
Journal of Tropical Forest Science 8 (1): 53 - 58 (1995) 53

PROXIMATE CONSTITUENTS OF SOIL ORGANIC MATTER
IN RELATION TO ELEVATION IN THE RED FERRALLITIC
SOILS OF KERALA, INDIA

M. Balagopalan

Division of Soil Science, Kerala Forest Research Institute, Peechi - 680 653 Kerala India

Received 1994_______________________________________________________

BALAGOPALAN, M. 1995. Proximate constituents of soil organic matter in relation
to elevation in the red ferrallitic soils of Kerala, India. A study was carried out to
determine the proximate constituents of soil organic matter in relation to elevation in
the red ferrallitic soils of Kerala, India. Fats and waxes, resins, free sugars, hemicellu-
lose, cellulose, lignin and protein increased significantly with elevation. Hemicellulose
accounted for double the amount of cellulose and free sugars taken together. Lignin
and protein accounted for a major portion of organic matter.
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BALAGOPALAN, M. 1995. Unsur-unsur proksimat jirim organik tanah berkaitan
dengan ketinggian di dalam tanah feralitik merah di Kerala, India. Satu kajian telah
dijalankan untuk mempastikan unsur-unsur proksimat jirim organik tanah berkaitan
dengan ketinggian di dalam tanah feralitik merah di Kerala, India. Lemak dan lilin,
resin, bebas gula, hemiselulosa, selulosa, lignin dan protein bertambah secarasigm'fikan
dengan ketinggian. Hemiselulosa dianggap sekali ganda amaun selulosa dan bebas
gula yang diambil serentak. Lignin dan protein dianggap bahagian utama jirim
organik.

Introduction

The usefulness of gross chemical constituents of organic matter (OM) as deter-
mined by proximate analysis has been quite often debated (Palaniappan 1975).
They can indicate the stage of OM decomposition as influenced by varying
environmental factors (Balagopalan 1991). Information on the chemical compo-
sition of OM as revealed by proximate analysis would disclose the processes
responsible for stabilisation of important components such as nitrogen (N) and
sulphur (S) in OM. Very few studies have been carried out to determine the
proximate constituents of tropical soils (Palaniappan 1975). This study was under-
taken to elucidate the quantities of proximate constituents in relation to changing
elevation in the red ferrallitic soils of Kerala, India.

Materials and methods

Study area

The study area in Kerala lies between 8° 18' and 12° 48' N and 74° 52' and 77°
22' E. It is a linear strip of land extending to about 560 km in the southwestern part
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of India bordered by the sea on the west and the Western Ghats on the east
throughout its entire length.

Three study sites were selected in a hilly region at (1) Arippa E, (150 m asl)
in Trivandrum Forest Division, (2) Chandanathod E2 (750m asl) in Wynad Forest
Division, and (3) Myladumpara E3 (1450 m asl) in Munnar Forest Division
(Figure 1).

The underlying rock at E1 is gneiss which has undergone lateritic decomposi-
tion. Minimum and maximum temperatures are 20.3 °C and 39.4 °C respectively.
Mean rainfall during the 10-y period (1978-88) was 2000 mm. March, April and
May are the hottest months. The southwest monsoon, which brings the greater
part of the total rainfall, occurs normally from the first week of June through
August. The northeast monsoon brings some rain in October and November.
Relative humidity is greater than 55% and attains 100% during rainy days. This
site has a westerly aspect and a slope of 30°. The vegetation type is lowland west
coast tropical evergreen forest.

Figure 1. Location of the study area
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The underlying rock at E2 is principally coarse biotite gneiss. Minimum and
maximum temperatures are 12 °C and 32 °C respectively. Mean annual rainfall
during the 10-y period (1978-88) was 2650 mm. The southwest monsoon occurs
duringjune to August and the northeast monsoon occurs during October through
mid November. December to April are the hottest months. Mists are common
during November to February. The humidity varies from 60 to 90% touching
saturation point during rainy season. The site has a westerly aspect and a slope of
30°. The vegetation type is west coast tropical evergreen forest.

The underlying rock at E3 is igneous in origin and consists of granitic gneiss.
Minimum and maximum temperatures are 5°C and 28 °C respectively. Mean annual
rainfall during the 10-y period (1978-88) was 3210 mm. The wet weather com-
mences in May with the outburst of southwest monsoon and continues until the
end of November. March and April are the hottest months. From the beginning
of December, the mornings are dewy until the middle of February. The humidity
varies from 75 to 95% reaching saturation during rainy days. This site has a westerly
aspect and a slope of 30°. The vegetation type is southern subtropical broad
leaved hill forest.

Sampling

At each site, plots of 250 X 250 m were laid out randomly and further
subdivided into five subplots of 50 X50m. Five surface (0-15 cm) samples were
collected from one subplot and composited into one sample. As such there were
5 composite samples from one site and 15 composite samples from three sites.The
samples were analysed to determine pH, organic carbon, total N and S as per the
procedures in Black et al. (1965) and the proximate constituents by the method of
Stevenson (1965). The proximate constituents estimated were fats and waxes,
resins, free sugars , hemicellulose, cellulose, lignin and protein. Analysis of varia-
tion was conducted on the data using the method of Snedecor and Cochran (1975).

Results and discussion

The mean values for soil pH, organic carbon, N, S and proximate constituents of
fats, waxes, resins, free sugars, hemicellulose, cellulose, lignin and protein are given
in Table 1. Analysis of variance of proximate constituents are presented in Table 2.

The results show that with rise in elevation, the contents of constituents
increased (Table 1). As OM also increased with elevation, the distribution pattern
of these components seems to be a function of OM status itself. The effect of
elevation on proximate constituents is due to the modifying influence of rainfall
and pH and consequently of temperature and microbial activity (Balagopalan
1991).

The fats + waxes and resins are proportionately larger in E2 and E3 and are
related to low soil pH in E2 and Es. Low pH results in inhibition of activity of
microbes responsible for rapid decomposition and depletion of these compo-
nents. This corroborates with the observation of Wang (1967).



Table 1. Mean values of soil pH, organic carbon, N, S and proximate composition
in the three elevations
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The free sugars content, similar to the contents of fats + waxes and resins, was
quite low when compared with the other components. The increase in the free
sugars content with elevation is in conformity with the results of Gupta and Sowden
(1964) for some of the forest soils.

The hemicellulose content constituted roughly double the amounts of cellulose
and free sugars together. The hemicellulose contents were greater at E2 and E3
than at Er The increase in hemicellulose content with elevation was also recorded
by Folsom et al. (1974). Higher contents of hemicellulose at E2and E3 are attribut-
able to factors like lignin and protein which tend to form stable complexes with
hemicellulose (Guptal967). Moreover, Palaniappan (1975) reported increasing
N and S contents along an elevational gradient which mediate and stabilise
hemicellulose, leading to its increased accumulation at higher elevations. This was
also indicated by Kononova (1966).

Low values for cellulose agreed with the results of Allison (1973). The general
increase of cellulose content with elevation can be traced to the higher OM status
itself (Gupta & Sowden 1964).

The presence of higher lignin contents at the E2 and E3 sites may be due to the
fact that the functional groups associated with OM could have bound the cellulose
fractions and formed stable compounds capable of retarding the process of
decomposition (Russell 1971). Moreover, high moisture and acidic conditions,
and low aeration and temperature at E2 and E3 sites might have resulted in low
microbial activity and higher cellulose content. This was also reported by
Cheshire et al. (1971). There was a similarity of behaviour between cellulose
and S compounds like that between OM and N (Balagopalan 1991). A close and
parallel variation in the cellulose and S content under conditions of lower and
higher elevations indicated that both these were affected to the same degree by any
or several of the processes taking place in these soils.

Lignin-protein accounted for the major portion of OM, in consonance with the
finding of Waksman (1968). Hurst and Burges (1967) reported that lignin is a main
component in humus fractions. The higher proportion of lignin at sites E2 and E3
may be caused by fungi, which are found to thrive better at higher elevation and
able to synthesise stable lignin components (Palaniappan 1975).

It could be postulated that the same set of factors were responsible for affecting
the protein and lignin contents either way. There was a close similarity in the
distribution of OM and protein. Enrichment of protein may be due to polyphenols,
tannin-like compounds, amino acids resistant to microbial attack (Campbell & Lees
1967), and protein and carbohydrate interaction with lignin (Larina et al 1970).
Maintenance of soil lignin and protein compounds was apparently due to the
tendency of these lignin and protein complexes to become stable.
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