16)
Tys = mean value of the temperature wave at the surface
Ap amplitude of the temperature wave at the surface
' shift of phase between the total heat flux, U {o, 7) and the temperature wave
at the surface.

In the particular case that both in soil and air the thermal properties are constant
with the distance to the soil surface, the relation between A, B, and L, is given by:

By = AgV3Cs (17a)
Ly = AyCyV Ko (18a)
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R = V3GColCuv'E (192)
According to SCHMIDT (1918, see LETTAU, 1952)

v = -n/d4 x=20 p=20 (20a) (21a} (22a)
by which (15) is transformed into U, == L, (1 =- R), and combination with (18a)
and (19a) will give:

Uy
A T e Vi G+ CuVE)
Introducing the turbulent diffusion coefficient, K, increasing with height, gives
other values of L;, R, Ay, «, B and v (according to LETTAU):

(23a)

A ity C By 7V hsCsw
S el 2R JEYl BN A 18b) (19
L[) TEJ LD kou*Cu ( ) ( b)
_ [__ Rsin w4 + sin_ (a_{ctg I/Zj)]
1= arctgk R cos w/4 + cos (aretg 1/2)) (20b)
=y -arctg1/2j; B=v+n/4 (21b) (22b)
U wj U,
° . S (23b)

A, =———— — —
® V3Csw cos B+ Cukoyit, cos afmj kg, Cy (cos & + R cos B)

where j depends on the period of a periedic fluctuation and the turbulent parameters

according:

I
Jj=—0367+ —(ln by + Inu, —1In zy — In @} (24)

T
The temperature at time ¢ and at distance z from the surface now follows from
T (z, 1) = Tyy + pz Ag cos (wf -y 4+ $p) (25)
D (z, 1) = Tgp + hz Ay cos (1 + v + 12) (26)

with
_ —z{Ds; 1
pP:=¢€ Ve = —Z!Ds (273.) (283.)
W+ +1G—=0", J

hy = " R N = — arctg YT (27b) (28b)

where J depends on the wind i)roﬁle according to:
J =j—= n —— 29

Ds (= V'2ajw) is the damping depth of the temperature wave in the soil (cm). The
value of D; may be calculated from the course of temperature at two values of z
according to:

(30a) (30b)
\:{wfhgre

A, and A, are the amplitudes at depths z; and z,;

<, dnd ¢, the corresponding shifts in phase.
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B. CALCULATIONS

S0OIL STRUCTURE

In fig. 4 the calculated temperature wave during a clear day in the month of May
is given for a sandy soil at field capacity with different values of X The corresponding
properties are given in table 2 (case 1, 2 and 3), while the properties of the air were
as follows:

7o =07 u, =204; j=2347; wjkg,Cu = 446.10% o = 73.107% and
T = 11.5°C.

The amplitude of the daily wave amounts to resp. 9.6 and 13.4 °C when X, = 0.60
resp. (.40, according to the functions 7(0, 1) = 11.5 4 9.6 cos {wt —0.54) and
T, 1) = L1.5 + 134 cos (wr — 0.44). '

If the heat flux into the soil had been independent from the thermal properties of
these soils, the amplitudes would have been A, and gd, with p — V' ACs/V W5 C's
and 2;Cs and 2'5C's referring to the situation of fig. 3a and 3¢ respectively. In that
case 4y = 9.6 and pAd, = 9.6.42.1/22.9 = 17.6 °C; because of the decrease of the
amplitude of the heat wave into the soil from 3.44.1073 to 2.62.10~%cal.cm?.sec, the
amplitude of the heat wave only increases from 9.6 to 17.6.2.62/3.44 = 13.4 °C.

T{L€)

28k —

I I ] L 1 S | | i t

o 4 [ 12 18 20 24 0O 4 8 12 15 2c 24
t{hours)
F1G. 4. The daily temperature wave in a sandy FiG. 5. The daily temperature wave in a sandy
soil at field capacity with Ay = 0.60 (——); soil with X, = 0.50¢ and moisture contents
Xy = 040 (------ ) and X = 0.40, crumb struc- Xy = 050 (—), X = 0.16 (- y and
ture (ooenn) K =0 (.. )



If the soil has a crumb structure (soil 4), the crumbs may be considered as particles
with their own thermal conductivity (DE VRiEs, 1953). In that case a thermal conduct-
ivity of the crumbs of 2. = 3.80.107% was found, assuming that all the moisture is
concentrated in the crumbs and X, == 0.60 and X, = 0.1875 (fig. ). A calculation
according (1) with these crumbs as particles and Ay = 0.666 and 2, = 0, gives
ky == 0.150 and »; = 0.98.10°%,

As a consequence of the lower thermal conductivity of a crumbly structured soil,
the amplitude of the temperature wave increases to 15.0 °C and B, decreases to 2.22.
10-3¢al/cm?.sec.

MOISTURE CONTENT

The influence of the moisture content of the soil is illustrated in fig. 5 for a sandy soil,
which is respectively saturated (soil 4 in table 2), at field capacity (soil 5) or dry
(soil 6). It appears from fig. 5 that the difference between soils at field capacity and in
a dry state is greater than the difference between saturated and field capacity. The
amplitude at the dry soil surface further increases if the available heat, U, increases
caused by a decrease of H [compare (10)]. If £ = 0 the value of &7 amounts to 8.0.
10~%calfem?.sec and 4, — 26 °C. In that case the importance of horizontal transport
of heat increases and (10) does not hold anymore.

DISTANCE TO THE SOIL SURFACE

The decrease of the amplitude with depth according to (27a) is presented in fig. 6
for the heat waves in a peat soil at depths z = 0, z = 1Dy, z = 1D, and z = 2D;
with Dy = 5.8 cm (soil 7 in table 2). The decrease of the amplitude with the distance
to the soil surface is presented in an other way in fig. 7, where the vertical Jine indicates
the mean daily temperature.

As follows from this calculation, night-frost will on the peat soil occur in the zone
between 1.5 cm below and 6 cm above the soil surface, while the temperature near
the moist sandy soil does not fall below this critical value. With a dry scil the situa-
tion with reference to night-frost is very unfavourable since the amplitude of the
surface temperature is even larger than for a wet peat soil and the more so, the more

TABLE 2, Properties of the soils used in the calculations

Nr. Soil Xy Xy Xy s Cs A/ 7€ Vo
1 sand, f.c. 0.60 0.19 0.21 3.80. 10 0466  42.1.t0° 8§52 .10
2 sand, loose 0.40 0.125 0.475 1.70.10~° 0309 22.9.10°* 852 .10°°
3 sand, crumbly  0.40 0,125 0475 098.10° 0.309 17.4 .10~ 8.52 .10
4 sand, sat. 0.50 0.50 0 4.00.10% 0.73 540,107 852 .10
5 sand, f.c. 0.50 0.16 0.34 270 . 103 0.39 324 . 10-% 852 .10
6 sand, dry 0.50 0 0.50  0.48.10-%  0.23 10,5, 10-* 8.52 .10~
7 peat, f.c. 0.10 0.50 040  0.68.107%  0.56 19.5.10~% 8.52 .10~*
8 peat, dry 0.10 0 .90 0.08. 10— 0.06 2.19.10-% 8352 .10
9 sand, sat. 0.60 0.40 0 4.80.107"  0.68 57.1.107% 0.446. 103
10 sand, f.c. 0.60 0.19 0.21 3.80.10°# 0.47 42.1,107% 0.446.10°32

—
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FiG. 6. The daily temperature wave in a peat soil
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Ds (mmm)y 2 = % Dg (-m7), 2 = Dy (==- } and
z = 2 Dg om

)

20 24
tthours)

15 20
Amplitude °C

FiG. 7. The decrease of the amplitude of
the daily wave of ternperature with increas-
ing distance from the surface in a dry
sandy soil (...... ), a sandy seil at field ca-
pacity (——} and a peat soil at figld capa-

the wave of the available heat increases. Drying the peat soil makes the situation

WQrse.
Nr. D R o f N U, A, B, Ly
1 15.0 1.600 —0.40 0.24 —0.54 530, 10° 9.6 344 .10 2.15.10°3
2 12.3 0.874 -0.3¢ 0.34 —0.44 530,102 134 2.62.107* 3.00,10°°
3 935  0.660 -0.25 0.38 ~0.40 5.30. 1072 15.0 220.107* 3.36.101
4 12.3 2.02 -0.43 0.21 -0.58 5.30. 103 8.2 371,107 1.84.10°°
5 13.8 1.23 -0.35 0.28 —0.50 5.30. 10 11.2 3.08.107% 2.51.10°%
6 7.57 040 —0.18 0.46 -0.33 5.30. 10 17.6 1.58 .10—* 394 .10°3
7 580 071 —0.26 0.37 -0.51 5.30. 103 14.6 244 .107% 3.27.10°%
8 6.04  (.085 -D.05 0.60 -D.19 53010 221 0.41.10°* 49510
9 266 0.21 -0.12 0.58 -0.20 1.16 ., 103 8.2 021 .10°% 0.59.10°%
10 284 0.16 -0.09 0.82 -0.17 1.47 . 102 10.8 0.20.10-% 1.30.10°3




YEARLY TEMPERATURE WAVES

If the period of the function is a year instead of a day, the damping depth must be
multiplied with a factor v/ 365. The influence of the moisture content of a sandy soil
{9 and 10 in table 2} on the yearly wave has been calculated with z; = 0.10, », = 18.9,
J = 591 and =jlkgu, Cy == 8.25.10%, It has been assumed that with the available heat
the evaporation from the saturated soil varies during the year from 0.25 and 2.5
mm/day and from the soil at field capacity from 0.15 and 1.5 mm/day.

The calculated surface amplitudes with &/, — 1.16.10-3 and 1.47.10-3 cal/cm®.sec
are 8.2 and 10.8 °C respectively, while these values would have been 10.4 and 10.8
°C if in both cases the total heat flux was 1.47.10-2 caljem®.sec. This is an indication
of the importance of evaporation in relation with the yearly course of temperature in
wet soils.
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INl. THE TEMPERATURE WAVYE NEAR THE SURFACE
OF A LAYERED SOIL

A, THEORY

The influence of depth dependent thermal properties on the course of the heat and
temperature waves in the soil, has been treated by PEERLKAMP (1944) and applied
by D VRiEs and DE WiT (1954) to calculate the risk of night-frost as influenced by a
sandy layer covering a peat soil. VAN Duin (1954) has also considered the influence
of such a layered soil on the distribution of heat between soil and air and applied
this on the influence of tillage on the microclimate.

If a soil consists of a bottom layer (to infinity) with thermal properties % and Cs,
a top layer with thickness " and thermal properties 1’y and C’s (fig. 3b) the following
equations are valid:

AVRCS . VG

R'sin (/4 — o) + 7sin (aretg 1/2 /)

_ N 20
¥ = arctg | R’ cos (/4 — p) + cos (arctg 1/2 j) (20c)
By g 22
By (22)
LU |
A= kgt Cy (cos o + R’ cos ) (23¢)
with
L rfe® 4+ 26 cos 28 4 1)3
f=¢ |r2e=® — 2 re= cos 25 + 1 (31)
2 re 2 sin 23
arlg w1 (32)
and

NG

d’ \//}3(1 l—p
S R e S e

The value of f varies between 1 and o when d” varies from 0 to co, with a maximum
of tg 28 = (r2e ¥ — 1)/(r2e ¥ 4- 1) or 8 = 1.2, while f = p for more than one value
of 3. The minimum value of § for which f'== p is found if § = 0.8 (see fig. 8).

The values of p; and J, in the upper layer (0 << z < d') are now given by:

e — lrzemez: 2 re® cos (28 —20) 4 e P L 70

rEe=1® L 2 pe2 cos 28 1
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Fic. 8. Influence of 8 on the value of f£according (31)

(r2e 4% &% L 1) sin ¢ + re (e + 1) sin (28 -¢)
by = arctg - 28¢5 20 —
(rPe® e —1)cosg—re Be S —1)cos (28— Q)
with ¢ = z/D'
The values of p» and {: in the bottom layer (z = d") are the same as in a homo-
P Y
geneous medium, thus:

(28¢)

o
m:mwmwﬁ%:wmfm (27d) (28d)
In the boundary layer (z = d) the values of p, and {§, are simplified to:
| ﬂW+W 13
pal == hz B 1 2008 cos 23 1+ II {272}
vt (re—28 4 1)sin 8 "
\f'a:f == arc g( 3 1) cos 3 — (28e)

The model of fig. 3b and the accessory formulae can also be extended to three or
more layers. Although this may give a better resemblence of reality, this refinement
will for many problems not be necessary also because other limitations may be much
more important, as for example the changes of the soil properties with time.

B. CALCULATIONS

CULTIVATION

The influence of a loose top soil covering a dense subsoil with the properties of
soils 2 and 1 in table 2, on the amplitude of the temperature wave at the surface varies
somewhere between [ and 13.4/9.6 = 1.4, where 9.6 and 13.4 are the surface ampli-
tudes in the case these soils are homogeneous.

An important question is now, at what depth of the upper layer this soil approxi-

16
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F1c. 9. Influence of the thickness of the upper layer (d’) on the amplitude of the daily temperature
wave (A, at the surface. Near the curves numbers of the toplayer and subsoil are given
corresponding with table 2

mately behaves itself as a homogeneous soil with the properties of the upper layer.
This depth depends of course in a large degree on the damping depth, since this depth
determines the depth of penetration of the heat- and temperature waves. From this
it is clear that the influence of cultivation that is limited to a small depth, is of minor
importance for the yearly course of soil- and air temperature,

Fig. 9 gives the relation between the thickness of the upper layer, d', and the am-
plitude of the daily temperature wave at the surface for several improvements. First,
the influence of a loose by packed upper layer (curve 2/1). The amplitude reaches a
maximum of 13.6°C at d' = 14.5 cm and the value of 13.4°C if 4’ == 12 cm, which
value is about equal to the damping depth of the upper layer, D's. The influence of
such a layer on the yearly wave is next to nothing. With a depth of 30 cm the increase
of the amplitude will be 0.1°C and if the upper layer has a crumb structure 0.15°C,

TasLe 3. The temperature waves at depths z = 0, z = 10 and z = 20 ¢m in not cultivated and cul-
tivated clay at Wageningen during the period front January 8 to February 7, 1954 (VAN
Dun, 1956)

| .
| z=0 | 2= 10 | z=200m

not cultivated {d¢" = 0) ! ~0.44+5.9 cos ext | -0.5+45.5 cos (! —0.09) ‘ 0.44+4.2 cos (e - 0.25)
cultivated {¢" = 20} | -0.946.5 cos (wt+0.05)| 0.0+5.5 cos (er - 0.10) ‘ 0.944.0 cos (et — 0.25)
minima: not cultivated | 6.3 i 6.0 i -3.8

cultivated | 74 ‘ 5.5 i 231
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FiG. 10. Course of mean daily temperature FiG. 11. The calculated yearly course of
at the surface (z = 0) and at a depth of 20 the mean daily temperature at the surface
¢m (z = 20} in not cultivated (¢” = 0) and of a soil with a deep ( ) resp. shallow
cultivated (d’ = 20) unplanted river clay at {--mn- }groundwaterlevel, according the data
Wageningen of table 4

Apart from daily and yearly fluctuations irregular fluctuations also occur, This is
represented in fig. 10 for the course of temperature during a period of one month for
two depths. The corresponding functions are given in table 3.

As follows from the temperature functions for one month, the minimum value of
the mean daily temperature is approximately 1°C lower at the surface of the culti-
vated soil, but at depths of 10 and 20 cm the not cultivated soil cools down less. This
difference in temperature may be more accentuated when shorter periods with a rapid
change of temperature occur.

The answer to the question to what extent a cultivated soil is colder or warmer than
a soil that has not been tilled depends of course on the time of the year and the depth
that is considered. [n periods of heat increase (spring), the upper layer of a cultivated
soil warms up somewhat faster, while the lower layer stays cooler; in periods of heat
decrease {autumn) the reverse is true. From this point of view loosening the soil may
be preferable for summer crops, compacting the soil for winter crops. On the other
hand if night-frost threaten in spring compacting may also be desirable, even as
sprinkling.

18



SOIL MULCH

The influence of desiccation of a soil on its daily amplitude near the soil surface
was already illustrated in fig. 5 and 7 for the extreme situation of a homogeneous dry
soil in comparison with a homogeneous wet soil. The intermediate situations are given
in fig. 9 for a sandy soil {curve 6/5) and a peat soil (curve §/7), assuming that the
available heat is independent of the moisture content. The influence of a decrease in
evaporation has been already discussed in a preceding paragraph. The amplitude in
soils with a dry upper layer and in homogeneous dry soils is about the same if d' =
= g

The decrease in risk of night-frost by improving a peat soil by applying a sand
cover can be seen from curve 5/7 in fig. 9. If the thickness of this layer amounts to
approximately 12 cm, this soil behaves as a sandy soil regarding the daily temperature
wave. The properties of these soils are the same as those mentioned in table 2 under
5 (sandy soil at field capacity) and 7 (peat soil at field capacity), with amplitudes A,
of 11.2 and 14.6°C respectively. If the soil dries out the influence of a sandy top layer
when ii has a thickness of at least D's cm, can be seen when comparing the curves
6/5 and 8/7.

The reverse situation i.e. a top soil of peat on a mineral soil in the form of for exam-
ple peat litter to protect the subsoil from exireme temperatures, is given in curve
7/5. The amplitude at the original surface decreases from 11.2°C (d’ == 0 cm) to resp.
82 (d=1.5), 63 (d =3) or 3.8°C (d' = 6 cm). Besides this, the mean value of
the daily temperature will be higher in winter, although this effect is small except when
shorter fluctuations occur.

DRAINAGE

The influence of the moisture content of a soil on its thermal properties, the heat
waves into soil and air and the surface temperature is illustrated already by the data
of soils 9 and 10 in table 2. Two intermediate conditions are given in fig. 11, In the
calculations it has been assumed that the upper layer is at field capacity, while the
subsoil is saturated. Some of the properties are presented in table 4.

The mean value of the yearly wave of temperature amounts in the Netherlands to
approximately 10°C and it has been assumed that the minimum value for shallow-
and deeply drained soils is the same, i.c. 1.6°C. Assuming a yearly mean surface

TabLE 4, Properties of the soils fig. 11 refers to

[ ) ! B
a 5| s o | RS | = 5 Y
- - b ! S S i _ -
50 0.176 1.11 -0.073 0.192 | -0.12 0.66 -0.20
150 0.106 -0.091 0.164 ¢ =010 0.70 -0.18
. ] _ Y S N S
Uo Ay B, Lo Tou | Tmtn Tmax
1.16. 102 8.4 0.22.107* | 102.10°® 10.0 1.6 18.4
1.47 . 6077 10.8 0.28.10°% | 1.31.10® 12,4 1.6 232




temperature of 10°C for the shallow drained soil, this will result in a mean value of
12.4°C for the deeply drained soil. The maximum of the mean daily temperature will
amount to resp. 18.4 and 23.2°C. The difference between these maxima will of course
depend to a large degree on the postulations that have been made concerning the
influence of drainage on the available heat at the soil surface and on the mean value
of the yearly temperature waves. If, for instance, the amplitude of the available heat,
Uy, amounts in both cases to 1.16. 1073 calfcmZ.sec, the amplitudes of the surface
temperature wave are 8.4 and 8.55°C for shallow respectively deeply drained soils,
When in that case the yearly mean temperatures are the same, the difference between
the yearly temperature waves at the surface of shallow- and deeply drained soils will
be very small.
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SUMMARY

The temperature wave near the soil surface depends on the available heat at the
soil surface and the thermal properties of soil and air, viz. the thermal conductivity
and the thermal diffusivity. The thermal conductivity of a soil may be determined
from measurements and with calculations according the theory of DE VRIES {1952).

In first approximation, the thermal properties of the soil are considered to be in-
dependent of depth, and those of the air to be increasing with height, according to
Lerrau (1952), The influence on the temperature wave of a top layer with different
properties has been calculated according Van Dun (1954). From this it appears that
& soil with a top layer approximately as deep as the damping depth, behaves itself as
a homogeneous soil having the thermal properties of the top layer.

The influence of cultivation on the amplitude of the daily temperature wave at the
soil surface, during a clear day in the month of May, is given in fig. 9, as well as the
effect of other methods of soil management. The desiccation of the topsoil in parti-
cular has a large influence on this amplitude, which is important with reference to the
risk of night-frost, This indicates the effect of sprinkling. In other cases compacting
of the soil may be an effective measure. With peat scils the risk of night-frost is much
higher, which explains the use of a sand cover. The influence of drainage on the tem-
perature wave depends to a large degree on its influence on evaporation.
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