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INTRODUCTION

Tea the 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 Capellia sinensis as twa 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
Nadu The total area under tea in India i=s 378 0G0 ha with

an annual production of 650 000 tonnes

Tea Plantationsare raised at elevations ranging upto
and beyond 2000 m and on elopes 0f varying steepness The
natural vegetation in such forest areas has been replaced
and put to moneculture 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 biolagical characters of
the so0il of the tea plantationo are found to vary widely

compared to the natural and other planted forests



Soirls of the tea plantations are most likely to show
some  specilal features 1n their physico chemical and
blological make up due to the exclusive characteristics of
the Tea plant as well as the management practices
assocliated with the plantation The non exclusion of vatious
plant species whth were originally present and monoculture
with tea alsc‘;;ing about appreciable variatinn in soil
properties Since the two leaves and a bud from every
shoot are nipped off very frequently the scope for
recycling aof nutrients 1is wvery little oompard' to other
natural forest systems or plantations Besides +the annual
application of 1large amounts of inorganic fertilisers

caupled with the heavy rainfall makes the soil prone to

become more acidic and base different

The behaviour of added nutrients and their
avallability to the plants and their retention inthe soil
will be controlled by the physico chemical and biological
properties of these soils Only wvery 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 following main objectives



{1)To >tudy the physicoc chemical and bilological properties
of high altitude tropical soils cultivated to tea for a

long period

{2)To compare the nature and properties of solls cultivated to

tea with the nearby soils not cultivated to tea



REVIEW OF LITERATURE



REVIEV OF LITERATURE

Tea plantations are laocated in areas having certain
special features in terms of temperature rainfall altitude
and soil type The tesa plantations 1in 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 i1s dominated by a slopping and level
topography which had witnessed 2 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 soll characteristics in these regions
ls less understood Only limited efforts have been made to
study the nutritional and related aspects of the plantation
in relation to the soll physical and chemical properties

The 1literature available on these aspects of +the high



altitude soils with special reference to tea plantation is

reviewed

Yegetation as a soil Forming Factor

Marbut <1932) in his notes on the relation of -o0il
type to environment considered vegetation as the most
important soil forming factor and HNikiforoff (1935>
identified the importance of plant cover in determining the

profile features of a =ail

In a discussion on bilosphere as a factor of soll
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 +1he plants and thelr composition on the

constltution of the soll profile

Jenny <(1941) recognised vegetation both as a
dependent and as an independent variable To 1llustrate the
role of veg@tation as an independent variable he studied the
prairie timber transitlion zone and concluded that under
equal climatic cilrcumstances a decidious forest cover
ostimulated leaching and accelerated saoll development more

than a prairie vegelation



Physical properties

Burges <1817) 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 {1832) has concluded that soil samples from
teak and adjacent natural forest did not differ
significantly in +the distribution of different sized
particles However the solls 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 New South Wales silt and clay were abtained at a
maximum altitude between 5500 and 6000 £t decreasing
significantly either way They explained this being due to
the eoptimum temperature and moisture conditions prevailing

in the region

Mann and Gokhale (1960) hawe 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 so0ils are derived from gneissic rocks

contalning a good deal of mica



From a ccmparitive 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 soills

exhibited more aggregation than cultivated solls

Chandrasekharan and Koshy (1970) reported maximum
amount of clay in the surface horizon of the soll 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 1s partially or fully
regenerated during the period between medium and . old age of

tea plantations

Harler (1972) has stated that the soils planted tao
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 shawed a

higher value for apparent density and absolute specific



gravity and lower values for porespace and wgterholding

capacity The results indicated that the physicai condition
of the solls has been markedly altered as a result of
deforestration and planting with teak The clay content of
soils at an altitude of 200 M and cultivated to eucalyptus
decreased with increase in depth and varied from 5 8 81
percent The bulk density i1is slightly reduced at higher
elevation due +to a higher rate of orgadic matter
accumulation The waterholding capacity porespace and

moisture equivalent showed an 1increasing trend with

increasing elevation {(Xrishnamoarthy and Rajamannar 1978)

Iyengar <(1977) has observed that the soills 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) Tbased on a study of the
properties of soils under teak showed that the sahd content
decreased and ©ilt and clay increased with depth indicating

the downward movement of the latter due to leaching

Physlcal properties of deodar growing forjest soils

at an altitude of Z100 - 2700 M were studied by Baﬂerjee and



Badola (1982) They found the solls 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
1n texture between top and subsoll layers in the tea solls
of Assan However the hydraulic conductivity varied with
texture and was correlated with coarse sand silt and water

content at 100 and 333 cmr 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 8 Kerala
has shown that in all these plantations sand and silt
content of so0ill 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 soll

S0il 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 solls in
Ceylon <(Lanb 1955 showed a pH value of 5 5 in the top
soll He opined that tea dislikes solls of high pH possibly

due to an unavailabllity 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 prelonged
application of physiologically acid fertllisers in tea
plantations brought the soil pH in the range 3 8 to 4 5 and
stimulated the vegetative growth of tea bush ¥ost tea
solls 1n 8 India show a pH value between 4 & 6 (Mann and

Gokhale 1960)

Bhavanandan and Sunderlingam (1972) reported that
all nitrogenous fertilizers reduced the s0ilil pH i1in 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 soil a condition that has resulted from the
leaching of lime and other bases In most tea areas the

natural pH value of soll is about 5 4



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

through soill 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
eXxchangeable aluminium is negligible and that of mobile

sesquioxides are relatively small

Studies on the genesis of well drained laterite
solls formed on different parent materials under troplcal
climatic conditions revealed that though soil|acid1ty of
these -0ils is due to chemical weathering acidlty around pH
55 can be developed under different climatic conditions
depending on the nature of the weathering complex (Gawaikar
et al 1976> Rajamannar et al (1979) have reported that
high level lateritic soills 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 soills increase its



nitrogen content The diminution of C/N ratio seems to

reflect a change in the nature of C-N linkage due to thils

policy

Jenny and Ray Chaudh@ri (1958) showed that a higher
organic matter content 1s 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 Ift
elevation suffered more severely than others by a loss of
organic matter when compared to forest soils where the
organic mattercontent increasedsteadily with a rise in

elevation

Ramaswamy (1960> has reported the biochemical
nature of thgorganic matter in tea solls 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 theregis a

depletion of organic matter during the early 20 years of
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cropping after which the rates slow down leading to a state

of equilibrium

Similar observations have been made by Dey (1971>
where the organic matter in tea =oils are depleted rapidly
in 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
soll increased organic matter content from 2 16 2 49
percent Crganic 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 soills of 8§ 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 beneficlal effect on

improving the organic matter status

Rajamannar et al (1979) have reported that high
level lateritic solls under FEucalyptus tereticornis and

E globulus developed under low temperature and high rainfall
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contained higheramounts of organic carbon (0 44 9 744

which showed & 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 cropping and thereafter +the rate of
decline slows down reaching a level o©of equilibrium
Nitrogen and organic matter content of the top 30 cmsoils

are linearly correlated (Dey 1971)

Banerjee et al (1982) studied the physico chemical
properties of deodar growing soils at 2100 2700m altitude
and reported that the soils are fine textured mildly
acldic rich 1n organic matter well supplied with nitrogen
phosphorus potassium and possessed high cation exchange

capacity and water retentlion capacities

Khairy et al (1985) have reported on the balance
and dynamics of organic matter under tropical crops like tea
and caffee They found that so0il under +tea contalned
greater amounts of humic acids than the original soil Vith
continued humification soils under tea produced Ilarger

amounto of humic substances compared +to coffee plantations
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Rutrient status

Studies on forms of phosphate absorbed by soil
colloids and their availability to tea plant by Aidinyan
(1957) showed that exchangeable phosphorus fixed by soil
colloids 1is the most available form and the decrease in
exchangeable form 1s generally supplemented by ‘the

chemically fixed form

Jayaraman and De Jong (1955) analysed tea solls and
observed that all of them were highly 1leached 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 solls reported by Lamb
(19557 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

solls upto an elevation of 600 ft was around 10 1 and Takkar



{1963) ha= reported +that the total nitrogen and organic
carbon content in tea solls of Punjab were in the range of
0 05 2 00 and 0 42 2 50 per cent respectively The

avallable P O varied from 6 45 85 60 ppm

Mahalingam and Durairaj (1968) have reported on the
chemical properties of high altitude soils of the Nilgiris
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 soll and growth of tea plants stated
that poor growth generally coincided with lawer Dbase
saturation Growth was best with 25 50 per cent of

calcium and magnesium saturation of the clay complex

Nutrient status of coffee growing solls was studied
by Iyengar (1977) These 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 1in available phosphorus and have a high
phosphorus fixing capacaty due <to the predominance of
kaolinite and hydrous oxide# type of minerals The soils

have moderate reserves of potassium
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Ranganathan (1977) has reported that the tea soils
are abundant i1n sesguioxides and low in bases Soills 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 o0f potassium of tea solls 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 contaln conceivably large amounts of difficultly

exchangeable aluminium

Koyamu and Nambiar (1978) have noticed a reduction
in total nitragen 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 cropping

period
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Studies on tea latosols in S India by Ram (1980
revealed that their CEC 1s low and have no fixation sites
for potassium He stressed the need for high levels of

nitrogen to support the large crops 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 (1885) has identified potassium as a
limiting nutrient in most tea growing solls of S India It
1s ephemeral in nature as the soil lacks potassium fixing

capaclty

Crop Rutrient 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

Goletianil (1958) has observed that the presence of 5
meq/100 g aluminium in the soil promoted the growth of tea
plant along with fertilizers 1like ammonium sulphate and

potassium phosphate
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Villson <(1973) from his 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 1s an

undisturbed mulch layer on the soil surface

Ranganathan (1978) has reported that the efficlency
of nitrogen and potassium 1is highest when the calcium
concentration is optimum in soils Tea plants also contain

larger quantities of potassium and silicon at a pH of §

Effects of aluminium on 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 25 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



ppm) of aluminium in their older leaves despite the 1low
level of exchangeable aluminium in the soil X ray
micrographs showed that aluminium was densely deposited in
the wcell walls of +the adaxial epedermis and palisade

parenchyma of old leaf tissues

Jayman and Sivasubramaniam (1975> 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 1o released by the use of malic acid as a

chelating agent

Alyadural 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 ammenium phosphate

Yamayla and Hattori (1977) observed higher levels of
aluminium and fluorine 1in tea plants compared to other
elements They attributed +this to the absorption of

aluminium fluorine complexes from the soil
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Biologacal properties

Microbial Count

Daraseliya (1960) has reported the presence of
Azotobacter in red acid tea soils near Batum in Ceylon They
were numerous in organically manured soills Darasellya
{1960) has further reported that the kransnozen solls of tea
plantations of Georgia c¢ontain many ammonifiers few
nitrifying and aercbic cellulose decomposing bacteria and

many fungi

The data collected from the analysis of an acid tea
plantation soil from Alathiyur in Tamil WNadu showed that
bacterial actinomyctes and fungi population decreased with
s0il depth which was more marked in the case of fungi than

in bacteria and actinomyctes (Rangaswamy et al 1967)

Susamma and Sam Raj (1973) have reported that the
tea soills of Ponmudi at 300m above MSL contained the highest
population of bacteria fungi and actinomyctes 1in the
surface soil A steady decrease in population was noted in

the lower layers

Ayanaba and Omayull (1975) reported that microbial
population of acid tropilcal soils are claracterised by few

nitrifiers denitrifiers and aerobic celiulose decomposers



Acidity has a great influence on the densities of the
1 crabes examined

Lundgren el al {1983) studied the bacterial

numbers 1n a fine forest so1l 1n relation to environmental

factors Different patterns of fluctuation 1in bacterial
nunmbers were found for every three years There was
signlificant correlation between bacterial number and

moisture content

Grunda (1984) has identiflied aerobic and anaerabic
bacteria and actinomyctes in the horizons of a clay loam
soil under oak Aerobic bacteria showed peaks in May and
October while actinaomyctes in July and October Ammonifiers

were numerous but nitrogen fixers absent

Fram a study of the soll microbial population in
forest ecosystem subjected to artificially induced so0il
compaction Smeltzer et al (1986) reported that the total
number of fungl bacteria and nematodes were significantly

higher in control than in compacted plots

Biochemical Activaities

1 Urease activity
Hoffmann and Hoffmann (1954) have reported that

urease activity 1s greater in +the rhizosphere and 1is



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 ureolysis
was rapid immobilisation small and nitrification negligible

in urea treated plots

Margaret et al (1968) analysed New South Wales soil
profliles 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 oo0lls 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 actlvity in the soil 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 so011 constituents protected urease againot
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 of
the urea applied on the surface water but its contribution
oeems to be far less than that of soil urease Correlation
analysis of urease activity with properties of wetland rice
so1ls differing widely in pH texture and organlc matter
i1ndicated that urease activity was correlated significantly
wirth organic carbon and total nitrogen but was not
significantly correlated with CEC clay and pH (Sahrawat

19835

Baruah and Mishra (1984) have reported that urease
and dehydrogenase activities were generally higher in
flooded rice solls than 1n upland rice solls Enzyme
activities were negatively carrelated to bacterial numbers
and 1increased with increasing organic carbon total

nitrogen and moilsture content of soil

Rao and Ghai (1985> have reported low levels of
urease and dehydrogenase activity in alkali soils However

after their reclamation by chemical and blologidal 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 1in deadwood
during the first 20 years following clear cuttihg 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 o0ld Scots Pine forest in
Sweden showed that nitrogenase activity in neéedle litter
increas~d and was obviously correlated with the stage of
decomposition Annual contribution by nitrogen fixation in
litter was estimatedto be 1 5 mgrha compared to 0 3 kg ha
for the stand as a whole <(Lindberg & Berg 1982> Lower
rates of nitrogen fixation i1n roots of field grown maize
than on soill were detected Most probable numbers of
nitrogen fixing bacteria waseotimated to be 7x1&% cells/dgw

of roots {(Mwawa et al 18886



Nitrafaication Activities

Sandanam et al (1978) studied the nitrification of
ammonium sulphate and urea in an acid red yellow podzolic
tea soll 1in Srilanka Compared to the bareplots adjoining
the tea fields nitrification was appreciable in tea fields
A higher pH substantially increased nitrification in tea

s01ls

Walker and WickramaSinghe (1979) isolated pure
cultures of autotropic nitrifying bacteria from acid soils
of tea estates Nitrosospira sp caused niltrification in

situ in these acld soils of pH 4 1

Phosphatase activity

Nair and Subha Rao (1977) have reported +two
efficient phosphate solubilising micro organisms
Fseitdomanas sp and Aspergillus niger in the rhizocphere of
coconut and cocoa These fungli were capable of dissolving

about 50 percent of the inorganic phosphates

Gupta and Tripathi (1986) have found the population
of phosphate solubilising bacteria to be higher in the A
horizons than in B in scme soils of N W Himalayas under
varying blosequence and climosequence They have ldentified

four species of phosphorus dis.olving ba0111i| from these



solls

The phosphomoncesterase 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 phosphomonoesterase

activity depended on soil geaographic location and depth

Thomas and Santharaman (1986) have observed +that
solubilisation of inorganic phosphate in coconut plantations
in laterile so0ils recorded maximum solubilisation of 54

percent of the insoluble phosphorus with Micrococeus roseus
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MATERIALS AND METHODS

The present study entitled Physico Chemical and
Biological properties of high elevation scils with reference
to Tea has been made by carrying out a detailed analysis of

soil and plant samples from typicaltea plantatio?s

Laocation

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

metres abave MSL

Collection of soll samples

Soil profiles to a depth of 1 26 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 simlar manner
Since horizon differenclation was not marked in any of these
profiles so1l sampling was done at three arbitrary depths

of 0 to 15 (dl> 15 to 30 (d2) and 30 to 45 cm 43>

Undisturbed soil samples at these depths were also

collected using a core sampler In addition to the soil
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samples from these profiles 12 surface (0 15 cm) and
subsurfaces (15 30 cm) samples each were also collected

randonly from the same locations

Plant sample

Leaf samples from the tea bushes were collected from

whaere the soil samples were collected

Soil Anamlysis

Preparation of soil sample

The air dried soll samples were gently powdered with
a wooden mallet and passed through 2 mm sieve and stored in

air tight containers for subsequent studies

Physical praperties

The physical properties such as bulk density
particle density water holding capacity and pore space were
determined in the undisturbed core samples by adaopting
standard analytical procedures as detailed below The
texture of the soll samples was also determined by standard

procedures
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Bulk density Troell s method Vright
Particle density by using Keen (1939
VWater 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 avallable nitrogen and
phosphorus total and exchangeable potassium exchangeable
calcium magnesium iron aluminium organic carbon
sesquioxides cation exchange capacity and phosphorus fixing
capacity of the so0il samples at the +three depths were

determined by methods indicated below

PH in 1 2 5 s0il water Jackson
suspension using (1279
PH meter

Total acidity Titration method after Yuan

exchangable extraction with IN KCl1 <(1959)

acldity and

exahangable

aluminium



Total nitrogen

Available

nitrogen

Total phosphorus

Available phosphorus

Total potassium

Exchangeable potassium

Exchangeable calcium

and magnesium

Cation Exchange

Microkjeldahl method Jackson
(1973)

Alkaline permanganate Subbiash and
distillation method Asija (1956>

Chloro Stannous reduced Jackson
molybdo phosphoric blue (1973)
colour method in H S04

system in H 804 extract

Dickman & Brang s
molybdenum blue method
after extraction with

Bray 1 reagent

In H.80 extract

using flamr photometer

In neutral normal ammonium
acetate extract using

Flame photometer

Neutral normal ammonium
acetate extract by using
Atomic Absorption
Specthophotometer at a
Wavelengths of 422 7 mm
and 285 2 mnm for calcium
angmagnesium respectively

f

Ammonium acetate method



capacity

Organic carbon Walkley and Black s Piper (1950)
titration method

Phoophorus fixing Waugh & Fitts Nad et al

capacity (197%)

Sesquioxides By precipitation from Sankaram

hydrochloric acid (1966

extract and ignition

The surface and subsurface solls 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

I

nethods

Total micraobial count

Total microbial count was determined by the soll

dilution and plate count method (Timonin 1940)
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8 dilution of 1 1& was prepared for each of the
soll and 1 ml each of the diluted solution was separately
plated in triplicate petri dishes each contalning specific
media for bacteria <(saoil extract agar) fungi (streptomycin
Rose bengal Agar) and actinomyctes {(Kenknights mediad The

composition of the respective media is given in Appendix 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 Activaty

The Hoffmann Teicher method (1961) with slight
modifications was followed In this method 5 g of the soil
was placed in & 100 ml volumetric flask and 1 ml toluene
added After fifteen minutes 10 ml of sodiunJ cltrate
crtric acid buffer (pH 6 5> and 10 ml of 10 per cent urea
solution was added The flasks were incubated for 24 hours at
300C 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
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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 1n a micro kjeldhal distillation
unit Urease activity was reported as mg of ammoniacal

nitrogen released per gram of urea added

Phosphate solubilising capacityl

20 g of the soll was moistened with 5 10 ml of the
medium (Appendix II) mixed with 1 g of ltricalcium
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 Contral for each soil was maintained in a
similar conditien without +the addition of +tricalcium

phosphate

Nitrogen fixing capacity

One gram each of the surface soil from the profiles
0of -0ils cultivated to tea and not cultivated to tea was

incubated with 25 ml of Jensens media (Appendix'III) for



21 days at room temperature At the end of 21 days the
total nitrogen of the medium plus soil was estimated by the
modified kjeldahl method <(Allen 1653) Nitrogen fixing
capacity of the soll was estimated by subtracting the total
nitrogen of the scll from the above values and expressed as

mg of nitrogen fixed per gram of sugar oxidised

Apnalysis of plant samples

The fresh leaves were dried imn an air oven at §0+5=C
powdered in a Sumeet dry grinder and used for further

analysis

1 g each of the powdered sample was digested with a
mirxture of concentrated H.S04 and H.O.{(Jacksan 1873) 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 Qo7
Phosphorus Yanadomolybdo phosphoric

yellow colour method in
nitric acid system by using
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k¥lett sulerson Photoelectic

colorineter
Potassiunm By using flame photometer
Calcuim and By using Alomic Absorption
Magnesium Spectro photometer

( Model PE 3030 ) and the
Spectrum of absarption was
determined at wavelengths
422 Tnm and 285 2 nm
respectively for calcuilm

and magnesium

Statistical analysis

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

given belaw

ANOVA
Source DF
Between solls (T) 3
Beiween depth (d) 2
Txd 2
Error 30

Total 35
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RESULTS AND DISCUSSION

The result-o of the study and salient findings on the
physical chemical and bioclogical properties of high
elevation -0ils 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 solls 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 fractions

The similarity in their texture and lack of appreciabdble
difference in the content of the particles of different size
at various depths in the saolls 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 in the lowest horizon indicates a

higher rate of weathering and clay formation as well as its



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

and Non tea (NT) areas (per cent)

Depth
Soil particles Soils d d. d. Mean S
Coarse Sand T 23 57 23 63 23 23 23 48
T 23 62 22 38 26 77 24 26
Hean d 23 4 23 01 25 00
Fine Sand T 19 63 16 20 17 03 17 62
T 20 62 14 87 14 98 16 82
Hean d 20 13 15 53 16 01
Silt T 24 65 26 98 24 62 25 92
iT 26 12 27 43 24 4 25 98
Mean d 25 38 27 20 24 5
Clay T 30 88 30 97 32 53 31 46
uT 20 72 30 67 32 57 30 98

Mean d 30 30 30 82 32 55
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downward migration

This observation is 1in accordance with the findings of
Pathak et al (1964) from their comparative studies of the
physical and chemical properties of solls under cultivation
and forest cover A higher accumulation of clay with
increasing depth indicates migration of clay to&ards lower
layers The particle size distribution of solls 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 (Prema kumari 1987)

Single value constants

The mean values for the single value constants of the
solls 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 doesnot

appear to differ significantly However the lowest wvalue



(1 10 gcm ) is observed in the third horizon'of non tea
soil and the highest in the same horizon of tea soll The
results obtained in this study 15 in agreement with the
general findings from the study of forest and plantation
solls (Prema kumari 195877 where there 1s an increase 1in
bulk den=1ty with depth in the so1l associated with a

decrease in its organic matter content

Table 2 PBulk density (gcm

Soil d d= ds Mean S
Tea 114 1 22 129 1 22
Non Tea 1133 112 110 111
Maen d 1 12 117 119

In the present context eventhough there i1s a
decrease in organic carbon level with depth(Table|10) it 1s
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 so0il 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
the mean values being 2 14 and 2 08 gbﬁ. respectively for
the tea and non—tea salls However a slight increase in
particle density 1is noted with increase in depth of the
profile in the two scils 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 distributlon of the
mineral and rock fragments The laterite solls of the
Vestern 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 gcm ™

Soil d 4. das Mean S
Tea 1 38 217 2 86 2 14
Non Tea z 09 211 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



compaction of the underlying soil layer

Such instances of compaction and fragipan
formations at 30 90 cm depth are encountered 1in tea
plantations of Nilgiris especially at the centre of high
plateaus leading to secondary consolidation (Ranganathan
/1982)

WVater Holding Capacity

It may be seen from table 4 that water holding
capacity is maximum in the top layer in both the saoil types
and 1t shows significant variation between the three layers

of tea and non tea prefiles

Table 4 Water holding capacity (per cent?

Soil d d. d= Mean S
Tea 40 99 33 82 35 60 36 77
Non 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 af 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 1s
kaolinitic (Gowaikar 1972) which i- a naon expanding type
the influence of organic matter appears to be more
significant in determining the water holding capacity of the

s0il
[

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 i1ts higher
organic matter content It may be further abserved that
while &a correlation 1is lacking between water holding
capacity and clay there 1s a positive though not
significant correlation <r 0 1946) between organic matter

and water holding capacity

Shukla and Ray Choudhari (19265) based on their
studies of some foot hill solls of Himalayas have observed
higher values for water holding capacity and volume
expansion which was attributed to the higher organic matter
content This 1is agaln supported by Banerjee and Badola
(19825 in their studies on deodar growing forests where

the soil= are fine textured rich in organic matter and show



high water retention

Pore Space

The mean values for porespace presented in table 5
show a decreasing tendency with increasing depth Pore
space 1s highest (50 4 per cent) in the surface soil of non
tea soi1ls and lowest (44 6 per cent) in the middle layer of

tea plantations

Table 5 Pore Space (per cent)

Soil d d da ¥ean g
Tea 47 5 46 44 6 46 1
Non Tea 50 3 50 4 46 © 49 2
Maen d 48 9 48 2 45 75

The amount of pore space in a soil is determined
largely by the nature of solid particles In soils with a
higher sand content +the movement of air and water is very
rapid due to the predominance of macropaores 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 48

per cent? The clay loam texture of the soil thus leads to



a decrease in pore space due to predominance of clay rather
than sand The decrease 1n pore space with depth may be
attributed to an increase in clay content eventhough the
sand content do not vary appreciably This finding 1s in
agreement with that observed in teak plantations of Kerala
(Juose and Koshy 1972) where they reveal lower values for

pore space

Chemical properties
Soil reaction {(pH)

The values of pH in table 6 reveal that the solls
are highly acidic The PH ranges from 4 1 to 4 3 and it is
higher in the subsurface so0il compared to the surface soil
There 1s no marked varilation in pH of s0il between tea

plantations and areas not cultivated to tea

Table 6
pi of =soil
Soil d d dz Mean g
Tea 41 43 4 3 4 18
Non Tea 4 2 42 4 3 4 16

Maen d 4 15 4 25 4 30
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Soil acidity

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 1is
significantly higher (3 99 cmolp kg s0il) in the tea soils
and no significant difference is noted between the three
horizons of the two profileo Total acidity is maximum at a

depth of 15 30 cm in the tea plantation
Table 7 Total acidity < CmolF*Kg Soil)

Soil d dz da Mean O
Tea 3 43 4 69 3 85 3 99
Fon Tea 375 2 88 2 98 3 20
Maen d 3 59 3178 3 42

CD ( between soils) 0 611
CD ( combination between soils and depth) =~ 1 058

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 acldity of the soil
associated with a greater weathering of soils and an

abundant use of acid forming fertilizers

The high values for exchangeable aluminium in these
soils show the possibility of exchangeable aluminium acting
as a potential source of soil acidity At the same time a
perusal of table © shows that a considerable part of the
total acidity of the solls of tea plantations is represented

by exchangeable hydrogen rather than exchangeable aluminium

Table 9 Exchangeable hydrogen( CmulPKg of Soil)

Soil d de ds Mean S
Tea 210 3 33 3 02 2 81
Non Tea 2 87 1 65 179 2 10
Maen d 2 48 2 48 2 40

CD (between siocls) 0 594

CD (between depths) 0 727

CD (combination between soil & depth) 1 o028

Exchangeable hydrogen is significantly higher in the

=01ls of tea plantations compared to that of non tea soils

. |
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It is higheot (3 33 cmoleg ) 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 thorizons and two o0il types 1Is also

significant

Since the tea plantations of Ponmudi 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 oites of the clay which are not saturated by the
catlions have thus become oites for holding the hydrogen

ions thereby making the soils highly acidic

It is also possible that the strongly acidic nature
0f the soils may be due to the nature of parent material
from which these soils have developed Granite and gneilss
are known to form parent material for the tea areas of
South India occuring in the high altitude range <ﬁann and
Gokhale (1960

Cation Exchange Capacity

The mean values for CEC of the tea and non tea solls
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 solls The CEC of the scils may
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be rated as low as per the classification proposed by Barbur

and Rockwell (1972

Table 10 Cation Exchange Capacity ( ClePKg of Soil)

Soil d d. ds Hean S
Tea 8 53 8 15 7 63 8 07
Non Tea 8 33 7 85 8 03 8 07
Maen d B8 43 8 00 773

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 laow CEC of these solls may be due to
the predominance of kaolinltic 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 1n CEC with increase in depth
inspite of the slightly higher content of the clay in deeper
horizon may be due to a decrease in the content of arganic
matter Such a decrease 1n organic matter and consequent

depletion of cationic nutrients has been abserved with

I
I



vontinuous cropping of Pinus radiata in Australia <(Florence
w
1967)> The tea latdsols of Sgth India have reported to be

of a low CEC with no fixation sites (Ram 19807
Organic Carbon Nitrogen, C/F ratio and available nitrogen

Organic Carbon

The organic carbon contents o0f the soils of tea
plantation (Table 11) is significantly higher than that of
the non tea solls In the tea soils it ranges from 1 05 per
cent in the lowest horizon to 1 56 per ceat inthe surface
so1l Here the organic carbon significantly decreases with
an increase in depth of the so0ll while such a gradation is

not seen in the non tea sails i

Table 11 Organic Carbon (per cent)

Soil d d ds Hean S
Tea 1 56 183 1 05 131
Non Tea 0 86 021 0 72 0 80
Maen d 121 1 07 0 88

CD (between soils? 0 123

CD (between depths) 0 157



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 organac
matter has not taken place The tea soils generally lack a
surface cover of weed plants ard 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 organicmatterin these soils

The tea soils of South India are generally
considered to be law in organic matter The tea solls 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 in 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
soi1ls Thus (Lundgren 1978) has reported a higher organic
matter content in the soils under naturalforest than the

prlantations The eucalyptus plantations at Kadassery also



have a relatively lower content of organic carbon caompared
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
plantatians 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 te a lesser rate of
incorporation of organic matter in these soils The absence
0of 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 1n addition to a greater

exposure of the surface soil

The total nitrogen content of the tea soils (Table
125 s at a significantly higher level than the
corresponding non-tea soil and 1n both cases appreciable
decrease in 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 ta 17 in <(Table
12) these soils A decrease in C/N ratio with depth has
been pointed out earlier in teak plantations by Jase (1968)

and in eucalyptus plantations by Balagopal and Jase ¢1983)
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Table. 12 Total nitrogen <{(per cent)

Soil da dz ds Mean S
I
Tea 0.090 0.078 0.069 0.079
Non-Tea 0.063 0.048 0. 047 0.053
Mean d 0.077 0.063 0,058
CD (between soils) - 0,00686
CD (between depths) - 0.0081

A very narrow C/N ratio of 1.5 to 25.4 has been
reported for the forest soils of the Chakrata division where
the total nitrogen varied from 0.013 to 0.427 and organic

carbon from 0.172 to 8.130 (Yadav, 1963),

Table, 13 C/N Ratio

Soil da de de Mean S
Tea 17 16 15 16
Non-Tea 14 16 15 . 15

Mean d 16 16 15
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Similarly a very narrow G/N ratioc of 5 to 13 has
been obtained {(Premakumari 1987) for the teak eucalyptus
and rubber plantations in the Kulathupuzha range af forests
in Kerala In these plantations the C/N ratio hgs been a
steady downward decrease due to a reduction in the content

of both organic carbon and nitrogen

The narraow ratio between carbon and nitrogéen suggest
a very great scope for mineralisation reactions to proceed
at a rapld rate making the status of available nitrogen in

the soil very high

Table 14 Available nitrogen (Kg ha )

Soil d d da Mean S
Tea 296 9 246 2 212 9 251 9
Non Tea 165 8 123 6 1111 133 5
Hean 4 231 4 184 9 162

CD (between sails> 52 71

The data on available nitrogen presented in table
14 eventhough indicate a significantly higher values (251 9
kgha > for the tea soils compared to aomly (133 5 kgha )

for the non tea soils based on the ratings of the Soil

o7
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Testing Laboratories 1is only medium for tea soils and low
for non tea soils Similarly the tendency of available
nitrogen to decrease with depth in soil profiles inspite of
the constancy in 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 Total phosphorus (per cent?
Soil d d. ds Mean S
Tea 0 118 0 020 0 092 0 o087
Hon Tea 0 050 0 055 ¢ 082 0 062
Mean d 0 084 ¢ 073 0 087

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 None of these
soll types show marked variation in total phosphorus content

between the three horizons I



Table 16 Available phosphorus <(Kgha

Soil d d da Mean S
Tea 43 § 37 21 4 33 9
Non Tea 18 0 30 1 24 5 24 2
Mean d 30 7 33 6 22 9

The mean values for avallable phosphorus (table 162
show that both soil +types have only a 1low status
Eventhough the difference in total and avallable phosphorus
between tea and non-tea solls is not significant
otatistically 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 solls compared to
the non tea so0ils and the decrease in phosphorus with depth
in the profile may similarly be due to a lower content of
organic matter in deeper soll layers In addition to this
the annual application of phoophatic fertilizers to the tea
plantations might have resulted in a build up of this
eleament leading to its higher content in the tea than non

tea areas

The correlation between available phosphorus and

phosphorus fixing capacity of soils which 1s found to be
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positive though not significant may indicate phosphorus
fixation reactions as belng responsible for the low status

of available phaosphorus 1n these solls

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 1977)
Phosphorus fixing capacity

Table 17 Fhosphorus fixing capacity <{per cent)

Soil d d 4 Mean S
Tea 49 78 67 68 45 33 54 26
Non Tea 44 60 33 10 32 40 36 70
Mean d 47 19 50 39 38 87
CD (between solls) 7 37
CD (between depths) 9 03
CD (soils x depths) 12 77

The data in table 19 reveal that phosphorus fixing
capacity of the scils is rather high and vary significantly

between so0il types In the tea plantations the second



horizon registers ma<imum phosphorus fixing capacity While
that of the top and bottom layers are on par The variation
in the phosphorus fixing capacity at three depths between
the so1l types also shows significant difference

Phosphorus fixing capacity 1s lowest in the bottom layer

The phosphorus fixing capacity of solls 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 fixiang capacity of a soll
i- governed by the content of sesquioxides and nature and
amount of clay minerals {Ray Chaudhari and Mukherjee Patel
and Viswanath 1946) Both sesquioxides {10 20 to 18 52 per
cent) and clay (292 72 to 32 57 percent) are rather high in
these soils indicating the probability for a greater
influence of these factors 1in 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 fgr
precipitating the soluble phosphates 1leading +to their

consequent fixation

The factors rontributing to phosphorus fixation such
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as total acldity »esquioxides 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

solls

A higher level 0of 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 Ponmudl may alsoc 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 ¢9

CD (between depths) 3 19

The sesquioxide content presented in table 1§ shows a
decreasing tendency with increase in depth 1in the tea
cultivated soils as well as in the non 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) 1in the middle layer

of the soi1ls of the same area

Total and Exchangeable Potassium

The status of total potassium (table 19) in tea
plantations 1s considerably higher {0 089 per cent)
However mno significant difference 1s observed between the

content of total potassium among the soil horizono

Table 19 Total potasslum (per cent)

Soil d d d Mean S
Tea 0 082 0 053 0 043 0 059
Fon Tea 0 013 0 012 0 038 0 021
Maen d 0 048 0 033 0 041

CD (between soils? 0 034

Similarly the exchangeable potassium content of the
=01ls <(table 9@> is low though the tea oo0ils record a
higher value compared to the non—t4 soils With regard to

the distribution of exchangeable potassium in the different



Forizors of +the <01l profile a stealy lcrreacs with depth 2

observed

It ray be notel that the so01l of tte J1ea plantabiore have
a rcaonparatively higher axcint of +tobtal pota~siam thau The
eacalyptus (0 143 per cent) teak (0 109 prr cent; ard ribter
(0 119 Ter cent) plartatione as reportel ty Prerskarara
(1987) The ex hargeable pobassiar statis 1 a2l o ~i1xrilarly
higher for +tea plantation than the other foreot vegetatior
Lack of fixation eitee for prtas 140 i1n tea 1l Le 3 I J1a
as reported earlier by Parganabban (1977) arl Bax (1980; a vell
as the annial appliratior of large awoaxt of potassl
fertilizrrs wigtt probably accoint for a low rate of pota siax

fixation re alting 1r a Yaigher statizs of exchargealle potas 1ar

in these zolls

+ 1
Table 20 Exclangratle potassiim (C mol P kg of s01l)

Soxl d d d Mean S

1 2 3
Tesa 0 40 0 34 0 34 0 36
Nor Tea 0 29 0 23 0 23 0 24
Mear 1 0 34 0 29 0O 28

(D (between soi1ls) 0 046
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A higher content of nitrogen phosphorus and
potassium in the soils of tea plantation compared to the
eucalyptus teak and rubber plantations way be the
consequence of a build up these elements through annual
application of fertilizers The tea plantations receive an
annual application of 90 120 kg N 50 60 kg P O and 45 50
kg K.O 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 1n 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 -0il (15 30 cm) has the
highest calcium content of 2 78 cmoﬁ,kg soil which 1is
significantly higher than the calcium content at the other

depths The lowest layer of non tea solls register the

lowest amount {1 03 omolﬁkg 1) s0il of exchangeable calcium
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Table 21 Exchangeable calcium (CmolPKg of so0ild

So1l d d. a Mean S
Tea 2 53 2 78 1 42 2 24
Yon Tea 1 24 103 0 88 1 05
Maen d 1 88 190 115
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 soi1ls record the highest content (0 71
cmolﬁkg ) and the contents of magnesium in the other two

layers are on par

Premakumari <(1987) has reported wvalues for
exchangeable calcium and magnesium as ranging between 0 202
to 1 055 and O 148 to 0 478 Cmolpkg respectively with a
base saturation from 14 4 to 32 9 in the eucalyptus rubber

and teak plantations



Table 22 Exchangeable magnesium (cmo%,kg )

Soil 4 d d= Mean S
Tea 0 60 071 0 28 0 B13
Fon Tea 0 60 0 40 0 27 0 423
Maen d 0 577 0 552 0 277

CD (between depth) 0 223

The presence aof appreclable amounts of exchangeable
calcium and magnesium in the tea soils which are highly
acidic and register high values 0f total and exchangeable

aclidity is rather surprising

The build up of bases like calcium and magnesium in
a bhighly acidic soil which hag become sa more by the
leaching action of water during heavy rainfall is also not

common in soils occurring in similar situations

Eventhough tea 1s 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 has been reported (Ranganathan

18785

The highly acidic tea soils annually receive heavy
application of rockphosphate which contain 18 tc 24 per cent
of calcium as +traicalcium phosphate The rock phosphate
gradually becomes soluble under the i1nfluence 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 more

than compensated by the leaching and runoff losses

Table 23 Base Saturation (per cent)

Sox1l d d d Hean S
Tea 40 93 46 87 35 88 41 22
Yon Tea 25 13 21 72 17 45 21 43
Maen d 35 03 34 29 26 67

CD (between so0ils? 9 207

The per centage base saturation is found to be



higher in the tea soills where it ranges from 35 86 to 46 87
per cent and only 17 45 to 25 13 per cent in the non tea
solls Variation in base saturation between depths i1s not
significant A greater bpase saturation in the tea soil is
associated with their higher content of exchangeable calcium

and magnesium compared to the non tea soils

Biological properties

The biaoligical properties of the soile of tea
plantations such as total microbial count including thatof
bacteria fung: and actinomycetes as well as blochemical
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 1s higher and there is a general decrease in their
number with increase in depth of +the soil profile
eventhough the differences are not statistically

=lgnificant
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Table 24 No of bacteria x 10 g s0il

Soil d d d= Mean S
Tea 8§88 (7 6 0 (2 6) 323 @ 5 6 06(2 66)
Non Tea 75 (2 4) 88 (25 4 8 (3 0) 7 06(2 66)
Maen d 8 172 &) 7 41(2 &> 4 082 7

@alues 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 No of fungl x 10 g of soil

Soil d d d Mean S
Tea 11 Q3 27 41 2 8 37 (2 1D 6 26(2 69
Non Tea 73 (2 6) 93 @2 N 785 27 8 032 75

Maen d 9 152 @ 67 (281) 586 (2 4)
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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 actavity
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 %o acidic
conditions and are in equilibrium with the environment The
actinomyctel population hawever is 1least and is similar to
that of fungi A= one may expect a comparatively higher
population of fungi is not observed in these soils inspite
of the highly ac:idic 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 ~arbonaceous compounds

Table 26 No of actinomyctes x 10 g soal

Soil d d d Mean S
Tea 9 3 3 7 0 (269 58 (2 52 7 2 (2 85)
Non Tea 65 (2 & 4 66(2 22 295 27 6 89(2 47

Maen d 77 (287 5 832 46) T 65(2 69)
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The tea plantations are not characterised by a
surface layer of organic matter as in the nafitral forests
and other plantation crop soils and this may account for
the absence of a very high population of fungi in these

soils

lLocations in the plantation which are not planted to

tea also exhibit a similar population of microorganisms as

these solls do not appreciably differ in many respects with
the solls 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 1in 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

Seil d d. da Mean S
Tea 77 36 54 46 54 44 62 00
Non Tea 415 88 34 5 24 89 35 42
Maen 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 oolubilisation
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 in the A horizon compared to B heorizon in the soils
of No¥h Weos Himalayao under Varying bio-equence and

climosequence

The soil microorganisms are known to bring about a
number of transformations of soil phosphorus Chief among
them is their ability to alter the solubility of insoluble
inorganic phosphates leading to their greater availability
in soill Phosphorus solubilisation may be achieved through
the direct action of phosphate dissolving mnicroorganisms
especially i1n the vicinity of plant roots or through the
indirect action of several autetroplc and heterotropic

microorganisms i1n the soil (Alexander 1978

Phosphate sclubilieing organisms such as Fseudomonas
Sps and 4spergilil = niger have been isolated from +the

rhizosphere of coconut and cocoa which were capable of
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di--0lving nearly 42 50 per cent of the inorganic phosphates

{Nair and Subba Rao 1977>
In the present study no specific effort has been

made to isolate the phosphate solubilising bacteris from the
s0il and only the indirect effect of soil microorganisms on
this property was studied The presence of a very large
number of bacteria actinomyctes and fungi inspite of the
highly =acidic nature of +the so0il maintains a high
biochemical activity by which solubilisation of inorganic
phosphates 1is also possible The relationship between
phosphorus sSolubilisation and the total number of bacteria
and fungli is found to be positive though not <ignificant

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
Fseudomonas and Aspergillus 1n the +tea plantations of
Ponmudi has been reported earlier <(Susamma Philip 1971

These species of fungl predominating in the acidic tea soils
might have been responsible toc a great extent in directly
solubilising ‘the inorganic phosphates along with a

micro€lora which do so by indirect action



Urease BActivity

Table 28 Urease Activity Mg of NHa g urea

Soil d a. Mean S
Tea 0 30 0 15 0 &3
Non Tea 0 13 0 13 0 13
Haen d 0 22 0 14
CD (between s0113) 0 065
CD (between depths> 0 065
CD (soil x depths) - 0 og2

Urease activity is significantly higher in the tea
plantations (0 23 mg of NHs g sail) than in the adjacent
non tea areas The top soll register a higher value and
towards the lower layers the activity decreases and it
ranges from 0 13 to O 30 mg of ammoniacal nitrogen per gram

of urea only

Urease activity in soils 1s 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 1868 Margaret and MNcgarity 1908} and



Bhavanandan and Fernado <(1970) have observed oufficient
urease activity in soils to hydrolyse the usual units of

added urea

It is believed that soll constituents protect urease
against microbial degradation and other proceosses leading to
the inactivation of enzymes and every soll has a stable
level of urease activity determined by the ability of its
constituents to provide the protection (Zaintua and Bremner

1976

Like the capacity for phoophate soclubilisation
urease activity 1is also restricted to a small group of
urease Dbacteria (Alexander 1978) eventhough many non
specific microorganisms are active in producing the enzymes

urease

The tea soils of Ponmudi have sufficient urease
activity This may be attributed to +the populaticn 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

Hitrogen 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 possess 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 <(Tripathi 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 1is comparatively much higher than that of iron
The nutrient composition of the plant is found to be
po=itively correlated to +the status of +the-e nutrient

elements in the soil



Table 29 Nutrient composition of tea leaves and nutrient

removal

Nutrient
composition 2 48 0 24 0 18 0 13 0 25 071 0 03

{per cent)

Nutrient
removal 49 6 4 8 365 26 590 14 2 06
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 tao 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 %o
their deposition in the cell walls of the adawxial tissues as
evidenced from the X ray micrograph studies of tea leaves

{(Memon et al 1981)>



Based on the nutrient composition of tea leaves
nutrient removal through proceosed tea appears to be much
less than the quantity of nutrients annually received
through fertilizers The tea plantations at Ponmudi
receive an annual application of 90 120 kg N 50 60 kg P.On

and 45 50 kg K O

The higher nutrient otatus 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 ARD CONCLUSION

Studies have been made on the soils af tea
plantations »n Ponmudi Kerala State to depict their
specific physico chemical and biological properties 1in

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
cantent of clay ranging from 30 32 per cent in the deeper
layers A higher clay content in the solls 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 demnsity (1 22 and
2 14 gcm > noticed in the solls of tea plantations compared
to non tea areas The values -how a tendency to increase
with depth 1n 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 so1ls registered a

decrease i1n thelr 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 1in both soils is
found to be higher Exchangeable aluminium and hydrogen
which are the factars contributing to soil acidity were more
or less similar in the two soils The highest wvalue of
exchangeable aluminium (1 37 c*molﬁkg ) is mnoticed in the
so1ls of +the tea plantations The exchangeable hydrogen
2 81 c mmlgkg ) of soils cultivated to tea 1is also very
high The high acidity of these soils may be due to the
intense weathering and leaching of bases characteristic of

the humid troplcal conditions
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The caricn ewxckarde capacity of the soile rultivated to Ltea aul
non tea &sreas 1= foxxd +to Ye low (8 O7Y ﬁp+ rol kg ! of o011)

Correlation ctadies have cbown that the cortribation of organie
matter towards CLEC 1o negligible anl 15 wore 1rflienced by tkc

preseuce  of kaolinitie clay rinerals whicrtk thex elves pos esses

only a low CEC

Even thragh +te rrgaric matter and total nmitrogen i1s founl to be
higher 1n tea plantation. than in the nearby non tea so1l therr
rontert 13 wot appreciatle as i1n the ca e~ of ratiral ard plartel
forests This 15 obviously dir to a lark of biill ap of orgarac

rabter consequent +to the greratest exporure of the 501l to the

tropiral clirate

The comparetively higher content of nitrogen and lower content of
carbon tas resilted 1in a narrow C/N ratio ir thesc oils Thi=

narrowing of C/N ratio 15 found +o be more prominert in the

derprr layers

Tke available nitroger content of tea <so1ls 2 tigh (2¥1 ¢
kgha_lj couparsed to non tea areas  (13% %5 kgta ) Tk = narrow
ratio between carbrr and ritrogen gererally perrite a rapid rat

of mineralisation making the =~tatus of avairlable raitrcger ir the

5011 rather high
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There 13 no warkel variation ir the cortent of total pho vloru
in both scile Maximim axoart of availatle plosphora 1= notie 1
in ‘%tre ecurface layer of tea plantatior Tke higk contert of P
1s  apparently die to tke arvaal appliratior of heavy lose of

vhosphatie fertilizers

The pltosphori= fixirg capacity of the o1l 15 fouxrl to be L1l
and rarges fror 36 7 to 54 26 per cent The facrtors ontriba 11 g
+o phosphorais fixation irh g~ total acidity ~eeqaioxiles 4 d

rlay rortent are higher i1n tem so1ls than 1r the ror tes soils

The content of total and exchangeable pota siax 11 s 11 a2
caltivated to tea 12 higher than the aljarent nor tea soile

Lack of fixation sites for potas.ram 1n tea o01ls as well as tte
annial applicatior of potassic fertilizers might probably lead o
a2 higher status of exchangeable potassiur The bottom lasers of

toth soils record the lowe + amoint of exchangealrle potaseiun

Tke co1ls of tea plantatiors show a Figher cortenl of ecaleiin axd
ragy est ar The ba1ld up of these elerert 1n  ack Anoart  1in the
F1gtly aridi  tea =oi1le 15 ratler sirpri irg [te 1egala a=e
rorkphosptate wight have lead +to +he Vtuilld up of these tasice

elexente 1n the so1l conprn ating for tre losses s Laired

through leachirg and nitrient rexoval
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13 The so0ils of the tea plantations have a higher base
saturation of 35 46 per cent solls compared to only 17 25

per cent in the non tea soils

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
is rather high and it ranges from 6 26x1§ g of soil It
is possible that the bacteria have adapted themselves to the
prevaliling acidic conditions The actinomycete population is

found to be the least

The tea soils possess a significantly higher capacity for solubilization
of insoluble inorganic phosphates (62 mg g 1> compared to
the non—tea soil where it is only 3835 mg g 1 In both the-e
solls this property decreased with depth in the soil
profile and 1s related to the total number of bacteria and

fungi as well as soll acidity

The urease activity 1s also found to be appreciable in the tea soils and

it shows a significant decrease with depth

The soils of the tea plantations did not show 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 appreclable

in the case of others

The annual application of large amounts of NPK
fertilizers and the comparatively 1lesser removal of
nutrients through processed tea has resulted in a rather
high fertility status of the tea soils Thus the tea solls
differ from natural forests and planted forests in high
altitude areas which malntain a rather low nutrient status

by blological and geological recycling processes alone



Carrelation between plapt nutcient
and =0il1 nutrient status

Table 30

30

Nutrients
in plant

Kitrogen

Phospharus

Potassinm

Calcium

Magnesium

Alumini

Nutrients
in soil

Total
Kitrogen

0 313

Available
Nitrogen

0 314

Total
Phosphorus

0 575

Available
Phosphorus

0 136

Tital
Potassium

0 105

Exchangable
Potassiom

0 0018

Exchangable
Calcium

0 373

Exchangable
Magnesium

0 599

Exchangable
Aluminium

0 253




CORRELATION TABLE

s 5 Total [Sesqu: | Org | Tobal | Av v |P f1x | Bulk |Pa ti | Yater [Bacte | Fumgr |P solu | Clay
Acidity{ovides jcarbav | Nz [Nz P jing ca [density| cle [Holding] ma bilisa |content
131 5%
¥ ] H pacty density t1om

Total 1 2
Bradaty 505 406
Sesq::oxxdes 209
frg Cartan Yoo Moo Maop gm0 | o5 | vaes | oes | oaez |Mees
Totai Nitrogen 2*7387

fiv Nitrogen ‘*7129
fiv Phospharus 1084

P fixing 1 13

capacity 505 | 309 492 1084 022
Bulk density 3379

farticle

density 0524

Yater holding

capacity 1346
Bacter1a 0808 0661 0409

Fung1 00122 t442 0802

P Solubi}1

sation 2406 0403 | 0802
Clay constant 022
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Exchangeable K in C mol Kg of soil
Locations
3

8 S8 s 58 8 S8 8 ss 8 S8 S 85
1 47 19 317 410 27 501 374 202 297 167 61 20
T 44 27 2091 374 35 27 25 23 276 19 435 27
3 410 18 350 39 41 31 28 20 374 22 401 25
1 16 23 31 174 25 33 27 13 19 14 210 18
BT 2 23 19 37 18 36 21 31 17 183 15 19 14
3 19 25 23 173 21 19 25 15 180 14 183 12

Exchangeable Ca in C mol Kg of soil
1 210 31 01 a7 11 13 o7 13 79 |14 68 98 53
T 2 2 13 21 |1 62 25 |2 01 ™ |175 €5 87 45 53 35
7 40 15 21 a3 53 03 43 |1 01 31 87 21
1 101 43 04 52 33 21 53 21 50 30 o7 25
NT 2 o7 37 98 47 53 25 31 19 19 15 53 35
3 12 25 40 40 31 19 33 20 25 17 37 19




E=En

Exchangeable Mg in C mol Kg af soil
Locations

3 4
) SS S 58 S S8 S 5s ) SS S 85
3 43 27 73 50 31 19 39 27 38 25 65 29
T 2 51 A0 81 73 87 22 25 19 41 30 37 20
3 30 21 73 48 53 18 18 15 33 21 53 18
1 38 19 51 45 23 17 21 20 50 38 31 18
T 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




REFERENCES



REFERENCES

*¥ Aidinyan R (1957) Forms of phosphates absorbed by soil
collolds and tilelr avallability to tea plant
Dokl Akad Nauk 111  182-184

Ailyadurai,S and Sivasubramaniam S (1977) The influence of
types of phosphatic fertilisers on the growth and
nutrient uptake of tea nursery plants Tea Quart , 47
23 27 -

Alexander, T G , Balagopalan M Mary M V and Thomas B Thomas
(1981) Properties of solls under Eucalyptus KFRI

Res Report & 112

Alexander Martin 1978 Introduction to soll Microbiology 3rd
edition, pp 235 239 John Wiley and Sons, New York

Alexander T G  Balagopalan M and Thomas B Thomas (1981)
Properties of Solls under teak KFRI Res Report , 7
1-13 -

Allen, 0 N (1953) Experiments in soil bacteriology pp 127
Burgess Publ Co Minneapollis Minn U S A

Ayanaba A and Omayuli A P O (1975) Microbial ecology of acid
troplcal soils Plant Soil ig= 519 522

Balagopalan M and Alexander T G (1983) Organic matter
dynamics in Teak and Eucalyptus plantation KERI Res
Report , 20 1 21

Balagopalan M and Jose A I (1983) Changes in orgakic carbon
and different forms of nitrogen under 1st and 2nd
rotation (Coppiced Eucalypt plantation) Agri Res J
Kerala 21 57 62

Banerjee, S P and Badola K C (1982) Nature and properties of
some deodar forest soils of Chakrata forest division
UP Ind For , 106 (8) 5538 560

Barbar R G and Rockwell D L (1972) Charge distribution and
the catlion exchange capacity of an iron rich kaolinitic
soil J Soil Sei 23 135 146

Baruan, M and Mishra R R (1984) Dehydrogenase and urease
activities in rice field solls Soil Biol Biochem ,
16 (4) 423 424




Bhattacharya and Dey S K (] ) Tate of applied phosphorus
in tea soils Two and a bud , 31 84-87

Bhavanandan, V P and Fernado, V (1970) Studies on tl. use of
urea as a fertiliser for tea in Ceylon 2 Urease
activity in tea soil Tea Quart , 41 (2,3,4) 94-106

|
Bhavanandan V P and Sunderlingam S (1972) The effect of
nitrogen fertllizers on soil acidity and leaf nutrient
content on yleld of tea Tea Quart , 42(2) 40 47

Black C A (1965) Methods of Soil Analysis American Society
of Agronomy Wisconsin, U S A

Burges, P S (1917) A study of the principal plantation'soil
types as found on the island Hawail  Expt Station
Hawail Sugar planters assoc Bull 45

Chandrasekharan, K and Koshy M M (1970) Effect of elevation
and rainfall on the physico-chemical properties of the
solls of the high ranges of Kerala Agri Res J Kerala ,
8 29-38

Champion H G (1932) The problems of pure teak plantations
Ind For Bull 78

Cooper H R (1946) Nitrogen utilization in Tea Indian
Tea Association Memorandum (3) 6

Costin, Hallsworth and Woof (1952) Studles in pedogenegis in
New South Wales J BSoil Sei 3 103-194 :

*Daraseliya, N A (1950) The development of azotobactor in the
rhizosphere of the tea bush  Pochvovedenie %=.35—38

*Daraseliya, N A (1960) Dynamics of microbiological processes
in Krasnozem soils of tea plantations of Georgia
Pochvovedenie 8 62 70 |

*Davtyan Y S (1958) The principles of the agrochemical
Characterisation of solls Pochvovedenie 5 83 87

Dey S K (1971) Changes in soll fertility under continuous
cropping and manuring in tea growing areas and probable
implications towards fertilizer recommendations
Int Sym on soil fert evaluation 1 843-855 |

Dey, S K and Bhattacharya, N (1980) Studies on soil h
phosphates  Two'and a Bud , 27(1) 21-23



1

Dhir, R P (1976) Acidity and mobile iron and alumina in some
forest Soils Bull Ind Soc of soll Sei , 11  74-79

Florence, R ¢ (1967) Factors that may have bearing upon the
decline of productivity under forest monoculture  Aust
For , 31 50-71

Ganesan M and Ranganathan V (1978) Fertility trends of tea
soils of South India Proc of the annual sym on
plantation crops , 1 17 28 ‘

Ghosh, P Goswaml H and Dey, S K (1984) Studies on certain
physical properties of tea soils Two and a Bud , 31(1)
48 ——

* Goletiani G I (1958) The effect of the prolonged use of
mineral fertilisers on the properties of Krasnozem soil
and yield of a tea plantation Pochvovedenie 2_
30 38 -

*Goletiani, G I (1965) The effect of the prolonged use of mineral
fertilisers on the propertles of Krasnozem soil and yield
of a tea plantation Pochvovedenie 2 30-38

Gowaikar, A S (1972) Influence of moisture regime on the genesis
of laterite solls in South India J Ind Soc Soil
Sci , 20 59 66

Gowailkar A S Gowande S P and Biswas T D (1976) Acidity of
laterite and other allied solls 1n relation to climate
and parent materials Bull Indian Soc of Soil Sci ,
1l 66-69

Grunda B (1984) Bacterial and actinomyctel soll flora of a

flood plain forest Soil Biol Conserv of the biosphere
2 663 670

Gupta, R D and Tripathi B R (1986) Occurrence of phosphate
dissolving bacteria in some soils of N W Himalayas under
varying blosequence and climosequence J Ind Soc Soil
Sci 34 498-504

Harler (1972) Tea in India  The Planters Chron 67 92

Hofwann E Hoffmann (1954) Enzyme systems of cultivated soil
and galaetosidase and B glucosldase Blochem , Z 325
329-332 _‘_



v

*Hoffmann G and Teicher K (1961) Colorimetric determination
of urease activity in soils Z Pflanzenernahr Dueng
Bodenk , 95 55 63

Ikegaya, K (1971) Available phosphorus content of soil and

absorption of phosphorus by tea plants JARQ , 6 (1)
46 50 —

Iyengar B R V (1977) Mineral Nutrition of Robusta Coffee in
Wynad Indian Coffee , 9 295 297

Jackson, M L (1973) Soil Chemical Analysis Prentice Hall of
India (P) Ltd New Delhi

Jayaraman V and De Jong, P (1955) Some aspects of the

nutrition of tea in Southern India Trop Agric 32
58 65 =

Jayman, T C and Sivasubramoniam, S (1975) Release of bound iron
and aluminium from soil by the root exudation of tea
(Camellia sinensis) plants J of Sei Food Agri ,
:222(12) 1895 1898 |

Jenny Hans (1941) Tlactors of soll formation Mc Graw Hill
Book Co Inc New York

Jenny, H and Ray Chaudhari S P (1958) Effect of climate and
elevation on the organic matter reserves of Indian
Soils ICAR New Delhi

Joffe Jacobs (1936) Pedology Pedology Publications, New Burns
Wick

Jose, A I (1968) A study of the morphological physical and
chemical characteristic of soils as influenced by teak
vegetation M Sc Thesis, Kerala Agricultural University

Jose A I and Koshy MM (1972) A study of the morphological
physical and chemical characteristics of soill as in
fluenced by teak vegetation Ind For 98 338 348

*Yhairy A H , Kress B M and Ziechmarn W (1985) Balance
and dynamics of organic matter under tropical crops
Vonsiebold Str 2_ 3400

Koyamu, K and Nambiar E P (1978) Changes in the characteristics
of virgin soil brought under plantation crops
Proc of the annual sym on plantation crops _1 3-5




v

Krishnamoorthy, K K (1985) Some studiles on potassiumhfor Tea
J of Potassium Res 1 72-80

Krishnamoorthy K K and Rajamannar A (1978) A note on the
influence of altitude on the physico chemical characters
of forest soil J Ind Soc Soil Sci 26 399 400

Tamb T (1955) The condition of Ceylon tea solls Tea Quart
26 16-23 I

Lindberg, T and Berg B (1982) Nitrogen fixation (CZHZ) in

decomposing Scots pine needle litter Techn Report
Section Systems Encol 32 12

Lundgren B (1978) Soil conditions and nutrient ecycling under
natural and plantation forest in Tanzanian Highlands
Reports in forest Ecology and Forest Soils 31 416

Lundgren, B and Soderstorm B (1983) Bacterlal numbérs in
a pure forest soils in relation to environmental factors
Soil Boll Biochem , 15 (6) 625 630

Mahalingam P K and Durairaj D J (1968) A study of the physical
and chemical properties of high level soils of the
Nilgris Madras Agri J , 55 314 319

Mann H H and Gokhale N G (1960) Solls of tea growing
tracts of India J Ind Soc Soil Sci , 8 196-200

Marbut, C F (1932) Relation of soil type of environment Proc
Intern Cong of Soil Sci , 11(5) 16

Margaret G , Myers and Megarity J W (1968) The urease activity
in profiles of five great groups from northern New South
Wales Plant Soil 28 (1) 32 34 |

Matsuda, KX Konishi S Kobayashl N Aral A , Baha| M and
Muramatsu K (1979) Effects of aluminium on growth
and on nutrient absorption in tea plants J of
Soil Sci and Manure 30 317-322

Meena K (1987) Fxchangeable aluminium as an index of liming for
the acidic upland soils of Kerala M Sc Thesls,
Kerala Agricultural University

Memon, A R Chino M and Yatazawa M (1981) Micro distribution
of Aluminium and Manganese in the tea leaf tissues as
revealed by x ray microanalysis Commun in Soil Sci
Plant anal 12 (5) 441 452



vi

Mwawa F and Granhall (1986) Nitrogen fixation assoclated with

Zea mays ln a Swedish Soils Swed J of Agric Res
16 (2) 49 56

Nad B X Goswami N N and ILeelavathi C R (1975) Some
factors influencing the phosphorus fixing capacity
of Indian Soils J Ind Soc Soil Sel 23 (3) 319 323

Nair S K and Subha Rao N § (1977) Distribution and activity
of phosphate solubilising microorganisms in the rhizosphere
of coconut and cocoa under mixed cropping J of
plantation Crops 5 67 70 T

Nikiforoff C€ C (1935) Weathering and Soil Formation
Trans Third Intern Congr Soil Sci 1 324 326
0xford (Quoted by Jenny Hans Factor of Soll formation
chap 197 261

Ovington J D and Madgwick H A I (1957) Afforestation and
soil reaction J Soil Sci 8 141-149

Pang P C K and Kolenko H (1986) Phosphomonoesterase
activity in forest soils Soil Biol Biochem 18 35-40

Patel D XK and Viswanath B (1946) Comparative studies on Indian
solls  Phosphate fixing capacity of solls Ind J Agri
Sci 16 428 433

Pathak A N Harisankar and Mukherjl P K (1964) A catena study
of the plysical and chemical properties of soill under
cultivation and forest cover Ind For 90 171-175

Piper C S (1950) Soal and Plant Analysis Intescience Pub
New York

Philip Susamma (1971) Study of the microflora of different soills
with speclal reference to actinomyctes antagonistic to
plant pathogens M Se (Ag ) Thesls
Kerala Agricultural Unlversity

Philip Susamma and Sam Raj J (1973) Study of the microbial
population of a typilcal forest soll at two elevatlons
bgri Res J Kerala , 11 (1) 99 100




vi

Premakumari S (1987) Nutrient recycling under monoculture condition
in the tropical forest ecosystems M Se Thesis
Kerala Agricultural University

Rajamannar, A and Krishnamoorthy K K (1978) A note on the
influence of Altitude on the physico chemical characters
of Forest Soils J Ind Soc Sci 26(4) 399-400

Rajamannar, A , Ramaswami P P and Krishnamoorthy K K (1979)
Organic matter level and some related characteristics of
laterite soils of different altitude under plantation
Jr of Ind Soc Soil Sci 27 (4) 399-401

Rao, D L N and Ghai, 8 K (1985) Urease and dehydrogenase activity
of alkali and reclaimed soils Aust J Soil Res
23 661 665

Ram C SV (1980) Fertiliser needs of tea in South India
Fert news 25 (9) 74-79

Ramaswamy, M S (1960) Biochemical studies on the organlc matter
in Ceylon tea soils Tea Quart 31 136-152

Ranganathan V (1978) Certain agpects of Calcium nutrition in

Tea culture Proc annu symp on plantation crops 1
121 124 —

Ranganathan, V (1982) Impact of Soil Science Research of
fertilizer recommendations and cultural practices in

South Indian Tea Proc annu symp on plantation crops ,
5 345-357

Ranganathan v (1977) Tea Soils of South India Fert news ,
22 19-24

Ranganathan V and Swaminathan P (1973) Liming of solls with
special reference to tea culture Planters Chron
68 159 162

Rangaswami G Oblisami, G and Swaminathan R (1967)
Antagonistic Actinomycetes in the solls of § India
Univ Agri Scl & USDA PL480 FG In 129 Publ India

Ray Choudhari, § P and Mukherjee (1941) Influence of rainfall
and altitude above sea level on the chemilcal composition
the clay fraction of the soil type Ind J Agri Sci
13 252 254



vil

Roberge, M R and Knowles R (1965) Ureolyseis, Immobilization
and nutrification in black spruce Proc Soil Sel Soc
Am_ 30 201 204

Roskoki, J P (1980) Nitrogen fixatzon in hard wood forests of
the northeastern United States Plant Soil , 54(1)
33 34 =

Russel E W (1973) Soil conditions and plant growth Ninth
edition Longmans Green & Co London

Sahrawat, K L (1980) Urease activity in tropical rice soils and
flood water Soil Biol Biochem , 12 195-196

Sahrawat, K L (1983) Relationship between soll urease activity
and other properties of some tropical wetland rice
soils Fert Res , 4 (2) 145-150

Sanchez P A (1976) Properties and management of solls in
the tropics John Wiley and Sons, New York

Sandanam, S Krishna Plllai S and Sabaratnam J (1978)
Nitrification and ammonium sulphate and urea in an acid
red yellow podzolic Tea soll in Sri Lanka in relation to
soil fertility Plant Soil 49 9-22

Sankaram A (1966) A Laboratory Manual for Agricultural
Chemistry Asia Publishing House, Bombay

Seetharaman K (1968) A study of enzymes in Tamil Nadu soils
and the effect of cropping and fungicide on enzymes
M Sc  Thesis, Annamalai University

Sharma, BK Rao K CK and Paul R N (1956) Nutrient status
of soils of North Eastern Block Theog Himachal Pradesh
J Ind Soc Soil Sci 4 19 23

Shukla, S S , Ray Choudhari S P and Anjaneyan (1965) Studies
on some foot hill soils of Himalayas J_ Ind Soc
Soil Sci 13 115-122

Smeltzer D L K Bergdahll D K and Donnelly J R (1986)
Foresst ecosystem responses to artificially induced soll
compaction selected soll microorganism population
Can J For Res 16 (4) 870-871

Subbiah B V and Asija G L (1956) A rapild procedure for
estimation of availlable nitrogen in soils Curr
Sci , 25 259-260



X

Takkar P N and Kanwar J S (1963) Sulphur Phosphorus and
nitrogen deficieney in tea soils of tte Punjab Ind J
Apri Sci , 33 291 294

Thomas Jacks, G V (1941) Tropical Soils in relation to tropical
crops Techn Commun 34 23-26

Thomas, santharaman (1986) Solubilization of inorganic
phosphate by bacteria from coconut plantation soils

J_ of plantation crops 14 49 51

3

Timonin, M J (1940) The interaction of higher plants and
soll microorganisms Microbial population of
rhizosphere of seedlings of certain cultivated plants |,
Can J Res 18 307-317

Tolhurst, J A H (1961) Organic matter in Ceylon Tea Solls
The Tea Quart 32 16 22

Tripathi, BR Prasad, R N and Bishnque S K (1982) Acid
soils and their management Review Soll Res in India -

11 12th Intn Congress of Soil Sci 597 605

Venkataraman G 5 (1982) Non symbiotic nitrogen fixatlon
Review Soll Res 1in India - 1 Intn Congress of Soil
Scl , 225-233

Waksman S A (1952) Soil Microbiology Thornwilley and Sons,
New York

Walker N and Wickrama Singhe (1979) Nitrification and
Autotrophic nitrifying bacterlia in acld tea soils
Soil Biol Biochem 4 231 236

Weeraratna, C S (1977) Effect of mineralization of tea prunings
on some soil characteristics Plant Soil , 46 93 99

Willson K C Harrisworth E , Green M J and O shra P B T
(1975) Studies on mineral nutrition of tea 111l
phosphate  Plant Soil  43(2) 259-278

Wright, C and Harold (1939) Soil Analysis Thomas Murby and
Co 1 Fleet Lane B C 4 London

Yadav, J 8 P (1963) Studies on the profiles in Chakrata
division of UP Ind For 89 18 37



Yamada, H and Hattori T (1977) Relationship between
aluminium and fluorine in plants 1 Relationship between
aluminium and fluorine in tea leaves J of Sel of
Soil Manure Japan 48 (7 8) 253 261

Yuan T L (1959) Determination of exchangeable hydrogen in
solls by titration method Soil Sci 88 164-167

Zantua M I and Bremner J M (1976) Production and persistence
of urease activity in solls Seil Boil Blochem
8. 369-374

* Originals not seen



APPENDICES



APPEDIX 1

Composition of media for isolating microorganioms

]
Med:ia for isolation of bacteria
Soll extract agar (Taylor and Lochead,1938)

Soil Extract (Stock) 1000 ml H

Tap VWater 200 ml
Glucaose 1 g
K HPO4 - 05

1000 g of sieved garden soil 1s mixed with lgOOml of
top water and steamed in the autoclave for 30 mlinutes A
small amount of calcium carbonate is added and theHwhole is
filtered through a double filter paper Dissolve the agar ip
900 ml of water by steaming i1t for an hour or more!  add 100
ml of the stock soil extract —olution Add glucose and pH

adjusted to & 8 using IN Na OH

3 3 <ca He

(Martin 19507

De ttrose 10 g

Peptone 50

K HPDa 10

MgS0a 05

Agar 15 ¢

Rose Bengal to give colour
Streptomycin 30mg

Distilled water 1000 ml



3, Medis for isclating actinomyctes

Kenknights medium (Anonymou~ 1957)

Glucose
K H POa
MgSO
KC1I
FeSO ZH € 00

S O O =
= O = O

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



APPERDIX 11
Media for studying phosphate solubilisation

Pikovskya s Medium (Modified by Sundara Rao and Sinha

Glucose 10 g
Tricalcium phosphate 58
(NH > 804 0S5 g
XC1 02 g
MgSO. 7H Q 01lg
1In S04

trace
FeSO |
Yeast Extract 05g
Distlled water 1000 ml

APPENDIX 1I11

Media for studying Nitrogen fixing capa.ity

Jensen 5 Medium (1952)

Sucrose 20 g

X HPO 1 g

MgS0. 7H O 05 g

NaCl 0 50 g

FeSO 0 log

Na MnQa 0 00Sg

CaC0o. 2g

Agar 15g

Distilled water — 1000ml

1963)



AFALYSIS OF VARIAHCE

APPERDIX IV

PHYSICAL PROPERTIES OF SOIL

HEAN SQUARE
SINGLE VALUE CONSTANTS
SOURCE af Course Fine S1lt Clay Bulk particle Water Pore
Sand Sand Density Density Holding  Space
Capacaity
TREATMENTS 5 13 46 34 77 10 55 753 (%0 033 151 90 76 31 64
BETVEEN SOILS 11541 B 76 2 89 2 05 0 0979 0 0324 81 42 87 44
(¢p)
BETVEEN DEPTH 2| 12 57 76 51 22 17 16 66 | 0 016 0 145 *180 11 17 09
(d)
SOILS x DEPTH 2| 18 37 7 54 2 16 115 0 020 0 214 6 068 18 29
ERROR 30 62 10 28 35 14 01 47 86 | 0 0124 0 101 37 69 54 26
¥ SIGNIFICANT AT 5/ LEVEL

% SIGNIFICANT AT 1/ LEVEL



CHEMICAL PROPuRTIES OF SQIL

ANALYSIS OF VARIANACE
APPENDIX - ¥

S0JC ef H o 1 chen  xemn L “von
cadl 3 5 ble able
alum  acaaity cso caty
nium
N 23
. TIEITS 5 045 2 6o 184 2 96 To4
o) * "
S LS (T) 1 0025557 514 4 52 000
all
Uy {(d) 2 07 07 03 020 >
o L -
U= 2 0533 45 101 5 13 27
nitas 20 50 806 597 76 915

exchunga oxide

=

73 37

8#

25

L3
#9 4

24 16

14 75

IEAN SJUARE

Sesgua U g-mic Tot 1 / av lole o 1 aval “ os otel kX pot  achan, Dle  xcmin, Dle
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e ir
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Hutrient content of surface and subsurface soil samples

A Total nifrogen (per cent)

APPERDIX VII

S Suface soil
SS Subsurface soil
Locatioas
1 2 3 4 5 4]
S SS S SS Ss S 5S S SS S S5
09 07 1 07 02 09 03 05 13 10 05 05
T 12 04 16 05 04 02 05 02 07 04 062 03
12 05 09 06 06 04 1 0l 12 05 11 08
06 04 09 06 07 04 06 o7 08 05 07 06
NT 08 03 07 04 03 02 02 03 03 04 02 02
05 031 09 05 05 03 04 01 04 02 03 02
B Avilable Phosphoru- (kg ha )
84 14 22 4 56 24 6 8 4 11 2 11 2 10 6 42 6 |72 8 42
T 56 27 44 140 3 22 4 39 2 16 8 42 31 4 33 6 56 38 1 56
504 |24 6 )67 2 156 8 |89 6 78 4 {50 24 6 22 4 336 |62 7 23
05 2 62 7 43 32 7 42 3z 3 40 8 36 9 27 8 36 9 43 4 48
NT 28 142 203 26 3 317 24 8 338 |26 1 19 3 21 4 20 8 33 4
50 4 (22 4 i8 3 43 8 (52 21 3 18 9 15 4 14 7 24 8 287 |30
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ABSTRACT

A otudy has been made on the Tea plantations in
Ponnudi 1n Kerala State with a view to determine the extent to
which +the physical chemical and biclogical characters of

these ~0ils are affected by the plantation

Samples for the study were collected from soil
profile-s expooed at different locations 1in the tea and
adjacent non tea areas Plant samples were also collected

from these laocations and osubjected to detail chemica

analysis

The mechanical composition of the o]l of tea
plantations did not depict any 1_v ¥ =3snt differnn hen
compared to non tea =0il th these a1l the sand and
silt content A rea . n  lncreased with depth
T N afi1l= H w v & higher content of clay observed in
the ea o1 rdi ates a greater degree of weathering and

clay form=ztion

The bulh density aad particle dersity of the tea and
non tea -0ils increa ed with depth The s rface so:l ©f the
profiles which contained a greater amount of organic matter

reco ded a higher water holding capacity The CEC of «=ails



was found to be law and is likely to be influenced by the

predominance of haolinitic 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 =0ilo

The tea plantation recorded a higherco?tent of total

and available nitrogen compared to non tea areas ‘

The ~01ls cultivated to tea though contained only a
lower amount of %total phosphorus registered a %igher content
of available phosphorous The high content of phosphorus 1is
apparently due to the annual application of hegvy doses of
phoophetic fertilizers Total acidity sesluioxgdes and clay
content were higher in the tea scils and contributed to a

greater P fixing capac ty l

The contents of total and exchangeable potassiumm as
well as exchangeable calcium and wagnesium in soifs 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
I



The total microbial count including that| of bacteria
fungi and actinomyctes in the tea and non tea areas was
appreciable The tea soils possesed a higher capacity for
solubilisation of insoulble 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 aof the tea leaves showed a higher
content of nitrogen and phosphorus than other nutrient
elements The annual application of fertilizersjand a lesser
removal of nutrients through processed tea has resulted in a

rather high fertlity status of the tea soils



