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Seasonal Influence of Air Temperature on Bare Soil ‘
Temperature at Shallow Depths ‘

K. K. MATHAN1 and A. K, SINHAZ

Soil temperatures at 7 and 15 cm depths were significantly positively correleted
with the maximum and minimum ambient temperatures. However, the studies
carried out on sandy loam soil under Delhi climatic conditions during 1969—71 showed
different magnitudes of relationships in winter, pre — monsoon and post—monsoon
cgasons., The changes in soil temperature at 7 cm depth were more pronounced except
during pre—monsoon season when soil temperature at 15 cm depth changed more

markedly with the change in minimum air temperature . Also increasing maximum air

temperature in winter caused decrease in soil temperature - at 15 cm til 17°C and

peyond this soil temperature increased with increasing ambient temperature as happ-

ened in other seasons.

Soil temperaturs is one of the
important comporents of soil-climate
system which affects the seed germina-
tion which ultimately decides the crop
stand and the yield There are optimum
soil temperature values for different
crops grown during different seasons.
Although, it is possible to measure soil
temperature directly air temperature is
more commonly and conveniently mea-
sured in the climatic characterisation,

The temperature fluctuation of
the atmosphere is bound to affect
the temperature soil-climate. The
degree of such effect will depend on
the seasons and soil conditions. By
simultaneously measuring atmospheric
and soil temperaturgs an attempt has
been made to work out the relationship
between them so that the commonly
available atmospheric temperature may
be used for working out soil tempera-

ture. Basu (1968) attempted to
compute soil temperature valuss on the
basis of air temperature values in
general.

However, in this paper the relation
between atmospheric and soil tempera-
ture has been studied at the Indian
Agricultural Research Institute (. A.
R. 1), New Delhi for three seasons
viz. Pre-monsoon (March-May), Post-
monsoon: (September-November) and
winter (December- February). The mon-
soon period has been omitted for
obvious reasons.

MATERIAL AND METHODS

Daily record of soil temperature
and air temperature was collected
from the meteorological observatory of
IAR] for three vears (1969-71) The
soil temperature data were recorded at
the above observatory at 7 A. M.

1 and 2 Scientist (S1) and Scientist (S3), Water Technology Centre, Indian Agricultural

Research institute, New Delhi—110012,
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(minimum epoch) andat 2 P. M. (maxi-
mum epoch) for the two depths (7 cm
and 15 cm) in asandy loam soil by
using of ordinary soil thermometers
(1.M.D. type). The above data were
obtained along with the corresponding
maximum  and minimum  ambient
temperatures.

A simple correlation was worked
out between the above two meteoroO-
togical factors for above three seasons,
at two depths and two times of cbser-
vations. They were tested for their
significance at 5 per cent and 1 per
cent levels (Goulden, 1959). Also linear
regression equations were worked out
for the various combinations for the

same (Fig. 1, 2 and 3).
RESULTS AND DISCUSSION

Correlation of soil temperature and
air temperature is presented in Table i.

Minimum Air temperature versus
soil temperature :

The correlation of coefficent ‘r’
petween minimum ambient temperature
and soil temperature (depths 7 cm and
15 cm) observed both morning and
evening time was found to range from
0.39 to 1.00. Also this was found to
be significant both at 5 per cent and
1 per cent jlevels except in the case of
soil temperature at 15 c¢m during winter
morning and pre-monsoen evening.

The regression equation (Fig. As29
and 3) shows that change in soil tem-

perature at shallow depth (7 cm) with .

[Vol. 68 No. 4

change in the minimum atmospheric
temperature is more during winter and
post monsoon season as compared to
15 c¢cm depth which is evident from the
high slope values of the regression
equations. However, during pre-mon-
soon season the trend is opposite i. e
for a unit increase in the minimum air
temperature, there is more increase in
soil temperature at 15 cm depth than
7 c¢m depth.

in general, the soil temperature at
15 cms depth is higher as compared to 7
cms depth irrespective of season expect
during winter when there is a decrease
of soil temperature at this depth with
increase in air temperature beyond
9.5°C.

Minimum air temperature Versus
soil temperature :

In this case the correlation coeffi-
cient ‘r’ ranged from 0.42 and 1.00.
Between maximum ambient temperature
and soil temperature and are significant
at 5 per cent and 1 per cent levels
(Table 11).

The regression equations depicted
in Fig. 1, 2 and 3. The soil temperature
at 15 cm depth is higher during evening
hours expect during winter season
when there is a decrease in soil tem-
perature with a current increase in
ambient temperature beyond 17°C

(Fig. 1).

The authors are very much thankful -

to Dr. A. M. Michael, Project Director,

218




INFLUENCE OF AIR TEMPERATURE ON SOIL TEMPERATURE
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TABLE | Ambient and seoil temperature

= 1969
ety
| Standard Temperature °C Soil temperatures °C Temperature °C
5 week 7 cm 16 cm
56 No. Min. Max 7 hrs 14 hrs 7 hrs 14 hrs Min Max
85 I
L] 1 5,5 19.8 8.7 20.1 - - 5.7 22,6
B7 2 6.9 20.8 10.1 20.7 e - 4.2 21.1
3 2.9 20.6 7.0 21.1 i = 9.1 21.2
1 4 6.5 23.3 9.4 22.7 = - 8.1 18.7
5 5.6 21.9 8.8 22.5 = = 5.3 17.2
1 ﬁ 6 3.9 22.0 8.0 22.9 L =4 3.8 20.6
7 11.7 24.8 13.5 25.4 = — 6.8 24.6
1 Al 8 8.6 25.6 12.6 26.6 = 11.8 21.4
9 10.3 22.1 15.2 30.9 = 2L 11.5 22.6
Cy 10 12.1 31.5 16.7 33.0 - - 12.2 26.4
1 £ 1 15.2 34.9 18.4 35.8 — — 13.4 27.8
o 12 15.8 30.5 18.8 32.0 — — 12,7 27.8
an| 13 14.8 33.9 19.7 35.3 = — 137 33.2
hei 14 19.4 35.6 22.0 35.6 — — 14.8 34,0
ti 15 22.3 37.8 25.4 39.2 e — 18.9 37.7
m 16 20.7 37.4 25.2 39.2 = = 19.2 37.5
CYy 17 18.6 37.7 23.9 40.4 ol S 23.0 41.5
pro 18 18.6 32.5 23.0 36.3 = = 22.0 41,3
i9 25,2 39,0 28.1 41.9 = — 22.9 40.8
can 20 21.2 37.4 25.7 411 e = 26.4 44.0
It ig 21 24.1 42.1 29.5 45.0 £ — 24,1 35.7
dus 22 28.8 41,5 31.2 43.2 = — 26.2 38.0
livel 23 26.5 41.4 298 42.4 — — 23.9 34.6
Ives 24 27.8 41,7 31.8 416 2 — 26.8 26.4
It is 25 29.3 41,9 31.2 41,7 — _ 29,2 40,9
rang 26 38.8 26.7 29.7 41.0 — = 26,7 35.4
27 27.8 38.3 32.1 43.3 L - 26.3 34,1
cere 28 26.8 34.9 30.8 37.9 — = 26.9 35.0
Aiso 29 26.1 333 28.1 35.1 — — 28,0 38,1
day 30 25.1 32.6 27.5 32.1 = - 27.4 37.9
Y 31 27.6 34.7 29,3 38.2 e = 25.5 336
it is a2 25,0 31.2 27.6 33.4 = = 25.7 3270
hiumg 33 28.9 32.1 27.7 36.5 - == 25,7 31.6
It is 34 24.1 33.9 26,7 38.1 - — 26.1 33.7
35 26.1 37.1 29.4 40.4 i == 25.8 33.0
and g 36 25.5 34.5 29.3 37.3 — — 26,1 33.7
of ins 37 25.0 30.7 26.3 31.6 = s 23.9 i
38 22.6 31.0 24,2 81.7 - e 24,5 34.1
(v 3 20.6 330 22.0 33.3 24.9 27.8 23,1 33.3
c 48 19.0 33.9 22,6 37.2 25.5 29.6 21.2 338
A 41 20.2 33.8 23.4 36.5 26,2 30,0 18.1 33.5
L 42 16.6 33,7 21,5 34.6 24.9 28.7 15.8 35.2
& 43 19.5 33,2 22.3 34.6 25.2 28.7 15.1 33.8
venan i 15.9 33.2 20.6 33.2 24.2 27.0 12.0 310,
bl 45 15.3 31.3 19.9 31.5 235 | 26.2 11.5 30,5
Comomm W 46 12.1 28.6 17.0 29.1 21.3 23.9 10.4 28.6
a7 9.2 27.8 14.1 26.8 18.7 21.3 7.6 26.1
48 5.1 244 10.4 535 15.6 17.9 4.8 23.8
49 6.6 24,2 10.5 22.4 14.8 17.2 5.7 24.4
50 5.8 23.4 9.9 21.6 14.7 16.5 6.7 24.4
51 4.1 23.4 8.4 20.6 13.0 ke 6.7 22.3
52 4.1 22.3 8.0 20.2 12.3 14.6 4.2 22.2
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E ATURE |
: INFLUENCE OF AIR TEMPERATURE ON $OIL TEMPERA
No, 4 ‘ April, 1981] 1
of 1. A. R. l., Delhi Farm
ature -
1970 SR . }
i mperatures °C
55 tures °C Temperature °C 3 CmScnl temp it |
o e s o et 7 hrs 14 hrs 7 hrs 14 hrs
I e 7 hrs 14 hrs
7 hrs 14 hrs G
= | 0.7 11.2 13,7
e 15.3 3.1 21,5 5,9 ?9_9 0.2 13.7
£z 158 12 s 52 1 80 20,0 12.0 14.1
22,6 2’5 198.4 12.4 14 B LB 8'2 oo 125 i
z«;.; 11.9 20.66 jli;a?@ i 5 . g-g ;o.‘! i s ‘
2%l 9.3 18. 2. 12'8 2.7 183 ; 201 g0 12.0 |
18.7 17.1 10.4 : LE 39 = i |
17.2 :-3; 231 10,9 Zg.; 78."8 233 103 %g.g ;j:ig 21{-2 |
920.6 L 25.1 13.9 19 28 24.7 i 51 i A |
24-2 13,2 %33 2;2 18.4 10.7 22.% ;i‘; 1 192 154 |
: | : : P = e 1 2
'E;jﬁ 12! 284 17.0 2Oﬁ 1%-2 38.5 15.9 33,8 195 3?7 |
27 1123 . 57 32'1 14 4 33.9 18.6 35.9 33; 27.7 |
27.8 16.3 33,4 ;sza; 24.1 14.4 33.¢ 2 5. 4 i |
27.8 18.7 36,1 22.7 26.9 Hia i - - s 3 |
3o £ . 26.3 30.5 19.7 37.9 : i 278 30 |
34.0 236 39.5 27.q 2% 18.7 37.9 = < 3 5 |
37.7 23.8 40.7 ggaé Lo 20.0 2.7 = > s s |
s 5 g 29:2 33.4 21.9 39,8 N = 30 343 |
41.5 263 43.2 29.2 33,6 2 220 - o 22
41.3 27.3 44.4 su.\; 34.5 24.2 377 . . i e
40.8 30,1 45,7 3(;;.,1 385 = 35.2 - 5 i o
57 g . %2'2 38.5 26.0 36.7 = ~ 31.8 35.3
35.0 g e 288 32.8 27.3 378 = = 2.4 35.2
s " = Lo 32.3 36.9 29,0 39.4 ~ 3.6 6.8
204 i die 33.8 37.4 26.5 36.4 S 37 34's
03 323 2o 1.2 332 26.6 33.9 5 - 30.9 384
i 29.3 36.6 go. 2 33.2 26.8 3.9 — n 23 it
2ok 29.4 31.2 30.8 31.3 2,7 32.3 . 7 s 5
30 i i 33,1 36.5 24.9 32.9 o - 28.2 313
35.0 3.4 42.4 3.1 %:5 243 328 = i it
378 L . 1.0 33.0 26.2 30.7 s - 287 302
37.9 28.7 36.1 38. 33.0 262 307 - ¥ 5
33.6 27.6 32.8 28.3 30.2 25.3 30.0 - - i 7
32.0 57.3 36.5 2 : 3 5] 31.2 - = i s
31.6 28.5 38.2 30. 339 226 g2 e s
230 e o %2'3 34.4 24,2 303 = 27.0 212
33.0 28.0 41.4 297 344 24.2 i = . Ay e
S5 ' 268 30.6 291 33.1 19.7 35.4 = 269 307
43,4 26.8 40.6 29, 331 jo7 38 - - Ak 7
34,1 £6.9 38.5 i;ig e 2. 4 = - ik 25
33.3 25.8 39.5 9 32.2 189 345 - = s e
33.8 23.4 39,7 26. 311 1.8 353 — 5 e
33.5 21.8 38.9 26.0 30.2 18.2 278 - e s
35.2 20,0 36.2 24.4 28.1 3.9 30. - ~ i) i
33.8 17.4 338 22.2 2.9 38 29.1 - -~ i Ak
310, ; 16.2 31,5 20.9 24.7 6.0 28.0 = - i s
30.5 14.8 29.7 18.6 22.7 . 28.7 - ~ i i
261 ‘s 209 161 18.0 8.6 25.8 b o .
26.1 9.4 24.9 15.1 : 8.6 25.2 > —~ 7. 2
E 9.2 24.2 14,6 17.1 5 24.7 = = -
200 ' 23,9 14.5 17.0 8.0 23, - - =
244 35 ; 14.0 16.5 7.1 20.9 - - -
23 73 713 : 14,9 3.8 217 -
i 7.3 21.3 12,5 :
22.2
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