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SOIL TEMPERATURES IN THE UNITED STATES!

By Epite M. FirToN and CaarLes F. BrRooks
[Clark University, Worcester, Mass.]

By writing to all the agricultural experiment stations
and examining the available literature on the subject, soil
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FIGURE 1.—Air and soil temperatures at Temple, Tex., Lincoln, Nebr., and Urbana, 11.

temperatures for 32 stations in the United States have
been obtained.® Only’the very cordial cooperation of the

agricultural experiment stations, the library of the United
States Weather Bureau, and certain individuals has made
possible the collection of the data. The stations, though
few in number, are fairly representative of the country as
a whole.

Many variations in the conditions under which the soil
temperatures were taken oceur. In general, the experi-
ment stations obtained soil temperatures not because of
interest primarily in the temperatures themselves, but to
determine the extent to which the temperatures were
favorable or unfavorable for an important local crop or for
bacteria harmful or helpful to that crop. Thus the ther-
mometers were often placed at the depth at which the
seed would be planted, so the depths for the different
stations vary considerably. Also, because the interest
was chiefly In connection with crops, records were often
taken only during the growing season instead of through-
out the year. Soils such as clay, loam, sand, peat, etc.,
are indicated; soil covers are various—bare, cultivated,
sod, orchard, tobacco, cotton, mulches, etc.; exposures
noted at different stations indicate variations between
hillsides and bottom lands, dry soil and wet soil, shade
and sun, ctc. The accompanying table of soil tempera-
tures indicates these variations where possible; it will be
noted that some stations make no specification whatever
as to the soil, soil cover, or exposure at the place where the
soil thermometers were placed. In cases where tempera-
tures of several kinds of soil or soil cover or exposure were
recorded at one station, all of the data are included in the
table for purposes of comparison at the station itself.

The material was sent to the authors in many different
forms—some of it had already been published; some was
in the form of graphs from which the desired tempera-
tures could be read ; in many instances the original thermo-
graph records were sent and readings and tabulations were
made from them; often a letter from an official of the sta-
tion indicated all the soil temperatures that the station
had available. Where possible, the temperatures in the
tables were obtained by averaging the mean daily maxi-
mum and mean daily minimum temperatures for each
month,

It is very apparent that the soil temperatures obtained
for the 32.stations are by no means uniform—variations
occur in the years, months, or days of record, the method

1 Based on a paper presented before the Association of American QGeographers at Wor-
cester, Mass., December 29, 1930, by Edith M. Fitton.
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of taking the record and of compiling tables from it, the
kind of soil, depth, soil cover, and exposure. Hence the
records at different stations are not strictly comparable
with one another; however, the data are valuable for the
individual stations, especially when temperatures for dif-
ferent depths, soils, and exposures are recorded at a single
station. The scantiness of the material now available
emphasizes the need for many additional observations of
soil temperatures, which should be made under conditions
as uniform as possible.

A study of the tabulated records now at hand and the
graphs which iflustrate them suggests a number of con-
clusions.

(¢) Air and soil temperatures near the surface vary in
a fairly parallel manner.

Since the temperature of the air is chiefly dependent on
radiation and conduction from and to the ground, it fol-
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Tex., this statement does not hold true in the spring and
fall. In the spring the reason is perhaps that it takes
longer for the soil, continually cooled by conduction from
below to warm up; in the fall, with shorter days and a
longer period of nocturnal radiation, the soil cools more
rapidly, though, as the winter months show, not to as
great a degree as the air. Because of intense surface
heating, the summer months show the widest variation
between the air and soil temperatures, the soil at the 1-
inch depth being considerably warmer than at 3 inches,
with the interesting exception of August at Temple,
Tex. The explanation for the exception probably lies
in the fact that the deeper soil has become thoroughly
warmed during the long summer of this southern station,
and, since it retains its warmth at night better than the
surface soil, its temperature shows a higher monthly
average.
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FIGURE 2.—Weekly courses of 80il temperatures at different depths at Davis, Calif.

lows that the diurnal and annual courses of the air tem-
peratures and the ground temperatures should be quite
similar. A number of stations provided air temperatures
as well as soil temperatures. (See fig. 1 and the accom-
panying tables.)

() The soil temperatures at slight depths are generally
?%g_her ghan the air temperatures throughout the year.

1g. 1.

By day and especially in summer the ground is warmed
to a much higher temperature than the air above it,
so much so that, though 1t is cooled to a lower temperature
at night, the mean temperature of the ground remains
higher than that of the air. At Urbana, Ill., “the aver-
age monthly temperature of the soil to a depth of 1 to
3 inches is always higher than that of the air above it”
(14, p. 42), but at Lincoln Nebr., (21) and at Temple,

(¢) The diurnal range in soil temperatures extends to a
depth of about 3 feet (60, p. 79).

A study of the original thermograms which were sent
by a number of stations showed this to be a fact, as does
also Figure 2, from a soil paper by Alfred Smith published
in Hilgardia (32, &, p. 91). The 36-inch-depth line is
seen to have the least fluctuation during the weeks shown.

(d) The annual range in soil temperature is quite
apparent at a depth of 10 feet, the greatest depth for
which a record is obtainable in the United States.

Bozeman, Mont. (fig. 3) furnished soil temperatures
to a depth of 10 feet. Here the annual range is still
reasonably apparent and it probably extends to a depth
of 30 or 40 feet (60, p. 80). Where the temperature line
for the 10-foot depth is superimposed on the 1-foot tem-
perature line, the greatly decreased annual range with
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depth is at once apparent. The increase in uniformity
of temperature with increase in depth, progressively in-
dicated from top to bottom of Figure 3, is due to the
fact that in the summer time with increasing depth the
soil becomes colder; in the wintertime, with increasing
depth, the soil becomes warmer.

(¢) The lag of maximum and minimum soil tempera-
tures increases with depth.

According to Alfred Smith’s experiments at Davis,
Calif., the lag “varies from less than 1 hour at the ¥-inch
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depth to approximately 80 hours at the 36-inch depth
(32b, p. 111). Figure 3 shows that at the 10-foot depth
the lag in annual maximum snd minimum is as much =s

four or five months, September and April being the
months of the extreme temperatures.

() A cover crop lessens the diurnal and annual tem-
perature ranges.

The tables show only three stations that supplied soil
temperatures specifying several different soil covers;
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FIGURE 4.—Soil temperatures under different cover crops at Purdue, Ind.

the data for Purdue, Ind., are shown in Figure 4.
The mean annual range under straw mulch is least;
under clean clutivation it is greatest. The spring and
summer months show the greatest differences in tempera-
ture between the soil under clean cultivation and that
under straw mulch, because the bare ground warms up
so much more rapidly as well as to a greater degree than
the ground under straw.
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(9) In the winter time, northerly stations where the
snow cover is more or less permanent show higher mean
monthly soil temperatures than stations somewhat far-
ther south or west but lacking a good snow cover.

By means of Figure 5, the winter air and soil tempera-
tures at East Liansing and Lincoln (21) may be compared.
While the air temperatures at East Lansing average 5° F.
or more below those at Lincoln, the soil temperatures
are several degrees higher than those at Lincoln. The
explanation seems to lie in the fact that a snow cover of
fairly permanent duration maintains the soil temperatures
at about 32° regardless of the air temperature, whereas
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lack of snow cover allows the soil temperature to average
lower than the freezing point under winter conditions
that in general favor surface temperatures below freez-
ing. The winter time soil temperatures at Fort Collins
are of interest. (Fig. 5.) Early in the winter this station
has low soil temperatures, probably due to early cooling
because of altitude and lack of early snow cover. Later
in the winter, however, the deeper snow cover prevents
the soil temperatures from falling any lower and even in-
sulates the soil sufficiently to allow warmth from below
to cause a slight rise in soil temperature.

A uniformity of temperature throughout the winter
months which is probably maintained by the snow cover
is apparent in most of the illustrations.

(k) The presence of moisture in the soil tends to give
a low and uniform temperature.
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Auburn, Ala., Columbia, Mo., and Corvallis, Oreg.,
have furnished soil temperatures specifying whether the
soil is wet or dry. At Auburn the wet bottom-land soil
seems to be warmer than the dry hilltop soil, but this may
be merely the result of the method of obtaining the means
by averaging the maximum and minimum temperatures,
for the minimum temperatures on the wet ground are
several degrees higher than on the dry sandy ground. At
Columbia the ‘“seepy spot”” on the slope is generally
cooler by about 1° than the other two exposures, both at
the 12-inch and 36-inch depths. In 3 instances out of a
possible 24 comparisons the seepy spot was found to be
warmer than the other exposures.

At Corvallis the difference is between irrigated and
unirrigated soils. The conclusion is that ‘“the presence
of irrigation water and the resulting evaporation tends to
give a low uniform temperature, but the difference due to
urrigation would decrease with depth’”’ (31, p. 30). At East
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Lansing, Mich. (fig. 6), a comparison between the dry
sand and the moist peat soils shows that peat tends to
maintain a more uniform temperature than sand, being
warmer in winter and cooler in summer.

(1) Loam, clay, and peat soils never become as warm
in summer as the drier gravel and sand soils,

Figure 6 and the data in the table for East Lansing,
Mich., show that at all depth highest summer tempera-
tures are found in the sandy and gravel soils, lowest tem-
peratures in the peat and clay soils. In the winter time
all of the soils tend to be at a temperature of about 32° F,
when under a snow cover.

(7) Soil temperature and its annual range decreases
with altitude. :

The uppec portion of Figure 7 shows the decrease of
temperature with increasing altitude for both north and
south slopes. The lower portion of the figure shows the
lessening range with increase in altitude.

(k) South exposures at any altitude have higher tem-
peratures and a greater range than north exposures.

The lower portion of Figure 7 shows this graphically.
It is of interest to note how much less rapidly the maxi-
mum temperatures on the south slope decrease with alti-
tude than the maximum temperatures on the north slope.
The mean temperatures for the south exposures averages
12° F. or more above those for the north exposures at the
same levels, and even at 9,000 feet the mean for the south
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exposure is still almost 5° higher than the mean for the
north exposure at only 7,000 feet.

Daily and monthly ranges, shown in Tables 2 and 3 for
certain stations, provide further quantitative comparisons
of soil temperature characteristics at different depths at
the several seasons and in various climates. Daily ranges
are greatest nearest the surface. The 1922-1925 series at
Fargo, N. Dak. (18), described as an unusually warm
period, had a daily range at 1-inch depth in excess of the
range of air temperature a few feet above the ground. The
other Fargo series (19), however, at %-inch depth showed
a range only one-fourth to one-third as great as that at 1
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inch in the first series. In general (Table 2), the range of
soil temperature at the 3-inch depth was about three-
fourths the range of air temperature in the warmer half
vear and less than two-thirds of the reduced air tempera-
ture range in the colder half year.

From this general surface layer downward the daily
range decreases geometrically. In the most complete
New Haven series (4) the daily range decreases by about
half for each 3-inch increase in depth, becoming at 12
inches only one-fifth to one-tenth that at 3 inches. In
the other New Haven series (5), the range at 6 inches is
about the same as in the first, but that at 12 inches is still
nearly as large, and the range at 18 inches is much like
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that at half the depth in the first series. As these observa-
tions were made in borings, a more rapid exchange of heat
than usually occurs in the ground may have taken place
in these holes. In the New York Botanical Gardens daily
ranges at a depth of 1 foot in clay soil mixed with loam
were about the same as at the same depth in the first
New Haven series, namely 1° to 2(+)° F.

Any covering on the soil reduces the daily range
markedly. In the Purdue experiment (13) ranges at 6
inches under straw were only 2.5° to 5° F., while those
under clean cultivation were 8° to 12° F. in the warmer
half year. Ranges under grassland were nearly as large
as those under clean cultivation, however. Ranges under
straw, cover crop, or grass were all about the same in
winter, generally 3° to 5° except in January, when
reduced to 1.4° (cover crop) to 2.1° (grassland) probably
by the snow cover.

The effect probably of snow cover is also seen in the
ranges at Wooster and Columbus, Ohio (11), where the
range at 6 inches is smaller in proportion to that at 1 inch
in winter than in summer. In the colder half year the
range at 6 inches is only one-fourth of the 5° range at 1
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inch, while in the warmer half year the range at 6 inches
is one-third of the 20+ ° range at 1 inch. In general there
are much smaller daily ranges at slight depths in winter
than in summer, though the range of air temperature is
not changed so much. The air temperature range de-
creases by a third, while that of the soil decreases by a
half to three-quarters or more. At a depth of 18 inches,
for which depth we have ranges through the year only at
Lexington, Ky. (12), the diurnal range becomes about the
same small value, 1° ¥., in all months.

The drier climates, so far as these samples go, have the
larger daily ranges of soil temperature. Also the drier
months in the warm season have the larger ranges. The
ranges at Fargo, N. Dak. (18 and 19), increased markedly
toward late summer as the normal convectional rainfall
decreased.

Monthly ranges (Table 3) are considerable to depths of
12 inches in the north and 24 inches in the south. They
decrease fairly rapidly with increase of depth, but pro-
portionally not nearly so fast as the daily ranges. At
Temple, Tex., the temperature even at a depth of 4 feet
has a mean annual monthly range of more than 5° F.

TasLE 1.—Soil temperatures (°F.)

Figures for every day of each month or for every month over a period of years are not always avaliable. Where the record covers only one year, the acutal number of days of record
is given as an exponent of the temnperature figure in those months in which there is not a record for every day: when data are available over a period of several years, those averages
in which several days of one or more months are missing or in which a whole menth or more is missing are indicated thus (*)

[Superior figures in figure columns are additional references under * Literature cited’ at end of article}
AMHERST, MASS,—TOBACCO FIELD

t
Refer- . . . Yap- T . R
elgge Year Depth J:E;} Fg?:‘u March | April | May | June | July |August|,-°F- Octobcril\ot:gm Dgtgm Annual
(1) 1 1927-28 . oo omceeiacceeeeeeaoy Bnehes e feeaaa | %65.5 ) *TLB| 694 *6T.6 ..
)y 192, i 2eete il {136.0] 1340 oo .| T4B.0 | 1570 |ccecoocs] 269.0 |oooooo|ooeoio |l
(2) | 1929 oo oo Bt | e meeeeen] 360,00 ||l
(2) | 1929 e ee e ccmeccemee | At | 13700 1880 Jeem ) TALO | 250,00 |coeeo el
(2) | 1929 e e | 8feet | 145.0] 1420 o] 1410 146.0 |cceaioo] F55.0 [caaino e aia e s
R 7V U vsuons SOOI A A RO SRS ISR 8638 | 766.9 | 17660 | .__.._.o___. I
B) | 1922 s R o N OSSN Y AU SO IS 1 ?3_0 B B o Ot O A
LOAM, LEVEL, EXPOSED TO SUN
70.0 7. 75.8 67.4 1 56.0| 4473
9684 BL2 %740 | B867.0, 51410461
) | 1026 s %657 74.8 | W73.1 | 7659 54.6 | 17470
65.0 72.4|8072.4 | 8661 54.811946,.8 |
%63.4 L 071.2(M652)055.2 | W48 21
]
NEW HAVEN (YALE UNIVERSITY)—-TEMPERATURES TAKEN IN BORINGS IN THE SOIL
Air"ﬁ PN PP PR ﬁo 53.2 -
6 inc .2 54.2
(B) 110 oo 12 inches 435 526
18 inches. o ) o) ai]eeieaes 43.2 51.6
NEW YORK BOTANICAL GARDENS—CLAY SOIL MIXED WITH LOAM
‘ e = _ A
6 ; 1002 {Air ........................................................ 263.9 70.2 88.2 61.9 | 853.4 M46.6 #3033 .. ____
(8) 1102 12 inches .- | IoITTIIIIII I I n43.2 | 56| MW4%2| 43.5| 358 205 |n27 | 1110
|
BLLACKSBURG, VA.-HAGERSTOWN SILT LOAM IN AN ORCHARD
Alr o |eeaiios 70.2 63,2
3inches. .. _|ao . 76.4 74.3 | Sod.
24inches. .. focoooao- 70.0 712 0.
[0 30 I 1) U 3 3inches. . .. | ... 73.8 75.0 | Partially cultivated.
2tinches. .. ... ool 69.3 69. 9 0.
3inches_ .. ____{........ .1 76.0 | Intensely cultivated.
24 inches._________{ ... 69, 4 70.5 Do.
ATHENS, GA.—LAND BEDDED UP FOR COTTON
) . JAIr . S R SRR PR, 68.3 | Average from Apr. 22 to May 20.
) 1926, oo 1.5 inches ... -0 S MR N 68, 4 Do.
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TasLE 1.—Soil temperatures (°F.)—Continued
AUBURN, ALA.—SANDY SOIL ON A HILL, FREQUENTLY CULTIVATED DURING CROPS

11

Refer-
eg;g«.a Year Depth Jggl}- Fg}g;u- March| April | May | June | July |August| ogfgér October| Nog:rm- Dg%e;m- Annual
46.0| 46.3| 07| e25| 71| 1| so7| 76| 78| 628] 5.1| 5.8 63.8
45.5| 50.5| s5.2| 8.5 722| 740 865, 822] 755 64L8| 22| 520 649
® 42| 555| 538 648 720| 735 | 858 SL5| 750 652] 628| BL2| 649
40.5| 50.5| 53.8, 62.5| 70.5| 742| SL5! 80.0| S0.8] 65.2| 58.8| 550| 654
52.5| 50.5! 53.5| 59.8| 67.2| 72.2| 77.0! 78.0| 798| 70.8| 63.5| 68.5| 653
55.0| 55.5| 5.2 7.2, 6L2| 6n.2| 7L0| 72| 750| 725! 77.0| 63.5| 655
AUBURN, ALA.—BOTTOM LAND ON THE BANK OF A SMALL STREAM
80| sto| ss2| 6ol 78l wo| sns| ss2| w2l eLs| szs| sus|  ess
® 48| 5U5| 552 658| 73.5| 7a5| 86.8| 83.0| 760! 655 63.0| 50.5| 653
sL2( SL8| 8i5| 60| 705| 74S| sz 83| 77.5) 638 02| 50| 638
53.5| 522! o5La2| eos5| 6.2 722) 70| 78.0{ 770! 7L2| 635) 50.0| 655
]
EAST LANSING, MICH.—LOAM
2 inches. ... 31.3| 3L5| 33.3| 52| 57.0| 679 734! 685 67.2| 53.4] 4.0| 325 G5LO
(10) | December, 1914, to November, 1915...... (% 11eHeS- - 320! 321 30| 63.0] 50.4| 64| 728| es.1| €59 528 4L4| 336! 507
(10) | December, 1911, to November, 1915. ... 6 inches. - 3.8 G4 el 44| 0| 69| TH0) T8l 6ey, 6| 407) 32| W2
2 inches. . 32.7 7| 35| 420 55 67, 73, 70, 651 54 2, 71 50.4
(10) | December, 1611, to November, 1914...... {13 inches. . 35| 331| 331| 40.8| &31| 643| 70.2| 69.3| 64.5| 551 440| 386| 500
(10) | December, 1911, to November, 1015..._. Aree. 202 108 30.1| 481] &7.1| 663| 7L4| 68.5| 634 526 401, 20.4| 47.3
.
EAST LANSING, MICH.—~GRAVEL
2 inches..___.._ 31.8| 322 343! s6.2| 85| o8| 7a7| 70.5| 6n.7| 58.7] 4L.4| 323| 520
(10) | December, 1914, to November, 1915...... {4 inches_ __ 32.3| 327| 344| 58| 57.5| 67.9| 7a2| 69.4| 667! 53.6| 41.7| 330| 5.5
(10) | December, 1911, to November, 1015.._ 6 incies. 1 o8tz| oslo| ae| 48| w4 To4| TR0| 7LE| ad| @z) 400 2| L0
: 2 inches_. 32, . 3.5 440 3 68, 61 7L . . 41 35.8| 50.6
(10) | December, 1911, to November, 1914....... {18 inches.._. ... 337 32.8| 33.7| 428] 550| 668 722| 704, 649! 5u6| 431 37.6| 50.6
EAST LANSING, MICH.—SAND
2 inches. _. 30.6| 322 33| 62| 587) 70| 762| 70.8| es.2| s.1| 4L1| 30.2| 5L9
(10) | December, 1014, to November, 1915..... {4 inches_ 313! 327| 345| &i4| 581| es.6| 750| 70.0| o67.4] >s40| 45| 38| sL6
(10) | December, 1911, to November, 1915_._. 6 inobes. 3020 03| el 4n7| Ss) eno| Tes| TL4) 653) @0l 43| mE| 08
- inches__ 1oaa . 33 42, ) 7 72, 70.7| 65| 53 . 36.0| 50.3
(10) | December, 1011, to November, 1914..... {13 inches___....... 30.3| 330| 330| 425| b5L4| 655 7L1| 69.9 648| 550 438 383| 50.5
(10) | Decomber, 1914, to November, 1915...._.\{§ {ReLeS -~~~ Gral Tie| 3 eer| & w2l mo| bus
(10) | December, 1911, to November, 1915__.._ 6 2inchﬁs ..... g?g ;gg 78; giz ggg g% 343 28 4
12 inches.__ . . 70. 3 .5 A 6. 50. 1
(10) | December, 1911, to November, 1914 {18 inches-_... ... 63| 700 69.8| 649| 551| 439 32| 60.3
(10) | December, 1914, to November, 1915....__|{4 {E00e3-- -~~~ al TRl Eal &y B Ly By B8
(10) | December, 1911, to November, 1915_..._ f? z)inchgs__. bg g 3%? ;ig ggé éi’ g -igg gég %8(8)
inches__ 66. . . 54, . 3 .
(10) | December, 1911, to November, 1014\ 13 jnches .10 000 645! 70.8| 70.3| 656| 56.4| 452| 39.2] 504
. 10CR e eeeeeeee 03| 25| *sm2| wral sos| exe| eso|wensl.o._ U osoa| ana| 220
O !{s inchés . 11T *35,0{ 37.2| *41.0| *44.8| 5.8 653 688 M6n6 | 1T ‘ 50.6| 406 344 7770
COLUMBUS, OHIO
|
! .
D981 71) VRN (RRVURURN PRUURRSRS) PRI UIOt) FPUUPIUPION AU NSUPRUIPRES FIVRU R RROURSS SO N 4430 43,4 oo
L I ‘{h inehes ool T T 4484 | w492 |10
{
LEXINGTON, KY
(12) | 19221997 - oo | 3 inches.. ... s32.7| *35.5| *a2.1| *56.0| *62.8| *7re6| *7n.1| *767| *ra1| *58.3| *a5.6| 39.2| 561
(12) | June, 1025 to June, 1629, --_--- ... | 4 inches _ ud0 4| 17.3| 354 |949.8|u556| *A0.4| 75.4|%7a6| 633 | 558| 37.6(|0244| 482
(12) | ezelieeg_ LTI i 18 inches_. “363 | *35.0| *al5| *52.0| *57.5| *67.8| *70.6| *73.4 | *70.2 | *50.8 | *19/1| 411| 546
(12) | 1922-1923 | 36 inches..._..... “118 | *30.5| *a40| *50.3 | *56.2| *65.8 | *70.5| *73.4| *68.R | *620; *53.9| 475 56.2
i
PURDUE, IND.—~CLEAN CULTIVATION WITH WINTER COVER CROP
i f
(13) | May, 1913, to May, 1015_____________.__ } 6 inches . ... ‘ 33.3 ' 3.9| 36.4| 48| 576 } 65.8 ! 35| 791 660 ’ 57.4 ‘ 45.6 } 40.6| 530
i
PURDUE, IND.—STRAW MULCU
j i ‘ [
(13) | Mev, 1913, to May, 1915 .. _....__.__. 6 inehes oo ‘ 36.3 ‘ 32| 34 1 261 a4 oL \[ 67.3| 8.2 61 ! 5.3 48.0| 433| 511
i i . i |
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TaBLE 1.—Sotl temperatures (°F.)—Continued
PURDUE, IND.—GRASS LAND

. ‘ :
Refer- | i -
ence Year Depth J g;‘}‘} F;Ef,“'i March | April | May | June | July |August tesr.?lpb.er OctoberlNorE;m Dgzgm Annual
No. p
) o L 5
(13) | May, 1913, to May, 1915 .._._..____. 6inches__._..__... 35.0| 356| 31| 407 85.5| 66.0 ' 719 ] 70.6 | 62.7| 5.9 456 4L4 52.0
. URBANA, ILL.
26.9| 25.4| 33| 50.2] 624, 70.8{ 75.5| 73.3| es1| 6L4| 40.0| 26| 5LO
20.2| 295! 30.8| 51.0| 630! 726 72| 7621 69.0| 555, 42.2| 32.1 53,2
3.0| 306/ 39.5| 50.6| 622 722| 7.8 758| 69.0| 56.8| 43.0| 334| 535
7-1916% 326 315! 303 402/ 605 70.5| 758 748| es.8! 57.0| 44.0| 350, 532
(14) | 189718167 s 33.2( 33.0) 39.2| 487| 50.8| 69.4| 747( 74.0| 686} 54| 452 380 63.3
34.0| 332| 336| 48.4) 53.8] 68.0| 73.8| 72| es2| 50| 46.2| 374 53.2
3.6 37.1| 38.6| 47.1| 554 62.6| 68.5| 69.7| 66.7| 59.5| 50.6| 427 53.0
41.0| 38.8| 40.1| 46.0| 53.6| 60.3| 66.0| 6.8 | o©6.1| 60.7| 53.0| 458 53.3
CHICAGO, ILL.—ST, IGNATIUS’ COLLEGE
|
AT 27.7| 25.2| 364| 438| 60.3| 629, T38| 70.51 655 56.7| 4.2| 20.8| 40.7
(15) | 1B97-1900. - oo {4 feot....__.- 439} 40| 422| 46.4| 53.4| 60.8] 6.1 685 74| 805, 552] 41.0| 544
|
COLUMBIA, MO.
62.5 | 1714 | 2696
* gé'g » ;},:'; ;f g} [1I Near top of gentle slope.
(16) g’gg ;gg ;i g} [21 Ablout 200 feet from [11, a seepy spot on
65.3 | 73.4| 738 pope,
- [31 About 400 feet from {11, at lower part of
6.0 72| 76 6} Sopo, g
FAYETTEVILLE, ARK.
. . 358 | ©33.31 50.0| 58.3| *6t.6) 687 7.2 |%7n.9| e8.2| 66| 469|401 57.2
(7) | May, 1924, to May, 1920.--oeovemeneoee { 40.5 2333 | 5.3 60.6| *65.5| 70.7| 833|840 | 739| 60.6|550 043.0| 6.5
FARGO, N. DAK.—SCIENCE GARDEN
i
(18) | 1022-1925% oo ST O I SR T [ 1 623 ] en7| 70 \ 76.4 ( o2l 4ol .t
. 1
B i
FARGO, N. DAK.
FAIE oo “42.9 | *54.8| 684! 726! T0.2
(19) | 102080 - oo \34 ineh_________CD|ITTIIIITTITIT “43.8 | *59.8| 6s.9| 77| 722
o
BROOKINGS, 8. DAK.
: : -
‘ Alir (maximum). .. 84.0 78.2 | femee el
(20) | 1888 . e e 2inches..______
nches
i 12 inch
LINCOLN, NEBR.—BARE SOIL
20.2| 25.1| 428 s65| e8| 76! san7| 71| 4| e07| 425 28| 5.9
00| 282/ 424| 56| 745 83| 08| 856 20| 60.0| 45 30| 582
30.0 | 28.7! 41.1| 93| 721| 8L2! 886! 853| 72.9| 6.4 44.3| 31.6| 580
" 20.6| 28.0| 37.9| 545| 8.7 7.5 B83.8| 8.0] 7L.0| 60.2! 441| 39| 558
@n 30.0 | 28.4| 357| 50.8| 644| 73.0] 790.4| 77.91 70.5| 59.0| 443| 334! 530
3L4 20.3| 35.0| 48.2| £0.8| 69.5| 758! 750| 66.6! 534 45.1| 348| 525
35,11 829| 347| 44.8| 56.5| 62 70.8| 7L.6| 66.9| 59.7| 40.5| 30.5| 522
| 381 35.3| 357 43.0| 52| 6.1 6.5 69.4| 66.7| 60.7| 521| 43.2| 522
LINCOLN, NEBR.
. | |
! 1894-1904% . . 22| 280. 4d0.1| 87| 709 79.2| 8.9 8.1| 73.7| 81 40.6| 3n2| 567
(| 18941904+ 38.5| 21.8° 388 57.6| 69.7| 8.1 851| 84.0| 735! 50.4! 42.7| 314! 564
1894-1004%_ "0 20.0| 281! 37.4| 536 66.7| 76.1| 821] 80.9| 70| 583, 426! 3171 540
22 1804, 1898-1904% 29.8| 280 360| 50.8| 642| 73.7| 70.7| 789| 71.0] 58.5| 359 288 532
1894-1904%____ 30.2| 29.9| 356| 49.1; 6.2] 60.7| 75.8| 756 69.2| 57.9| 44.5| 346 528
1894-1904*_ 17" 35.1| 33.1| 353| 454| 56.9| 646 70.5| 720| 68.2| 60.0| 49.2: 395| 525
18941004+ D IIIIIIIIITII I 3817 351| 36.0{ 43.6| 53.8| o6L5| 6.7 60.8| 67.9| 6.3 5.9 43.0] 525
. | i
MANHATTAN, KANS.—FURROWS
28.4 [
L S 19143010 . ... %g ; Average for 5§ winters from December to February or March.
30.2 l
PLE, TEX.
; ] ; | : ! !
19211924 Lol ‘ 59.6 | 68.0| 756 834 L1 86| 799 687! 61.0| G5a.4 | o3
IRt — 59.4 | 69.1| 78.8: 88.6] 93.7° 2| 838 72.6| 598 52.6| 7.4
'11913-1924. 58.6: 67.0; 831 86.5| 922, ¢3.3{ 8.9 71| 60.2| 528 71.0
. {)1918-1924 ~! ¢ inches. 58,71 675, 77.8| 56| oL7, 923| 838! 733| 60.0| 53.4| 70.9
Mo 111919-1924 i 8.1 659, 769 83.4| 87.8' 89| 8| 748! 629| s5d]| 703
19181924 JITTTTTITTIITTTIT 58.2| 648 721! 78.9| 842 ] 86.9| 836 76.3| 67.01 59.5 70.3
1918-1994 1 1ITTTITITITIITIIT TN 50.0 ‘ 62| 70.2] 764| 8L7| 44| 533 ] 7871 7.01 629 70.7
} 1918-194_ 1T ITIIITITITIT I 48 inches 50.0 | 63.6; 68.7| 40| 79.2 l §2.2| 821 I 79.2| 732 ‘ 65.0] 70.5
i !
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TasLe I.—Soil temperatures (°F.)—Continued .
BOZEMAN, MONT.

Refer- . . | "
ence Year Depth J:;'s‘,l Fg?;“ Mareh | April | May | June | July |August teielger October N"g:im Dg%erm Annual
20.7 29.1 30.2 35.0 44.2 55.4 64.4 62.9 55. 4 4.6 354 31L.5 43.2
31.8 30.7 31.4 34.8 42.8 52,3 60.0 61.4 56.2 47.0 38.6 34,1 53.4
33.5 32.2 32.0 4.1 40.0 48,7 56,1 58.1 55.1 47.6 i 39.9 35.6 42,7
25..... 1916-1920. 36.0 34,4 33.6 34.6 35.8 46.1 53.8 57.3 55.2 49.2 42,8 38.3 43.3
37.7 35.7 34.7 35.3 38.8 44.8 51.0 54.2 53.7 49.8 44,4 40.2 43.4
41,2 39.3 37.9 37.4 38.7 42.0 46.6 50.8 51.9 50.0 46.4 43.4 43.8
41.8 39.8 38.5 37.9 38.7 41.7 46.1 50.0 51. 4 50.1 46.9 43.9 43.9
1
MOSCOW, IDAHO
........................ 40.7 40.4 57.1 63.8 63.4 52,7 47.0 38.2 32,2 ...
30.8 28.8 3.4 41.2 51.2 58.0 64.1 67.5 54.6 47.8 40.8 33.8 46.1
gl. g 30. g 24. g 3‘2. g 2% 8 56.0 a3, g 65.4 56. 8 50,5 41.6 34.6 46.4
2. 31, 5. 5. .9 54.8 62, 64,9 87.5 51.8 42.8 36.4 47.1
2% 1858, 1800, and 1001 (1901 only 1n Jan- 38.2| 328 35.4| 4L7{ 4%4| 54.8| 622| 643 51| 22| 436] 34| 417
----- Novamber and Decom e : ober, 358 34.5| 362 44.5| 47.5| 529 590.2| 625! A8.2| 532 458| 39.2 47.5
ovember, and Decomber 37.8| 26.2| 37.0| 40.5| 46.2| 50.1| 55.9| 60.0| 57.8; 53.8{ 48.0| 416 47.1
39.8| 38.0| 3%.0| 40.5| 454 | 48.8| 537! 81| 51| 53.8) 48.8] 43.4 47.1
40.8| 39.5] 3%.8| 40.61 41.6| 47.5| 5L8| 56.3| 56.5| 54.0] 49.6| 44.6 47.0
42,8 40.8 39.6 41. 5 4.6 47.1 50. 6 5477 55.5 54,0 51.6 46, 2 47.4
|
FORT COLLINS, COLO. *
27.7| 29.6| 36.5| 46.6| 56.5| 66.7| 7L4! 69.3] 61L1] 48.3| 367| 29.7 48.3
29.3 30.6 37.1 47.4 56. 6 67.0 719 70.4 62.8 50.8 39.0 30.2 49. 4
@7 | 1889-1927 32.8| 3811/ 36.6| 455| 55.8| 655| 70.9| 70.1| 637 &523| 40.7| 33.2 49,8
32.9| 327| 236.8| 453| 53.3| 625! 685| 63.8| 64L0| S44| 437, 36.5 50.0
354 326| 371! 436, B5L1| 59.1| 652 66.6| 63.4] 555| 46.0] 389 49.5
42.5| 40.5| 40.8| 442, 488 | 5L2| 59.2] 6LS| 620]| 580 2.1 46.5 50.9
SANTA CATALINA MOUNTAINS, ARTZ.
Refer I\
(}Gl(c)e Year Depth Egi%‘;" Slope 11\1531‘,;1 11\1]’[&":1‘1 Range | Mean
Feet
9, 000 59.3 53.1 6.2 56,2
9, 000 77.7 61.6 16.1 69.6
(28) | Averages of 18 weekly readings of soil temperatures, summer of 1922........_._. 3inches. ... ......._.. g: ggg gg:é 28:3 2?:3 g%;
7.000 78.9 . 6 28.3 64.7
7,000 91. 9 61.3 30.6 76.8
PULLMAN, WASH.—BLUEGRASS SOD
Refer- , Janu- | Febru- ] Sep- Novem-| Decem-|
81330 Year Depth ary ary March | April | May | June | July jAugust tember October, ber ber Annual
46.5| 60.2| 627 66.0| 754| 60.2| 42.0| 40.0| 83.2|......_.
45,4 | 57 g 63.2| 5. g 78. 2| 589 420 89.9| 337! ...
447 | 54 62.3| 64, 70.2 | 57.2| 424 40.4| 34.5 .. _____
(20) | April, 1912, to Japuary, 1613 40.8| 5281 622 649! 67.7| 67| 450 22| 360 .1
, 44.3| 50.6, 59.0( 628! 66.5| 85| 48.5| 450| 30.2|........
44.1| 489! 56.3| 60.9| 648| 539! 509! 47.4| 419 |..___.__
PENDLETON, OREG.—DRY, LIGHT SOIL, THIN GRASS
ar0| 301! 420 5221 e01| e3.0| e8| 38| 60.0| 496
267! 37.3] 44.9] 622| 723| 742| 846| 83.3] 732 57.4
(30) 27.8 36.6| 40.9] 55.3| 66.3[ 6%.4| Y76 758) 665 53.7
30.4 37.1 39.8 52.2 63.1 65.8 3.7 73.3 65.7 547
34.6 38.1 40.1 50. 1 60. 9 63.7 7.0 7.7 66.7 57.3
CORVALLIS, OREG.—WET AND DRY SOILS UNDEK ALFALFA AND CLOVER COVERS
TN S 38181 47L9| ?7L8
3 inches, dry. 380.7 | 477.8| 270.5 }Average, under alfalfa and
) g incges, get. : ggg : ;1. g ; 611. (5) clover.
(B1) | 1910 e e e et inches, dry... A 7. 7L
3 incges: wet... PTLO|ATLS | 16k }Under altalfa.
3 inches, dry....-.|- 79. 78. 70.
3 inches, Wb oo oo oo oI 3755 | 4118 | 1650 |fUnderclover.
DAVIS, CALIF.—-DEEP, RECENT ALLUVIAL SOIL, UONCROPPED
44.8 49.9 51.6 54,2 60.3 69.1 75.8 70.8
48.0 511 58. 4 63.2 74.8 82.0 90.6 86.0
48.2 49.9 5b.2 61.9 72.9 78.9 86.6 83.2
(32) {February to September, 1825, and Janu- 488 50. 2 54.5 60.9 72.0 78.0 87.2 84.5
\ uary to Jume, 1927. 485 50.2 53.7 60. 2 70.8 76. 4 84. 4 83.0
53.2 51,9 54.6 59.7 68. 4 72.9 82.8 82. 8
51.2 51. 4 54.3 60.1 a8.8 72.9 80.8 82.5
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TABLE 2.—Mean daily ranges—Soil and air temperatures (° F.)

[Superior figures In figure columns are additional references under “Literature Cited” at end of article]
NEW HAVEN, CONN.—SANDY LOAM, LEVEL, EXPOSED TO SUN

JANUARY, 1931

Refer- a -
%Jgta Year Depth Jg?;,l' Fg!r);'u March | April | May | June | July |August bex})’::;m- Octoberm’gg_m' D%a:;n- Annual
11| 12| 06| 107] 83| uo
13.1| 64 (™I1L0[®106]{ 61| 15
@ | 1926 w74| 87| %58 ¥e6| 44| 13
35| 25| wlo| m2e| 14 w1
w17 L2f wio| 13| ®i1| g
NEW HAVEN (YALE UNIVERSITY)—~TEMPERATURES TAKEN IN BORINGS IN THE SOIL
1
)] 57
33
GARDENS—CLAY SOIL MIXED WI
® 189! 17.7| 200] 160 %169 | 0158 | MiL2
ug6| 25| w14l 14| 1. 09| n11|
ATHENS, GA—LAND BEDDED UP FOR COTTON
@ | 102 e 2 7 hAverage trom Apr. 22. to May 20.
WOOSTER, OHIO
. Linello oo *3.6| 53] *1L6]| *2.8] 222| 22! o229 we| 85
(D) | 1924 £0 April, 1935 oooommmmoenoooo {6 inches__..--.... *1.0{ 12| *33| *73! 78| 90| &3 23| 27
COLUMBUS, OHIO
]
lineh . e e e 46,9 0.8 |-l
A (198 {6 inches oo OO USSR FOUOINION FUSSSt: NI pOIU N NN NS [ 1L1] 925 .....
[ H
LEXINGTON, KY.
102A-1027% oo 3inches. ... 12| 32| 58| 75| e2] 77| 87| 71| 84&| eo| 51| 43 6.0
(12) |{Tune, 1028; to June, 1929 .- --o--oiio. 4 inches__ u29i 10| 81| 76| #65| 67! 10.2] ®82| 74| 65| 55| w37 6.1
1024-1927% ... LI 18 inches 08! Le| 09| Lo Lo| os| ob| 08| 08| L1| L0| L4 1.0
PURDUE, IND.—~CLEAN CULTIVATION WITH WINTER-COVER CROP
| |
(13) | May, 1913 to May, 1915 oo .___ 6inches....._.... L4] a4l 67| 1me| 108 92| o4 s2| 7| 76 ’ 10.3| 5.2 82
— _ i ! .
PURDUE, IND.—~STRAW MULCH
(13) | May, 1913, to May, 1015 o_..._. 6 inches._. ... 18 i 2.7 ) 18 \ 5.3 ‘ 3.5 3.7 ‘ 26 32| 42| 38 % 44| 3.5 ) 3.4
PURDUE, IND—~GRASS LAND
.
(13) | May, 1913, to May, 1915 oo o oo 8inches.......... 21 41| 38 l 9.0 } 9.8 ) 87| 84| 68| 4| so0f| 77| 47 l 6.5
FARGO, N. DAK.—SCIENCE GARDEN
‘ i \
(18) | 1922-1085% ..o S N i ________________ [ ........ el 2] 3| 48 20| 228 ||l
i i
FARGO, N. DAK.
|Air ______________________________ ‘ ........ *21.8 | =a4 26,6 2.5 254 |-eeeoooc|ocema el
(19) | 1928-80- oo oeeme o |{lé v A S I *80] *7 90| 159 136 Il ' ........................
|
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TaBLE 3.—Mean monthly ranges—Soil and air temperatures (° F.)

NEW HAVEN, CONN.—SANDY LAOM, LEVEL, EXPOSED TO SUN
[Superior figures in figure colurns are additional references under “ Literature cited'’ at end of article]

Mean
Refer- Janu- | Febru- Sep- | Octo- |Novem-|Decem-{ annual
?&we Years Depth ary ary March | April | May | June | July |August tember| ber ber ber | month-
o. 1y range
1330 37.0| 4r0| 390! 350! 3a0|wsro|
9270 | #35.0| 38.0|%®330|25.0| 34019270
@ $18.0 | ®26.0| 26.0|®2L0|¥210| 27.0|719.0]-
v14.0| 16.0! 140|%150)1140| 150?160
9300 [ 110! 110|%120| %120 0180|8140
NEW YORK BOTANICAL GARDENS—CLAY SOIL MIXED WITH LOAM
[ |
Air 1240,5| 37.4| 37.4] 448 243.6|3340.5
L ){lzinches n7.2| 10.8| ®e0| 17| 133| 0.9
WOOSTER. OMIO
) lineho ... *17.4| 96.7| *23.2| *44.4| 425 420] s45|1v830.50 . 34.5| 30.0| 28.0|...._..
(D | 1924 to April, 1025 . ooooeoenoo {s inches. ... “6.8| 1L6| *13.3| *27.5| =23.0| 27.5| 185|M10.0| . . - 185 19.5] 125 ...
—_—— — . ]
linch .. .... 20,0 {-ceeeeoo
O {6 {nehes B
1924-1828" ... 1.5 13.0] 263] 317, 193! 13| 17.2| 17.8| 162| 2.5]¥;Wo| 285 2.1
12) |13uly, 1928, €6 June 1e29 777 #205| 135! 37.5| 210|®165| 55| 97.0|020| 2.5| 20.0| 2051 185| 20.3
{(12) |\June,1928 to Msy, 1929 = #12.5| ‘85| 230| 10.0|%140| 9.5 980{0105|®160| 170| 16.5| 130] 132
1024 l1027e I 83| 163 1.2| 1238| 72| 95| 12| 50| 105 95| 160, 120| 107
FARGO, N. DAK.—SCIENCE GARDEN
(18) | 1022-1925° .. .oen.. Tinehe oo | “ ________________ | 89| %.7| 8| 60 vag.3 | e ||l
FARGO, N. DAK.
JXT SOR SO D RS *47.01 *66.2] 60.2| 620 500 |oooooooceoee oo eaeeee
(19) | 1628-80. - oo {%inch .................................... *27.0| *38.5| 30.5| 425! 385 | CII|IIIILIInIIIIInITIIITIOITOL
TEMPLE, TEX.
1921-1924 .21 53.8| 5L2| 452! 385| 3L5| SLS| 36.0] 425| 42| 55.0| 4151 450
44| ar2| 30.7| 39.6| 35.4| 374 30.3| 77| 421| 425| 4.8| 48| 3u7
32.9| 30,0| 339| 326| 304| 30.8| 306! 20.3] 333| 350| 350| 351| 326
@0 22| 25| 21| 253| 25.3| 21| 233| 207i 26| 20.7| 2n.1| 2.7| 2.6
: 19.0| 68| 138{ 10| 158| 89| 105{ 77| 126| 178| 158| 20.7| 144
! e 105 97| 81| 1L5| 54| 54| 55! 66| 10.0| 15| 123 9.2
N 01| 66| 49| 58| 79| 61l 41| 44| 44| 66| 9.4 10.1 £.7
1918-1924_ __ | 71| 65| 28| 47| 62| 70| 38| 32! 26] 53 70| 108 5.6
|
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