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A COMPARATIVE STUDY ON THE PROPERTIES OF SOILS IN
RELATION TO VEGETATIONAL TYPES

M. Balagopalan "and A.l. Jose

College of Horticulture, Vellanikkara 680 654, Trichur, India

Abstract: Soil properties under six types of vegetative covers,

evergreen, Semi-evergreen and

moist deciduous forests, and plantations of teak, eucalypt and rubber showed that they differed
significantly. Soils in the natural forests have higher water holding capacity, cation exchange
capacity, organic carbon, N, P20s, K20 and CaO and MgO. Soils in the plantations, on the other
hand, possessgreater accumul ation of gravel, contain highest amountsofFe203 and Al203. Organic
carbon and N contents up to an appreciabl e depth were considerablein soils under natural forests.
It was found that growing eucalypt after clearfelling natural forests has deleterious effect on soil

properties.
INTRODUCTION

It has been reported that soil
properties vary spatially primarily in
response to rooting and litter-fall
characteristics of the perennial vegetation
on more or less the same soil material
(Lescure and Boulet, 1985, David et al.,
1983, Nath et al, 1988). Roots take up
chemical constituentsfromalargevolume
of soil material andconcentratetheminthe
biomass. Litterfall then transfers much of
this biomass beneath the canopy and their
decomposition releases these biophyllic
chemical constituents to the soil material.
Hence, soils exhibit difference in
properties in relation to the vegetational
changes. In Kerala, very few attempts
have so far been made to study the soil
properties in different ecosystems
(Balagopalan and Jose, 1984). This study
aims to eval uate the changes in properties
of soilsin relation to vegetational typesin
Keraa

MATERIALS AND METHODS

Peechi (150 m asl) in Trichur Forest
Division, Kerala was chosen for studying

the effect of vegetational types on soil
properties. The average rainfall during
the period 1980-1990 was 1910 cm. A linear
transect, 9 km long and 500 m wide
starting from evergreen (West Coast
tropical evergreen), passing through
semi-evergreen (West Coast semi-
evergreen) and moist deciduous (South
Indian moist deciduous) forests, and teak
(Tectona grandis), eucalypt (Eucalyptus
tereticornis) and rubber (Hevea brasiliensis)
plantations was taken. The years of
establishment of teak, eucalypt and rubber
plantations were 1968, 1973 and 1969,
respectively*and the latter belongs to a
private organisation. The transect was
chosen in such a manner that each
vegetational type was represented by an
area of 15 km length and 500 m width.
Five sub-plots of 50 m x 50 m were laid out
randomly in one vegetational type, each
sub-plot separated from the other by about
50 m. One soil pit was taken from every
sub-plot and samples from 0-15, 15-50 and
50-100 cm layers were collected.

Analyses were carried out for
particle-size separates, physical
constants, pH, loss on ignition, acid

! Kerala Forest Research Institute, Peechi 680 653, Trichur, India



168

insolubles, sesquioxides (R,03), cation
exchange capacity (CEC), total calcium,
magnesium and potassium (in HC1
extract) following the procedures
described by Piper (1942), Jackson (1958),
AOAC (1960) and ASA (1965).

Organic carbon (OC) was
determined by the method of Walkley and
Black (1934). Total N was determined by
the method described by Hesse (1971).
Mean values of soil properties in the six
vegetational types are presented in Tables
1 and 2. Analysis of variance of soil
properties, due to vegetational types
(Snedecor and Cochran, 1975) aregivenin
Table3.

RESULTS AND DISCUSSION

On comparing soil propertiesin the
0-100 cm layer in the six vegetational
types, it could be seen that soils in
evergreen forest contained highest values
forsilt, water holding capacity, pore space,
loss on ignition, K,O, total N and cation
exchange capacity and lowest values for
gravel, sand, soil pH, bulk density and acid
insolubles. In the case of semi-evergreen
forest, the values for clay and acid
insolubles were highest while those for
electrical conductivity, Fe203 and CaO
were lowest. For soilsin moist deciduous
forest, particle density, P205, CaO, MgO
and OC wererelatively higher while Al,O4
was lower. Teak soils possessed highest
values for soil pH and volume expansion.
Asregards eucalypt plantation, thevalues
for gravel, sand, electrical conductivity
and bulk density were highest and vice
versa for glt, water holding capacity, pore
space, volume expansion, OC and cation
exchange capacity. Soils in rubber
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plantation had highest Al,O3 content
while particle density, loss on ignition,
P,0s5, MgO and total N valueswerelowest.

Analysis of variance of soil
properties in the vegetational types
revealed that excluding clay, particle
density and Al,O3 all other properties
exhibitedsignificantdifference.

On comparing the soils in the sx
vegetational types, it can be seen that the
textural composition of soils in evergreen,
semi-evergreen, moist deciduous and
rubber are loam while those in teak and
eucalypt are sandy loam. The soils in
semi-evergreen, moist deciduous,
eucalypt and rubber are medium acidic,
those in evergreen are strongly acidic
while in teak, they are slightly acidic. In
natural forests, cycling of nutrients is an
important aspect as considerableamounts
of nutrients are returned to the soil
through leaf fall and other ways, and made
availableforreabsorption. Thisre-cycling
of nutrients keeps the forests under high
fertility statuswith rich top soil and dense
vegetation rendering erosion problem
negligible.

The plantations of teak and eucalypt
were established after clearfelling a moist
deciduousforest and burning thearea. In
the case of rubber, it was planted after
clearfellingamoist deciduousforest. The
clearing of the natural vegetation is a
dramatic ecological event with short and
long-term effects on the soil properties. In
pristine ecosystems, most of the nutrients
are bound in living and dead biomass
present at the sites and tight cycles exigt.
When there is a disturbance, there will be
large amounts of nutrients released



169

PROPERTIES OF SOILS IN RELATION TO VEGETATIONAL TYPES

%S5 €Y ¥'6T oz vl ¥1°0 & 8’8l 551 552 TEl 00 NS
60 ¢ ¥'62 ¥eT 1 L10 5 &SI 55l 8'0£ 61 0s-¢1
506 'Sk 0°sg FT SE'l 910 0 E€l 441 KA 861 §1-0 Jaqqny
S6'E 9'9¢ 6T 6T EQ1 810 g €81 6S gsL X1z wNUNE
. sss 778 S5T ¥S'T 991 Zlo xS I'vl 95 88L T6T 0S-S1 n,
8o o83 L0E 197 g1 ) xS §91 2 894 ¥¥e S1-0 : H
909 I'zy gee EV'T 0¥F'1 L1°0 9 gx[ 99 9Sx (A4S 001-0S
S6's (444 gIE 9T L1 L10 I'9 €8] &% (473 14U 0g-sL
179 U'sy 7 V€ 6¥'C %1 L10 z9 LBl z9 Lyt 902 S1-0 !
Iy 6'FF 5 0€ 69T 81 Sn0 £s gl 181 T99 (444 0Q1-08 0
LSE 4 o6 €9°C 671 1o A 0¥l 9'cl o 012 Og-l  wmm 3p
19°9 T L9% Z8T gl 70 6S Vgl 9gt Lo T §1-0 1 W
LLE L0F sPE ¥ o1 Spo §S I'sg 91 T'8S 001 Oo1-0§ )
SS'E 'Sy £'EE 09T £Vl 90°0 R L1y 6S1 ¥79 991 Oc-gr ™™ a5
IS¢ 8'9% 607 6€T 91 1o 8¢ $'8z 144! I'%9 YA Ero = Wdg
SLY i 6%€ 65T 36T %00 TS 9oL 9sT g€S 0’8 -0§
s 9y g9€¢ 8T og'1 80°0 S’ 6T L61 ¥LS ¥'6 05 -S1
SyL 18 218 96T €01 610 A €'€T 08I A §z1 s10 veafiod
%, % % X 1suap X Isusp w/gp Hd % % 9% 9% (wo) sadXy
‘dxa jop  asedsaiod  DxM CIEEES ™ | oq os Xe[ 118 poeg PANQ yidag 3a,\

sad£; peuoneiaBan xis oy ug s1ake] Juatayyip oy ur sanaadoid [eo1syd J10s jo sanjea ueapy ‘] JqeL




Table2. Mean vaues of oil chemicalproperties in different layersin the Sx vegetational types

0L}

Veg. Depth  Losson  Acd  Fes0s  AbOs  P:Os K20 CaO  MgO oc Totd CEC |
types (cm) igni.%  insoluble % % % % % % % N ppm cmol(+)/kg i
Evergreen 015 2375 4504 1044 1646 010 015 017 0.09 198 1566 1606
1550 1478 4623 1208 2202 0.04 023 011 o1 134 1071 1342
50-100 1601 47.69 183 2109 0.03 02 on 0.06 112 917 1495
Semi- 015 1762 49.79 1015 1900 0.07 014 010 008 131 1369 1288
evergreen 15850 109 5370 nnr 2143 005 019 0.08 0.07 121 1020 1044
50-100 172 5306 1108 2110 003 019 006 0.04 0.96 837 1069 i
Moist 015 2639 4349 985 1809 006 016 015 015 253 1148 1 g
deciduous 1550 1428 5141 1206 1944 005 015 014 012 186 872 1060
50-100 1281 5062 1232 2080 005 021 012 0.10 045 275 928
Teak 015 1507 4850 1370 1967 006 010 013 008 142 887 1109 cg
1550 1361 46.04 1560 267 004 0.08 ol 0.06 085 692 912 Z
50-100 1321 4564 1508 2287 004 009 012 0.07 077 333 776 '6
9
Eucalypt 015 1304 5342 112 2014 004 008 013 0.08 123 783 9.47 -
1550 1057 51.08 1289 2288 003 0.06 010 0.06 0.80 482 6.88 =
50-100 1210 5139 1B 2069 004 008 0.07 0.03 0.66 417 6.67 g
2
Rubber 015 1388 4844 280 275 0.04 012 013 0.09 201 843 1119 S
i 1550 1014 5086 10 R4 003 006 009 004 089 400 859 8
§_i 50-100 9.87 4934 1324 2066 003 0.04 0.07 0.03 0.62 315 726 ':I-
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whether the disturbance is caused by
clearfelling of forests or by fire. In other
words, the balance in the natural climax
forest is disturbed when the forest is
cleared and the soil exposed to the
influence of climatic factors. The changes
in soil properties following clearfelling
and subsequent plantation activities have
been recorded by several investigators.
(Lundgren, 1978; Chijioke, 1980;
Covington, 1981; Muller et al., 1985
Aboriasade and Aweto, 1990). The
reduction in organic carbon and total N in
teak and eucalypt plantations in Kerala
when compared with natural forest has
also been reported by Balagopalan and
Jose (1984).

In the surface soils of eucalypt
plantations, it is found that the leaf litter
accumulates and it takeslonger period for
decompositioninKeralaconditions(Mary
and Sankaran, 1991). This results in
relatively lower incorporation of organic
matter (OM) into the soil, asevident from
theOCvalueswhichindirectly affect other
soil properties due to their relationship
with OM. Also it could be seen that forest
clearance, subsequent logging and
plantation establishment led to increased
bulk density of soils. Teak being a long
rotation crop (55 years under Kerala
conditions) and deciduous in nature, the
soils under teak are subjected to impact of
environmental factors more than the short
rotation eucalypt. This bringssome of the
soil propertiesin teak plantations close to
those of moist deciduous forest (Jose and
Koshy, 1972). In the case of rubber
plantations, belonging to a private
organisation, annual weeding, fertiliser
application and soil management
measures were practised regularly as a
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result of which some of the properties
exhibit marked difference from other two
plantations. The relatively higher values
for bulk density and lower for OM in
eucalypt can be adduced to the slow
decomposition of litter as well as its lower
incorporation into the soil in addition to
other  operations  accompanying
plantation establishment.

The C:N ratios in the six
vegetational types show that there are
considerable differences, ranging from
10.78 in the semi-evergreen t0 2252 in the
rubber plantations. The relatively higher
C:N ratios in moist deciduous forest, teak
and rubber plantations are due to the
higher additions of litter and its
simultaneous faster decomposition.

Analyses of variance of soil
properties bring out the fact that varying
types of vegetation give rise to difference
in soil properties evenin the sameclimatic
condition. Another striking point is that
soilsin evergreen forest stand aloof, even
among the natural forests. This is
expected because of the difference in the
microclimate in evergreen forest
compared to other vegetationa types.
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