
l^J-o

PHYSICO-CHEMICAL AND BIOLOGICAL 
PROPERTIES OF HIGH ELEVATION SOILS 

WITH Reference TO TEA (Camellia sinensis)

BY

ELIZABETH CHACKO

THESIS
SUBMITTED IN PARTIAL FULFILMENT OF THE REQUIREMENTS 

FOR THE DEGREE 
M ASTER OF SCIENCE IN AG RICU LTU RE 

FACULTY OF AGRICULTURE 
KERALA AGRICULTURAL UNIVERSITY

DEPARTMENT OF AGRICULTURAL CHEMISTRY 
COLLEGE OF AGRICULTURE 
VELLAYANI TRIVANDRUM

1988



o o\ l \
E l i /p h



DECLARATION

I hereby declare that this thesis entitled Physico 
hemical and b ological properties of high elevation soils

with reference to tea (Camellia sinensis) is a bonafide
record of research work done by me during the course of 
research and that the thesis has not previously formed for 
the award of any degree diploma associate-=hip fellowship 
or other similar title of any other University or Society

ELISABETH CHACKO

Vellayani 
/■* /» Sf



CERTIFICATE

Certified that this thesis entitled Fhysico
chemical and biological properties of high elevation soils 
with reference to tea (Camellia sinensis> is a record of 
research work done independently by Kum Elizabeth Chacko 
under my guidance and supervision and that it has not 
previously formed the basis for the award of any degree 
fellowship or associateship to her

Dr Alice Abraham 
Chairman 

Advisory Committee 
Professor Department of Soil Science 
Science and Agricultural Chemistry

Vellayani
/<£ to <3 5



APPROVED BV

CH A IRMA If

Members

External

Dr Alice Abraham C_T

1 Dr Susamma Philip

2 Shri P A Korah

3 Shri E Sundaresan Nair

E caminer <y.
r (



a c k n o w l e d g e m e n t

I wish to express r<y heartfelt gratitide ar 1 lrdebtedress 
to the chairman of my Advisory Committee Dr Aliee Abraham for 
her mvaliable g u d a n c e  in the planning and execution of this 
work ar1 for her advice and encouragement throighoit the perird 
of work

My ireere thanks are die to the members of tie Alviscry 
Committee Dr Si^atrira Philip Professor Department of Plant 
Pat ology Sri P A Korah Associate Professor Department of 
S j iI Science and Agricultiral Chemistry ar 1 Sri Sirlaresar 
Nair Assistant Professor Department jf Soil Science anl 
Agriciltiral Chemistry for the expert advice ar1 valialle 
suggestions for the successful completion of the thesis

I am gratefil to Dr R S Iyer Profe^scr ard Head 
Department of Soil Scierce ard Agricultiral Clrerrietry anl Dr 
M $  Koshy Dean College of Agnrultire for their valiable help 
lr the timely completion of the the^i-

I ar ttankfil to Dr S Pishkala Associate Professor 
Departmert of Soil Seiener ar 1 Agrileiltiral Cteristry and Dr 
P Saraswatty Associate Frcfessor Department cf Statisti s for 
their valiable help and isefil observatiors which lelpel my 
thmkirg



Thark'7' are al^o due to Sri Ajittkirrar Techni al 
Asc 1 tant Departrert of Statistics for his irvaliable 
assistance m  statistical aralysi^

I express rrv gratitide to the Kerala Agric lit iral
Univer lty for grantirg rre its fellov/^lr ip

My pecial wrrl of thanks to all rry frierd^ wlr lirectly
or lrdirectly irvolvel tier elve witb rry work

I arr deeply obliged to rny parents anl brother fir tbeir 
steadfast help and constant ircpiratior

Above all tb e blessirgs of the Air lgbty helped rre
throughoit the coir e of my work

ELIZABETH CIIACKO



CONTEITS

INTRODUCTION

REVIEV OF LITERATURE

MATERIALS AND METHODS

RESULTS AND DISCUSSION

SUMMARY AND CONCLUSIONS

REFERENCES

APPENDICES



1
2

3
4
F

6
7
8
9
10

11

12

13
14
15
16
17
18
19

LIST OF TABLES

TABLES Page No

Meetarncal composition of ‘■oil 38
Balk density of soil 40
Partirle density rf soil 41
Watpr lroldirg capacity 42
Pore space 44
Soil reaction 45
Total acidity 46
Exchangeable Alarrini.ur 47
Exchangeable Hydroger 49
Oation Exotange rapacity 51
Organic Oarbon F 2
Total Nitrogen 56
r/N ratio 56
Available Nitrogen 58
Total Phosphorus 59
Available Phosphora 60
Phosptoraj fixing apacity 62
Se^qaioxides 64
Total Potassium 65



20 Exrhar g p a U p  Potassiam 66
21 Ex IrangpaVlp C a l c u m  oortert rf soil 69
22 Exrl ar geallc Magrcsur rjr + ert of soil 70
23 Base atiratirr jf soil 71

24 Microbial rourt jf soil 73
2e Phosplate ^olabili^afijn 76

26 Urease activity 79
27 llatnerf oxrrp sitijr of tea leaver ar 1 m  ricr I

reirrval 32



LIST OF FIGUPES

Histogram showing factors eontribitmg to aridity 
at three depths for tea and non tea soil?.

Histogram showing listrib ition of organir carbon 
and P/N ratio at three depths for tea and 
non tea soils

Histogram showing distribution of total nitrogen 
ard available nitrogen at three depths for 
tea and non tea noil&

Histogram showing listnbition of total ar 1 
available phosphor is and P fixing eapacity at 
three depths for tea and non-tea soils

Histogram s h r w m g  distribitior of exehargeable 
bases at three depth for tea and non tea ill11*

Histogram showirg total number of micro organises 
at three depths for tea and ron tea "oils



Pagp H

LIST OF APPENDICES

1 Cotrpor,i'bior of r pdia for isolatior irir-ro rrganiSHS
(la tfria furgi art in rrytp ) 1

2 Mi=-dia f r st ilying plrosphatp olabili^a+i r 3

3 Mp-Iia for "■filyirg Ni+r g*"r fixirg apar 11 / I

4 Analy^i jf variarre Pty^iral prjpprl'ip of oil F

5 Aralysi rf variar <=■ Chpr l al proppr+m'- jf "oil 8

6 Araly i" jf variarrf Bi 1 gi al prrppr+ip jf ll 7

7 HifriP-rt cortprt f irfa <=■ anl s XV irfaop s ll ""at pl^ 6



X N T R D D U C T I O N

Tea tlie drink that cheers millions of people all 
around the globe at the dawn and dusk of every day plays a 
vital role in the economy of independent India Tea
obtained from Camellia sinensis as two leaves and a bud has 
been described as the world s most popular and cheapest 
beverage next to water the Adam s wine

Tea cultivation in India is confined mainly to few 
states like Assam West Bengal Kerala Karnataka and Tamil 
Kadu The total area under tea in India is 378 000 ha with 
an annual production of 650 000 tonnes

Tea Plantationsare raised at elevations ranging upto 
and beyond 2000 m and on slopes of varying steepness The 
natural vegetation in such forest areas has been replaced 
and put to monoculture with tea on a commercial basis for 
the past several years

Since the nature and mode of different agencies 
responsible for soil formation are governed by the 
ecosystem the physico chemical and biological characters of 
the soil of the tea plantation^ are fqund to vary widely 
compared to the natural and other planted forests
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Soils of the tea plantations are most likely to show 
some special features m  their physico chemical and 
biological make up due to the exclusive characteristics of 
the Tea plant as well as the management practices
associated with the plantation The non exclusion of vatious 
plant species whifch were originally present and monoculture 
with tea also bring about appreciable variati'nn in sail 
properties Since the two leaves and a bud from every 
shoot are nipped off very frequently the scope for 
recycling of nutrients is very little compard to other 
natural forest systemo or plantations Besides the annual 
application of large amounts of inorganic fertilisers 
coupled with the heavy rainfall makes the soil prone to 
become mare acidic and base different

The behaviour of added nutrients and their
availability to the plants and their retention Lnthe soil
will be controlled by the physico chemical and biological
properties of these soils Only very meagre studies have 
been conducted on such characters of high altitude soils 
with special reference to tea platations

The present investigation has therefore been undertaken 
with the fallowing main objectives
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<l)To study the physico chemical and biological properties 
of high altitude tropical soils cultivated to tea for a 
long period

(2)To compare the nature and properties of soils cultivated to 
tea with the nearby soils not cultivated to tea



REVIEW  OF LITERATURE



REVIEW OF LITERATURE

Tea plantations are located in areas having certain 
special features in terms of temperature rainfall altitude 
and soil type The tea plantations in South India 
especially of Kerala are situated in the midland region at 
an altitude of 350 to 2500 M They are raised on denuded 
forest soils of high altitude low temperature and put to 
monoculture with tea (Camellia sinensis) for more than 
hundred years The soils are mainly derived from granite 
and gneissic rocks

The area is dominated by a slopping and level 
topography which had witnessed a number of geomorphic cycles 
punctuated with uplifts followed by prolonged periods of 
erosion and subsidence Under the impact of monsoon with 
alternate wet and dry conditions the laterisation processes 
continues to be active to the present day

The specific impact of tea plantation as a soil 
forming factor on the soil characteristics in these regions 
is less understood Only limited efforts have been made to 
study the nutritional and related aspects of the plantation 
in relation to the soil physical and chemical properties 
The literature available on these aspects of the high
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altitude soils with special reference to tea plantation is 
reviewed

Vegetation as a soil Forming Factor

Marbut <1932) in his notes on the relation of .=ail 
type to environment considered vegetation as the mast 
important soil forming factor and Hikiforoff (1935) 
identified the importance of plant cover in determining the 
profile features of a ^oil

In a discussion on biosphere as a factor of soil 
formation Joffe (1936) stated that plants acted directly or 
indirectly as a factor of soil formation He brought out the 
influence of grassland and timber the physiological 
functions of the plants and their composition on the 
constitution of the soil profile

Jenny <1941) recognised vegetation both as a 
dependent and as an independent variable To illustrate the 
role of vegetation as an independent variable he studied the 
prairie timber transition zone and concluded that under 
equal climatic circumstances a decidious forest cover 
stimulated leaching and accelerated soil development more 
than a prairie vegetation
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Physical properties

Burges <1917) has reported that the porespace of 
high altitude soils was generally high and the soils were 
loose and highly permeable He found the porespace to be 
high and range from 43 64/ in the plantation soils

Champion <1932) has concluded that soil samples from 
teak and adjacent natural forest did not differ 
significantly in the distribution of different sized 
particles However the soils under plantations were found 
to be comparatively much harder due to a greater exposure

Costin et al <1952) observed that in alpine humus 
soils of Hew South Wales silt and clay were obtained at a 
maximum altitude between 5500 and 6000 ft decreasing 
significantly either way They explained this being due to 
the optimum temperature and moisture conditions prevailing 
in the region

Mann and Gokhale (I960) hase reported that tea soils 
of S India have a high clay and silt content but in the 
high ranges the texture is distinctly open They have 
concluded that the tea soils are derived from gneissic rocks 
containing a good deal of mica
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From a comparitive study of the physico chemical 
properties of soils under cultivation and forest cover 
Pathak et al (1964) showed that porosity waterholding 
capacity and moisture under forest cover were higher than 
those of the soils under cultivation The forest soils
exhibited more aggregation than cultivated soils

Chandrasekharan and Koshy (1970) reported maximum 
ampunt of clay in the surface horizon of the soil profile at 
an elevation of 600 2100 M in the high ranges of Kerala
The clay content decreased with depth and downward 
translocation was maximum at 1200 M

Dey (1971) has reported that substantial
deterioration in soil aggregation takes place in the early 
twenty years of cropping period This is partially or fully 
regenerated during the period between medium a n d ,old age of 
tea plantations

Harler (1972) has stated that the soils planted to 
tea are generally red and lateritic and accumulated iron 
compounds in them

Jose and Koshy (1972) studied the physical
properties of teak soils in Kerala These soils showed a
higher value for apparent density and absolute specific
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gravity and lower values for porespace and waterholding 
capacity The results indicated that the physical condition 
of the soils has been markedly altered as a result of 
deforestration and planting with teak The clay content of 
soils at an altitude of 200 K and cultivated to eucalyptus 
decreased with increase in depth and varied from 5 8 8 1
percent The bulk density is slightly reduced at higher

Ielevation due to a higher rate of organic matter 
accumulation The waterholding capacity porespace and 
moisture equivalent showed an increasing trend with 
increasing elevation (Krishnamaarthy and Eajamannar 1978)

Iyengar <1977) has observed that the soils under 
coffee vary in colour from reddish brown to yellowish red 
with the texture ranging from loam to clay loam They are 
in general well drained and possess excellent physical 
properties

Alexander et al <1981) based on a study of the 
properties of soils under teak showed that the sand content 
decreased and silt and clay increased with depth indicating 
the downward movement of the latter due to leaching

Physical properties of deodar growing forest soils 
at an altitude of 2100 - 2700 M were studied by BanSerjee and
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Badola (1982) They found the soils to be fine textured 
mildly acidic rich in organic matter and high in water 
retention properties

Ghosh et al <1984) could observe no abrupt change 
m  texture between top and subsoil layers in the tea soils 
of Assam However the hydraulic conductivity varied with 
texture and was correlated with coarse sand silt and water 
content at 100 and 333 cm of water column suction

Premakumari <1987) while conducting studies on the 
physico chemical properties of teak eucalyptus and rubber 
plantations in comparison with natural forests in S Kerala 
has shown that in all these plantations sand and silt 
content of soil decreased and clay content increased with 
depth in the profile The single value constants were found 
to be positively influenced by the organic matter content of 
the soil

Soil Reaction

Thomas <1941) has reported that tea is a calcifuge 
and its preference for acid condition is associated with the 
generally low calcium status of leached acid soils
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Analytical data reported on horizons of tea sails in 
Ceylon <Lamb 1955) showed a pH value of 5 5 in the top
soil He opined that tea dislikes soils of high pH possibly
due to an unavailability of manganese and aluminium

From a comparison of young and old forest stands 
Ovington and Madgwick (1957) suggested that in forest soil 
the greatest change in soil acidity occurred in the first 25 
years after planting

Goletianl (1965) has reported that prolonged 
application of physiologically acid fertilisers in tea 
plantations brought the soil pH in the range 3 8 to 4 5 and 
stimulated the vegetative growth of tea bush Most tea
soils in S India show a pH value between 4 5  6 (Mann and
Gokhale 1960)

Bhavanandan and Sunderlingam (1972) reported that 
all nitrogenous fertilizers reduced the soil pH in tea 
plantations However the reduction in pH was maximum by 
the use of ammonium sulphate

Harler (1972) observed that the tea plants preferred 
an acid sail a condition that has resulted from the 
leaching of lime and other bases In most tea areas the 
natural pH value of soil is about 5 4



Ranganathan and Swaminathan (1973) had stressed the 
scope and need for liming of tea soils to bring the pH to
greater than 4 5 for a breakthrough in tea production
through soil management

Dhir (1976) has reported that high altitude profiles 
have a very large amount of acidity with much of it present 
in difficultly exchangeable forms The middle altitude soil 
profiles also are acidic but the amount of difficultly 
exchangeable aluminium is negligible and that of mobile
sesquioxides are relatively small

Studies on the genesis of well drained laterite 
soils formed on different parent materials under tropical
climatic conditions revealed that though soil lacidity of 
these oOils is due to chemical weathering acidity around pH 
5 5 can be developed under different climatic conditions 
depending on the nature of the weathering complex (Gowaikar 
et al 1976) Raj amannar et al (1979) have reported that
high level lateritic soils under Eucalyptus tereticornis and 
E globulus are acidic in reaction

Organic matter status

Cooper (1946) has shown that the continual 
incorporation of tea prunings into the soils increase its
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nitrogen content The diminution of C/N ratio seems to 
reflect a change in the nature of C—H linkage due to this 
policy

Jenny and Ray ChaudhQz'i (1958) showed that a higher 
organic matter content is found at higher elevations due to 
the low temperature prevailing in the high altitude range

Analytical reports of Talhurst (1961) have revealed 
that tea soils of Ceylon which are around 2500 ft 
elevation suffered mare severely than others by a loss of 
organic matter when compared to forest soils where the 
organic mat ter content increased^steadi ly with a rise in 
elevati on

Ramaswamy (I960) has reported the biochemical 
nature of th^organic matter in tea soils of Ceylon A 
significant correlation was obtained between the altitude of 
the soil sampled and total organic nitrogen But the amount 
of available nitrogen did not show any definite correlation 
with altitude

Harler (1972) observed that in tea soils ther^is a 
depletion of organic matter during the early 20 years of
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crapping after which the rates slaw down leading to a state 
of equilibrium

Similar observations have been made by Dey (1971) 
where the organic matter in tea soils are depleted rapidly 
m  the first 20 years of planting Thereafter the rate of
decline slows down and ultimately reaches an almost
equilibrium level

Weeraratna (1977) has reported that tea prunings on 
soil increased organic matter content from 2 16 2 49
percent Organic matter content of the subsurface soil 
indicated that some organic matter has been transported from 
the surface to subsurface

Ganesan and Ranganathan (1978) studied the organic 
matter variation in tea soils of S India A declining trend 
in organic matter content was observed from 1971 to 1977 
They attributed it to a lesser return of organic matter to
the tea soils Liming of soils had a beneficial effect on
improving the organic matter status

Raj amannar et al (1979) have reported that high 
level lateritic soils under Eucalyptus tereticornis and 
E globulus developed under low temperature and high rainfall
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contained higheramounts of organic carbon (0 44 9 74/£)
which showed a decrease with depth in the soil profile

Under continuous cropping and manuring in 
tea nutrients and organic matter are depleted rapidly in the 
early 20 years of crapping and thereafter the rate of 
decline slows down reaching a level of equilibrium 
Nitrogen and organic matter content of the top 30 cm^oils 
are linearly correlated (Dey 1971)

Banerjee et al (19S2) studied the physico chemical 
properties of deodar growing soils at 2100 2700nl altitude
and reported that the soils are fine textured mildly 
acidic rich m  organic matter well supplied with nitrogen 
phosphorus potassium and possessed high cation exchange 
capacity and water retention capacities

Khairy et al (1985) have reported on the balance 
and dynamics of organic matter under tropical crops like tea 
and coffee They found that soil under tea contained 
greater amounts of humic acids than the original soil With 
continued humification soils under tea produced larger 
amounts, of humic substances compared to coffee plantation^
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Hutrient status

Studies on forms of phosphate absorbed by soil 
colloids and their availability to tea plant by Aidlnyan 
<1957) showed that exchangeable phosphorus fixed by soil 
colloids is the most available form and the decrease in 
exchangeable form is generally supplemented by the
chemically fixed form

Jayaraman and De Jong (1955) analysed tea soils and 
observed that all of them were highly leached with low 
levels of bases and that they contained high levels of free 
oxides of iron and aluminium resulting in a rapid fixation 
of phosphorus

Conditions of Ceylon tea soils reported by Lamb 
<1955) revealed that they are highly fertile with 3 5/ 
organic carbon and 0 34 nitrogen Jungle soils contained 
upto 204 organic matter in the top layer but their nitrogen 
was only slowly available After a long period of
monoculture under tea there were only few signs of 
deterioration Sharma et al <1956) observed that the
organic carbon and nitrogen generally were greater in the 
high elevation soils of Himachal Pradesh The C/N ratio of 
soils upto an elevation of 600 ft was around 10 1 and Takkar
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(1963) ha<=> reported that the total nitrogen and organic
carbon content in tea sails of Punjab were in the range of 
0 05 2 00 and 0 42 2 50 per cent respectively The
available P 0 varied from 6 45 85 60 ppm

Mahal ingam and Durairaj (1968) have reported on the 
chemical properties of high altitude soils of the Nllgiris 
They noticed a significant increase in the contents of iron 
and aluminium and a general tendency for the alkali and 
alkaline earth metals to decrease with increasing elevation 
Ikegaya (1971) based on the relations between content of 
exchangeable bases of soil and growth of tea plants stated 
that poor growth generally coincided with lower base 
saturation Growth was best with 25 50 per cent of
calcium and magnesium saturation of the clay complex

Nutrient status of coffee growing soils was studied 
by Iyengar <1977) The^e soils were rich in organic matter 
during the initial years of planting But during later 
years the soils got depleted in nitrogen They are 
generally low in available phosphorus and have a high 
phosphorus fixing capacity due to the predominance of 
kaolinite and hydrous axideaJ type of minerals The soils 
have moderate reserves of potassium
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Ranganathan (1977) has reported that the tea soils 
are abundant m  sesquioxides and low in ba-=es Soils are 
predominantly kaolinitic and lack fixation sites for 
potassium The average release of potassium from weathering 
of rocks has been estimated to be 10 ppm per month and is 
considered to be not adequate to meet the crop s demand

Dey (1971) has reported the exchangeable and non 
exchangeable status of potassium of tea soils to be low 
ranging between 100 200 kg ha Organic phosphorus
fractions showed considerable depletion after 40 years of 
tea cropping

Dhir (1976)has reported that the A horizon of high 
altitude soils are rich in exchangeable bases and lower 
horizons contain conceivably large amounts of difficultly 
exchangeable aluminium

Koyamu and Narabiar (1978) have noticed a reduction 
in total nitrogen in virgin forest land after a period of 
eleven years of growing plantation crops Greater reduction 
in potassium and calcium contents as well as an increase in 
phosphorus and magnesium was noticed throughout the crapping 
period



Studies on tea lato.=ols in S India by Ram C1980) 
revealed that their CEC is low and have no fixation sites 
for potassium He stressed the need for high levels of 
nitrogen to support the large craps produced in S India

Bhattcharya and Dey (1984) have reported that 
soluble phosphorus applied to tea soils are mostly adsorbed 
as aluminium and iron bound phosphates which are only 
sparingly soluble

Krishnamoorthy (1985) has Identified potassium as a 
limiting nutrient in most tea growing soils of S India It 
is ephemeral in nature as the soil lacks potassium fixing 
capacity

Crop Hutrient Studies

Jayaraman and Peter De Jong (1955) have reported 
that application of nitrogenous and potassic fertilisers 
increased the yield of tea by influencing the rate of shoot 
development

Gale'tiani (1958) has observed that the presence of 5 
raeq/100 g aluminium in the soil promoted the growth of tea 
plant along with fertilizers like ammonium sulphate and 
potassium phosphate

18
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Willson <1975) from M s  studies on the mineral 
nutrition of tea reported that the response of tea to 
nitrogen fall off as the nitrogen application levels rise 
This has been attributed to a limited availability of other 
nutrients when an excessive amount of nitrogen is applied

He also reported that mature tea will absorb 
phosphate and give positive yield response when there is an 
undisturbed mulch layer on the soil surface

Ranganathan (1978) has reported that the efficiency 
of nitrogen and potassium is highest when the calcium 
concentration is optimum in soils Tea plants also contain 
larger quantities of potassium and silicon at a pH of 5

Effects of aluminium an growth and nutrient 
absorption in tea plants has been reported by Matsuda et 
al (1979) Considerable amount of aluminium accumulated in 
the roots and were transported to the top At 15 ppm of 
aluminium concentration the phosphorus content of tea plants 
increased while levels of nitrogen and iron in the roots 
showed little change

In a study of the micro distribution of aluminium 
and manganese in the leaf tissues Memon et al (1981) have 
reported that tea plants contained a very large amount (4457
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ppm) of aluminium In their older leaves despite the low 
level of exchangeable aluminium in the soil X ray
micrographs showed that aluminium was densely deposited in 
the cell walls of the adaxial epedermis and palisade 
parenchyma of old leaf tissues

Jayman and Sivasubramaniam C1975) have stated that 
root exudates of young tea plants contained malic acid which 
are capable of solubilising phosphorus iron and aluminium 
from rock phosphate Immobilised iron and aluminium
phosphate io released by the use of malic acid as a 
chelating agent

Aiyadurai and Sivasubramaniam (1977) have shown a 
higher phosphorus uptake high nitrogen and potassium 
contents of leaves and stem as well as a higher dry matter 
content for tea plants receiving a fertiliser mixture 
containing ammonium phosphate

Yaraa&La and Hattori (1977) observed higher levels of 
aluminium and fluorine in tea plants compared to other 
elements They attributed this to the absorption of 
aluminium fluorine complexes from the soil



Biological properties

Microbial Count
Daraseliya <1950) has reported the presence of 

Azotobacter in red acid tea soils near Batum in Ceylon They 
were numerous in organically manured soils Daraseliya 
<1960) has further reported that the kransnozen soils of tea 
plantations of Georgia contain many ammonifiers few 
nitrifying and aerobic cellulose decomposing bacteria and 
many fungi

The data collected from the analysis of an acid tea 
plantation soil from Alathlyur in Tamil Nadu showed that 
bacterial actinomyctes and fungi population decreased with 
soil depth which was more marked In the case of fungi than 
in bacteria and actinomyctes <Rangaswamy et al 1967)

Susamma and Sam Raj <1973) havd reported that the 
tea soils of Ponmudi at 300m above MSL contained the highest 
papulation of bacteria fungi and actinomyctes in the 
surface soil A steady decrease in population was noted in 
the lower layers

Ayanaba and Omayuli <1975) reported that microbial 
papulation of acid tropical soils are claracterised by few 
nitrifiers denitrifiers and aerobic cellulose decomposers



Acidity hao a great influence on the densities of the
n crobP= examined

Lundgren et al <1983) studied the bacterial 
numbers m  a fine forest sail in relation to environmental 
factors Different patterns of fluctuation in bacterial 
number^ were found for every three years There was
significant correlation between bacterial number and 
moisture content

Grunda <1984) has identified aerobic and anaerobic 
bacteria and actinomyctes in the horizons of a clay loam 
soil under oak Aerobic bacteria showed peaks in May and
October while actinomyctes in July and October Ammonifiers
were numerous but nitrogen fixers absent

From a study of the soil microbial population in
forest ecosystem subjected to artificially induced soil
compaction Smeltzer et al <1986) reported that the total 
number of fungi bacteria and nematodes were significantly
higher in control than in compacted plots

Biochemical Activities 
1 tfrease activity

Hoffmann and Hoffmann <1954) have reported that 
urease activity is greater in the rhizosphere and is



dependent on the particular plant species

Roberge and Knowles (1965) studied the 
transformation of urea in plots of black spruce fertilized 
with urea and control plots They observed that urealysis 
was rapid immobilisation small and nitrification negligible 
in urea treated plots

Margaret et al (1968) analysed Mew South Vales soil 
profiles under pasture and obtained a highly significant 
positive correlation between urease activity and organic 
carbon

Seetharaman <1968) has observed that soils high in 
organic matter had a high urease activity though he had not 
established any correlation between the two

Bhavanandan and Fernado <1970) studied the urease 
activity in tea ooils They observed that it varied with 
location depth season and form of nitrogen fertilizer 
used It was also observed that there was always sufficient 
urease activity in the sail to hydrolyse the usual units of 
added urea

Zantua and Bremner <1976) observed that addition of 
urea to Iowa soils did not induce urease activity They



found that sail constituents protected urease against 
microbial degradation and other processes leading to the 
inactivation of the enzyme

Sahrawat (1980) has reported that urease activity in 
the flood water of rice soils is enough to hydrolyse part af 
the urea applied on the surface water but its contribution 
seems to be far less than that of soil urease Correlation 
analysis of urea=e activity with properties of wetland rice 
soils differing widely in pH texture and organic matter 
indicated that urease activity was correlated significantly 
with organic carbon and total nitrogen but was not 
significantly correlated with CEC clay and pH (Sahrawat 
1983)

Baruah and Mishra (1984) have reported that urease 
and dehydrogenase activities were generally higher in 
flooded rice soils than in upland rice soils Enzyme
activities were negatively correlated to bacterial numbers 
and increased with increasing organic carbon total 
nitrogen and moisture content of soil

Kao and Ghai (1985) have reported low levels af 
urease and dehydrogenase activity in alkali soils However 
after their reclamation by chemical and biological methods



enzyme activity was high and was positively correlated with 
organic carbon and nitrogen and negatively with pH and 
calcium carbonate content

Nitrogen fixation
Roskoski (1980) has reported nitrogen fixing 

activity inthe hardwood forests of the US Nitrogen fixation 
was found to be higher in the youngest (4 yrs) and oldest 
(over 200 yrs) plantations Nitrogen fixed in deadwood 
during the first 20 years following clear cutting was able 
to replace only a modest fraction of the amount lost as a 
result of the cutting and product removal

Studies in a 120 year old Scots Pine forest in 
Sweden showed that nitrogenase activity in needle litter 
increased and wps obviously correlated with the stage of 
decomposition Annual contribution by nitrogen 'fixation in 
litter was estimated^to be 1 5 mgr'ha compared to 0 3 kg ha 
for the stand as a whole (Lindberg & Berg 1982) Lower 
rateQ of nitrogen fixation m  roots of field grown maize 
than on soil were detected Most probable number= of 
nitrogen fixing bacteria waseatimatejd to be 7x10* cells/dgw 
of roots (Mwawa et al 1986)
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ITitrificatian Activities

Sandanan et al (1978) studied the nitrification of 
ammonium sulphate and urea in an acid red yellow podzolic 
tea soil in Srilanka Compared to the bareplots adjoining 
the tea fields nitrification was appreciable in tea fields 
A higher pH substantially increased nitrification in tea 
soi Is

Walker and WickramaSlnghe (1979) isolated pure 
cultures of autotropic nitrifying bacteria from acid soils 
of tea estates Nitrosaspira sp caused nitrification in 
situ in these acid soils of pH 4 1

Phosphatase activity
Hair and Subha Raa (1977) have reported two 

efficient phosphate solubilising micro organisms 
Fseidomanas sp and Aspergillus nxger in the rhizocphere of 
coconut and cocoa These fungi were capable of dissolving 
about 50 percent of the inorganic phosphate^

Gupta and Tripathi (1986) have found the population 
of phosphate solubilising bacteria to be higher in the A 
horizons than in B in some soils of N W Himalayas under 
varying biosequence and climosequence They have identified
four species of phosphorus dissolving bacilli from these
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soi Is

The pho.=phoinonaesterase activity in forest soils was 
found to be highest in the forest floor and decreased up to 
60 cm depth in mineral soil horizon (Pang and Kolenko 
1986) The study also demonstrated tlat pha=phomonoesterase 
activity depended on soil geographic location and depth

Thomas and Santharaman (1986) have observed that 
solubilisation of inorganic phosphate in coconut plantations 
in laterite soils recorded maximum solubilisation of 54 
percent of the in-noluble phosphorus with Ml crocaceus roseus
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The present study entitled Physico Chemical and 
Biological properties of high elevation soils with reference 
to Tea has been made by carrying out a detailed analysis of 
soil and plant samples from typical/tea plantations

Location

Sampling sites were located in the Jayasree Tea 
Estate Ponmudi in Trivandrum district The plantations are 
of 60 years old and situated at an altitude of 1500 to 2000 
metres above JISL

Collection of soil samples

Soil profiles to a depth of 1 25 M were exposed in 
six different locations in the tea plantation In each of 
these locations an adjacent area not planted to tea was 
also selected and profiles exposed in a similar manner 
Since horizon differenciatian was not marked in any of these 
profiles soil sampling was done at three arbitrary depths 
of 0 to 15 (dl) 15 to 30 (d2> and 30 to 45 cm <d3>

Undisturbed soil samples at these depths were also 
collected using a core sampler In addition to the soil

MATERIALS AMD METHODS
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sampleo from these profiles 12 surface (0 15 cm) and 
subsurfaces <15 30 cm) samples each were also collected 
randomly from the same locations

Plant sample

Leaf samples from the tea bushes were collected from 
where the soil samples were collected

Soil Analysis
Preparation of soil sample

The air dried soil samples were gently powdered with 
a wooden mallet and passed through 2 mm sieve and stored in 
air tight containers for subsequent studies

PhysicaJL properties

The physical properties such as bulk density 
particle density water holding capacity and pore space were 
determined in the undisturbed core samples by adapting 
standard analytical procedures as detailed below The
texture of the soil samples was also determined by standard 
procedures
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Bulk density Troell s method Wright
Particle density by using Keen <1939)
Water holding capacity Raczkowskii box 
and pare space

Texture Mechanical Analysis Black
by Bouyoucos Hydrometer <1965) 
method

Chemical properties

The chemical characters like pH total acidity 
exchangeable acidity total and available nitrogen and 
phosphorus total and exchangeable potassium exchangeable 
calcium magnesium iron aluminium organic carbon 
sesquioxldeo cation exchange capacity and phosphorus fixing 
capacity of the soil samples at the three depths were 
determined by methods indicated below

PH in 1 2 5 soil water
suspension using 
pH meter

Total acidity Titration method after
exchangable extraction with ITT KC1
acidity and 
exahangable 
aluminium

Jackson 
( I'm)

Yuan
<1959)
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Total nitrogen Micrakjeldahl method Jackson
(1973)

Available
nitrogen

Alkaline permanganate 
distillation method

Subblaah and 
Asija (1956)

Total phosphorus Chloro Stannous reduced Jackson 
molybdo phosphoric blue (1973) 
colour method in H SCU 
system in H SOa extract

Available phosphorus Dlckman & Brang s 
molybdenum blue method 
after extraction with 
Bray 1 reagent

Total potassium In H^SO extract 
using flamr photometer

Exchangeable potassium In neutral normal ammonium
acetate extract using 
Flame photometer

Exchangeable calcium 
and magnesium

Neutral normal ammonium 
acetate extract by using 
Atomic Absorption 
Spectfeophotometer at a 
Wavelengths of 422 7 mm 
and 285 2 Tim for calcium 
anc^magnesium respectively

Cation Exchange Ammonium acetate method1
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Organic carbon Walkley and Black s
titration method

Phosphorus fixing Waugh & Fitts
capacity

Sesquioxides By precipitation from
hydrochloric acid 
extract and ignition

The surface and subsurface soils were also analysed for 
total nitrogen available phosphorus exchangeable 
potassium calcium and magnesium by the methods described 
above and results are given in appendix VII

Biological properties

Biological properties like total microbial count 
urease activity phosphorus solubilising capacity and 
nitrogen fixing capacity were studied by the | following

Imethods
Total microbial count

Total microbial count was determined by the soil 
dilution and plate count method (Timonln 1940)

32

Piper (1950)

Na'd et al 
(1975)

Sankaram
(1966)



GA dilution of 1 10 was prepared for each of the 
soil and 1 ml each of the diluted solution was separately 
plated in triplicate petri dishes each containing specific 
media for bacteria (soil extract agar) fungi (streptomycin 
Rose bengal Agar) and actinomyctes (Kenknights media) The 
composition of the respective media is given in Appendix I

I
After seven days incubation at room temperature the 

number of colonies formed in each plate was counted
averaged and the total number of each organism in one gram
of the soil was calculated ^

Urease Activity

The Hoffmann Teicher method (1961) with slight 
modifications was followed In this method 5 g of the soil 
was placed in a 100 ml volumetric flask and 1 ml toluene 
added After fifteen minutes 10 ml of sodium^ citrate 
citric acid buffer (pH 6 5) and 10 ml of 10 per cent urea 
solution was added The flasks were incubated for 24 hours at
30oC A control in which 10 ml of distilled water
substituted for urea was run simultaneously for each soil 
sample

After incubation the contents of the flasks were



34

diluted to 100 ml with distilled water the toluene forming 
an immiscible layer above the graduation mark The flask was 
shaken well and the contents filtered through a Whatman No 5 
filter paper The ammonia released by the enzymic
hydrolysis of urea was determined in an aliquot of the 
filtrate by distillation m  a micro kjeldhal distillation 
unit Urease activity was reported as mg of ammoniacal 
nitrogen released per gram of urea added

Phosphate solubilising capacity1

20 g of the soil was moistened with 5 10 ml of the 
medium (Appendix II) mixed with 1 g of ^tricalcium 
phosphate spread in a petridish and incubated for three 
weeks at room temperature After three weeks the soil was 
extracted with Bray s reagent I and the available phosphorus 
estimated Control for each soil was maintained in a 
similar condition without the addition of tricalcium 
phosphate

Nitrogen fixing capacity

One gram each of the surface soil from the profiles 
of .=>oils cultivated to tea and not cultivated to tea was 
incubated with 25 ml of Jensens media (AppendixI III) for
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21 days at room temperature At the end of 21 days the 
total nitrogen of the medium plus soil was estimated by the 
modified kjeldah.1 method CAllen 1953) Nitrogen fixing 
capacity of the soil was estimated by subtracting the total 
nitrogen of the sail from the above values and expressed as 
mg of nitrogen fixed per gram of sugar oxidised

Analysis of plant samples

The fresh leaves were dried in an air oven at 
powdered in a Sumeet dry grinder and used for further 
analysis

1 g each of the powdered sample was digested with a 
mixture of concentrated EL.SCU and H.*.CL. (Jackson 1973) The 
digest was filtered and made upto 100 ml with^ distilled 
water Known aliquots of the extract were used for the 
determination of nitrogen phosphorus potassium calcium
and magnesium by adopting standard analytical procedures as 
detailed below

Nitrogen Microkj&ldahl distillation Jackson
method .̂97̂ >

Phosphorus Vanadomolybdo phosphoric 
yellow colour method in 
nitric acid system by using
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klett Sumerson Photoelectic 
colorimeter

Potassium By using flame photometer

Calcuim and 
Magnesium

By using Alomlc Absorption 
Spectro photometer 
C Model PE 3030 ) and the 
Spectrum of absorption was 
determined at wavelengths 
422 7nm and 285 2 nm 
respectively for calcuim 
and magnesium

Statistical analysis

Data pertaining to the various characteristics were 
analysed statistically by applying the technique of analysis 
of variance Simple correlations were worked out between 
different soil characteristics from the analytical data as 
given below

ANOVA

Source DF
Between soils (T) 1
Between depth (d) 2
T x d 2
Error 30
Total 35
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RESULTS AND DISCUSSION

The results of the study and salient findings on the 
physical chemical and biological properties of high 
elevation =oils and the specific effect of tea plantations 
are presented and discussed in this chapter

Physical properties
Mechanical Composition |

The distribution of the different sized particles at 
various depths in the soils of tea and non tea areas of the 
plantation (Table 1) do not depict any significant 
difference either between the soils or at their different 
depths The soils are of a uniform clay loam texture 
indicating the dominance of clay compared to the silt and 
sand fraction^,

The similarity in their texture and lack of appreciable 
difference in the content of the particles of different size 
at various depths in the sails indicate a uniformity in the 
factors leading to the formation and distribution of the 
inorganic soil constituents The high clay content of 
30 32 per cent especially m  the lowest horizon indicates a 
higher rate of weathering and clay formation as well as its
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Physical Properties

Table 1 Mechanical Composition of Soils cultivated to Tea (T)

and Mon tea (HT) areas (per cent)

Depth
Soil particles Soils d d^ dj Mean

Coarse Sand T 23 57 23 63 23 23 23 48
HT 23 62 22 38 26 77 24 26

Mean d 23 4 23 01 25 00
Fine Sand T 19 63 16 20 17 03 17 62

MT 20 62 14 87 14 96 16 82
Mean d 20 13 15 53 16 01
Silt T 24 65 26 98 24 62 25 92

HT 26 12 27 43 24 4 25 98
Mean d 25 38 27 ’0 24 5
Clay T 30 88 30 97 32 53 31 46

HT 29 72 30 67 32 57 30 98
Mean d 30 30 30 82 32 55
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downward migration

This observation is in accordance with the findings of 
Pathak et al (1964) from their comparative studies of the 
physical and chemical properties of soils under cultivation 
and forest cover A higher accumulation of clay with 
increasing depth indicates migration of clay towards lower 
layers The particle size distribution of soils under teak 
plantations also showed a higher amount of silt and clay in 
the deeper zone while the sand content decreased 
(Alexander et al 1981 Similar reports on increase in
clay content with depth due to downward migration from 
surface has been reported for teak rubber and eucalyptus 
plantations in the forests of Kerala (Frema kumari 1987)

Single value constants

The mean values for the single value constants of the 
soils are given in tables 2 3 4  and 5 and the analysis of 
variance in appendix IV

Bulk density

The bulk density in both tea and non tea soils do@not 
appear to differ significantly However the lowest value
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<1 10 gem °) is observed in the third horizon of non tea 
soil and the highest in the same horizon of tea soil The 
results obtained in this study is m  agreement with the
general findings from the study of forest and plantation 
sails (Prema kumari 1997) where there is an iincrea o6 x n 
bulk density with depth in the soil associated with a 
decrease in its organic matter content

Table 2 Bulk density (gem )

Soil d dz ds Mean S

Tea 1 14 1 22 1 29 1 22
Non Tea 1 13 1 12 1 10 1 11

Maen d 1 12 1 17 1 19

In the present context eventhough there is a
decrease in organic carbon level with depth(Table llO) it is
not reflected in a significant increase in bulk density 
This may be due to the comparatively lower content of 
organic carbon (0 81 1 31/) in the soil which may not
impart any significant influence in altering its bulk 
density



Even though slight differences are noticed between 
the particle density of the soils of tea and non tea areas 
at various depths these differences are not appreciable

-3the mean values being 2 14 and 2 05 gem respectively for 
the tea and non-tea sails However a slight increase in 
particle density is noted with increase in depth of the 
profile in the two soils A similarity in the mean values 
of particle density of the tea and non tea soils suggest a 
uniformity in the nature and pattern of distribution of the 
mineral and rock fragments The laterite soils of the 
Western Ghats sloping westward in Kerala in general are 
found to be dominated by kaolinite with small qnantities of 
quartz in the clay fraction (Gowaikar 1972)

Table 3 Particle Density gem —I

Soil d d* dj Mean S

Tea 1 88 2 17 2 36 2 14
Non Tea 2 09 2 11 2 03 2 08

Maen d 1 98 2 14 2 19

Increase in particle density with depth of the soil 
at the same time might probably be due to the influence of
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compaction of the underlying soil layer

Such instances of compaction and fragipan 
formations at 30 90 cm depth are encountered xn tea 
plantations of Nilgiris especially at the centre of high 
plateaus leading to secondary consolidation (Ranganathan 
/1982)
Water Holding Capacity

It may be seen from table 4 that water holding 
capacity is maximum in the top layer in both the sail types 
and it shows significant variation between the three layers 
of tea and non tea profiles

Table 4 Water holding capacity (per cent)

Soil d d^ ds Mean S

Tea 40 99 33 82 35 60 36 77
Hon Tea 38 48 31 92 30 88 33 76

Maen d 39 73 32 88 33 19

CD between depths 5 2

Water holding capacity of a soil is known to be 
governed by the nature of the predominant clay type as well
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as the content of the organic matter Since the soils of 
the tea plantations are lateritic and the clay is 
kaolinitic (Gowaikar 1972) which io a nan expanding type 
the influence of organic matter appears to be more 
significant in determining the water holding capacity of the 
soil

It may be noted from table 10 which presents the 
data on organic carbon that there is a singnificant decrease 
in the organic matter content with depth in both soils

A higher water holding capacity for the tea soils 
compared to the non tea soils may be due to its higher 
organic matter content It may be further observed that 
while a correlation is lacking between water holding 
capacity and clay there is a positive though not 
significant correlation <r 0 1946) between organic matter 
and water holding capacity

Shukla and Ray Choudhari (1965) based on their 
studies of some foot hill soils of Himalayas have observed 
higher values for water holding capacity and volume 
expansion which was attributed to the higher organic matter 
content This is again supported by Banerjee and Badola 
(1982) in their studies on deodar growing forests where 
the soil= are fine textured rich in organic matter and show
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high water retention 

Pore Space

The mean values for porespace presented In table 5 
show a decreasing tendency with increasing depth Pore 
space is highest <50 4 per cent) in the surface soil of non 
tea sails and lowest <44 6 per cent) in the middle layer of 
tea plantations

Table 5 Pare Space <per cent)

Soil d d da Mean $

Tea 47 5 46 44 6 46 1
Han Tea 50 3 50 4 46 9 49 2

Maen d 46 9 48 2 45 75

The amount of pore space in a soil is determined
largely by the nature of solid particle^ In soils with a
higher sand content the movement of air and water is very 
rapid due to the predominance of macropores which makes the 
pore space high The soils of tea plantations have a higher 
clay content <31 46 per cent) when compared with sand <23 46 
per cent) The clay loam texture of the soil thus leads to
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a decrease in pore space due to predominance of clay rather 
than sand The decrease m  pore space with depth may be 
attributed to an increase in clay content eventhough the 
sand content do not vary appreciably This finding is in 
agreement with that observed in teak plantations of Kerala 
<Jose and Koshy 1972) where they reveal lower values for 
pore space

Chemica l pr.oper-txes.

Sail reaction <pH)

The values of pH in table 6 reveal that the soils
are highly acidic The PH ranges from 4 1 to 4 3 and it is
higher in the subsurface soil compared to the surface sail
There is no marked variation in pH of soil between tea
plantations and areas not cultivated to tea

Table 6
pH of soil

Soil d d da Mean g

Tea 4 1 4 3 4 3 4 18
lion Tea 4 2 4 2 4 3 4 16

Maen d 4 15 4 25 4 30
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Soil acldxty

The mean values of total acidity in the soils
cultivated to tea and not cultivated to tea at various
depths are presented in table 7 Total acidity is
significantly higher <3 99 cmolp kg soil) in the tea soils
and no significant difference is noted between the three
horizons of the two profiler Total acidity is maximum at a
depth of 15 30 cm in the tea plantation

Table 7 Total acidity < Cmolp-Kg Soil)

Soil d d2 ds Mean ^

Tea 3 43 4 69 3 85 3 99
Han Tea 3 75 2 88 2 98 3 20

Maen d 3 59 3 78 3 42

CD ( between soils) 0 611
CD ( combination between soils and depth) - 1 056

Exchangeable aluminium and hydrogen are considered 
to be the two important factors contributing to soil 
acidity (Black 1973 Sanchez 1976)

The contribution of these two factors towards
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present context may be due to a higher acidity of the soil 
associated with a greater weathering of soils and an 
abundant use of acid farming fertilizers

The high values for exchangeable aluminium in these 
soils show the possibility of exchangeable aluminium acting 
as a potential source of sail acidity At the same time a 
perusal of table Q shows that a considerable part of the 
total acidity of the soils of tea plantations is represented 
by exchangeable hydrogen rather than exchangeable aluminium

Table 9 Exchangeable hydrogen< CmolpKg of Soil)

Soil d d*. do Kean S

Tea 2 10 3 33 3 02 2 81
Hon Tea 2 87 1 65 1 79 2 10

Maen d 2 48 2 49 2 40

CD (between siols) 0 594
CD (between depths) 0 727
CD (combination between soil & depth) 1 028

Exchangeable hydrogen is significantly higher in the 
soils of tea plantations compared to that of non tea soils
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It is highest <3 33 cmolpkg ) in the tea soils at a depth
of 15 30 cm and lowest at the same depth of non tea soil
The interaction between the values of exchangeable acidity 
in the three horizons and two oil types is also 
significant

Since the tea plantations of Fonmudi are located at 
an altitude of 1000 3000 m and at a moderateto steep slope
and have an annual rainfall of 150 cm/a the loss of bases
through leaching and runoff assumes great significance The 
exchange sites of the clay which are not saturated by the 
cations have thus become sites for holding the hydrogen 
ions thereby making the soils highly acidic

It is also possible that the strongly acidic nature 
of the soils may be due to the nature of parent material 
from which these soils have developed Granite and gneiss 
are known to form parent material for the tea areas of 
South India occuring in the high altitude range (Mann and 
Gokhale C1960)
Cation Exchange Capacity

The mean values for CEC of the tea and non tea soils 
presented in table 10 are similar In both situations the 
surface soils record a higher CEC which show a tendency to 
decrease in the subsurface soils The CEC of the soils may
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be rated as low as per the classification proposed by Barbur 
and Rockwell (1972)

Table 10 Cation Exchange Capacity ( CmolAKg of Soil)

Soil d d^ d̂ Mean S

Tea 8 53 8 15 7 63 8 07
Non Tea 8 33 7 85 8 03 fc-OCO

Maen d 8 43 8 00 7 73

CEC is a concept arbitrarily defined (Russel 1961) 
and gives the sum of cations held by the permanent negative 
charges on the clay particles and the cations held by 
organic matter The low CEC of these soils may be due to 
the predominance of kaolinitic clay minerals which 
themselves are characterised by a low CEC The contribution 
from organic matter may not be so appreciable in view of its 
low content

A slight decrease in CEC with increase m  depth 
inspite of the slightly higher content of the clay in deeper 
horizon may be due to a decrease in the content of organic 
matter Such a decrease in organic matter and consequent 
depletion of cationic nutrients has been observed with



continuous cropping of Finus radlata in Australia <Florence
TV

1967) The tea lat&sals of Sa^h India have reported to be 
of a low CEC with no fixation sites (Ram 1980)

Organic Carbon Nitrogen, C/N ratio and available nitrogen

Organic Carbon

The organic carbon contents of the soils of tea
plantation (Table 11) is significantly higher than that of
the non tea soils In the tea soils it ranges from 1 05 per
cent in the lowest horizon to 1 56 per cent inthe surface
soil Here the organic carbon significantly decreases with 
an increase in depth of the soil while such a gradation is 
not seen in the non tea soils j

Table 11 Organic Carbon (per cent)

Soil d d d^ He an S

Tea 1 56 1 33 1 05 1 31
Ron Tea 0 86 0 21 0 72 0 80

Maen d 1 21 1 07 0 88

CD (between soiIs) 0 123
CD (between depths) 0 157
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Eventhough the tea plantation of Ponmudi are 
situated at a high altitude where organic matter
decomposition is likely to be les= due to the prevalence of
a lower temperature appreciable accumulation of organic 
matter has not taken place The tea soils generally lack a 
surface cover of weed plants and the only source of organic 
matter is the prunings of the tea plant received from time 
to time This may not be sufficient to build up a formidable 
levelof arganicmatterin these soils

The tea soils of South India are generally 
considered to be law in organic matter The tea soils of
Ceylon which are around 2500 ft elevation are also low in
organic matter and suffered more severely than natural 
forests by a loss of organic matter (Tolhurst 1961)

Similar observations have been reported by <Dey
1971) who found that organic matter content m  tea
plantations depletes rapidly in the initial years of"
planting and thereafter reaches a state of equilibrium

Generally a higher content of organic matter is 
found in the natural forests compared to the plantation 
soils Thus (Lundgren 1978) has reported a higher organic 
matter content in the soils under naturalforest than the
plantations The eucalyptus plantations at Kadassery also
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have a relatively lower content of organic carbon compared 
to natural forests Balagopalan and Alexander (1983) Prema 
kumari <1987) has observed a higher organic matter in 
natural forests compared to teak eucalyptus and rubber 
plantations where there is a greater exposure of the soil 
organic matterto chemical and biological process

The decreasing trend of organic matter with depth in 
the soil profile may be attributed to a lesser rate of 
incorporation of organic matter m  these soils The absence 
of a grass cover which normally adds appreciable amounts of 
organic matter through the sloughing off of old roots may be 
one reason for this observation in addition to a greater 
exposure of the surface soil

The total nitrogen content of the tea soils (Table 
12) s at a significantly higher level than the 
corresponding non-tea soil and m  both cases appreciable 
decrease m  nitrogen content with depth is evident A high 
content of nitrogen and a low status of organic matter has 
given rise to a very narrow C/N ratio of 14 to 17 in (Table 
12) these soils A decrease in C/U ratio with depth has 
been pointed out earlier in teak plantations by Jose (1968) 
and in eucalyptus plantations by Balagopal and Jose (1983)
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Table . 12 Tota l n itrogen (per  cent)

Soil di da d3 Kean S1

Tea 0, 090 0, 078 0.069 0. 079i
Kon-Tea 0.063 0. 048 0.047- 0. 053

I

Kean d 0, 077 0.063 0.058

■ CD (between s o i l s )  -  0,,0066

CD (between depths) -  0.0081

A very  narrow C/N r a t i o  o f  1.5 to  25.4 has been 

repo rted  f o r  the fo r e s t  s o i l s  o f the Chakrata d iv i s io n  where

the t o t a l  n it ro gen  v a r ie d  from 0.013 to  0,427 and organ ic.1
carbon from 0.172 to  8.130 (Yadav, 1963).

Table . 13 C/N E a t io

Soil di da da Kean S

Tea 17 16 15

i
16

Kon-Tea 14 16 15 ' 15
l

Kean d 16 16 15
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Similarly a very narrow C/N ratio of 5 to 13 has 
been obtained (Preraakumari 1987) for the teak eucalyptus 
and rubber plantations in the Kulathupuzha range of forests 
in Kerala In these plantations, the C/N ratio has been a 
steady downward decrease due to a reduction in the content 
of both organic carbon and nitrogen

The narrow ratio between carbon and nitrogen suggest 
a very great scope for mineralisation reactions to proceed 
at a rapid rate making the status of available nitrogen in 
the soil very high

Table 14 Available nitrogen (Kg ha )

Soil d d ds Mean S

Tea 296 9 246 2 212 9 251 9
Non Tea 165 8 123 6 111 1 133 5

Mean d 231 4 184 9 162

CD (between soils) 52 71

The data on available nitrogen presented m  table 
14 eventhough indicate a significantly higher values C251 9 
kgha ) for the tea soils compared to only C133 5 kgha ) 
for the non tea soils based on the ratings of the Soil
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Testing Laboratories is only medium for tea sails and low 
for non tea soils Similarly the tendency of available 
nitrogen to decrease with depth in soil profiles inspite of 
the constancy m  the ratio between carbon and nitrogen is a 
matter to be discussed This may probably be due to a
greater resistance to mineralization of the organic 
nitrogenous compounds in the lower soil "layers

Total and Available Phosphorus
I

Table 15 To baJl phosphorus (per cent)

Soil d d^ d3 Mean S

Tea 0 118 0 090 0 052 0 087
Bon Tea 0 050 0 055 0 082 0 062

Bean d 0 084 0 073 0 067

The mean values of the total phosphorus content in 
tea plantations and soils not cultivated to tea (Table 15) 
are 0 087 and 0 062 per cent respectively Bone of these 
soil types show marked variation in total phosphorus content 
between the three horizons 1
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Table 16 Available phosphorus (Kgha )

Sail d d d^ Mean S

Tea 43 5 37 21 4 33 9
Hon Tea 18 0 30 1 24 5 24 2

Mean d 30 7 33 6 22 9

The mean values far available phosphorus (table 16> 
show that both soil types have only a low status 
Eventhough the difference in total and available phosphorus 
between tea and non-tea soils is not significant 
statistically tea soils appear to be comparatively richer 
in both these constituents It may apparently be due to a 
higher content of organic matter in tea soils compared to 
the non tea soils and the decrease in phoopharus with depth 
in the profile may similarly be due to a lower content of 
organic matter in deeper soil layers In addition to this 
the annual application of phOophatic fertilizers to the tea 
plantations might have resulted in a build up of this 
element leading to its higher content in the tea than non 
tea areas

The correlation between available phosphorus and 
phosphorus fixing capacity of soils which is found to be
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paoitive though not significant may indicate phosphorus 
fixation reactions as being responsible for the low status 
of available phosphorus in theoe soils

Bhattacharya and Dey <1984) have reported 
considerable fixation of phosphorus applied to tea soils 
Fixation of phosphorus by the kaolinitic clay minerals in 
the coffee plantations of Karnataka has been observed 
(Iyengar 197?)

Phosphorus fixing capacity

Table 17 Phosphorus fixing capacity (per cent)

Soil d d d Mean S

Tea 49 78 67 68 45 33 54 26
Hon Tea 44 60 33 10 32 40 36 70

Hean d 47 19 50 39 36 87

CD (between soils) 7 37
CD (between depths) COo<5)

CD (soils x depths) 12 77

The data in table 1^ reveal that phosphorus fixing 
capacity of the soils is rather high and vary significantly 
between soil types In the tea plantations the second
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horizon registers madmum phosphorus fixing capacity While 
that of the top and bottom layers are on par The variation 
in the phosphoru= fixing capacity at three depths between 
the soil types al.=.o shows significant difference 
Phosphorus fixing capacity is lowest in the bottom layer

The phosphorus fixing capacity of soils bears a 
positive and significant correlation between total acidity 
(0 505) and the relationship with sesquioxides and clay 
content though positive is not significant

Generally the phosphorus fixing capacity of a soil 
io governed by the content of sesquioxides and nature and 
amount of clay minerals (Ray Chaudhari and Mufcherjee Patel 
and Viswanath 1946) Both sesquioxides (10 20 to 18 52 per 
cent) and clay (29 72 to 32 57 percent) are rather high in 
these soils indicating the probability for a greater 
influence of these factors in increasing the phosphorus 
fixing capacity

A greater correlation with total acidity than these 
factors on the otherhand indicates the direct influence of 
acidity in releasing iron and aluminium in soluble forms fpr 
precipitating the soluble phosphates leading to their 
consequent fixation

The factors contributing to phosphorus fixation such
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as total acidity oesquioxides and clay content are higher 
in tea soils than in the non tea soils justifying the 
existence of a higher phosphorus fixing capacity for the tea 
soils

A higher level of free oxides of iron and aluminium 
leading to a rapid fixation of phosphorus in tea soils has 
been reported (Jayaraman 1955) The high P fixation rates 
observed in the tea plantation of Ponmudi may also be 
explained on the above basis

Table 18 Sesquioxides <per cent)

Soil d d ds Mean S

Tea 17 75 17 27 11 38 15 47
Non Tea 18 52 12 58 10 20 13 97

Maen d 18 13 14 93 11 09

CD (between depths) 3 19

The sesquioxide content presented in table lg shows a
decreasing tendency with increase in depth in the tea 
cultivated soils as well as in the nan tea soils They show 
marked variation between depths the highest content <18 52
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per cent) being observed in the surface layer soils of non
tea areas and lowest (12 58 per cent) id the middle layer
of the sol1o of the same area

Total and Exchangeable Potassium

The status of total potassium (table 19) in tea 
plantations is considerably higher <0 083, psr cent)
However no significant difference is observed between the 
content of total potassium among the soil horizon^

Table 19 Total pota®=ium (per cent)

Soil d d d Mean S

Tea 0 082 0 053 0 043 0 059
Son Tea 0 013 0 012 0 038 0 021

Maen d 0 048 0 033 0 041

CD (between soila) 0 034

Similarly the exchangeable potassium content of the 
c=ails (table 1©) is law though the tea ooils record a 
higher value compared to the non-t^ soils With regard to
the distribution of exchangeable potassium in the different
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bonsors of the soil profile a stealy Icrrea^e with drpbh 1 

observed

It rray be notel that the soil of tie 1p & plantation have 
a rorrparatively higher arromt of total po+a^snrn than the 
eiralyptus (0 143 per rent) teak (0 109 per cent; ard robber 
(0 119 per cent) plartation'- as reportel by Prerr akorran 
(1987) The ex hargeable potassur statis l al o ^lrrilarlj
higher for tea plantation than the other forest vegetatior 
Lack of fixation n t p -  fjr prtas urr in tea il ;f S I Jia 
as reported earlier by Parganattan ( 1977) ar 1 Paw (1980; a veil 
as the annoal appliratior of large anoort of potassi 
fertilisers night probably acco-int for a low rate of pota siorr 
fixation re oltmg ir a higher statis of exchargeable potas urr 
m  these soils

+ 1
Table 20 Exchangeable po t a s s u m  (0 mol P kg of soil)

Soil d d d Mean S
1 2  3

Tea 0 40 0 34 0 34 0 36
Nor Tea 0 29 0 23 0 23 0 24

Mear 1 0 34 0 29 0 28

CD (between soils) 0 046



 ̂ Pl^TglBUTION OF- ^XC-flAHGtrAtH/lr 'bfi&'Srh AT T-Hgfrfr- V̂ Pl-Wh
ES T-EA 
m  NON T-e-A

Ca Mg
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A higher content of nitrogen phosphorus and
potassium m  the soils of tea plantation compared to the
eucalyptus teak and rubber plantations may be the
consequence of a build up these elements through annual
application of fertilisers The tea plantations receive an 
annual application of 90 120 kg N 50 60 kg P 0 and 45 50 
kg K̂ .0 Unlike the other plantations and natural forests
which sustain by nutrient recycling the tea plantations are 
fully dependent an added fertilizers since the two leaves 
and a bud are nipped off and a considerable part of the ^oil 
nutrients are removed through them

Exchangeable Calcium, Magnesium and Base saturation

Table 21 presents the values for exchangeable
calcium m  the soils cultivated to tea and not cultivated to 
tea A significantly higher content of exchangeable calcium 
is present in the tea plantations compared to the non tea 
soils The middle layer of the tea ^oil (15 30 cm) has the 
highest calcium conteiit of 2 78 cmol_kg soil which is

F
significantly higher than the calcium content at the other 
depths The lowest layer of non tea soils register the
lowest amount <1 03 cmoltkg 1) soil of exchangeable calcium
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Table 21 Exchangeable calcium (CmolpKg of soil)

Soil d d̂ d Mean S

Tea 2 53 2 78 1 42 2 24
Non Tea 1 24 1 03 0 88 1 05

Maen d 1 88 1 90 1 15

CD (between soils) 0 538
CD (between depths) 0 659

The results in table 22 reveal that there is no 
significant variation in the exchangeable magnesium content 
of the tea plantations and areas not cultivated to tea The 
middle layer of tea soils record the highest content (0 71 
cmolpkg ) and the contents of magnesium in the other two 
layers are on par

Premakumari (1987) has reported values for 
exchangeable calcium and magnesium as ranging between 0 202 
to 1 055 and 0 148 to 0 478 cmolpkg respectively with a
base saturation from 14 4 to 32 9 in the eucalyptus rubber
and teak plantations
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Table 22 Exchangeable magnesium (cmolp kg )

Soil d d d-3 Kean S

Tea 0 60 0 71 0 28 0 513
Bon Tea 0 60 0 40 0 27 0 423

Maen d 0 577 0 552 0 277

CD (between depth) 0 223
I

The presence of appreciable amounts of exchangeable 
calcium and magnesium in the tea soils which are highly 
acidic and register high values of total and exchangeable 
acidity is rather surprising

The build up of ba=eo like calcium and magnesium in 
a highly acidic soil which has become so more by the 
leaching action of water during heavy rainfall is also not 
common in soils occurring in similar situations

Eventhough tea is long regarded as a calciphobic or 
calcium hating plant and thriving well in acid soils 
compared to neutral soils definite response in terms of 
yield to calcium application in acid soils of pH below 4 8
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and low in calcium status lias been reported (Ranganathan 
1978)

The highly acidic tea sails annually receive heavy 
application of rockphosphate which contain 18 to 24 per cent 
of calcium as tricalcium phosphate The rock phosphate 
gradually becomes soluble under the Influence of soil 
acidity and releases calcium and phosphorus which are taken 
up by the tea plant and the remainder is accumulated in the 
soil The regular use of rockphosphate thus leads to a 
build up of total and exchangeable calcium which is mare 
than compensated by the leaching and runoff losses

Table 23 Base Saturation <per cent)

Soil d d d Mean S

Tea 40 93 46 87 35 88 41 22
Ifon Tea 25 13 21 72 17 45 21 43

Maen d 35 03 34 29 26 67

CD (between soilo) 9 207
The per centage base saturation is found to be
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higher in the tea sails where it ranges from 35 86 to 46 87 
per cent and only 17 45 to 25 13 per cent in the non tea 
soils Variation m  base saturation between depths is not 
significant A greater base saturation m  the tea soil is 
associated with their higher content of exchangeable calcium 
and magnesium compared to the non tea soil=

Biological properties

The bialigical properties of the soilo of tea 
plantation^ such a.= total microbial count including thatof 
bacteria fungi and actinomycetes as well as biochemical 
activities such as phosphate solubilisation urease activity 
and nitrogen fixing capacity have been studied The results 
thereof are presented and discussed here

Total microbial count

The total number of microorganisms obtained by the 
dilution plate method are presented in tables 24 to 26

It may be noted from the tables that the bacterial 
count is higher and there is a general decrease in their 
number with increase in depth of the soil profile 
eventhough the difference^. are not statistically 
ignifleant
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Table 24 Ho of bacteria x 10 g soil

Soil d d da Mean S

Tea 8 8 (2 7) 6 0 (2 6) 3 3 (2 5) 6 06(2 66)

Mon Tea 7 5 (2 4) 8 8 (2 5) 4 8 (3 0) 7 06 (2 66)

Maen d 8 17(2 6) 7 41 (2 6) 4 08(2 7)

(Values in parenthesis are transformed values by 
square root transformation)

The total microbial count in soils is generally 
influenced by the environmental factors especially the soil 
reaction availability of organic matter and other plant 
nutrients as well as the physical properties which decide 
the availability and movement of air and water

Table 25 Ho of fungi x 10 g of soil

Soil d d d Mean S

Tea 11 (32) 4 1 (2 8) 3 7  (2 1) 6 26(2 69)

Mon Tea 7 3 (2 6) 9 3 (2 9) 7 5 (2 7) 8 03(2 75)

Maen d 9 15(2 9) 6 7 (2 81) 5 6  (24)
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A perusal of the physico -chemical properties of 
these soils reveal that they are well supplied with the 
plant nutrients organic matter and maintain a satisfactory 
physical condition for sustaining a high microbial activity 
However the soil reaction as indicated by the pH values is 
highly acidic and not conducive for the general growth of 
bacteria and artinomycetes which are sensitive to acidic 
conditions and are xn equilibrium with the environment The 
actinomyctel population however is least and is similar to 
that of fungi As one may expect a comparatively higher 
population of fungi is not observed in these soils inspite 
of the highly acidic situation where they can be good 
competitors with bacteria and actinomyctes The fungi
characteristically inhabit the organic layers of woodlands 
and forest soil Where they are better adapted to more 
resistant carbonaceous compounds

Table 26 No of actinomyctes x 10 g soil

1 \

Soil d d d Mean S

Tea 9 (3 3) 7 0 <2 69) 5 8 (2 52) 7 2 (2 85)

Non Tea 6 5 (2 4) 4 66 (2 2) 9 6 (2 77) 6 89 <2 47)

Maen d 7 7 (2 87) 5 88(2 46) 7 65(2 65)



The tea plantations are not characterised by a 
surface layer of organic matter as in the nafutral forests 
and other plantation crop soils and this may account for 
the absence of a very high population of fungi in these 
soils

Locations in the plantation which are not planted to
tea also exhibit a similar population of microorganisms as
these soils do not appreciably differ in many respects with 
the sails planted to tea 
Phosphate solubilisation

The results presented in tab e 27 reveal that 
phosphate solubilisation greatly differs between tea and 
non tea soils It is significantly higher in tea soils 
<62 00 mg g ) and comparatively much lower <35 42 mg g )
in the non tea soils

Table 26 Phosphate solubilisation <mg g

Soil d d* dj Mean S

Tea 77 36 54 46 54 44 62 00

Mon Tea 46 83 34 5 24 89 35 42

Haen d 61 99 44 48 39 67

CD (between soils) 10 17
Cd (betweeen depths) 12 14
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In both soils the phosphorus ®olubilisation 
decreased significantly with depth indicating only lesser 
phosphorus solubilisation in the subsoils The observation 
is in agreement with the findings of Gupta anf Tripathi 
<1986) who have noticed a higher phosphorus solubilisation 
capacity m  the A horizon compared to B horizon in the soils 
of W<̂ ~! Himalayao under varying bio=equence and
climosequence

The soil microorganisms are known to bring about a 
number a* transformations of soil phosphorus Chief among 
them is their ability to alter the solubility of insoluble 
inorganic phosphates leading to their greater availability 
m  soil Phosphorus solubilisation may be achieved through 
the direct action of phosphate dissolving microorganisms 
especially m  the vicinity of plant roots or through the 
indirect action of several autotropic and heteratropic 
microorganisms m  the soil (Alexander 1978)

Phosphate solubilioing organisms such as Pseudomonas 
Sps and Aspergill =? niger have been isolated from the 
rhizosphere of coconut and cocoa which were capable of
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dissolving nearly 4-9 50 per cent of the inorganic phosphates
<Mair and Subba Rao 1977)

In the present study no specific effort has been
made to isolate the phosphate solubilising bacteris from the
soil and only the indirect effect of soil microorganisms an
this property was studied The presence of a very large
number of bacteria artinomyctes and fungi inspite of the
highly acidic nature of the soil maintains a high
biochemical activity by which solubilisation of Inorganic
phosphates is also possible The relationship between
phosphorus solubilisation and the total number of bacteria
and fungi is found to be positive though not significant
At the same time a greater correlation between total
acidity of soil and phosphorus solubilisation has been
obtained which points to a greater impact of soil acidity on
phosphorus solubilisation The presence of species of
Pseudomonas and Aspergillus m  the tea plantations of
Ponmudi haa been reported earlier (Susamma Philip 1971)
These specieo of fungi predominating in the acidic tea soils
might have been responsible to a great extent in directly
solubilising the inorganic phosphates along with a
mlcro^lora which do so by indirect action
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Urease Activity-

Table 28 Urease Activity Mg of NlLt g urea

Soil d d̂ Mean S

Tea 0 30 0 15 0 $3
Han Tea 0 13 0 13 0 13

Maen d 0 22 0 14

CD (between soils) 
CD (between depths) 
CD (soil x depths)

0 065 
0 065 

- 0 092

Urease activity is significantly higher in the tea
plantations (0 23 rag of NĤ i S sail) than in the adjacent
nan tea areas The top soil register a higher value and
towards the lower layers the activity decreases and it
ranges from 0 13 to 0 30 mg of amoniacal nitrogen per gram
of urea only

Urease activity in soils is known to vary with
location depth season and forms of nitrogenous fertilisers 
used (Bhavanandan and Fernado 1970) Soils rich in organic 
matter are generally considered to possess a high urease 
activity (Seetharaman 1968 Margaret and Mcgarity 19b8) and
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Bhavanandan and Fernado <1970) have observed -sufficient 
urease activity in soils to hydrolyse the usual units of 
added urea

It is believed that sail constituents protect urease 
against microbial degradation and other processes leading to 
the inactivation of enzymes and every soil has a stable
level of urease activity determined by the ability of its
constituents to provide the protection (Zamtua and Brenner 
1976)

Like the capacity for phosphate solubilisation 
urease activity is also restricted to a small group of 
urease bacteria (Alexander 1978) eventhough many non
specific microorganisms are active in producing the enzyme 
urease

The tea soils of Ponmudl have sufficient urease 
activity This may be attributed to the population of
bacteria fungi and actinomyctes active in the soil and the 
higher content of clay <30 32 per cent) in soil which may 
provide protection to the urease enzyme

BTitrogen fixing capacity

The results of the incubation studies to estimate 
nitrogen fixing capacity of the tea soils have revealed that
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there soils do not poaaess to any appreciable extent the 
capacity for nitrogen fixation The results are not
surprising in view of the high soil acidity which completely 
eliminates the population of common nitrogenfixing species 
of Azotobacter (Tripathl et al 1982) Soil acidity is 
recognised as a primary factor restricting the growth and 
activity of nitrogen fixing organisms (Venkataraman 1982) 
and it is only natural that the highly acidic soils of the 
tea plantations do not support their growth and functions

Hutrient composition of tea leaves and nutrient removal

The composition of tea leaves and the approximate annual 
removal of nutrients from a hectare of the plantation based 
on an annual production of 2000 kgha of commercial tea is 
presented in table 29 It may be noted that the tea leaves
contain a high content of nitrogen and phosphorus compared 
to that of eucalyptus teak and rubber plantations although 
the contents of potassium calcium and magnesium are 
comparable (Premakumari 1987) The aluminium content of 
tea leaves is comparatively much higher than that of iron 
The nutrient composition of the plant is found to be 
positively correlated to the status of the=e nutrient 
elements in the soil
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Table 29 Nutrient composition of tea leaves and nutrient
removal

N F K Ca Mg A1 Fe

Nutrient
composition 2 48 0 24 0 18 0 13 0 25 0 71 0 03
(per cent)

Nutrient
removal 49 6 4 8  3 5  2 6  5 0  14 2 0 6
Kg ha a

Memon et al (1981) have reported a high content of 
aluminium (4457 ppm) in tea leaves The level of aluminium 
obtained in the present study is however much higher than 
this reported figure Considerable amount of aluminium is 
known to be accumulated in the roots and transported to the 
top (Matsuda et al 1979) A much higher content of
aluminium than the other mineral nutrients might be due to 
their deposition in the cell walls of the adaxial tissues as 
evidenced from the X ray micrograph studies of tea leaves 
(Memon et al 1981)
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Based on the nutrient composition of tea leaves 
nutrient removal through praceosed tea appears to be much 
lesa than the quantity of nutrients annually received 
through fertilizers The tea plantations at Ponmudl
receive an annual application of 90 120 kg N 50 60 kg P̂ Oe, 
and 45 50 kg K 0

The higher nutrient status of the tea soils as 
against the natural forests and other plantations is 
justified by a constant and high input of nutrient elements 
than that is actually removed

* personal communication from M/s Jayasree Estate Ponmudi
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SUMMARY AMD CQMCLUSIQH

Studies have been made on the soils of tea
plantations m  Ponmudi Kerala State to depict their 
specific physico chemical and biological properties m
comparison with adjacent soils not cultivated to tea

Samples for the study were collected from the 
different horizons of profiles exposed at different
locations in the tea and adjacent non tea areas Plant
samples were also collected from these locations and
subjected to detailed chemical analysis

The important conclusions drawn on the basis of 
the above studies are summarised below

The texture of the soil is of a uniform clay loam type indicating the 
dominance of clay compared to silt and sand Soils of tea
and non tea areas show a similarity in texture with a higher
content of clay ranging from 30 32 per cent in the deeper 
layers A higher clay content in the soils indicate a high 
rate of weathering and clay formation and its greater
accumulation in the lower horizons its downward migration 
The values for sand and silt content show a decreasing trend 
in the deeper layers
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2 Higher values for bulk density and particle density (1 22 and

2 14 gem ) noticed in the soils of tea plantations compared 
to non tea areas The values =how a tendency to increase 
with depth in the soils cultivated to tea than in the 
non tea soils

3 The top soil of the profiles where there is a greater amount of organic 
matter record a higher water holding capacity (36 77 
per cent) Both the tea and non tea soils registered a 
decrease m  their property towards lower layers

4 The soils of the tea plantation tend to be highly acidic and register a 
pH value ranging from 4 1 to 4 3 compared to non tea areas 
in tea plantations The total acidity in both soils is
found to be higher Exchangeable aluminium and hydrogen
which are the factors contributing to soil acidity were more 
or less similar in the two soils The highest value of 
exchangeable aluminium (1 37 c^molp kg ) is noticed in the 
soils of the tea plantations The exchangeable hydrogen 
(2 81 c mol^kg ) of soils cultivated to tea is also very 
high The high acidity of these soils may be due to the 
intense weathering and leaching of bases characteristic of 
the humid tropical conditions
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9 The oa+irn exclarge capacity of tire soil^ cultivated to tea aui
+ 1

non tea areas r  foird to te low (8 07 ep rol kg of oil) 
Correlation ctidles have ■-■town that tie cor t n b  il ion of orgEmio 
matter towards CEC i ^ negligible anl is more lrflienced by tic 
presence of kaolirntie olay mineral** whirl them elves pos esses 
only a low CEC

8 Even theigh tie rrgaric matter and total nitrogen is founl to be 
higher m  tea plantation^ than in the nearby non tea soil t h e n  
rontert is not apprenatle as m  the r a e of r at n  al ard plarl rj 
forests This is obviously die to a lark of b u l l  ip of orgarir
matter consequent to the greatest exposure of the soil to the 
tropical climate

7 The comparatively higher content of nitrogen and lower content of 
carbon las resulted m  a narrow C/N ratio ir these oils Thi1*
narrowing of C/N ratio is fojnd to be more p r o m m e r t  m  the
deeper layers

8 Tie available nitroger content of tea soils 1 1 lgh (2P1 9
-1 1 

kgha i compared to non tea areas (138 5 kgta ) Tie narrow
ratio between carbcr and ritrogen gererally perritr a rapid rat
of mineralisation making the ^tatus of available ritrcger ir the
soil rather high
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9 There is no irarkel variation lr the corteni of total pho phori
m  both soil'7' Maximirn arroirt of available pLosphoii i"- rotic 1
m  'the ^urfacp layer of tea plantatior Tip high contert of P
is apparently die to tie arrlal applicatior of heavy lose of 
pho^phatie fertilizers

10 The phosphor i7- fixirg capacity of the "-oil"- is foirl to be 1 igl
and rarges frorr 36 7 to 54 26 per cent The factors ontribi n  g 
to phosphoric fixation ich a" total acidity cpcqnoxile"- j d
clay rortent are higher m  tea soils than lr the ror tea soils

11 The content of total and exchangeable pota si in u  ? ll i"
oiltivated to tea is higher than the aljacent nor tea soil71 
Laok of fixation sites for potasjiirn m  tea oils as well as tie 
annial applicatior of potassic fertilizers might probably lead i o
a higher status of exchangeable potassiurr The bottom layeis of
loth soils record the 1 jwe t a m o m t  of exchangeable potas"-iuir

12 The "oils of tea plantatiors shov? a higher cor tent of calciin at d 
rragresiirr The b u l d  up of these elerrert m  ich anoirt m  the 
highly ac ldi tea "oils is rather s irpri lr g The lpgilu f
roekphosphate night have lead to the huild up of these tasie 
elerrent"- m  the soil conpen a t m g  for the losses si tair ed
through leachirg and n i t n e n t  rerroval
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13 The soils of the tea plantations have a higher base 
saturation of 35 4-6 per cent soils compared to only 17 25 
per cent in the non tea soils

14 The total microbial count including that of bacteria fungi and
actinomycetes in the tea and non-tea areas is appreciable
Inspite of the highly acidic condition the bacterial count

6is rather high and it ranges from 6 26x10 g of soil It 
is possible that the bacteria have adapted themselves to the 
prevailing acidic conditions The actinomycete population is 
found to be the least

15 The tea soils possess a significantly higher capacity for solubilization 
of insoluble inorganic phosphates C62 mg g 1) compared to 
the non-tea soil where it is only 35 mg g 1 In both the^e 
soils this property decreased with depth in the soil 
profile and is related to the total number of bacteria and 
fungi as well as soil acidity

16 The urease activity is also found to be appreciable in the tea soils and 
it shows a significant decrease with depth

17 The soils of the tea plantations did not ahQW any capacity for nitrogen 
fixation The high acidity of the soils might be critical 
to the acid sensitive nitrogen fixers
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18 An analysis of the tea leaves Indicate a comparatively higher content of 
nitrogen and phosphorus than the other nutrient elements 
Nutrient removal is maximum for nitrogen and not appreciable 
in the case of others

The annual application of large amounts of NFK 
fertilizers and the comparatively lesser removal of 
nutrients through processed tea has resulted in a rather 
high fertility status of the tea soils Thus the tea soils 
differ from natural forests and planted forests in high 
altitude areas which maintain a rather low nutrient status 
by biological and geological recycling processes alone
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Table 30

Correlation between plant. nu.trient. 

a M  ooll nutrient status

Nutrients 
in plant

Nitrogen Phosphorus Potassim Calcium Magnesium Alumini

Nutrients 
in soil

Total
Nitrogen 0 313

Available
Nitrogen 0 314

Total
Phosphorus 0 575

Avallable 
Phosphorus 0 136

Tital
Potassium 0 105

Exchangable
Potassium 0 0018

Exchangable
Calcium 0 373

Exchangable
Magnesium 0 509

Exchangable
Aluminium 0 253



CORRELATION TABLE

* 5%
M 1 5*

Total
Acidity

Sesqui
oxides

*

Org
carbon

J

Total
Na
I

Av
»2

Av
P

P fix 
ing ca 
pacty

Bulk
density

Pa ti 
de 

density

Hater
Holding

Bacte
na

Fungi P solu 
bilisa 
tion

Clay
content

Total
Acidity

* 505 “M06

Sesquioxides
1!

309

Org carbon 
I **7387

tt
6025 **492 3339 0524 1946 0661 0442 **6788

Total Nitrogen 
i *■*7387

Av Nitrogen **7129

Av Phosphorus 1084

P fixing 
capacity **505 309 **492 1084 022

Bulk density 33’ 9

Particle
density 0524

Hater holding 
capacity 1946

Bacteria 0808 0661 0409

fungi 0 0122 0442 0802

P Solubili 
sation 2406 0409 0802

Clay constant 022
1



ss

20
27
25

18
14
12

53
35
21

25
35
19

Exchangeable K in. C mol Kg of soil 
Locations

47
44
410

16
23
19

SS

19
27
18

23
19
25

317
291
350

31
37
23

SS

410
374
39

174
18
173

27
35 
41

25
36 
21

SS

501
27
31

33
21

19

S

374
25
28

07

31
25

SS

202
23
20

13
17
15

297
276
374

19
183
180

SS

167
19
22

14
15 
14

Exchangeable Ca in C mol Kg of soil

2 10 31 2 01 47 1 13 97 2 13 79 1 4 68
2 13 21 1 62 25 2 01 75 1 75 65 87 45
1 7 40 1 15 21 83 53 1 03 43 1 01 31

1 01 43 1 04 52 33 21 53 21 50 30
97 37 98 47 53 25 31 19 19 15

1 2 25 40 40 31 19 33 20 25 17

i?
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Exchangeable Mg in C mol Kg of soil 

Locations

1 2 3 4 5 6

S SS S SS S SS S SS S SS S SS

i 43 27 73 50 31 19 39 27 38 25 65 29
T 2 51 40 81 73 87 22 25 19 41 30 37 20

3 30 21 73 48 53 18 18 15 33 21 53 19

1 38 19 51 45 23 17 21 20 50 38 31 18
ITT 2 21 16 63 39 54 20 24 35 32 27 27 21

3 26 21 42 25 48 19 18 21 25 19 25 23
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APFEDIX I

Composition of media for isolating microorganioiiic
Media for isolation of bacteria
Soil extract agar (Taylor and Lochead.1938)

Soil Extract (Stock) 1000 ml
Tap Water 900 ml
Glucose 1 g
K HPO* - 0 5

1000 g of sieved garden soil is mixed with 1000ml of 
top water and steamed in the autoclave for 30 minutes A
small amount of calcium carbonate is added and the| whole i.=>
filtered through a double filter paper Dissolve the agar in 
900 ml of water by steaming it for an hour or more^ add 100
ml of the stock soil extract solution Add glucose and pH
adjusted to 6 8 using IN Ma OH

Peptone dextrose agar with Hose Bengal and Streptomycin

Dettroop 
Peptone 
K HPÔ i 
MgSO^
Agar
Rose Bengal 
Streptomycin 
Distilled water

(Martin 1950)
10 g
5 0 
1 0 
0 5

15 0
to give colour
30mg
1000 ml



Ksn&nlghls medium (Anonymous 1957)

Glucose 
K H F0„ 
MgSO 
KCI 

FeSO 2H G

1 0 g
0 1 
0 1 
0 5 

0 01

Distilled water 1000ml
pH adjusted to 6 8 7 00 by using I1T NaOH



APFEHDTX XI

Media for studying phosphate solubilisation

Pilrovslryn s Wadi um (Modified by Sundara Rao and Sinha

Glucose
Tricalcium phosphate 
CBH > SO*
KC1
MgSO*. 7H 0 
Hn SO*
FeSO I
Yeast Extract 
Distlled water

10 g
5 g 
0 5 g

0 2 g 
0 1 g
trace

0 5 g 
1000 ml

APPEHDIX III

Media for studying Nitrogen fixing capacity 

Jensen s Medium (1952)

Sucrose 20 g
K HPD 1 S
MgSCU 7H 0 0 5 g
HaCI 0 60 g
FeSO 0 log
Ha MnO* 0 005g
CaCO j 2g
Agar 15g
Distilled water — 10(

1963)



ANALYSIS OF VARIANCE 
APPENDIX IV 

PHYSICAL PROPERTIES OF SOIL

SOURCE

MEAN SQUARE

df Course
Sand

Fine
Sand

Silt Clay
SINGLE VALUE CONSTANTS

Bulk
Density

particle
Density

Water
Holding
Capacity

Pore
Space

TREATMENTS 5 13 46 34 77 10 55 7 53 *0 033 151 90 76 31 64

BETWEEN SOILS 1 5 41 5 76 2 89 2 05 0 0979 0 0324 81 42 87 44
(T)

BETWEEN DEPTH 2 12 57 76 51 22 77 16 66 0 016 0 145 *180 11 17 QQ
(d)

SOILS x DEPTH 2 18 37 7 54 2 16 1 15 0 020 0 214 6 068 18 29

ERROR 30 62 10 23 35 14 01 47 86 0 0124 0 101 37 65 54 26

* SIGNIFICANT AT 5/ LEVEL
** SIGNIFICANT AT 1/ LEVEL



ANALYSIS OF VARlAHo.CE 
APPENDIX - V 

CHEMICAL PRQPjJIIIES OF SOIL

UEAN SQUARE

S j J R C i j  c f  H  o  1 x c h a n  x c a u i  6 ■‘“ ■ o n  S e s q ^ i  0 6 - n i c  T o t  1 /  a T  1 o l e  o  1 U  3 o s  o t & l  j j i  p o x  x c h o . n £) D i e  x c m i i t ,  D i e

®  c i d i  j  a  b l e  0 a b l e  e x c h u i i g a  o x i d e  C c j r o o n  h  r o  1 l i  r o & e n  p i i o s  o  e  o  o r u s  p o t a s s i  b s i l - h  g  l c i u n  m a g n s u m

a l u m  a c i o i t j  c a n  c i t y  c P 11 R a  10 l o r u s  o s p o  f i x i n e  u rn

n i u n  r  s  c  p  c i l y

★ tUfr*
■’lisnrs 5 045 3 6o  184 2 96 7d4 75 37 o* 0017 ° 77 315^4 5 00044 5o° 51 100 81 0041 027 p 87 92

31
LS (T) 1 *002p 5 57 *514 4 52 000 20 25 2 35 0062 1j> 02 '2ojp3 0053 85 46 *776 24 *01 y ** 1 * t: 1 072S

a3
ii (d) 2 Qlo 07 03 02o p H 9  4 *537 *00 3 4G 7 75 00095 J>64 88  ^24 53 0006 0 3 * 2 * pp

t> L
Li- 2 Oyy 3 45 101 *5 13 p7 24 16 088 00006 8 9 682 0075 o33 14 *o96 87 003 0000002 10

jmtAOa 30 50 806 597 76 915 14 73 035 00009 1 8 5997 38 0032 4*7 16 7 31 0025 004 624 0 71

* - SIGNIi IC JIT in Jfi LEVEL
** olalflllCxJH a V  LjiVEL

B « i e  

3 t u  r  t  

**
* 815 5
p525 59 

200 4 d

69 73 
1b2 99



Hutrient content of surface and subsurface soil sanples 

A Total nitrogen (per cent)
S Suface soil 
SS Subsurface soil

Locations

APPEHDIX VII

1 2 3 4 5 6

S SS S SS S SS S SS S SS S SS

1 09 07 1 07 09 09 03 05 13 10 05 05
T 2 12 04 16 05 04 02 05 02 07 04 062 03

3 12 05 09 06 06 04 1 01 12 05 11 08

1 06 04 09 06 07 04 06 07 08 05 07 06
ET 2 08 03 07 04 03 02 02 03 03 04 02 02

3 05 031 09 05 05 03 04 01 04 02 03 02

B Avilable Pho^phoru^ (kg ha )

1 84 14 22 4 5 6 24 6 8 4 11 2 11 2 10 6 42 6 72 8 42 6
T 2 56 27 44 40 3 22 4 39 2 16 8 42 31 4 33 6 56 38 1 56

3 50 4 24 6 67 2 156 8 89 6 78 4 56 24 6 22 4 33 6 62 7 23 4

1 95 2 62 7 43 32 7 42 6 32 3 40 8 36 9 CO 36 9 43 4 48 8
HT 2 28 142 20 3 26 3 31 7 24 8 33 8 26 1 19 3 21 4 20 8 33 4

3 50 4 22 4 18 3 43 8 52 3 21 3 18 9 15 4 14 7 24 8 28 7 30 2
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ABSTRACT

A =tudy has been made on the Tea plantations in
Ponmudi in Kerala State with a view to determine the extent to 
which the physical chemical and biological characters of 
these aoils are affected by the plantation

Samples for the study were collected from soil 
profile^ exposed at different locations in the tea and
adjacent nan tea areas Plant samples were also collected
from the^e locations and subjected to detail ohemira
analysis

The mechanical composition of the oil of tea
plantation^ did not depict any i^n * gnt dif^ernn hen
compared to non tea =oil th the0e oil the sand and
silt content * r^n J n increased with depth
r n ofil=> H w c a higher content o^ clay observed in 

th® ea 01 rdi ateo a greater degree of weathering and
clay formation

The bulk density and particle density of the tea and 
non tea ooil = increa ed with depth The s rface soil of the 
profile^ which contained a greater amount of organic matter 
reco ded a higher water holding capacity The CEC of ®oil~



was found to be low and 1= likely to be influenced by the 
predominance of kaolmitic clay minerals ^

The soils of the tea plantations were highly acidic 
Exchangeable aluminium and hydrogen which are the factors 
contributing to soil acidity were more or less similar in the 
tea and non tea ^oil<=

The tea plantation recorded a highercontent of total 
and available nitrogen compared to non tea areas ^

The cjQils cultivated to tea though contained only a 
lower amount of total phosphorus registered a higher content 
of available phosphorous The high content of phosphorus is 
apparently due to the annual application of helavy doses of

Iphosphetic fertilizers Total acidity sesiuioxides and clay 
content were higher in the tea soils and contributed to a 
greater P fixing capac ty ^

The contents of total and exchangeable potassiumm as 
well as exchangeable calcium and magnesium in soil^s cultivated 
to tea were higher than the adjacent non tea soils Lack of 
fixation sites for potassium in the tea soils might have 
probably lead to a higher status of exchangeable potassium



The total microbial count including that| of bacteria 
fungi and actinomyctes in the tea and non tea areas was 
appreciable The tea soils posoesed a higher capacity for 
solubilisation of inc=oulble inorgnic phosphates which was 
related to the total acidity

These soils did not show any capacity for nitrogen 
fixation and urease activity was comparatively low

Chemical analysis of the tea leaves showed a higher 
content of nitrogen and phosphorus than other nutrient 
elements The annual application of fertilizers||and a lesser 
removal of nutrients through processed tea has resulted in a 
rather high fertlity status of the tea soils


