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Effect of aspect on soil temperature and growth of Hevea trees on a gently undulating
terrain (slope about 25°) of North East India was studied. Soil temperatures under Hevea at
depths 5, 10 and 20 cm on a south facing slope was found to be significantly higher than that
on a north facing slope during the winter months. The difference in temperature was not found
to exist during the summer months. Slope orientations were also found to influence the growth
of Hevea trees. Girth of the trees on the south facing slope was observed to be significantly higher
than on the north faring slope. At the end of 6th year of planting, a moan difference of 9 cm
in girth of the trees on those aspects was observed.
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INTRODUCTION

In India, rubber (Hevea brasiliensis)
cultivation was traditionally confincd to
the tropical regions of the states of Kerala,
Tamil Nadu and Karnataka within the
latitude 12°N. With the increasing demand
for natural rubber, its cultivation has been
extended to latitudes upto 28°N where the
crop is confronted with different stress
factors. Soil temperature is a major factor
controlling tree growth. Water uptake
through roots, root growth, plant water
stress etc. are controlled by low soil
temperatures (Lopushinsky and Kaufman,
1984). It was also found to control stomatal
openings (Lopushinsky and Max, 1990).
Temperature is reported to be decisive in

stand growth of forest with increasing
latitude (Heikurainen and Seppala, 1965;
Koivisto, 1971; Laine and Starr, 1979).

Physiographic factors like slope,
drainage, soil depth and texture of soil
were found to affect the performance of
Hevea in Malaysia (Chanet«/., 1972). hi the
present study an attempt has been made to
analyse soil temperature characteristics
under rubber plantations on northfacing
and southfacing slopes in the hill tcrrauis
of North East India and to quantity tiie
effect of aspect of slope on growth of Hevea.

MATERIALS AND MEFHOI:)S

The experiment was cojiducted in
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the farm of the Rubber Research Institute
of India, Regional Research Station, Sarutari
(latitude 26°35"'N, longitude 90°52"'E, altitude
155 in above* nisi).  Soil temperature
observations were made on north and
south facing slopes which have about 25
per cent slope. The area supports six year
old rubber trees of different clones planted
in 1985 in a randomised block design at a
spacing of 6.1 x 3.5 m. The trees planted
on both the aspects were maintained under
the same agromanagoment practices. Mean
a'linual rainfall is of the order of 180 cm
spread over 130 days. Winter minimum
temperature varies between 5 and 15°C and
summer maximum between 26 to 38°C.
Nlean relative humidity varies between 55
to 90 per cent.

Soil temperature observations were
made under bare soil on contour terraces in
between trees planted on the south and
north facing slopes. Observations were
recorded at 5, 10 and 20 cm depths during
the period between January and August
1991, at 04.00, 07.00 and 14.00h LMT.
Weekly analysis and soil temperature was
made for winter, pn}-nu)nsoon (transition
season) and summer seasons. Tree girth of
ten Hevea clones was collected every Febru-
a»y. May, August and November during
the period 1988 to 1991.

RESULTS AND DISCUSSION
Effect of aspect on soil temperature

Winter season

The minimum and maximum air
temperature during the period 1st January
to 25th March, which represents typical
winter condition in the region, ranged
from8.8 to 16.9°C and 21.5 to 32.6°C respec-
tively (Table 1). Rainfall was scanty (3.5
cm) and had no influence on the air and soil
temperature. Soil temperature on the south

facing slope was found to be significantly
higher than on north facing slope (Table 2),
the difference being maintained through-
out the day at all depths. Ihis is oxplainod
by the differential capture of solar radiation
by land terrains of different slopes and
aspects modifying soil heat flux and soil
temperature. The importance of slope and
aspect increases with latitude due to the
increasing solar declination during winter
months. During this season the south
facing slopes are warmer than north facing
slopes in the northern hemisphere. ITie
importance of slope and aspect in modify-
ing the microclimate of a location is more
critical in the higher latitudes than in the
tropics where the sun remaiiis high tlirough-
out the year.

Mean weekly soil temperature ob-
served during this season (Table 3) also
indicated higher soil temperatures on the
south facing slopes at all three depths. This
may contribute to better growth of the
Hevea trees on south facing slopes than
north facing slopes, as evident from the
girth observations (Table 4).

The pattern of variation in soil
temperature on south and north facing
slopes were found to be similar (3-6°C)
with a maximum reaching around 15.00 h
and a slow decrease after 16.00 h. On south
facing slope the diurnal soil temperature
fluctuation was between 16-22*0 and on
north facing slope 12-16™C.

Transition season

Tliis period (26 March - 19 May)
represents the typical transition season in
NE India from the cool winter season to the
hot summer season. During this period
minimum air temperature ranged from 16.6
to 24.5°C and maximum from 27.6 to 32.9°C
(Table 1). Rainfall received during this
period amounted to 24 cm.
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Tabic 1. Weekly weather of the experimental location

Air temperature (°C)

Maximum

215
23.9
22.6
25.3
254
26.1
27.6
29.4
28.5
29.6
31.7
32.6

30.5
27.6
30.7
34.1
30.9
26.8
28.1

28.9
31.0
31.2
31.9
30.2
322
32.9
30.72
32.40

Minimum

11.2
10.9
9.6

8.8

12.6
12.6
12.5
12.8
14.4
13.9
16.7
16.9

16.6
1H7
17.9
17.7
19.6
20.3
21.7

20.8
22.0
22.3
23.8
24.4
24.2
24.2
245
24.1

Relative humidity (%0)

06.20 (1ST)

92.0
89.5
355
87.5
87.0
56.1
90.0
86.4
88.0
88.0
91.5
72.4

"90.7
93.0
85.1
74.4
73.1
90.0
92.7

88.5
934
93.0
94.8
96.0
93.7
95.4
96.0
95.0

13.20 (1ST)

79.0
58

55.2
68.1
68.1
65.1
50.7
47.7
60.0
58.0
57.2
41.5

56.7
67.8
63.0
44.0
70.1
74.7
87.2

81.7
77.2
87.7
68.5
90.4
82.4
88.0
92.0
84.1

Rainfall
(mm)

0.0
0.0
0.0
0.0
0.0
2.8
0.0
0.0
0.0
2.2
10.2
20.0

26.2
40.6
23.0
2.2

11.0
91.2
48.7

57.2
17.6
114.9
60.4
55.5
41.7
67.2
97.2
39.0



labli! 2. Effect of aspect on soil temperature

06.20 1ST
Aspect
5cm 10 cm

Winlcr season

North facing 15.93 16.6

South facing 18.81 18.9

sn + 0.68 0.69

C. U. (I*=U.01) 2.42 2.45
Transition season

North facinj; 215 221

South facing 22.1 23.1

SE + 0.71 0.67

C. D. (P™n.0Ol) NS NS
Summer season

North facing 25.8 25.9

South facing 25.8 26.1

SE + 0.53 0.49

C. D. (r=o0.0i) NS NS

During this period significar\t differ-
ence in temperature of soil under Hevea due
to aspect was found only at 13.20 1ST at 5
and 10 cm dcplhs (Tnbic 2). At these depths
tcniporalurc on the south facing slope was
higher than that on the north facing slope
by 0.5 t0 6.2°C and 0.7 to 4.6°C respectively.
The decrease in the difference in soil
tcmpcralure between these aspects is ex-
plained by the decrease in declination of
the sun at these latitudes after the winter
solistice. The mean weekly soil tempera-
tures observed during this period are
presented in Table 2. As the season
progresses into summer the differential
effect of aspect in modifying the
microclimate diminishes.  Diurnal soil
temperature range was found to be con-
fined between 20-23°C on both the aspects.
Hence during this period stress to the trees
due to diurnal soil temperature fluctuations
will be less.

13.20 1ST

20 cm 5 cm 10 cm 20 cm
17.1 19.2 18.3 17.9
21.8 26.2 245 23.3

0.62 0.88 0.77 0.60

2.2 3.12 2.73 2.15
22.9 25.1 24.2 23.2
24.3 28.2 26.6 25.1

0.63 0.69 0.49 0.46

NS 2.6 1.9 NS
26.2 28.2 27.4 26.4
26.6 28.4 27.6 27.!

0.57 0.67 0.48 0.51

NS NS NS NS

Summer season
Summer season in the region is

confined to the period May to July. Mean
weekly maximum air temperature during
the period 7th May to 15th July varied from
28.9 to 32.9°C and minimum 21.0-24.5"C
(Table 1). There was no significant
difference in soil temperature between the
two aspects during the summer (Table 2).
As the higher soil temperature observed
during winter season on the south oriented
slopes, was not found to exist in summer,
no adverse effect to the Hevea trees was
noticed. The diurnal temperature
fluctuations in the soil during this season
ranged from 26°C to 31®C on both the
aspects.

Effect of aspect on growth of

Mean girth of the ten clones grown
on the north and south facing slopes under



emperature variations on south facing (S) and north facing (N) slopes during winter months (January to March) @C)

» and
kK No.

nuary
nuary
nuary
nuary

bruary
bruary
bruary
bruary

arch
arch
arch
arch

ril
ril
ril
ril
ril

y
1y

1-7
S-14
15-21
22-28

29-4
5-11
12-18
19-25

26-1
5-11
12-18
19-25

26-1
2-8
9-15
16-22
23-29

30-6
7-13

14-20
21-27

28-3
3-10
11-17
18-24

25-1

9-15
16-22

1)
o)
©)
@

©)
©)
@
®

©
(10)
(11)
(12)

(13)
(14)
(15)
(16)
17

(18)
(19)

(20)
(21)

(22)
(23)
(24)
(25)

(26)
@7)
(28)
(29)

N

13.6
13.3
13.2
12.8

15.5
15.6
16.4
15.9

17.9
17.4
19.8
19.7

19.4
21.3
211
21.9
23.0

22.3
22.2

23.1
24.3

25.2
26.1
26.7
26.8

27.0
26.8
26.7
27.0

S

14.8
175
17.1
16.4

18.7
17.5
19.5
19.8

20.5
20.1
22.0
21.9

21.6
21.9
21.8
22.3
23.7

22.8
22.6

23.5
24.5

25.2
25.9
26.5

26.7.

26.9
26.8
26.6
26.9

Winter 6.20 1ST

10 cm
N S
U.5 15.7
14.5 18.1
14.2 16.2
13.2 16.9
15.9 19.1
16.4 18.2
17.1 20.1
16.2 20.5
18.6 20.9
18.2 20.7
20.2 22.3
20.5 22.7
20.1 22.7
215 22.7
21.6 22.8
23.1 23.5
22.9 23.7
22.6 23.4
22.5 22.9
23.3 24.2
24.5 24.9
25.3 25.6
26.8 26.2
26.6 26.6
26.8 26.9
27.1 27.4
26.9 27.1
27.2 26.9
27.3 27.2

20 cm
N S
16.3 1S.2
15.5 205
15.3 18.7
14.2 215
16.5 215
17.6 20.3
18.3 22.5
175 23.0
19.4 235
19.2 23.3
20.8 23.8
21.5; 27.7
20.9 24.7
21.9 24.5
22.6 23.9
24.5 24.9
24.0 24.8
23.4 24.0
23.0 23.6
23.8 245
24.9 25.4
25.8 26.1
26.3 26.6
26.8 27.0
27.0 275
27.5 28.1
27.4 27.3
27.3 27.8
27.6 27.9

5cm

N

15.9
17.0
15.7
15.3

17.7
18.5
19.2
215

21.9
21.6
23.3
23.0

23.2
241
24.9
27.9
26.4

23.9
25.4

25.6
27.4

27.0
29.0
28.5
29.1

29.8
28.8
29.2
29.6

S

24.2
229
22.7
24.4

23.0
235
27.9
30.4

28.7
29.3
28.9
29.1

29.4
28.5
30.5
29.2
29.2

25.0
25.9

26.6
28.4

28.1
294
28.1
28.9

29.3
28.5
29.2
29.5

13.20 1ST
10 cm
\ S
15.6 22.2
16.6 215
14.9 214
145 215
16.8 22.2
17.9 22.9
18.3 25.8
20.2 27.8
205 26.8
20.2 27.1
22.1 27.1
22.1 27.6
22.2 26.8
23.5 25.5
24.0 28.1
26.3 28.4
25.5 27.9
23.6 24.7
24.4 25.1
25.2 25.9
26.2 27.2
26.0 27.6
28.1 28.2
27.8 27.7
28.3 28.3
28.9 28.9
28.3 27.9
28.4 28.5
28.8 28.8

20 cm
N S
15.6 20.3
19.2 22.9
15.0 20.2
145 21.9
16.5 21.9
16.9 22.3
17.5 23.9
18.5 24.2
19.5 24.2
195 26.6
20.7 26.3
21.3 25.4
21.0 25.2
22.9 24.4
22.8 25.6
25.0 25.6
24.2 26.2
23.2 24.4
23.6 24.4
24.7 25.4
25.0 26.0
24.9 26.9
26.4 27.1
27.8 27.1
27.3 27.8
27.8 28.3
27.3 27.8
27.4 28.1
27.8 28.1
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simiJar agronianagemcnt practices is pre
sented in Table 4. Girth of trees grown or
the south facing slope was found to b(
significantly higher than those on the nortl
facing slope. The higher girth can b<
attributed to the higher soil temperaturej
during the winter season.
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