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1  INTRODUCTION

Rubber tree (Hevea brasiliensis MUELL-ARG) 18 the
most important commercial source of natural rubber, a product
of vital 1mportance obtained from 1ts latex ocommonly called
the Para rubber Rubber 18 grown predominantly 1i1n countries
like ours enjoying a tropical climate This produces 99 per
cent of the world s natural rubber (George et al 1980)

In India commercilal cultivation of rubber was
started 1n 1902 first i1n Kerala It 3 cultivation was lat er
extended to parts of Tamil Nadu Karnataka and gradually to
Andaman and Nicobar 1slands It was then 1ntroduced to the
North Eastern states and to the states of Andrapradesh Goa
Maharashtra and Orissa The area under rubber cultivation 1n
India by the end of 1993-94 was 5 08 lakh ha and the
production of natural rubber during the period 1993-94 war

4 35 lakh tonnes (Rubber Board 1994)

About 85 per cent of the total area under rubber
cultivation 18 1n Kerala and the three south Indian states
viz Kerala Tamil Nadu and Karnataka Jjointly account for 92

per cent of the total area (Rubber Board 1994)



The average yield per hectare of the crop 1ncreased
from 284 kg ha 1 in 1950-51 to 1215 kg ha~! 1n 1993-94
(Rubber Board 1994) This has been achieved through the use
of high yielding clones and by the adoption of scientific
cultivation practices The production and consumption of
natural rubber were i1ncreasing simultaneously at a fast rate
However during the 1ast few years consumption used to
overtake domestic production and this necessitated i1mport of
natural rubber to the tune of 2f 000 tonnes a year ({(Rubber
Board 1994) Inorder to 1ncrease the production attempts
are being made to extend rubber cultivation to more areas 1in
the non-trad:tional area It 18 most 1mportant to increase
total production by enhancing the production in traditional
areas which are 1deally suited for rubber cultivation
Increase 1n production can be achieved by planting high
vielding clones as well as by scientific cultivation
practices Among these the lat er can be achieved 1n a

shorter period

The use of cover crops 1nterplanted with the main
crop 18 common practice i1n tropical plantations the1ir
presence serving to protect the crop and soi1l from the most

extreme climatic conditions Studies conducted else where



have shown that leguminous ground covers help 1n better
growth of Hevea during 1mmature phase and productivity during

mature phase through the improvment of so1l fertilaty

The nutrition to cover crop 18 an essential
agronomic practice for their better growth and i1mproving the

so1l physical chemical and biological properties

The present recommendations for cover crop 18 30 kg
each of P and K ha"1 yr_1 At the same time there 18 no
recommendation to apply N for the covercrop perceivably due
to the fact that they are all leguminous crops However 1n a
tropical situation existing 1n the most of the southern
rubber growing states especially in Kerala, the experience 18
that the 1nitial growth of cover c¢rop 1n not upto the
expected extend and there 1s scope for 1ncreasing the same
This early growth 18 very important for a cover crop for
rendering the so1l full coverage at the earliiest possible
time till the crop 18 able to fix 1ts own atmospheriec
Nitrogen There are experimental evidences availlable from
elsewhere regarding the N nutrition to covercrop (Pushparajah
1977) However under Indian condition so far such evidences

are lacking



The i1mpact of covercrops on the productivity of the
rubber soils especially on the physical and biological

aspects have not been attempted

A thorough search of literature also 1ndicated that
there are no worthwhile study on the nutrient dynamics and
improvement of physical and biological properties of so1l
through covercropping Also the literatures are deficient on
the i1mprovement of latex flow characteristics and yield of
rubber by covercropping Since the covercropping 1s a must
for rubber plantations and 18 recommended universally
information on these valuable aspects are absolutely useful

especlally 1n a tropical situation where rubber 1s grown

Previously cavercrops such as Pueraria
Calapagdonium Mimosa and Centrocema were recommended as
cover crops 1n rubber plantations These covercrops 1in
general had a natural disadvantage where-1n leaves shed 1n
summer and eaten by cattle Another serious disadvantage
with these ocovers are that they wont thrive i1n mature

plantation when the shade 1ntensity 18 1ncreased



Mucuna bracieata 18 a recent introduction and 1its

adoption as an effective cover 1n rubber 18 being extensively
practised This has got the advantage of shade tolerant as
well as not being eaten by cattle Growth 18 also vigorous
and does not shed leaves 1n summer, Which helps to keep the

so1l always covered with green mulch

It 18 therefore thought worthwhile to 1i1nvestigate
the relative merits of growing this i1ntroduced cover crop
along with an extensively grown Pueraria on the physical
chemical and biological properties of soil as well as thear

comparative 1mpact on the production of natural rubber

In thi1s circumstances the 1nvestigation 18 undertaken with

the following objectives

1 To assess the effect of cover crops on the nutrient

dynamics 1n Hevea

2 To findout the 1nfluence of cover crops on the growth
characters productivity and latex flow characteristics

of Hevea

3 To evaluate the 1mpact of cover crop on the phys:ical

chemical and biological properties of so1l



To standardise NPK recommendation for cover crops

To understand the moisture regime i1n the rhizophere of

Hevea and cover crops
To study the i1mpact of cover crops on weed growth

And finally to assess the importance of cover crops 1n

mailntaining the ecosystem of the rubber plantation






2 REVIEW OF LITERATURE

The use of cover plants i1nterplanted with the main
crop 13 common practice 1n tropical plantations their
presence serving to protect the crop and soi1l from the most
extreme climatic conditions In tea and coffee plantations
shade trees are provided to protect the plants form excessive
heat and 1n o1l palm rubber and sisal plantations a ground
cover of creeping plants or upright shrub 1s maintained to
protect the so1l from 1nsolation loss of fertility and
erosion effects Studies on the effect of cover crops on
nutrient dynamics 1n rubber plantations are very much limited

and all the possible works were reviewed 1n this chapter

2 { Importance of cover crops

Studies conducted else where have shown that
leguminous ground covers help 1n better growth of Hevea
during the i1mmature phase thus reduces the 1mmaturity period
and 1n attaining higher yield (Wateon)lgel Watson et gl)
1964 Pushparajah and Chellapah et al , 1969 Chandap1l} lal)

k
1968 Potty et al 1980 Kothandaraman‘ ?’990 and Prathapan

t al L 1995)

- T



Nitrogen 18 one of the 1mportant major nutrient
both for growth and yield of Hevea The use of legume
covers to supply the considerable amount of nitrogen needed
and thus enhance the vigor and performance of Hevesa
(Ma1nstone)1961 Watson)lgel Pushparajah and Chelluppahl
1969 Pushparajah and Tan)1976) Generally 1n add:ition to
nitrogen, levels of phosphorous 1n leaves of Hevea were
enhanced by legume covers The legume covers enhance sgoil
organic matter (Pushparajah and Chellappah’1969 Vatson et
al 1964) and i1mprove the soi1l physical properties and hence

roocting (Maxnstone)lQGl Wat:on)lQGl)

Establishment and maintenance of ground cover 1n
rubber plantation 18 an accepted agro-menagement practice
Cover crops help 1n the movement of s01l structure and other

physical properties (Soong and Yap)1976)

The most widely used leguminous cover crop i1n India
18 Pueraria Phaseoloides though others 1like Calapagonium

mucunoildes, Centrosemsa pubesens and Mimosa 1nvisa var

intermis are also grown on a limited scale (Potty et al
1980) An 1deal cover crop should have such characters as

fast growth non-competition with rubber plants shade



tolerance high nitrogen fixing capacity etc Pueraria crop
18 highly palatable to cattle and this nature of the crop
results 1n the 1ndiscriminate removal of the crop from the
field Mucuna bracteata 1s a recently i1ntroduced cover crop

It 1s a wild and fast growing legume native to north eastern
India and possesses most of the desirable characters
expected of a cover plant It 18 not preferred by cattle and

tolerant to drought situations also

Crop cover 18 wildely recognised as being of major
importance 1n reducing the effects of raindrop 1mpact on the
so1l By minimising splash erosion rates of soi1l detachment
are reduced so1l aggregates do not break down so rapidly
aggregate structure 13 retained less surface crusting or
sealing 1nfiltration rates remain high and surface runoff 1s

reduced (Morgan 1985)

Leguminous cover also helps in the formation of
large si1ze aggregates It facilitates good sorl aeration and

better root growth of rubber plants (Krishna Kumar)1989)

Kothandaraman et al (1990) reported a higher

biomass production by Mucuna as compared to Pueraria They



o

0

also observed higher shoot/root ratio and higher population
of phosphate solubilising micro organisms in solls under

Mucuna

Yoon (1987) 1ndicated that the net assimilation
rate of the Pueraria was drastically reduced under shade As
a consequence of this the cover plant was eventually
eliminated form 1ts stand by the growing canopy of the rubber
plants Kothandaraman et al (1990) also reported that the
Mucuna was tolerant to shade and are not eliminated by

growing canopy

Thus 1nfluence of legumes on productivity of rubber
has been shown to be not only through 1its nitrogen return
but also through 1ts 1nfluence on the physical and chemical
properties of soil However there has also been controversy
over the economic value of the 1nitial expenditure on
establishment and maintanance of a stand of pure legumes With
the ex1sting vagaries 1n the price and availability of
nitrogenous fertilizers the greater use of legume cover

becomes essential



1

2 2 Effect of cover crop on the organic matter content and

801l structure

Most of the soils under plantationas particularly
those that have carried one generation of rubber trees and
are due for replanting have low reserves of plant nutrients
and organic matter and are of poor structure As a result of
the:r low permeability to rainfall such soi1ls are susceptible
to drought and erosion and cover plants are used 1n an effort

of re-~establish satisfactory so1l conditions

Under forestry methods of cover plant control
upright woody plants often develop and their use 18 sometimesr
recommended on compacted 801ls where their strong rooting
characteristics help to break up and aerate the =s011 Such
cover plants are controlled by periodical lopping and
considerable amount of wmaterial perhaps upto 20 tons per
acre can be returned to the soi1l i1n this way The litter of
fallen stems leaves and loppings protects the =01l against
heavy rain but erosion control 1s not likely to be so good as

under a creepilng cover plants(HaLnes) 1932)

Most of the cover plants could be expected to

improve 801l structure but wide variations in their
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individual effects are found as discussed by Haines (1933)
with a few exceptions Most grasses do not greatly improve
the so1l under rubber planting conditions Their mat of
surface roots compete strongly for availlable moisture and
the hard dry conditions observed under grass do not encourage

free surface rooting by the rubber tree

Cover plants by protecting the so1l surface
against compaction by heavy rain and by virtue of the binding
effects of their roots on so1l particles safeguard and
improve 8011 structure The organic matter content that they
add to the so1l as dead leaf stem and root material also
plays a very large part i1n the i1mprovement of soil conditions
by summation of chemical physical and biological effects as

reported by Bremner (1956)

Watson (1957) reported that the creeping cover
plants on the other hand leguminous or otherwise exert a
marked beneficial effect upon soi1l structure The
observations seem to show that such cover plants return much
more organic matter to the so1l asgs dead leaf and stem
material than returned by the graasses In addition the dead

material has a higher nutrient concentration than the
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grasses The dense growth of a vigorous creeping cover
ensures cool and moist conditions at the so1l surface and a
loose permeable top so1l layer with a high organic matter

content So1l erosion under such a cover 18 lowtngy”l939)

Soong and Yap (1978) reported that legumes and
natural covers left the soil i1n much better conditions than
grass or Mikania covers wlth lower bulk densit:ies and higher
pore space resulting i1n better water 1nfilteration They
algo pointed out that the effect of cover plants i1n i1mproving
801l structure depends particularly on the quantity of

decomposable organic matter which the covers add to the so1l

Apart from the energy dissipating function cover
crops 1mprove the soil physical structure so that there 1s
increased poros:ity 1nfilteration and aggregate stability and
consequently reduction 1n run-off and soi1l loss Uriyo
(1979) obgerved that under permanent vegetative cover
infiltration rate was normally greater or equal to the
hydraulic conductivity of the so1l In the work reported
from Namlongae Uganda ten times more run off ocurred form
bare plots than from grass covered plots and a grass mulch

cover was twice as effective than a stone mulch 1n terms of
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run off control Increased moisture storage capacity of the
so1l provided by the transpiratory with-drawal of growing

crops result in high 1nfiltration rate (Venkatraman 1978)

Zelin et al (1980) reported high hydraulic
conductivity values 1n the vicinity of the roots of shallow
rooted crops Low bulk density high porosity and 1ncreased
so1]l aggregation were also reported by other workers 1n grass

covered plots (Williams,1963 and Calbrone and Stalne511985)

2 21 Effect of cover crops on soll moisture

In Ceylon however a compartitson of the moisture
content of 801l under clean weeded surface and under a cover
of the creeping legume Centrosema pubescens showed that for
the first two years after establishment of the cover there
was more molisture tn the first si1x 1nches of so1l under the
cover than 1n the corresponding region of the bare so01l1 but
that the reverse was true for so01] below a depth of six

inches (Joachim and Kandla’1930)

With the provision of a cover run-off of raln

water can be much reduced but the extra losses of moisture



caused by transpiration through the foliage of cover pilants
can 1n turn be appreciable Some experiments i1n Malaysia

have shown that the young planting of Cenirosema pubesoens

and Mikania scandens did not significantly reduce the so1l

morsture content to levels below those found under a bare

surface {(Belgrave 1939)

It was evident that more moisture was lost by
transpiration from the cover plant than was conserved by the
surface mulch 1t produced however during the second two
years of the experiment the mulch under the cover plants
develop to such an extent that eventually more molsture was
found at all levels down to twenty four inches under the
cover plants than under the bare surface These findings

have been confirmed by Wakson (1957)

In newly planted rubber plantations the top so1l
1n the planting row will tend to be dry and that the reserves
of water i1n the sub soi1l are likely to suffer depletion by
lateral diffusion 1nto the drying subsoil under the i1nter row
covered area Both factoras will contribute drought
susceptibility of the planting row and are strong arguments

in favour of mulching being carried out around the young
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rubber trees After the first or the second year of growth
rubber roots spreading under the cover plants will be able to
take full advantage of the water conserving properties of the

mature cover and 1ts litter mulch Watson (1957)

Pushpadas et al (1978) reported that the cover
crop serves as mulch and reduces evaporation from the goil
and on the other hand 1t depletes available moisture from the
so1l through transpiration The net effects on so1l
mol1sture thus depends on evaporation or transpiration
whichever 1s dominant They also compared the moisture
percentages in the slashed Mucuna sp plots with bare soil and
with unslashed plots The moisture percentages in the
slashed plots were maintained at higher levels and also for a
longer duration as compared to unslashed and bare so1l

plots

Kothandaraman et al (1990) observed that the sorl
molisture during summer months 1n the Mucuna bracteata and
Pueraria phaseoloirdes grown plots were higher compared to
grass cover They also noted that the thick mulch provided
by Mucuna bracteata and 1ts deeprooted nature and the
difference 1n evapo—-transpiration have contributed to higher

so1l moi1sture at the 0-30cm depth
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In a study on moisture retention of soil Krishna
Kumar et al (1990) revealed that the soi1l moisture retention
capacity at -0 033 Mpa was highest 1n the profile under
legume cover than under natural cover Their study also
highlighted that the legume cover could modify the s011
molsture energy relationship by changing the desorption

pattern

2 3 Nutraition and fertilizer use 1n cover crops

Pushparajah (1977) reported that for the efficient
growth of cover crop starter doses of nutrients are
esgsent1al This starter dose of N P K and Mg helped for a

speedier ground cover growth and vigour

Yogaratnam et al (1984) reported that phosphate
application to covers led to better tree girth than that was
applied to the trees It also showed higher leaf P values at
the end of 8 years from planting This 1ncreased leaf P
concentration also help to improve girth and percentage of

tappability of trees at the end of 8 years
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Suresh (1992) observed that raising of cover cropa
coupled with fertilizer application resulted in higher
content of available P Also he opined that the crop
residues of the cover plants recycling enhanced the P

supplying power of the so1l

231 Effect of cover crops on the so1l nutrient status

So1l nutrients will be lost from an area 1f the
rubber trees of the first generation are cleared off the land
at replantlng(PageJ 1939) and nutrients will be lost in the
latex taken off the site Over the li1fe of one generation of
rubber trees the various losses of nutrients are evidently
sufficient to lower the so01l nutrient status to the point
where application of complete fertilizers are essential to
produce satisfactory growth 1in the second generation of
Hevea Cover plants are used to offset soi1l deterioration
particularly with a view to the maintenance of soil structure
and prevention of 801l erosion and they can play an 1mportant

part 1n the soil nutrient cycle(BrougMoY\}m")

Competition between cover crops are necessarily

harmful over a long term period as the nutrients taken up by

(]
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the cover plant and rendered unavailable to the rubber tree
in the first 1nstance are eventually returned to the so1l as
dead plant material and will become available for uptake by
either the rubber tree or cover plant roots Such action
will minimise the leaching of decaying plant material their
eventual avallability to the rubber tree may be

increased (De Ceus’194l)

Watson (1957) reported that cover pltants can affect
the Bo1l nitrogen status by 1interfering with nitrifaication
processes 1n the soi1l and symbiotically fixing atmospheric

nitrogen

Leguminous creepers have been shown to mobilise
greater quantities of nitrogen phosphorus and calcium than
the other experimental covers during the first two years
after planting Since the litter under these leguminous
covers has a low C/N ratio 1t would be expected to mineralise
rapldly with 1ts nutrient content becoming quickly available

again for uptake by Hevea or cover crops (Watson 1961)

A marked decrease in vigour coupled with a net

return of nutrients to the so1l by all covers took place
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much higher levels of nitrogen potassium calcium and
magnesium being returned form legumes This was particularly
so for nitrogen Nitrogen return to the soi1l from legume
coverd between the third and fifth year after planting

1 nitrogen still

totalled 214 5 kg acre”} with 88 3 kg acre”
held 1n the green material and litter of the standing cover

at the end of fourth year (Watson 51—1‘)'9“3')

Watson et al (1984) reported that the exchangeable
potassium content and pH value of 0~8 1inch soll under legumes
were significantly lower than those under Mikania and there
was a tendency for the exchangeable magnesium under legumes
to be lower than that under grass and Mikania They also
reported that when fertilizers were applied to covers, the
phosphorous and exchangeable cation status of the 0-8 inch
so:rl layer tended to be higher than where fertiizer was
applied to the tree rows but this effect was only significant
for total and available phosphorous There was a tendency in
the legume treatments for a similar effect on phosphorous
occur 1n the 12-18 inch so1l layer indicating that some
downward movement of the applied phosphate may have occured
perhaps by direct leaching through the soil or by transport

via the cover plants
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Kothandaraman et al (1987) studied on the growth

pattern nodulation and nitrogen fixation by Mucuna bracteata

and confirmed that the soil fertility improvement 18 done by

the cover crops

Mathew et al (1988) reported that most of the so1il
responded to P applications especially when soil P wae low
Response was greater when the tree was being tapped on virgin
panel than on renewed panel Chances of response to P were

greater when there was legume ground cover

Kothandaraman et al (1990) compared the efficiency
of Mucuna bracteata with Pueraria phaseoloides and growth of
Hevea and reported that organic carbon content was increased

with cover crops There was an 1ncrease 1n total nitrogen

under Pueraria phaseoloides which is due to 1ts bett
p d er

decomposition as evidenced by the narrow C N ratio
2 4 Eff
ect of cover crops on biological properties of 1
801

W
atson (1957) reported that the bacteria of th
e
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nitrogen from the so:l hence minimising the loss of so1l

nitrate by leaching

Kothandaraman et al (1987 1990) opined that the
counts of total bacteria fungi and actinomycetes were higher
in sotls under Mucuna bracteata They also reported that the
Bei1)erinkia the non symbiotic nitrogen fixing bacteria and

phosphate solubilising micro organisms were found to be

higher im the legume cover cropped area

2 5 Rool development of Hevea and cover crops

Walson et al (1984) observed that the vigorous
development of roots of Hevea took place under the legume
cover and such developmenlts were evidently favoured by the
heavy mulch of dead leaves that built up under the cover

crop

¥hile studying the nature extent and distribution
of the root systems ol different cover plants Chanlapillas
(1968) observed a more shallow rooting pattern for Pueraria
in the form of network of fibrous rooits of early decomposable

nature The dry weight of the roots of a three months old
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individual plant was reported to be 3 22¢ and the mean dry
weight of shoot was | 11g He also observed a reduction in
the horizontal spread and vertical penetration of roots of
the creeping covers at the twelve month sampling compared to

the si1x month sampling

Deep penetration of the roots of the cover plants
reportedly 1ncreased the ferti1lity of the surface soil by
extracting nutrients from the deeper layers and depositing
them on the surface 1n the organic matter of their latter
(Wycherley 1963) This effect 13 1ncreased by the
recommended plantation practice of periodical slashing of the

vigorously growing cover crops
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3 MATERIALS AND METHODS

Fi1eld experiments were carried out to study the
effect of cover crops on the nutrient dynamics 1n rubber
plantations There were three field experiments and were
conducted at Bethany Estate Mukkampala KXanyakumari District

from February 1991 to October 1993, They were |

I The effect of cover crops on nutrient dynamics 1n the
immature rubber plantation
IT The effect of cover crop on nutrient dynamlcs i1n the

mature area and

III Microplot study of cover crops alone

3+ Materials
311 Site Characteristics
Bethany Estate 1s situated at 8° 20 27 ©North

latitude 77° 21 22 Eaert longitude and at an altitude of

105m above mean sea level
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1 2 Climate

The area enjoys a typical tropical climate
Monthly average values of 1mportant meteorological parameters
observed during the period of experiments are furnished in

Appendi1x 1

The maximum temperature varied between 29 8°C and
35 1°C with a highest daily maximum of 37 9°C 1n April 1in all
three years With regard to the minimum temperature 1n the
first year lowest value of 18 2°C was recorded 1n January
and the highest of 23 6°C in April These values were
17 9°C 18 5°C and 24 0°C 22 7°C respectively 1n January and
June during the second and third year The lowest minimum
was 17 9°C 1n January 1992 The most humid month recorded
was June with average humidity above 85 per cent and January
with most dry 1n all the three years In 1991 a total of
2084 mm of rain was received through 121 rainy days The
corresponding values for 1992 and 1993 were 2128 2154mm and
124 119 days respectively In all the three years June

received the highest rainfall and i1ts was 780 665 715 mm
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The south west monsoon peak was observed i1n June 1n
the three years with a value of 780 mm in the first year
685 715 mm 1n the second and third year respectively
north east monsoon peak was observed 1n November 1n all
three years with a value of 264 mm 1n the first year and

248 mm 1n the second and third year respectively

3 So1l characteristics

The soi1ls of the experimental areas were shallow

well drained moderately acidic oxisol with a sandy clay loam

surface texture Morphological feature of a typical profile

of the experimental site are presented below

Location Bethany Estate

Mukkampala
Kanyakumar: Distraict

Vegetation Heavily 1nfested with weeds such as

Pennisetum polystachyon
Brachiaria mutica

Chromolaena odorata and
Mimosa pudica

Parental Material Weathered Gneiss
Topography Undulating
Prainage Vell drained with moderate

permeability

Ground water table Deep > 22m

26
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Depth
(cm)

0-30 0

30 0-80 O
60 0-90 O

Yellowish red (S5YR
4/8 moist) gravelly
loam moderate med-
1um subangular
blocky friable
slightly sticky
and slightly
plastic common
medium distinct
mottles few fine
distinect 1iron
roots abundant
permeability rapid
gradually smooth
boundary

Yelilowish red (5YR
4/6 moi1st) gravelly
clay medium mod-
erate subangular
blocky wet sticky
and plastic few
medium distinct
mottles roots

few permeability
moderately rapid
diffused wavy
boundary

Red (2 5YR 4/8)
and strong brown
(7 5YR 5/8)
mottles plenty
tnitial stages
of laterisation
low permeability



31 31 Physical and Chemical characteristics

The physical and chemical characteristics of the

solls are given 1n Table 1 and 2

3 1 4 Nature and cropping History

The experimental sites I and III were new areas
lying fallow during the previous years The experimental
site JI was mature area under standing rubber trees with RRII
105 (Rubber Research Institute of India) of 8 years old

planted at a spacing of 5 x 5 m

315 Crops

3151 Experiment I

Rubber Clone RRII 105 of one year old planting

Cover crops

1 Pueraria phageoloides Benth

2 Mucuna bracteata D C

28



Table 1 Physical properties and mechanical composition of soi1l from the
experimental site

Sonl Bulk Part cle Total Hechanical composition Toxtural
depth dens ty density porocity class
th g ce ! 9 cc per cent Coarse Fine S1l1t Clay

0 30 120 1 & 46 90 18 9 1 3% 6 88 56 9D Clay
30 60 119 1 &l §9 15 19 16 b2 4 90 10 62 Clay

Table 2 Chemical composition of soil from the experimental site

Orgainic carbon Avallable mitrients (kg ha 1y
per cent

N P K Ca Mg pH

1 07 227 21 122 242 121 4 4




315 2 Experimant II

Rubber Clone HRII 105 of 8 years old trees under tapping

Cover Crop Mucuna bracteata D C alone

3153 Experiment III

Microplot study of cover crops alone with

1 Pueraria phaseoloides Benth and

2 Mucuna bracteata D C

31 6 Season

All the three experiments were started from

February 1991 at three locations 1n Bethany Estate

Mukkampala Kanyakumari District of Tamil Nadu and continued

upto October 1993

317 Tertilizers

In all the three experiments rubber trees received

the fertilizers as per the recommendations of the Rubber

30



DA

Research Institulte of India and the cover crops were manured

18 per the treatments

For Kanyakumari

District the

fertilizer m xtire recommended by the RRIT for immature trees

are 12 12 8 NPK mixtire and the year wise quantities are

s 1ven below

Year of
plant ing

1 year

JI year

II1 year

For mature

Months after

planting

9 months
15 months
21 months

27 months

trees under tapping

Time of Dose per Dose per

application tree

April May 380g
Sept Oct 380g
April-May 480¢

Sept Oct 480¢

ha

170kg
170kg
215kg

215kg

10 10 10 NPK

fertilizer mixture were applied and the quantities are given

below

Cvery year

April-HMay

Sept-0Oct
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Fertilizers with the following grades were used for all the

experiments

Urea 46 per cent N

Mossoorie

Rock

Phosphate 20 per cent P205

Muriate of 60 per cent K20

Potash

3 2 Methods

3 21 Experiment I

I year old RRII 105 rubber plants

Cover crops

1 Pueraria phaseoloildes

2 Mucuna bracteata

Desi1gn (56 x 2) + 1 RBD (5 levels x 2 covercrops) +
absolute control

Replications 3

Net plot 4 x 3 ~ 12 trees plot™1 20 A5 w*

Gross plot 6 x 5 30 trees plot 1 30 25 m*

Layout plan 18 given 1n Fig 1

3211 Treatments

ClF0 Rubber + Cover (t) + FO
Crop



ClFl - Rubber + Cover (1) + F1

Crop

Ci{Fy - Rubber + Cover (1) + Fy
Crop

ClF3 - Rubber + Cover (1) + Fq
Crop

ClF4 - Rubber + Cover (1) + F4
Crop

CZFO - Rubber + Cover (2) + FO
Crop

CaF ¢ - Rubber + Cover (2) + Fy
Crop

CoFy - Rubber + Cover (2) + Fq
Crop

CoFgq - Rubber + Cover (2) + Fq
Crop

CZF4 - Rubber + Cover (2) + F4
Crop

C - Control (i1mmature rubber alone)

i
Levels of fertilizers to cover crops ( kgha )

N P K
Fg o 0 0
F, 0 30 30
Fgy 10 30 30
Fgq o 60 60

Fgq 10 60 80



Fig 1 Lay out plan of the Experiment I

RI R R II1
CiFy CF, CiF,
C,F, Control C,F,
CiF, CiF C\Fy

Control C2F0 C1F3
CoFy C,F, C,Fy
C(F, CFs C\F
C,F, C,F; C,F,
C2F3 C]F4 Control
CoFy C,F, C,Fp
* 36 wm =t

1
2.5 m

<

C, Pueraria phaseoloides

C, Mucuna bracteata



Lover crop

Mucuna bracteata alone

(5 x 1) + 1FRBD
ve levels x one cover crop) + one absolute

Design
(F1
control
Replications 4

Gross plot

Net plot

Layout plan of the experiment 15 given

5 x 4 - 20 trees plot™!

4 x

3 12 treee plot 1

3221 Treatments

Levels of

Rubber

Rubber

Rubber

Rubber

Rubber

Control

+

(mature rubber

Cover

Cover

Cover

Cover

Cover

crop

crop

crop

crop

crop

35

2
25 2 20 ™

20 < 15 ™

1in Faig 2
+ Fq

+ Fl

+ F2

+ F3

+ F4
alone)

fertilizers to cover crop ( kgha')

10

10

30

30

80

60

30

30

80

80



Fig 2 Lay out plan of the Experiment IT

RI R1I R III RIV
F, F, F, F,
Fy Fo F, Fy
Control Fq F3 Control
F, F, Fo F,
F, F, Control F,
F, Control F, Fy

Z5Mm
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32 2 2 Planting and spacing

1 Rubber

In this experiment the rubber trees are of the age
of ei1ght years old polybag plants and tapping 18 going on
from the seventh year onwards The trees were planted

at 5 x 5 m2 spacing with 420 trees per hectare

11  Cover crop

Mucuna bracteata alone was grown and maintained 1n
this experiment Mucuna seeds were planted i1in poly bags and

planted 1n between rows of rubber trees
3223 Cultural operation

The fertilizers as per the recommendation to the
mature tree were applied every year i1n two equal split doses
The first dose given 1n May (Pre—monsoon) and second 1n
September (Post-monsoon) (Rubber Board 1994) The pre-—
monsoon application was done after the receipt of a few

showers but before the onset of regular south-west monsoon
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The post-monsoon application was done after the south-west
monsoon but before the onset of north east monsoon when a
relatively brief ratnfree peri1od was available Both
applications were done when there was adequate moisture 1n
the so1li The ferlLilizer was broadcasted 1n rectangular
patches 1n between rows of trees each patch serving four
trees after clearing the leaf litter on the ground The
fertilizer was then lightly forked 1nto the soi1l and the leaf
litter was put back to cover Lhe fertilizer applied patches

(Ananth 1966 and Rubber Board 1994)

At the experimental area 1ncidence of Powdery

mildew (Oidium heveae) disease occured and was controlled by

sulphur dusting as a prophylatic measure

Tapping was done third daily on half spiral system
The tapping panels were protected with polyethylene rain
guards to facilitate tapping during rainy season During
the period of this experiment tapping was being done on the

first side of virgin bark

3 2 3 Fxperiment IIT
Io this experiment the cover crops namely Puraria

phaseploides and Mucuna bracleata were grown in 10 microplots

ea h of 2 5 x 2m size with normal fertilizer recommendation

1

of 0 30 30 kg ha (Rubber Board 1984)



Layout plan 18 given 1n Fig 3

3 2 4 Establishment of cover crop

All the three experiments were grown with cover
crops The experiments I and IIT were grown with Pueraria
phaseoloides and Mucuna bracteata and the II experiment was

grown with Mucuna bracteata alone

3241 Sowing of cover crops

The concentrated sulphuric acid treated seeds were
mixed with equal quantity of rock phosphare and sown 1in
between the plant rows during January The patches or strips
where the seeds were sown were cliean—-weeded and forked well
The germinated seeds were sown Pueraria seeds were sown 1n
the field and Mucuna seeds were sown 1n poly bag As the
suceeding months were drier months life saving irrigation was
given for the germinated cover crop 8Seedlings The Mucuna
seedlings were transplanted during the Ist week of April

before the pre—monsoon showers

3 2 42 Manuring of cover crops

As per the treatments fertilizers were broad-casted

along the strips where the cover crops were planted in two



Fig 3 Lay out plan of the Experiment ITX

- 20w
T
P
2 5,) P M M P M P M
M P M P M P M P

P Pueraria phaseoloides

M  Mucuna bracteata
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equal 1nstalments The first i1nstalment of fertilizers were
applied one month after sowing and the second two months
after the firget application during the first two years of

establi1shment of the cover crops (Rubber Board ,1994)
3243 Control of cover crops

Excess growth of cover crops were regulated by
slashing around the base of the rubber plants
3 2 5 Observations
3251 Experiment I
32511 Rubber

The following biometric observations were recorded

for measuring the growth rate of rubber

3251 2 Plant height

The plant height was recorded 1n meter following
the method described by Dissanayake and Mithrasena (1986)
Plant height 18 measured from the point of bud union to the

growing tip of the topmost whorl



325113 Girth

The plant girth was recorded 1n cm following the
method explained by Owen et al (1957) The girth was
measured at 150cm above the bud union around the trunk of the
plant From these data the girth increment for the period

July 1991 to July 1993 was worked out

32514 Veeds

The dry matter production of weeds 1n the treatment
plots were recorded by the method explained by Burnside and
VWicks (1965) using a quadrate at random 1n four places
outside the net plot area The weeds removed were ovendried
and weight recorded 1n kg ha™! This was recorded at six

months i1nterval

3252 Cover crops

325 21 Biomass production

The biomass production of cover c¢rops were

estimated at si1x months i1nterval using a quadrate at random
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325312 Total pore space

Total pore space distrubution was determined by the

folliowing equation and expressed 1n percentage

% Total pore space 1 - bulk density

particle density

325 313 Agdregate analysis

This wags measured by the wet—-sieving method
described by Russell (1949) on an apparatus modified by Low
(1954) The state of aggregation or the percentage weight of
agdregates 1n a given weight of soi1l was calculated for the

so1l samples

325314 Vater retention capacity

Water holding capacity at 0 3 bar and 15 bar were
detemined wusing pressure plate apparatus and expreased 1n

percentage



1in four places ouliside Lthe net plot area and the material

was dried and weighed a1l ts expressed 1n L ha 1

325 2 2 Nodule count and nodule weight

The number of healthy nodules were counted per
plant at 40th day after planting and the fresh weight of

nodules were worked out an] expressed 1n g

3253 So1l

325 31 Physical characteristics

The following physical characteristics of the so1l
at Ltwo depths namely 0 30 and 30-80 cm from the treatment
plots were determined at the 1nitial and final stage of the

experiment

325311 Bulk density

Bulk density measurements were made on core samples

obtained by a so1l core sampler (Lutz)1947) It was

expressed 1n g cc 1



325315 Soi1]l] moisture content

The so0:1l moisture content 1n all the treatments
were recorded gravimetrically at two depths namely 0-30 and
30-60 cm during the summer months of January February March
and April of 1991 1992 and 1993 and were expressed 1n

percentage

3 254 Chenmical analys:s

32541 8So1l analysis

So1l samples were collected from each of the
treatment plots 1n September 1891 1992 and in 1993 Just
after the experiment was completed So:l was collected from
0-30 cm depth Just prior to the post monsoon fertilizer

application of the respective year

3285 4 2 Organic carbon Sa.l{ N P K Ca and Mg
\

-

Og&mec was determined by thQ dichromate—-sulphuraic
aci1d digestion method (Walkely and Black 1934) The
by lha

avallable nitrogen was estimated,Alkaline permanganate method

(Subbiah and A81J8’1958) For the determination of available

Y

43
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P the so1l was exiracted with Bray no 2 (Bray and Kurtz

1945) reagent and the concentration of P 1n solution was
measured 1n a UV apectrophotometer after developing colour
using chloromoly bdic acid-stanus chloride reduction method
(Hesse 1971) The so1l was extracted using Morgan s reagent
and available K was determined by flame photometric method
(Jackson 1973) Avallable Ca and Mg were determined from
the same extract using a GBC Double Beam atomic absorption
spectrophotometer Model no 802 The organic carbon content
was worked out as percentage and those of available N P K Ca

and Mg as Kg ha~!

32543 LlLeaf analysis

Leaf samples were collected from each treatment

plot 1n September (Shorrocks 19865 Gugha et al 1971
ana

and Lu He 1982) 1991 1992 and 1993 Three trees were
~

selected from each treatment plot for leaf sampling 1n
Experiment II Three healthy disease free twings from each
tree were collected (Shorrocks, 1981 and Lu and He 1982)

From each twig the lowermost maturedwhorl was selected In
the experiment I the matured leaves at the top second whorl

were selected For cover crops matured leaves were
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collected The lteaf lets were separated and the petioles
were cut and removed and the leaf laminae secured The
leaves thus obtained were dried i1n an oven at 70°C for three

days and powdered 1n grinder

Nitrogen was determined by micro Kjeldhal method
(Piper 1950) Phosphorous was detemined by Molybdenum bluse
method 1n a spectrophotometer (Jackson 1973) Potassium was
determined 1n a flame photometer (Jackson 1973) Both Ca and
Mg concentration were read 1n a GBC Double Beam atomic
absorption spectrophotometer mode! no 902 The nutrient
contents were expressed as percentage The leaf analysis of

cover crops were done at si1x months i1nterval

32544 Biological properties

The general microbial count was taken following the
method of Timonin (1940) and phosphate solubilsers by that of
Sperber (1958) The count of total bacteraia fungi1 and
phosphate solublising micro organiams were also undertaken
-1

and all the counts were expressed as Xx lO4 g of dry s=so1l



3 28 Experiment II
3 26 1 Rubber
32611 Yield

The latex collected in the collecting shells after
tapping was coagulated 1n si1tu using one per cent acetio
acld The cup lumps from the individual trees were collected
on metal hooks ailr dried for a week in shade and there after
dried 1n a smoke house for 25 days After complete drying
the lumps were weighed yield was simi:larly recorded every
month (Owen et al )1957) Yield recording was continued for
a perlod for six months at the end of the experiment From
these data the mean ylreld was worked out as 1nitial yield and

final yield and expressed as g tree™! tapplng—l

328612 Girth

In order to guage the growth rate the girth of
trees were recorded (Dissanayake and M1thrasena,l988) in July
91 and July 93 The measurement of girth was done at a
height of 150 om from the bud union every time (Owen gt gl’

1957) From these data the girth i1ncrement for the period from

July 1991 to July 1993 were worked out
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The thickness of the virgin bark and that of the
renewed bark which was tapped two years ago were recorded
July 1993 using a Schliper bark measuring guage {(De Jonge,

1957)

3261 3 Leaf litter

The dry welight of the leaf that fell on the ground
during the annual leaf fail 1n February was recorded during
1991 1992 and 1993 For this four patches were selected at

2 quadrat and the dry weight was

random by throwing a 1im
computed as t ha_1 (Rubber Research Inst:i1tute of Malaya

1972)

32614 latex flow characteristics

The characters connected with the flow of latex
were recorded three times viz July 1992 Oct 1992 and April
1993 corresponding to the wet moderately wet and dry seasons
1n one year cycle Two trees were selected from each net
plot for the reoording of observation when the trees were
tapped the latex obtained i1n the 1nitial 5 minutes was

separately collected and the volume measured This 1s



referred to as the 1nitial volume After about 2-3 hours the
dripping of latex was complete the entire volume of latex
including the 1nitial volume was measured for each tree and

this 19 referred to as total volume (Milford et al ‘1989)

The 1nitial flow rate was worked out as 1nitial §
minutes volume This 1s expressed 1n ml Another parameter
called Plugging 1ndex was computed form the i1nitial flow
rate and total volume and 18 an i1ndex of duration of latex
flow after tapping (Milford et al ) 1969 and Paardekooper

and Samosorn 1969)

Initial flow rate

Plugging i1ndex = memmmemsme ceeeemmee x 100
Total volume

The dry rubber content of latex was also determined
three times simultaneously with the recording of the flow
characters described above When the flow of latex was over
and dripping of latex ceased the latex obtained form the
recording trees was pooled and 10ml of 1t was transferred
into a weighed 50ml beaker and «, weighed along with the
latex was determined The latex thus transferred was diluted
with 20 ml water and coagulated by adding about 1 ml of one

per cent acetic ac:id The next day the coagulated lump of

4%



rubber was washed 1n water made 1nto a2 thin film and dried
1n an oven at about 85°C until constant weight was obtained
(Rubber Research Institute of Malays:a ,h1973) The weight of
the dry rubber and that of the fresh content of lIatex 1s

computed as

Weight of dry rubber

————— ————— = = == ———-— x 100
Weight of fresh latex
326 2 Cover crops
a Biomass production of cover crops were recorded as

explained i1n Experiment I

b Nodule count and fresh weight of nodules per plant were
also recorded as mentioned 1n Experiment I at 40th day

after planting

32863 Soirl

Physical chemical and biological properties were

worked out as narrated under Experiment I
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3 268 4 Weeds

The dry weight of weeds 1n the treatment plots were
also recorded as explained i1n Experiment I at si1x months

interval

3 27 Experiment ITIY

In the experiment III the observations are

recorded from 10 plants within each microplot area

3 27T 1 Biomass production

The biomass production of cover crops was estimated

using a& quadrate at random :in four places as explained 1in

Experiment I and II and expressed in t ha_l

327 2 Nodulation count and fresh weight per plant

Nodule count and fresh weight of nodule per plant

were recorded as explained i1n Experiment I and II

3273 So1il

Physical chemical and biological properties of the
301]1 were worked out as explained 1n Experiment I and the

values were recorded
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3274 1leaf analysis

Leaf samples collected at si1x months interval were
analysed for N P K Ca Mg as per the methods explained 1n

the Fxperiment T

We eds

3275 DMP of weeds

The DMP of weeds were worked out as per the
Lechnique explailned i1n Fxperiment I and the values were

recorded at si1x months interval

3 28 Statistical analysis

The data collected were analysed statiglically by
applying Lhe techn que of Randomised block desi1gn 1n
Fxpermment I Factorial RBD 1n Fxperiment TIT and 1in
Fxperiment ITI the mean values were compared with Fxperiment
I and TT Th data were analysed as per thc procedure
des ribed by Panse and Sikaime (1985) where e¢ver the results
wer grgnif cant tr tical difference (lcast significant
difference) and standard error of means wert worked H»ut for

the probability level of 0 05
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4 RFSULTS AND DISCUSSION

In orler to stidy the effect of cover crops on so1)
nutrients physic> chemical properties biological changes on
so1l as well as growth and yield of rubber three situations
representing 1mmature phase {(one year old) mature phase (8
vyear old) and an open area were selected The wvarious
observations recorded were statistically analysed The

important results are presented and discussed

4 1 Effect of cover crops and their nutrition on 1mmature

rubber
4 11 Growth characters

4 1 1 1 Girth increment

The girth increment for the two years period 1991
93 for the 1mmature rubber s presented i1n Table 3 It 1s
observed that all the treatments with cover crops were
significantly superior to the absolule control where Lhere
wag no cover crop Among the levels of fertilizers t» over
crops Lhe levels F4 and F2 were gignificantly superior to Fl

and FO The level Favus on par with Fl Founs si1gnificantly
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inferiror to all other levels There was no gignificant
difference between the cover crops and also no si1gnificant

difference 1n the i1interaction effect

Growing of cover crops even without any fertilizer
gave more girth i1ncrement than plots without any rover crops
thereby showing the distinct advantage of cover crops alone
The cover crops 1n general has 1ncreased the girth but
individually there 13 no significant different between them
This shows thet there 1s no distinct superiority of one over

the other 1n increasing the growth attribute (Fig 4)

Application of fertilizer to cover crops have
further 1ncreased the gairth 1increment over Fg as evidenced
from the treatments The highest level of fertilizers have
recorded the maximum girth However this 18 on part with
fertilizer level F2 thereby 1ndicating the sufficiency of the
later level This shows that fertilizer application beyond

10 30 30 1s not of any specific advantage

Growing of cover crops has 1ncreased the girth
probably due to the 1ncrease 1n absorption of N P and K by

the plants grown with cover crops This 18 subgtantiated 1n
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Table 3 Tffect of covercrops and their nutrition on the

girth increment (cm) 1991-93

FO Fi F2 F3 F4 Mean C
¢ 58 710 800 78 8417 734>
c2 5 80 7 23 8 10 T 83 8 27 T 47
Mean F 5 88 T 17 8 05 T 70 8 22

——— —_— —— n - - [ — —_ —— B e et A e e Sy e e

Mean of control 3 333
CDt t 482 t tvcakrient

CDf 1 034 f feetitizer levels

CD tr vsa ct & 08 ¢&r vs ct treatedcvsy Coabro!

Table 4 Effect of covercrops and their nutrition on the

height i1ncrement (m) 1991-93

FO F1 F2 F3 F4 Mean C
¢t 208 =210 220 210 228 215
Cc2 2 07 2 15 2 18 2 15 2 28 2 17
Mean F 2 06 2 13 2 19 2 13 2 28

Mean of control 0 877

CD tr va ct O 514
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Fig 4 Effect of cover crops and their nutrition
on the girth increment (cm) 1991-1993
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the Table 3 The girth 1ncrement 18 directly related with
the magor leaf nutrients namely N P and K The leaf
nutrient contents of the rubber leaves were found
gi1gnificantly higher in plots when cover crops were grown

Similar resulis were reported by Wycherley (1969) Yogaratnam
et al (1984) and Punnoose (1993)

Application of fertilizer was found to be of
additional benefit ag for the girth i1ncrement 18 concerned
It 18 seen from the table that growing cover crops have
increased the girth from 3 33 to 5 88 cm and the girth was
further enhancred to 8 05 cm 1n the fertilizer treatment
receiving 10 30 30 This finding 13 1n l1ine with the

findings of Pushparajah (1977)

The application of N to cover crops has benefited
the girth 1increment inspite of the medium content of soil N
(Table 2) This would have resulted 1n more absorption of
N by rubber plants as evidenced by higher content of leaf N
(Table 11) The nodule count of cover crop have also shown
an appreciable 1ncrease tn nodule count 1n the plots
recei1ving 1nitial dose of nitrogen Thig9 could have helped

the rubber plant to absorb more Nitrogen especially 1n the
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first year The beneficial effect of N 1n 1ncreasing the
cell size and photosynthetic rate of rubber plant were
reported by Brady (1988) Own et al (1957) Bolton (1964)

Kalam et al (1980) and Potty et al (1976) also reported

high girth i1ncrement from higher level of application of N

Application of P to cover crop has given higher
girth 1ncrement Phosphorus being an essential constituent
of ADP ATP and several organic compounds 1n the plant might
have promoted the metabolises of the trees and i1mproved the

growth (Sutcliff and Baker, 1974)

It 18 seen that application of K to cover crop
improved the girth i1ncrement of rubber tree through i1ncreased
leaf production as biomass of cover crop and this must have
enriched the so1l with K Potassium being essential for
chlorophyll development and photosynthesis 1ts application

might have helped 1n enhanced girth i1ncrement (Brady, 1988)

4 1 1 2 Height 1ncrement

The height 1ncrement for the two years period 1991~

1993 for the 1mmature rubber 1s presented in Table 4 It 1s
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gseen from the table that all the treatments with cover crops
were significantly superior to the absolute control There
was no si1gnificant difference between the cover crops as well
between the levels of fertilizer to cover crops on the height
1ncrement It 18 also noted that there was no significant
difference in the 1nteraction effect However there was a
marked increagse by growing c(over crop alone without
fertili1zer which 18 significant over the treatment with no
fertilizer and nocover It 1s also seen that increase 1in the
fertilizer level has enhanced the height eventhough not

statistically significant (Fig 5)

From the above results 1t 1s evident that growing
cover crops even without any fertilizer gave more height
increment than plots without any cover crops thereby

highlighting the distinct advantage of cover crop alone

4 12 Soi1l nutrrent status

The effect of cover crops and their nutrition on
so1l organic carbon and available P K Ca and Mg are

pregdented and discussed
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Table 5 Fffect of covercrops and their nutriton on the so1il
organic carbon X 1991
F 0 1 2 3 4 Mean C
Ct 1 003 0 990 1 010 1 000 1 050 1 011
c2 t 017 1 000 1 000 1 020 1 040 1 027
Mean F 1 010 0 995 1 035 1 010 L 045
Mean of control 0 877
CD tr vs ct 0O 247
Table 5a So1l organic carbon X 1992
F 0 i 2 3 4 Mean C
C1 1 020 1 043 1 117 1 040 1 t70 1 078
c2 1 053 1 080 1 213 t 060 1 253 1 132
Mean F 1 037 1 082 1 185 1 050 1 212
——————————— - Mean of control O 673
Ch tr vs ¢t 0O 232
Table 5b So1l organic carbon X 1993
F 0 1 2 3 4 Mean C
Ci1 1 063 t 093 1 173 1 097 1 250 1 135
Cc2 1 103 1 120 1 283 1 127 1 387 1t 200
Mean F 1 083 1 107 1 228 1 112 1 308
- - Mean of control O 687
CD tr vs ct 0 236

5%
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4 1 2 1 Organic carbon

The results obtained from the three years
observations are presented i1in Table 5 5b Growing of cover
crops have significantly 1ncreased the organic carbon content
over the absolute control plota 1n all the three years of
observations Arong the cover crops there was no si1gnificant
difference on the organic carbon content The levels of
fertilizer applied to cover crops also did not show

si1gnificant difference (Fig 6)

In the covercropped ireatment plots,the dead litter
materi1als deposited on the surface of soi1l got decomposed and
the soi1l organic carbon content might have 1ncreased 1n due
course when compared to plots without cover crops The
results also showed that there was an 1ncremental! 1ncrease of
organic carbon by growing cover crops These findings are 1n
corroborative with the observations of Watson (1961) Watson
et al (1964) Broughton (1977) and Punnoose (1993)

It 1s also seen that addition of all nutraients
helped 1n the gradual building anl enrichment of s01] organic

carbon when mineral nutrients are 1n adequate quantity 1in

q



Fig 6 Effect of cover crops and their nutrition
on soll organic carbon (%) 1991-1993
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so1l Lhere will be better conservation of organic carbon of
so1il (Stevenson 1964 and Brady 1988) The gradual
bi11lding of organic carbon i1n soil could be the result of

continuous addition of leaf litter from cover crop

4 1 2 2 Avallable N

The available N content 1n the different years of
observations are presented 1n Table 8 6c¢ The cover cropped
plots recorded significantiy higher available N content than

the control plots during all the three years of observations

There was no significant difference noted between
the cover crops on the soi1l availlable N The levels of
fert lizer to cover crops have 1ncreased the available N
content significantly The level F4 has recordel the highest
value of available N content and was on par with F2 during
1992 Sept The levels Fl and FO were s1gnif cartly 1nferior

to F4 a d F2 diring all the three years observations (F ¢

7)



Table 6 ELffect of covercrops and 1ts nutrion on the so1l
available N Kg ha~! 1991 initial

F 0 1 2 3 4 Mean C

C1 183 73 187 50 172 70 174 93 171 87 178 05

Cc2 172 37 173 87 191 97 186 13 170 38 178 94
Mean F 178 05 180 68 182 08 180 53 17t 12

~N
Mean of control 109 300

CD tr vs ct 37 41

Table 6a
F 0

C1 195 70
c2 182 33
Mean F 189 02

CD tr va ct 37 89

So1l available N Kg ha~! 1991 Sept

1 2 3 4 Mean C
212 40 236 97 224 40 245 27 222 95
198 70 217 40 207 40 227 93 208 717
205 55 227 92 215 90 236 60

Mean of control 11y 47

bt



Table 6b

v

So1l available N Eg ha~! 1992 Sept

0 1 2 3 4 Mean C
Ct 211 57 228 73 283 70 243 83 315 93 256 T13
c2 205 60 228 t0 2B9 57 253 53 301 97 251 753
Mean F 208 58 228 417 276 63 248 58 308 95

Mean of control 118 100

CDt 55 209
CDhf 39 048
CD tr vs ct 40 940

Table 8c

_—— e e ivRetE. e Em et rm - —— = == ——

So1l available N Xg ha~ ! 1993 Sept

0 1 2 3 4 Mean C
Ci 222 53 244 57 309 73 263 13 254 53 278 90
2 218 80 244 83 305 87 269 33 248 50 277 340
Mean F 220 5§67 214 700 307 800 286 233 351 30

Mean of control 180 02

CDt 54 078
Cnr 38 238
CD tr vs ct 40 t10



Fig 7 Effect of cover crops and their nutrition
on soll available Nitrogen (kg ha')1991 -1993
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Table ki gffeet of covercrop
pa~! 1991
soil ava\lable P Kg ha
————————————————————————————————————————— Ty ean C
- T s
ct 15 05 15 28 15 70 15 42 15 20 15 33
c2 15 50 16 48 15 22 15 68 16 50 15 88
Mean F 15 28 15 88 15 46 15 56 i5 85

et e e e . e e o P e

Mean of controi 9 o7

CD tr vs ot 3 332

Table 7a Soil available P kg ha~! 1992

F
0 1 2
3 4 Mean C
Ct 15 -
53 17 05 20 12 18 15 20 03
c2
N 18 18
j 82 20 70 22 27 21 03 24 53
ean F
18 18 18 18 21 19 19 59 22 .
~~~~~ 28
L Mean of contro;_-ga;a*-_ﬁ
Chc i 987
CDf 3 11t

CD tr vs ct 3 283
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Table Tb Soil available P Xg ha ! 1993

I ____? ____1 2 3 _4 L Meaf_s
C1 17 48 22 98 28 55 23 38 27 65 23 61
Cc2 19 72 28 02 29 90 268 717 31 77 28 83
Mean F 18 60 24 50 28 23 25 08 29 71

—— e et B o k2 e e S S &y e S, S8 S Ay s e T S e S —

Mean of control 1i 40

CDf 3 688

CDh tr vs ct 3 686
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The 1ncrease 1n the available P content of so01l 1n
the cover cropped area over the control plots was mainly due
to the presence of thick dead litter mulch on the so1l
surface This thick mulch improved the soi1l moi1sture content
(Tables 17 20) and 3011 physical properties (Tables 21-30)
This thick dead litter mulch also 1mproved the soil by
increased activity of microbes like bacteria and phosphate
solubi1lisers {(Table 35) Similar finding was also reported

by Kothandaraman ef al (1990)

The increase 1n the available P content of so1l
with F4 level was notable It 18 only a direct effect of
application ot P fertilizer Similar increases i1n P content
of so1l were reported by Bolton (1960) Pushpadas et al
(1972) Fushparajah (1984) and Punnoose (1993) 1n rubber

growing soills

4 1 2 4 Availlable K

The availlable K content of soi1l in different years
of observation are presented i1n Table 8 The plots grown
with cover ciops recorded significantly i1ncreased available

K content over the control plots There was no significant



Fig 8 Effect of cover crops and their nutrition
on soll available Phosphorus (kg ha) 1991-1993
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Table B Effect of covercrops and their nutrition on the
so1l available K(Kg ha~1)1991

F 0 1 2 3 4 Mean C
C1 118 52 121 23 120 32 122 58 119 98 120 427
c2 119 37 118 32 122 05 125 92 119 83 121 097
Mean F 118 94 119 78 121 25 124 25 119 66

Mean of control 80 20
CD tr (vs) Ct 28 68

Table 8a Available K(Kg ha~l) 1992
F Q‘ 1 2 3 4 Mean C
c1 138 73 136 32 123 37 131 80 130 85 132 213
c2 139 92 139 93 124 82 132 72 133 18 134 115
Mean F 139 33 138 13 124 09 132 28 132 02

- - - Mean of control 94 43
CD tr (vs) ct 31 509
Table 8b So1l available K(Kg ha™ ')1993
F 0 1 2 3 4 Mean C
ct 160 60 165 22 134 88 147 20 134 97 148 &7
c2 161 68 185 85 137 63 146 87 134 57 149 320
Mean F 161 14 165 53 136 26 147 03 134 78

Mean of cont;ol 107 73

CD tr (ve) Ct 35 770

=2/
Wt



difference noticed between the levels of fertilizers for each

cover crops as wel]l] as between the cover crops (Fig 8)

The 1ncrease in the avallable K content of soi1l 1in
the cover cropped treatment 1s mainly attributed to the
addition of cover crop litter 1n to the so1! which contains
lot of K This 18 all the more evidenced by the 1increass 1n
the quant:ty of the available so:l K from 91 to 1993 There
was also a corresponding 1ncrease 1n the available K through
the biomass as the growth uvf the cover crop 18 progressively
increased due to the age (Table 31) The rain water
interception and preventing soil erosion by the live cover
crop also might have contributed to higher available soi1l K
These findings are 1n corroborative with that of Watson
(1961) Shorrocks (1965) Russell (1983) and Pushparajah

(1984)

The 1ncrease 1n the available K content of so1l
showed a negative effect when an extra dose of 10 kg nitrogen
was added (Table 8b) These findings are 1n corroborative
with that of Watson (1981) Shorrocks (1965) and Russell

(1881)

68
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The i1ncrease 1n the available K content of so1l
showed a negative effect on extra dose of 10 kg nitrogen was
added (Table 8b) This application of nitrogen and reduction

of available K content might be due to the following reasons

Higher concentrat:ion of NH4+ 1ons especlally 1in
the lower layers would have replaced K* 10ons from the
exchange sites brining more of K 1nto the solution from where
they were lost by leaching (Tisdale et al , 1985) Moreover
the htgher growth agssociated with application of N to cover

crop have 1ncreased the plant uptake of X (Table 31f) thus

reducing 1ts level 1n the so1l (Table 8b)

41235 Avairlable Ca

The avai1lable Ca content of so1l 13 presented 1n
Table 9 The cover crop gdrown plots were si1gnificantly
superior than the absolute control on the available (a
content There was no significant difference found between
the levels of fertilizers to cover crops as well as between

the cover crops (Fig 8)

The increased Ca content of so1rl 1in the

cover cropped plots than the absolute control 18 mainly due



Table 9 Effect of covercrops and their nutrition on the

so1l available Ca Kg ha~l 1991

—_———— e, . —— et e i P e e e G W T A i ke e e Sk e e .

F 0 1 2 3 4 Mean C
Cl1 1724 08 175 43 189 63 174 87 169 62 172 89
Cc2 172 33 170 40 172 28 178 73 180 47 174 44
Mean F 117 35 172 92 175 90 175 70 175 04

————— i —— — ————— e —— e ——— e ——— e —— —

Mean of control 117 35

CD tr (vs) ct 38 66

Table 9a So1l avallable Ca Eg ha~ ! 1992

€ 0 1 2 3 4 Mean C
Ci 202 08 235 43 219 63 274 70 271 23 240 62
C2 204 00 236 37 222 55 277 32 273 55 242 78
Mean F 203 04 235 90 221 09 278 01 272 39

Mean of control 130 73

CDh tr 57 310
CDf 40 52
CD tr (vs) ct 42 50

Table 9b Soil available Ca Kg ha ! 1993

———— e e e e T e i i Sk e e e e e e e . R e e

F 0 1 2 3 4 Mean C
Ci 227 13 270 43 264 63 314 93 311 27 277 880
c2 228 78 273 87 267 45 317 27 314 07 280 287

Mean F 227 958 272 150 266 042 311 687 312 887

Mean of control 188 50
CD tr (vs) ct 51 305
cDf 44 30



g\

to the addition of 1ncreased leaf litter materials to the
so1ll T — e The leaf

litter materials contain 0 75 to 1 00X of Ca and 1s recycled

1into the so1:l

There was also a build up of Ca in the so1il with
addition of P over the years This could be due to the
continuous application of rock phosphate (Bolton 1960

Pushparajah 1966 and Punnoose 1993)

4 1 2 6 Avairlable Mg

The so011 available Mg content 118 presented in
Table 10 The cover croped plots were significantly superior
to the absolute control on the available Mg content Among
the levels of fertilizers to cover crops as well between the

cover crops there was no significant difference recorded

The increased Mg content of soi1l 1n the cover
cropped treatments over the absolute control 1s mainly due to
the addition of leaf litter and root materials to the sorl

The cower crop leaf litter contains 0 25 to 0 45% of Mg and



Table 10 Effect of covercrops and their nutrition on the

so1l available Hg ha~! 1991

—— i G — e ———————— — i ——

£ o 1 2 3 4

Cl1 105 12 107 18 105 90 99 83 101 35
Cc2 107 22 109 40 108 00 102 03 102 80
Mean F 108 17 108 29 106 95 101 03 102 80

Mean of control

CD tr (va) Ct 22 41

Table 10a So1l available Mg ha ! 1992

————— i — — et e ey ey e e S e e e e s

103 88

F 0 1 2 3 4 Mean C
C1 124 37 143 42 153 33 148 72 140 52 141 67
c2 126 35 145 /28 1564 17 148 37 143 27 143 49
Mean F 125 36 144 35 153 75 147 54 141 89
ST T s e Mean of control 80 05
CD tr (vs) Ct 32 36
Table 10b So1l avairlable Mg ha~! 1993
3 0 1 2 3 4 Mean C
C1 145 95 185 17 167 88 167 60 188 37 1862 893
cz 147 40 165 22 160 27 153 53 158 70 157 023
Mean F 148 425 165 900 184 080 180 573 183 53

) Mean of control 86 98

CD tr (vs) Ct 28 968
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18 recycled i1nto the soil Also the root nodules which are
rich 1n Mg asdded i1nto the so1il These findings are 1in

accordance with the work of Watson (1981)

Application of K beyond 30 kg level had a negative
effect on the Mg content of so1l Application of K 1ncreased
the concentration of K* ions which might have replaced More
of Mg** 1ons from the exchange si1tes into the soil solution
and they were subsequently lost by leaching (Tisdale et gl,
1985) Also more of Mg was probably removed by the rubber

and cover crops when growth and biomass were i1mproved by

application of N and K

4 1 3 Effect of cover crops and their nutrition on the

Hevea leaflf nutrient contents

The results of major nutrients N P K Ca and Mg

content of Heven leaves are presented and discussed below

4 1 31 Hevea leaf N content

The results obtained for the period from 1991 to
1993 are presented 1n Tables 11i—-11b It 13 observed that

there was significant difference between the mean of
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H
Table 11 Effect of covercrops and their nutrition on the
Hevea leaf N X 1991
E 0 1 2 3 4 Mean C
(o} ] 3 104 3 111 3 125 3 159 3 178 3 135
Cc2 3 114 3 186 3 121 3 308 3 117 3 189
Mean F 3 109 3 149 3 123 3 234 3 147
Mean of control 2 137
CD tr (vs) ct 0 708
Table 11a Hevea leaf N X 1992
F o 1 2 3 4 Mean C
C1 3 202 3 213 3 331 3 288 3 377 3 282
Cc2 3 311 3 386 3 418 3 398 3 461 3 395
Mean F 3 257 3 299 3 375 3 343 3 419
T T T T Mean of control 2 175
CD tr (vs) Ct 0 719
Table 11b Hevea leaf N X 1993
F 0 1 2 3 4 Mean C
C1 3 273 3 31t 3 432 3 380 3 4178 3 375
c2 3 398 3 457 3 547 3 522 3 550 3 494
Mean F 3 335 3 384 3 490 3 45t 3 514

. A e aa s AR A 0 g e Py S —_

CD tr (vs)

Mean of control 2 192
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Fig 10 Effect of cover crops and their nutrition
on the Hevea leaf Nitrogen (%) 1991-1093
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>
treatments and control plots The former recorded
si1gnificantly higher leaf N content It may be seen from the

table on organic carbon content was more 1n the treatment
plots with cover crop than that of absolute control ﬂmong the
levelis of fertilizer there 18 no significant difference
(Fi1g 10> This would have 1nfluenced the nitrogen content of
Hevea under cover cropped situation All the benefits
assoclated with cover crop such as moisture availability,
lack of weed competition and faster mineralisation woulid have

contributed to higher leaf nitrogen content of Hevea These

findings are in line with the works of Watson (19681) Watson
t al (1984) and Pushparajah (1977)

4 1 3 2 Hevea leaf P content

The results of Hevea leaf P obtained for the period
from 1991 to 1993 are presented 1n Table 12-12b It 1s seen
from the table that there ;as a gsi1gnificant difference
between the treatments and control plot The plots with cover
crops recorded significantly higher leaf P content than the
control plots It 18 also observed that there was no
sirgnificant difference between the cover crops as well as

between the levels of fertilizers There was no i1nteraction

effect found (Fig 1{1)



Table 12 Fffect of covercrops
Hevea leaf P % 1991
F 0 1 2
Ci 0 226 0 2386 0 243
Cc2 0 230 0 246 0 254
Mean F 0o 228 0 241 0 249
CD tr (vs) Ct O 045
Table 12a Hevea leaf P X 1992
F 0 1 2
(o3} 0 228 0 237 0 244
c2 0o 237 0 249 0 258
Mean F 0 233 0 243 0 25t
CD tr (vs) Ct 0 048
Table 12b Hevea leaf P X 1993
F 0 1 2
Cl 0 287 0 247 0 258
c2 0 238 0 257 0 287
Mean F 0 253 0 252 0 282
CD tr (vg) Ct O 058

16
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and their nutrition on the

———

3 4 Mean C
0 251 0 268 0 244
0 287 0 273 0 254
0 259 0 270

—— % e e A M ————— A o ——— ———

Mean of control 0 135

3 4 Mean C
0 259 0 2860 0 248
0 274 0 280 0 260
0 287 0 270

3 4 Mean C
0 28B5 0 280 0 283
0 287 0 294 0 289
0 276 0 28B4

Mean of control O 151




Fig 11 Effect of cover crops and their nutrition
on the Hevea leaf Phosphorus(%) 1991-1993
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All the three years of sampling the Hevea leaf P

content 1n the cover cropped plots were higher due to the
1increased availlable P content of the so1il this was through
the 1ncreased population of phosphate solubilizing
microorganisms i1n the soil (Table 35) The i1ncreased leaf P
could be attained through the enhanced mineralisation process
and i1ncreased uptake of P from Soil along with N and K for
the growth and other plant metabolism This finding 1s 1n
accordance with the works of Watson (1961) and Kothandaraman

t ab (19980)

The high soi1il P status might have helped i1n better
absorption of P resulting in higher P content of Hevea leaves
1n the cover cropped treatments Shorrockas (1982) Pushpadas
et al (1978) Yogaratnam et al (1984) and Punnoose (1993)

also reported that application of P improved the leaf P

content of Hevea

4 1 3 3 Hevea leaf K content

The Hevea leaf K content for the period from 1991
to 1993 are presented in Tables 13-13b It 1s noted from
the tables that there was significant differences between

the treatments and control plot The treatment plots with



Table 13 Effect of covercrops and their nutrition on the
Hevea leaf K X 1991
F 0 1 2 3 4 Mean C
Cl1 1 265 t 293 1 318 1 345 1 456 1 335
C2 1 268 1 301 1 320 1 348 1 459 1 339
Mean F 1 266 1 297 1 318 i 3486 1 457
Mean of control O 808
CD tr (vs) Ct O 2865
Table 13a Hevea leaf K X 1992
£ 0 1 2 3 4 Mean C
Ci1 1 269 1 297 1 321 1 350 1 461 1 340
c2 1 274 1 306 1 325 1 353 1 452 i 342
Mean F 1 272 1 302 1 323 1 352 1 457
CoTTTI T O o T Mean of control 1 341
CD tr (va) Ct O 266
Table 13b Hevea leaf K % 1993
F 0 1 2 3 4 Mean C
Cl 1 271 1 303 1 325 1 353 1 466 1 344
C2 1 277 1 311 1 329 1 357 1 469 1 349
Mean F 1 274 1 307 1 327 1 355 i 468
________ Mean of control 0 810

CD tr (vs) Ct O 287

18
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cover crop recorded significantly higher lealf K content than

the absolute control There was no significant difference
between cover (rops as well as between the levels of
ferti1li1/ers to cover crops It 13 also noted that there was

no i1nteraction effect (Fig 12)

The 1ncreased K content of Hevea leaf i1n the
cover cropped treatment over the absolute control 1s mainly
due to the presence of higher quantity of available K which
was obtained through the decomposed dead litter addition and
the K from rainfall 1nterception by cover crops Moreover
the higher growth associated with application of N enhanced
to cover crop would have 1ncreased the plant uptake of K
thus 1ncreasing 1ts level 1n leaf Thi1s finding 1s in line
with the work of Watson (1961) Russel (1983) and Punnoose

(1983)

4 1 3 4 Hevea leaf Ca content

The Hevea leaf (a content for the sampling period
were presented 1n Tables 14 i4b The Lreatments with cover
crops were si1gnificantly higher 1n Ca content than the
absolute control It 18 observed ithat there was no
si1ignificant difference obtained between ei1ther the levels of

fertilizers or between the cover crops



Table 14 Effect of covercrops and their nutrition on the

Hevea leaf Ca X 1991

F 0 1 2 3 4 Mean C
Ci1 0 403 0 483 0 487 0 477 0 500 0 485
c2 0 433 0 AT7 0 510 0 480 ¢ 520 0 488
Mean F 0 423 0 470 0 498 0 475 0 510

Mean of control 0 217

CD tr (vs) Ct O 073

Table 14a Hevea leaf Ca X 1992

F 0 1 2 3 4 Mean C
C1 0 450 0 490 0 523 0 510 0 553 0 507
c2 0 480 0 540 0 540 0 510 0 560 0 528
Mean F 0 465 O 515 0 537 0 510 0 557

—,—— e etm—— ———— e ea —_— ——— — e et e e e . A e mm e e —

Mean of control 0 243
CD tr (vs) Ct O 081

Table 14b Hevea leaf Ca X 1993

F 0 1 2 3 4 Mean C
C1 0 483 0 520 0 560 G 5680 0 617 0 548
c2 0 513 0 523 0 597 0 577 0 633 0 579
Mean F 0 498 0 547 0 578 0 568 0 625

——— —_ —— —_ _—— —— - - —_ e ——————— —_— —— —

Mean of control O 273
cp Lty (vs)ct 0093
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The 1ncreased leaf Ca content 18 due to the
increased quantum addition of dead leaf and twig litter
materialas 1nto the =01l This addition of Ca 1nto the so1l
mi:ght have helped i1n better absorption of Ca resulting 1n
higher C& content 1n leaf of Hevea This finding 18 i1n line

with the work of Watson (1961) and Pushparajah (1968)

4135 Hevea leaf Mg content

The Hevea leaf Mg content during the experiments
were presented 1n Tables 15-15b The treatments with cover
crops were significantly superior than the absolute control
on the leaf Mg content There was no s1gnificant difference
between the levels of fertilizers It was noted that there

was no significant difference between the cover crops

The 1ncreased Mg content of Hevea leaf 1n the
cover cropped treatment plots are mainly due to the addition
of dead leaf stem and root litter of cover crops which are
good Bource of Mg This added litter enhanced the
mineralisation process and i1mported the uptake of Mg by
Hevea The N P KX addifion gradually 1mproved the uptake
of Mg by Hevea as well as cover crops also Similar findings

were reported by Watson (1981) and Punnoose (1993)
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Table 15 Effect of covercrops and their nutrition on the
Hevea leaf Mg X 1991
F 0 1 2 3 4 Mean C
C1 0 252 0 254 0 225 0 259 0 280 0 258
c2 0 252 0 255 0 257 0 282 0 285 0 258
Mean F 0 252 0 255 0 256 0 280 0 262
Mean of control 0 164
CD tr (vs) Ct O 054
Table 15a Hevea leaf Mg X 1992
F 0 1 2 3 4 Mean C
Cct 0 254 0 255 0 2568 0 263 0 270 0 2860
c2 0 256 0 281 0 283 0 287 0 271 0 283
Mean F 0 255 0 258 0 280 0 285 0 271
T T T Mean o;_control 0 168
CD tr (va) Ct O 055
Table 15b Hevea leaf Mg X 1993
E 0 1 2 3 4 Mean C
Cl O 253 0 255 0 258 0 281 0 287 0 259
c2 0 255 0 258 0 259 0 281 0 289 0 280
Mean F 0 254 0 258 0 258 0 2861 0 268

CD tr (vs) Ct O 055

Mean o; control_O 185
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4 1 4 Lffect of cover crops and their nutrition on Weed Dry
Matter Production (DMP)

The quantity of weed drymatter produced 1n Kg ha—1

in the experiment 1s analysed and the same 13 presented and

discussed below The recording of week DMP were under taken

at s1x monthly i1nterval

It 13 also seen from the Tables 16-16d that during
the first year of the experiment there was no significant
difference noted in the weed DMP between the treatmentas and
absoliute control There was si1gnificant difference from
Apri1l 1992 to October 1993 between the treatments and
absolute control on the weed DMP during all the recordings
There was no significant difference found between the cover
crops However in the case of fertilizer treatments there
was & drastic reduction i1n weed DMP when the level of
fertilizers were 1ncreased This reduction was significant

in April 1993 (Fi1g 13)

During the first year of the experiment the
cover crops were Just establishing 1n the treatment plots

that might be the reason for not showing any significant
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Table 18 Effect of covercrops and the:ir nutrition on weed

dry matter Kg ha~! Oct 1991

€ 0 1 2 3 4 Mean C

C1 1168 3 870 O 687 6 775 O 556 0 811 40
Cc2 1196 7 gi5 0 628 3 810 O 589 3 827 887
Mean F 1182 5 892 0 858 O 792 5 572 7

—————— v e e——— —— ——— e mm e e e a e e

Mean of control 1200 00
CDf 402 050

Table 18a Weed dry matter Kg haﬂl Apral 1992

F 0 1 2 3 4 Mean C
(0%} 945 0 668 3 476 7 816 7 453 00 632 00
L2 825 0 605 O 413 3 53 30 398 0 564 67
Mean F 885 O 636 7 445 0 575 0O 475 O

Mean of control 1073 33
CD tr (vs) Ct 371 230

Table 16b Weed dry matter Kg ha ! Oct 1992

F 0 1 2 3 4 Mean C
(03] 1156 7 B71 7 683 3 818 3 655 0 837 00
c2 1021 7 798 3 618 3 730 O 565 0O 744 67
Mean F 1089 2 835 O 650 8 774 2 605 O

——— _ —— e e e —_ —_— ——— e oy ey e —————

Mean of control 1285 00
CD tr (vs) Ct 405 230



Table 16¢c Weed dry matter Kg ba ! April 1993

F 0 1 2 3 4 Mean C
C1 978 3 688 3 476 6 568 3 451 7 632 7
c2 813 3 588 3 368 3 401 7 360 O 506 3
Mean F 895 8 638 3 422 5 485 0 405 8

———a—na -

Mean of control 990 00
CD tr (vs) Ct 339 800

Cbf 323 9383

Table 186d Weed dry matter Kg ha~! Oct 1993

e 0 t 2 3 4 Mean C
Ci 1081 7 790 O 515 0 573 3 458 3 689 6
c2 858 3 598 3 401 6 456 6 393 3 541 7
Mean F 860 O 694 2 515 0 515 0 450 8

Mean of control 1208 3

CD tr (vs) Ct 413 352



Fig 13 Effect of cover crops and their nutrition
on weed DMP (kg ha) 1991-1993
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d fference between the absolute control and cover crop grown
plots on the weed DMP From April 1992 there was a
si1gnificant reduction on the weed DMP between the absoilute
cot Ltrol ard cover crop grown plots From Aprii 1992 there
was 91gnificant reduction of weed DMP 1n the treatment plots
over absolute control This m ght be due to the smothering
effect of cover crops on the weed growth 1n the cover crops
grown Lreatments These findings are 1in accordance with
tte observations of Potty et al (1980) and Kothandaraman
et al (1987)

When the three observations 1n QOctober are
examined 1t can be seen that the control plots have recorded
almost same quantity of DMP of weeds where as the treatment
plots (cover cropped plots) there was a drastic reduction 1n
the DMP as the time 1S passed The same trend 1s also seen
between the observations during Apri1l 92 and Apri1l 19893
wherein the reduction 1n DMP 1s nearly 50% This 1s
altributed to Lhe distinclt beneficial effect of cover crops

1n the reduction of weed growth

In the first year of the estabiishment the cover

crop Mucuna had a tentancy to grow very slowly and those plot



v

with that cover crop recorded highest weed DMP during October
1991 Afterwards 1t has grown profusely and suppressed the
weed growth and recorded least quantity of weed DMP This
finding 1s corroborative with the work of Kothandaraman
et al (1990)

It may further seen that there 1s also appreciabie
difference noticed 1n the weed DMP between the seasons The
April month coincided with summer <season and the cover
cropped plots recorded comparatively reduced DMP than that of
wel season 1n October This 18 due to the smothering effect
of the cover crop on weed growth The competiltion for
moisture also must have reduced the weed populatisn since the

cover crops are of robust nature

4 1 5 Effect of cover crops and their nutrition of so1il

mositure

The s011 moi1sture content for summer months viz
January Febriary March and Apr:l of 1992 ar ] 1993 were

estimated analysed and discussed below

Frcm the Tables 17 20¢ 1t 18 seen that luring the T

vyear top 43 1 (0 30 cm deplh of soil) soil moisturc in the



Table 17

CD tr (vs)

Table 17a

c2

Mean F

—_————

CD tr (vs)

Che 1 47

VYO

4

Effect of covercrops and their nutrition on the

so1l moi1sture X at 0-30 cm (Jan 1992)

e e e e e et v

0 1 2 3 4 Mean C
15 25 i5 10 15 98 15 16 15 10 15 50
16 57 16 77 17 16 16 98 18 07 17 Ot
15 908 15 933 16 567 15 82 17 040

Mean of control 8 033
ctrl 2 686
So:1l moisture ¥ at 0-30 cm (Feb 1992)

0 1 2 3 4 Mean C
14 15 14 27 14 97 14 17 15 47 14 60
15 20 15 58 18 57 15 32 17 77 18 09
14 875 14 93 15 77 14 74 16 620

Mean of control 7 333

ct 2 44
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Table 17Tb So1l moisture X at 0-30 cm (March 1992)

F 0 1 2 3 4 Mean C
Ci 12 30 13 33 14 38 13 30 14 97 13 857
c2 13 13 13 85 15 91 14 27 17 03 14 760
Mean [ 12 717 13 39 15 15 13 78 18 00

Mean of control @8 368

CD tr (vs) et 2 177
CDc 1 0786

CDf 2 018

Table 17c Soi1l moisture X at 0-30 cm (April 1992)

F 0 1 2 3 4 Mean C
Cl1 11 45 12 20 13 43 12 37 13 93 12 877
c2 12 13 12 58 14 97 13 27 16 18 13 B27
Mean F 11 39 12 39 14 20 12 82 15 08

Mean of control &5 48
CD tr (vs) ct 1 B17
CcDh t 2 451
CDc 1 098

CDf t 733



Table 18 So1l moisture ¥ at 30-60 cm (Jan 1992)

£ 0 1
c1 18 53 18 42
c2 17 57 17 78
Mean F 17 05 17 10

CD tr (vs) ct 2 987

Cbe 1 287

go
ﬁo

Mean C

16 62 16 17 17 43
18 17 17 50 19 08

17 39 16 83 18 260

16 83

18 02

Mean of control

Table 18a Soi1l moisture X at 30-60 cm (Feb 1992)

——— et ey > e e e ——

F 0 1

ct 15 30 15 42
c2 16 48 18 73
Mean F 15 89 18 075

e —— ——— A e cmem -

CD tr (vs) et 2 747

CDe 1 480

15 98 15 22 16 63
17 73 18 47 18 93

16 858 15 842 17 783

Mean of control

9 017

8 617

——— s = e e e s e .



Table {8b So1l moisture ¥ at 30-60 cm (March 1992)

F 0 i 2 3 4 Mean C
Cl1 13 177 14 10 15 33 13 85 15 60 14 410
C2 14 55 14 45 16 80 15 19 18 05 15 797
Mean F 13 858 14 28 16 07 14 49 16 83

—_—— m—_— - ——— - —— —_—— ——— e ———— - e e et —————

Mean of control 7 288
CD tr (vs) ct 2 431
CDc 1 287

Cbhf 2 217

Table 18c So1il moisture X at 30 860 cm (April 1992)

F ) 1 2 3 4 Mean C
C1 12 45 13 25 14 46 13 37 15 28 13 76
c2 13 18 13 70 15 413 14 25 17 43 14 80
Mean F 12 817 13 47 14 95 13 81 18 38

Mean of control 8 2
CD tr (vs) et 2 177
Cbhe 1 017

CDf 2 076
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over croppel plots were more than the absoliite control

Fertilizer application also 1ncreased the moisture content
and the combined effect of both 18 more proynoirced and
s1gni1fi1cant As the period of observation s advanced the
difference between cover crops are alJso more pronounced

Among the cover crops C, 1s significantly superior than C,

From March 892 onwards fertilizer treatments were also
showing definite advantage Higher dose of fertilizer
applied treatments recoried maximum moisture content followed
by F2 which 18 s1gnificantly superior to Fo During April 92
also the same trend 1s observed and F2 18 si1gni1frcantly

superior to FO and Fl

During the first year for the bottom s>11 (30 60 um

depth) the soil moi1sture 1n Lhe cover cropped plots were

more than the absolute control Among the cover crops
Puereria 18 superior than Mucuna Fertilizer levels also
improved the so1l moisture at latter months F2 level 14

found sufficient ag the levels Fz and F4 are on par with each

other

During the second year of observation the so1l
moisture content 1n the top soi1l did not show any significant

difference between the cover crops



The ftertilizer levels exhibiled same trend as the
first year of observation where in the effert was noticed
from March to April (Peak summer months) Dur 1ng March and

April F, 18 superior than F3 Fl and F,

During the second year of observation 1n the lower

depth of so1l the cover cropped plots recorded more
morsture than the absolute control Among the cover crops
Pueraria 1s superior than Mucuna The fertilizer levels

responded as 1n the case of I year (Fig 14)

The cover (ropped treatments registered highest
so1l moilsture per cent than the absolute control The cover
crop covered over the so1l surfac; like a thick mat and
might have 1ntercepted the precipitation to the maximum
extent reduced runoff losses avoided the loss through
evaporation and there by 1mproved the water retention
capacity of the soil {(Tables 21-24) Thi1s mi1ght be the
reason for the highest so01l moisture conient 1n the cover
cropped plots In contrast the absolute control plots were

infested with weeds completing there life cycle 1n short span

and the process was continuous and this resulted least so1l



Table

Ct
c2

Mean F

CD tr

Table

Mean F

CD tr

ay

ak

19 So1l moisture ¥ at 0-30 (Jan 1993)

0 1 2 3 4 Mean C
16 25 16 20 16 82 18 15 16 92 16 47
17 53 17 73 18 10 17 42 18 95 17 95

tb 892 16 967 17 486 16 783 17 93

Mean of control 7 500

(ve) et 2 489

192 So:l moirsture ¥ at 0-30 (Fed 1993)

0 1 2 3 4 Mean C
15 98 15 38 16 72 15 47 18 50 16 010
16 27 18 62 17 95 16 75 18 68 17 253

16 125 16 000 17 333 16 108 17 592

—_—— et —— — - ————— —— ———— et ————— —_

Mean of control 8 0867

(vs) ct 2 8B87



Table 19b So1l moisture ¥ at 0-30 (March 1993)

£ o 1

C1 13 23 14 227
c2 14 17 14 47
Mean F 13 700 (4 342

CD tr (vs) ct 2 162

cbf 2 081

Table 19¢ Soi1l moisture X

——— e ot B . Y P S Gl et et P o e et e . . S B

2 3 4 Mean C
i5 38 14 45 15 93 14 643
16 78 15 43 17 72 15 713

16 083 14 942 16 825

Mean of control 6 383

at 0-30 (April 1993)

E 0 1 2 3 4 Mean C
Ci1 12 30 13 117 15 35 12 97 18 03 13 953
Cc2 13 13 13 817 18 57 14 28 17 25 15 010
Mean I 12 717 13 470 15 958 13 625 16 64

CD tr (vs) ct 1 857
Cb t 2 505

CDf 1 771

Mean of control 5 456



Fig 14 Effect of cover crops and their nutrition
on soil moisture percentage during
1993 summer at O 30 cm
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Table 20 So1l moisture ¥ at 30-80 (Jan 1993) q

F 0 1 2 3 4 Mean C
C1 17 89 18 48 18 59 18 79 19 75 18 70
cz2 17 50 17 40 17 50 17 10 18 25 17 55
Mean F 17 695 17 940 18 045 17 945 19 000

Mean of control 8 725

CD tr (vs) ctrl 2 945
Chc 1 857
Table 20a Soill moisture X at 30-60 (Feb 1993)

F 0 1 2 3 4 Mean C
Ci1 17 23 15 60 18 73 17 45 19 77 17 757
Cc2 15 48 15 42 15 93 15 40 16 68 15 783
Mean F 16 358 15 508 17 333 16 425 18 225

Mean of control 8 216
CD tr (vs) ct 2 972

CDc 1 792



q?(

Tabie 20b Soil moisture ¥ at 30-60 (March 1993)

F 0 1 A 3 4 Mean C
Ci1 14 87 14 80 17 42 15 60 18 03 16 103
C2 13 83 id4 65 15 70 14 85 15 65 14 897
Mean F 14 150 14 725 18 558 15 225 16 842

Mean of control 6 783
CD tr (vs) ct 2 027
CDhc 1 905
CDfr 1 933
Table 20c So1l moisture X at 30-60 (Apr:l 1993)

F 0 1 2 3 4 Mean C
Ci 13 82 14 08 16 43 14 50 16 88 15 143
Cc2 12 72 13 77 i4 72 13 63 15 88 14 143
Mean F 13 267 13 925 15 575 14 067 16 383

Mean of control 6 133
CD tr (vs) ct 2 2186
Cbe 1 945
CDf 2 112



Fig 15 Effect of cover crops and their nutrition

on soll moisture percentage during
1993 summer at 30 60 cm
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moisture These findings are 1n line with the work of Soong
et al (1978)

During the first and second year of observation the
top so1l moisture 1n the Mucuna cover cropped plots were
higher because the thick mat of mulching by the cover alone
13 there in this zone Active rhizophere of Mucuna 1s below
45 cm depth where as the Pueraria roots are active at top 45

cm layer hence there was least moisture content (Fi1g 15)

In contrastlthe lower depth s011 moisture content
of Pueraria 18 higher than Mucuna (Fi1g 14) It 1s
because of the active rhizophere of Pueraria at 45 cm of top
so1l layer Hence the sol1]l moisture below 45 cm 13 higher 1n
Pueraria where as 1n the case of Mucuna i1ts active
rhizophere 13 below 45 cm depth and recorded least so1il
moisture at deeper depth These findings are i1in confirmative

with the work of Kothandaraman et al (1990)

4 1 6 So1l physical characters

The effect of cover crops and their nutrition on

molisture retention total porosity bulk dens:ity and



aggregaltion percentage at two depths viz 0-30 and 30-60 cm

are presented and discussed below

4 1 61 So1l moisture retention capacity

The moisture retentive capacity was worked out at
the begining and end of the experiment at -0 033 MPa and at
1 § Mpa pressure at two depths viz 0-30 and 30 60 (m and
are presented 1n Tables 21 24 At -0 033 Mpa growing of
cover crops have si1gnificantly i1ncreased the moi1sture
retentive capacity over the absolute control at both the
depths Among the cover crops Mucuna grown plotas have
s1gnificantly superior molsture retentive capacity than
Pueraria grown plots i1n the 0-30 cm So1l depth Whereas when
the depth wag 1ncreased there was no significant difference
1n 801l moisture retention The levels of fertilizers
applied to cover crops had significant effect on the moisture
retention at both depths Among the levels F4 has recorded

the highest moisture retention followed by F2 F3 Fl and FO

In the cover cropped treatments the dead litter
materials deposited on the surface of so1l and form a thick

mat like structure and reduced the evaporation losses and
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Table 21 Effect of covercrops and their nutrition on the

molsture retention at (0-30 cm) -0 033 MPa

F () i 2 3

Ci 24 83 25 10 26 25 25 75
c2 25 05 25 15 26 88 25 55
Mean F 24 942 25 125 2B 567 25 850

—————— e e o e e

26 43 25 673

26 86 25 B899

26 447

Mean of control 24 833

Ch t 0 1314

CD ef O 131

Cbh ¢ 0 059

Cb f 0 093

CD tr va ct 0 098

Table 22 Moisture retention at (30-60 cm) -0 033 MPa

F 0 1 2 3 4 Mean C
C1 28 90 29 13 30 07 29 BT 30 15 29 583
c2 28 23 29 08 30 60 29 07 30 81 29 553
Mean F 28 587 29 107 30 333 29 387 30 482

—_—— [— ———— ——

Mean of control 28 70

CDht O 374
Chc O 187
Ch £ 0 265

CD cf O 374




Table 23 Moisture

=

retention at (0-30 ca) -1 5 MPa

———— — — e — —— — ————

F 0 1 2 3 4 Mean C
Ct 17 93 17 85 19 45 18 13 19 40 18 553
Cc2 18 48 18 97 19 87 19 00 19 95 19 213
Mean F 18 208 18 408 19 558 18 587 19 875

CDh &t 0 382
CDc O 171
Cbf 0 271

CD ef O 3827

Mean of control 17 75

CD tr (vs) ct O 28B4

Table 24 Moilsture

retention at (30-80 cm) -1 5 MPa

———— ——— ——

F 0 1 2 3 4 Mean C
ci1 22 05 22 715 23 35 22 88 23 @85 22 937
c2 22 48 22 80 23 75 22 95 23 87 23 170
Mean F 22 287 22 775 23 550 22 917 23 758

CDt O 208

CD ¢ O 0922

CDf O 148

CD cf O 20

CD tr (vs) ¢t O 153

Mean of control 22 017
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improved the 1nfiltration of rain water 1nto the so1l

Organic matter addition i1n the cover cropped plots were very
high when compared to control plots This organic matter
added got decomposed and i1ncreased the total porocity (Table
25) Increased biomass of cover crops as evidenced from
Table 31 and 1ncreased so1l microbial population (Table 35)
were also contributed for the higher moisture retention

These mi1ght be the reasons for the highest soil moisture
retention at both depths under both pressures i1n Mucuna grown
plots These findings are 1n line with the work of Soong

(1971) Soong et al (19768) and Krishnakumar et al (1990)

Regarding the levels of fertilizers the higher
dose has produced increased quantum of organic carbon by
increased quantity of biomass Hence higher moisture

retention at higher fertilizer level

4 1 6 2 Total porosaity

The so1l was analysed for 1ts total porosity at the
beginning and end of the experiment at two depths viz 0-30
and 30-60 cm and are presented 1n Tables 25 and 26 The

total porosity of the so1l! at 0-30 cm depth was significantly
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Table 25 Effect of covercrops and their nutrition on the
total porosity X (0-30 cm)

F 0 1 3 Mean C
Ci 45 08 46 83 48 50 47 93 49 00
c2 16 13 47 18 48 78 47 956 48 10
Mean F 45 808 47 008 48 842 47 942

Mean of control 44 83
CD tr (vs) et O 162
Table 26 Total porosity X (30-60 cm)

F 0 1 2 3 4 Mean C
(53 | 47 70 49 10 47 12 49 80 50 80 48 804
C2 48 15 49 12 50 88 39 80 51 23 47 837
Mean F 47 925 49 108 49 002 44 800 51 017

Mean of control 47 85
CDt NS
CD ¢ NS
CD f NS
CD cf NS

CD tr Cvs)

et NS



higher 1n the cover cropped treatment plots than the absolute
control plots There was no significant difference found
between the cover crops as well as between the levels of
fertilizers Also there 13 no significant difference observed

at lower depth of so1l

In the cover cropped treatment plots the dead
litter materials of cover crop deposited on the surface of
soi1l and got decomposed This decomposed organic matter
might have 1mproved the organic carbon content and there by
the pore spaces were 1mproved The studies made elsewhere
relate such differential effects to the amount of the organic
matter returned to the soi1l and also the vigour of the root
system The ramifications made by the cover crop roots and
the organic matter added i1in the top sorl might have
contributed to the 1ncreased total pore space These
findings are 1n corroborative with the works of Harris et al

(1966) Soong et al (1976) and Krishnakumar (1989)

416 3 Bulk density

The bulk density of the soi1l from the experimental
area was analysed and 13 presented i1n the Tables 27 and 28

The bulk density of the soi1l did not show eirther any



Table 27 Effect of covercrops and their nutrition on the

Bulk density (0-30 cm)

F 0 i 2 3 4 5 Mean C
Ci 1 25 1 28 1 23 1 23 1 23 1 23 1 242
C2 1 24 1 23 1 25 1 24 1 24 1 29 1 253
Mean F 1 247 1 247 1 243 1 237 t 237 1 283

Mean of control 1 238

CDh tr (vs) ot 0 007

Table 28 Bulk Density (30-60 cm)

£ 0 1 2 a 4 Mean C
Ct 1 37 1 197 1 18 1 20 1 19 1 227
c2 1 22 1 22 1 20 1 19 1 18 1 202
Mean F t 292 1 208 1 19 1 95 1 187

Mean of control t 217
CDt NS
CDc NS
CDf NS
CDef NS
Cd Ct NS

CD trtvs)ct NS



significant difference among the cover crops or any among the

levels of fertilizers applied to the cover crops

In normal case the effect of cover crops on the
bulk density of the so1l could be occurred at a long span of
time This finding 1s in relation with the work of Soong
et al (1976)

4 1 6 4 Aggregation percentage

The results of aggregation analysis done at the
beginning and end of the experiment 13 presented in the
Tables 29 and 30 The aggregation percentage was found to be
higher i1n the topsoil (0-30 cm depth) than the bottom so1l
(30-80 cm depth) The cover cropped treatment plots recorded
si1gnificantly higher aggregation percentage over the control
plots at both depths Among the cover crops there 13 no
significant difference observed Regarding the levels of
fertilizers applied to cover crops F4 and F5, were on par and
these levels were significantly superior than the other

levels

In the cover cropped plots the dead li1tter

materials added have i1mproved the organic carbon content and



Table 29 Effect of covercrops and their nutrition on the

Aggregation X (0-30cm)

F 0 1 2 3 4 Mean C
(] 87 23 88 717 89 50 88 50 88 80 88 120
c2 87 37 87 40 89 37 88 47 89 63 88 447
Mean T 87 300 87 083 89 413 88 483 89 117

Mean of control 87 133
CD of O 555
CDe 0 348
CcDhf 0 393

CD tr (vs) et O 412

Table 30 Aggregation X (30-60cm)

F 0 1 2 3 4 Mean C
C1 80 73 80 53 82 60 81 56 82 63 81 813
c2 80 87 80 77 81 06 8t 80 80 70 81 000
Mean F 80 800 80 B850 81 833 81 583 81 687

Mean of control 80 087
CD cf 0 444
Cbc 0 799
CDr 0 314

CDh tr (vs) «t O 329



13

total pore space and there by 1mproved the aggregation
percentage The vigorous root growth and 1ts ramification
process also might have contributed to better pore space and
aggregation percentage Same ]line of observations were
reported by Harris et al (1966) Soong (1971) Soong et al
(1976)

4 1 7 Covercrop Biromass production kg ha_l

Biomass of cover crops produced from QOctober 91 to
October 93 were recorded at six monthly interval analysed and

di1scussed below

During the early stage October 19981 Pueraria
recorded significantly highest biomass From April 1992
onwards Mucumpa 18 overtaking Pueraria Mucuna produced
almost double the quantity of biomass at latter stage Among
the levels of fertilizers,F2 1s found superior in earlier
stage as the growth 1s limited Addition of 10 kgN has
increased the nodules count with that the biomass At thas
stage F2 13 sufficient and cover crops has no capacity to
uti1lizve 60 kg P and K As the time passes more uptake of P
and K 18 noticed and from first year onwards F4 1s superior

and 18 followed by F2



Table 31 Effect of nutrition on the cover Biomass kg hn_'
October 199%
FO Fi1 F2 F3 F4 Mean C
Cy 352 67 378 33 478 33 435 00 483 33 425 53
Ca 325 00 380 00 451 67 381 67 423 33 392 33
Mean F 338 833 379 187 485 000 408 330 453 33
CD t 44 273
CD ¢ 19 799
CD £ 31 306
Table 3ia April 1992
FO F1 F2 F3 F4 Mean C
Cy 423 33 4865 00 581 87 500 00 646 67 523 33
Co 818 33 841 67 1090 00 928 99 1143 33 984 33
Mean F 620 833 653 333 835 833 714 187 895 00
CD c 34 492
Ch f 54 537
CDh t 77 127
Table 31b October 82
FO Fi F2 F3 F4 Mean C
Cy 962 667 988 33 1088 33 1080 00 1155 00 1054 867
Ca 1543 33 1651 87 2183 33 1880 00 2338 86 1879 00
Mean F 1253 00 1370 007 1635 83 1380 00 1745 83
CD c 39 977 CD cf 89 39
Cb £ 63 209 (bt 89 39
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Covercrop biomass Kg ha~!

Table 3lc Apri1l 1983
————— —FO— o _;I—— HH;; o ;3dﬂ F4__~— Mean C
Cl 1385 00 1421 87 1601 57 1498 33 1610 00 1499 33
Cz 2090 00 2175 00 2828 33 2275 00 2861 67 2408 00

Moan F 1727 5 1798 33 2115 00 1886 87 2235 83

CD c 57 375
Ch t 114 877

CD f 81 231

CD cf 114 877

Table 31d Qctober 1993

FoO F1 F2 F3 F4 Mean C
Cl 2625 0 2663 33 3088 33 2070 00 3245 00 2844 333
Cy 3085 O 3265 00 3888 33 37688 33 4676 67 3728 687
Mean F 2845 0 2964 17 3468 33 3219 187 3960 83
CD ¢ 65 141 CDf 98 751 CDecf 127 41 CD t 127 41



During the early stage Puerarias grown faster and
Mucuna s a slow grower As time passed Mucuna picked dp the

growth and overtook the ofher

This finding 13 1n line with the work of
Kothandaraman gt al (1990) Regarding the levels of N P
and K at the early stage,F2 level 1s sufficient and same type
of reporting was done by Pushparajah (1977) During the
latter stages of growth the level F4 1s required because of
increased biomass addition and 1ts i1ncreased P and K

requirement 1s met by the F4 level

41711 Effect of nutrition on the uptake of nuirients by

cover crops Kg ha~ !

The uptake of N P K (a and Mg i1in the different years
of observations are presented i1n Table 3l1e-—-311 In the
first year of observation there was no si1gnificant
differences observed between the covercrops and among the
levels/F2 and F4 were on par with each other During the
second and third year of observations Mucuna recorded
significantly higher uptake of N Among the levels’F2 and F4
were on par This showed the sufficiency of the level

10 30 30 for both covercrops



Table 3le

Effect of nutrition on the nutrient uptake of N

kg ha  * by cover crops
October 1991
FO F1 F2 F3 F4 Mean C
Cy 8 22 g9 22 11 89 10 56 12 03 10 35
Coy 7 75 9 52 11 55 9 49 10 87 9 81
Mean F 7 985 9 37 11 72 10 03 11 45
CD £f 2 585
October 1992
FO F1 F2 F3 F4 Mean C
Cy 23 23 24 70 27 20 27 08 29 79 28 40
Lo 38 68 43 05 58 07 43 34 862 61 49 35
Mean F 30 956 38 875 42 B35 35 210 46 200
CD c 7 425
CD £ 10 265
October 1993
FO Fi F2 F3 F4 Mean C
Cy 64 49 68 44 80 90 68 97 83 57 73 874
Cop 78 37 88 75 103 28 99 59 125 79 99 156
Mean F 71 43 73 595 92 09 84 28 104 68
CD c 8 40
CD £ 12 125
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Table 3if Effect of nutrition on the nutrient uptake of P
kg ha = by cover crops

October 1891

FO ri F2 F3 F4 Mean C
Cy 0 563 0 41 0 84 0 66 0 80 O 688
Ca 0 54 0 63 0 87 0 867 0 84 0 702
Mean F 0 535 0 620 0 855 0 865 0 815

CDh ¢ O 065
Ch £ O 210

October 1992

FO Fi F2 F3 F4 Mean C
Cq 3 25 3 90 4 98 4 01 6 02 4 432
C2 3 42 4 05 5 49 4 55 7 01 4 104
Mean F 3 335 3 975 5 2356 4 28 8 515

CDh ¢ 0 400
CD £ 1 502

October 1993

FO F1 F2 F3 F4 Mean C
Cl 5 156 5 98 8 85 7 01 9 10 T 178
Lo 5 45 6 40 9 31 7T 45 10 55 7T 802
Mean F 5 30 6 19 8 98 7 23 9 825




f[*

Table 31g Effec{_of nutrition on the nutrient uptake of K
kg ha by cover crops

October 1991

FO Fi F2 F3 F4 Mean C
Cl B 92 8 05 9 75 9 05 9 65 8 884
CZ 7 19 8 15 10 80 9 50 10 65 9 258
Mean F 5 634 8 10 10 275 9 275 10 156
>

October 1992

FO Ft F2 F3 F4 Mean C
Cy 30 82 38 51 46 59 38 45 54 65 41 30
Ca 34 45 38 05 52 45 42 45 60 65 45 63
Mean F 32 435 37 33 49 475 40 45 51 85

CD c 2 751
LD f 6 450

FO F1 F2 F3 F4 HMean C
Cy 39 15 42 5 59 45 48 55 70 3 51 58
Cz 52 45 46 5 85 40 85 90 95 4 89 13
Mean F 45 80 44 5 72 125 56 2 82 85

CD ¢ 5 251
CD f 9 250



Table 31h Effect of nutr:tion on the nutrient uptake of Ca

kg ba~ ! by cover crops
October 1991
FO F1 F2 F3 F4 Mean C
01 2 05 2 15 3 05 2 60 3 15 2 80
Cz 2 25 2 35 3 23 2 T1 3 25 2 66
Mean F 2 156 2 25 3 14 2 41 3 20
CD ¢ NS
CD f NS
October 1992
FO F1 r2 F3 F4 Mean C
Cl 7 45 9 45 13 25 11 25 19 45 12 17
Lz i1 85 12 55 19 45 186 25 23 40 18 B89
Mean F 9 85 10 98 16 35 13 75 21 43
CD c 1 245
CDf 3 430
October 1993
FO Fi1 F2 F3 F4 Mean C
Ly 4 30 15 40 24 15 20 42 26 5 20 154
Lz 17 20 19 15 30 45 24 5 33 40 24 94
Mean F 15 75 17 28 27 3 22 46 29 95
CD ¢ 2 055
Ch f 8 250



Table 311 Eftect‘of nutrition on the nutrient uptake of Mg
kg ha” " by cover crops

FO F1i F2 F3 F4 Mean C
Cl 0 48 0 bbd 0 90 0 85 t 05 0 75
C, 0 62 0 85 1 05 0 90 1 25 0 95
Mean F 0 55 0 75 0 98 0 81 1 15
CD ¢ NS
CD f NS
October 1992
FO F1 F2 F3 F4 Mean C
Cl 3 05 3 45 5 15 4 715 6 45 4 57
Cz 3 50 4 32 8 45 5 25 8 01 5 51
Mean F 3 28 3 89 5 80 5 00 7 23
CD c O 451
CD £ 1 245
October 1993
FO Fi F2 F3 F4 Mean C
Ly 4 15 5 20 7 45 7 05 9 42 8 65
Co 5 25 B8 35 7T 75 8 15 12 25 8 35
Mean F 4 TO 5 178 8 80 7 80 10 84



Reasons for the 1ncreased uptake of nutrients by
covercrops as the growth progressed were mainly due to the
increased biomass productlon(Table 31—31d) When 10 kg extra
dose of N was not given to covercrops 1t might have improved
the early establishment and better vegetative growth For
supporting these growth increased P K (Ca and Mg uptake
were observed Th:s findings w1n confirmation with the work

of Pushparajah (1977)

418 Root studies of cover crops

The cover crop root analysis for the measurements
11ke vertical root penetratlon,shoot werght and root weight

were worked out presented and discussed i1in this chapter

The vertical root penetration measurements taken
from 3rd month to 30th Month after sowing were presented 1n
Tables 32-32e During the 3rd month observation, the cover
crop C1 found significantly superior over the cover crop 02

Among the levels of fertilizers,level F4 and F2 were on par

V4
and superior than F3 Fl and Fo In the 6th month of

observation the cover crop C2 was found significantly

superior over (4 Among the levels, there 13 no difference

W



Table 32 Effect of nutrition on the vertical penetration of
root (cm) 3rd month

- —_— —_ ——— —_— —————— ——— e

FO F1 F2 F3 F4 Mean C
Cl 35 13 36 53 42 55 38 09 43 19 39 094
Cz 268 20 27 69 32 89 28 86 33 486 29 819
Mean F 30 863 32 108 37 72 33 48 38 3t
CDht 1 100
Chec 0 492
CDf O 778

L)y

Table 32a Vertical penetration of root (cm) 6th month

ro F1 rz F3 r4 Mean C

Cy 68 50 67 78 74 23 68 73 75 80 69 009

Ca 71 70 72 68 75 14 73 23 79 07 T3 987
Mean F 70 10 70 23 74 69 70 99 76 43

CDht 2 200
Chc 0 984
CDf 1 886



Table 32b Vertical penetration of roots (cm) 12th month

FO F1 F2 F3 F4 Mean C

Cy 74 63 76 60 84 217 82 42 85 82 80 74
Ca 103 32 106 21 114 22 103 14 121 0t 109 58
Mean F 88 975 91 405 99 217 92 78 103 42

Dt 2 469

Che 1 104

CDf | 748

CDcf 2 469

Table 32¢ Vertical penetration of roots (cm) 18th month

FO Fi F2 F3 F4 Mean C
Cy 81 92 84 25 91 52 90 83 92 77 88 75
Co 137 40 142 60 165 50 146 97 169 60 152 393

Mean F 109 66 113 43 128 51 118 89 131 13

—_— e e e e e e e et e e A et e e A e T s o o

Cht 1 487
CDe 0 665
CD# 1 051
CDhcf O 501



Table 32d Vertical penetration of roots (cm) 24th month

FO F1 F2 F3 F4 Mean C
Cy 85 27 88 60 103 22 98 47 105 38 96 19
Ca 176 50 187 77 203 30 194 17 212 47 194 84

————— = = e ——— ————— — —_ ——————

Mean F 130 88 130 138 153 26 148 317 158 93

Cbht 3 051
CDc 3 385
CDf 2 157
Chef 3 051

Table 32e¢ Vertical penetration of roots (em) 30th month

FO Fi F2 F3 F4 Mean C
Cl 88 70 95 19 109 42 100 07 114 23 101 52
Cz 187 30 200 O7 247 43 198 63 258 00 217 89

—— —— e e b b eh At G A Bt Sk ek S W S P TR R S Y ) . et e B e e g O S A S o . S ) e T i G . . o S B g A g T

CDht 4 277
Chc 1 913
CDf 3 094
CDcf 4 279



noted During 12th 18th 24th and 30th month of observation
1t 1s noted that cover crop C2 18 s1gnificantly superior over
¢y, and among the levels F, was found superior over all the

other levels followed by F2 Fq F! and Fo

At 3rd month the cover crop C; has recorded higher
root length than C, The cover crop C; has the tendency to
produce root system deeper at the very beginning stage This
cover crop Cy 18 a fast growing one in the 1nit:ial months
than C, This finding 18 1n line with the work of
Chandapilla: (1968) From 6th month onwards thecover ecrop C,
18 overtaking Cy on root length Penetration of Cy 18 double
at latter stages of observation Since the root length of
Mucuna 18 deeper than rubber roots there 18 no competetion

observed between Mucuna and Rubber

Regarding the levels of fertlllzers,for better root
penetration level F5 18 better upto 8th month T4 18
requlired from 12th month onwards Fy 18 significantly
superior because 02 required high P K for proportionately
higher biomass (Table 31-3id) production 1e why interaction

1s si1gnificant from 12th month onwards



4181 Shoot and Root weight

The weight of shoot and root were worked out from
3rd month to 30th month of the study and found that during
all the stages of cover crop growth,Hucuna recorded
si1gnificantly higher quantity of shoot and root weight
Regarding the levels of N P and K applied to cover F4 level
has recorded maximum weight of shoot and root followed by F2
Among the levels the FO level has recorded the least quantity

of shoot andrypot weight

The reason for the luxurious growth of Mucuna sp
1s genetical Regarding the levels Fy and F2 were given with
10 kg extra dose of nitrogen which would have helped 1n
better uptake by cover crops (Table 31e-311) and better
quantity biomass of cover crops (Table 31-3td) This finding
1S 1n line with the report of Kothandaraman et al 1987 and

1990

4 1 8 2 Cover crop root nodules count and fresh weight

The root nodule count were taken on 40 days after
sowing of cover crops The nodule weight per plant were also

worked out and presented 1n the Table 34 and 34a The root

NY



Table 33 Effect of nutritipon to cover on the weight of shoot

(g) 3rd month

——— s et m e e Ser—— o rA A m————— ———

FO F1 F2 F3 F4 Mean C
Cy 5 807 11 200 12 710 13 1390 15 133 11 448
Ca 7 040 12 780 14 500 14 387 t5 530 12 843
Mean F 6 423 11 980 13 605 13 888 14 832
CDy 1 074
CDc 0 480
Cb¢t 0 759
~
Table 33a Weight of shoot (g) 6th month
FO F1 F2 F3 r4 Mean C
Cy 93 817 96 180 110 88 89 25 113 40 100 865
o 102 350 113 850 128 77 115 69 128 1t 117 254
Mean F 97 983 105 015 118 575 102 47 120 755
CDt 8 859
CDe 3 962
CDf 6 264



Table 38b VWeight of shoot (g) 12th month

FO Fl F2 F3 F4 Mean C
Cl 369 88 403 580 457 24 400 43 473 57 420 941
Cqy 488 40 498 96 545 28 507 36 575 52 523 105
Mean F 429 192 451 2754 501 26 453 89 524 55
CDt 25 332
CDc 11 329
CDf 17 912
Table 33c Weight of shoot () 24th month
FO Fl F2 F3 F4 Mean C
Cy 624 967 624 170 745 84 651 78 750 12 6879 322
C2 852 28 855 77 938 38 870 09 1023 03 907 911
Mean F 738 82 739 94 842 01 760 94 886 57
CDt 14 748
CDc 6 595
CDf 10 427
CDcf 14 745



Table 33d Weight of shoot (g) 18th month

FO Fi F2 F3 F4 Mean C
Cy 539 46 548 34 640 35 541 93 546 51 563 317
Cy 651 27 6872 25 751 75 655 93 771 04 700 447

Mean F 595 36 610 29 696 05 598 93 658 T8

Cht 95 697

Cbhe 42 797
CDf 67 668
v <

Table 3Ze Weight of shoot (g) 30th month

FO r1 rz F3 F4 Mean C
Cy 657 04 667 63 779 45 703 62 796 93 720 935
Cy 942 50 960 30 1252 36 1006 48 1333 90 1099 120

Mean F 798 770 813 97 1015 90 855 05 1085 42

—_— ——— - ———— ~—— —_————————— ——— s mrmemmess e emam e ——

Cht 19 684
Cbhe 8 803
CDh¢ 13 918
CDhef 19 684



Tabie 33f% Weight of root (g) 3rd month

FO Fi1 F2 F3 F4 Mean C
Gy 0 937 1 807 2 050 2 160 2 28 1 847
Ca 1 087 1 933 2 197 2 100 2 35 1 946

Mean F 1 002 1 870 2 123 2 170 2 317

Table 3?9 Weight of root (g) 6th month

FO Tt F2 F3 T4 Mean C
Cl 14 93 15 27 17 60 14 17 18 00 t5 993
CZ 14 93 16 50 i8 30 16 77 18 57 17 013
Mean F 14 93 15 88 17 50 15 47 18 28

CDt 1 424
CDhe 0 637
CDf 1 007



Table 33b VWeight of roots 12th month

¢y

Ca

Mean F

CDt
CDe
CD?f

53 83

67 83

60 833

2 799
1 252
1 979

Table 33s Weight of roots

FO
Cl 73 50
Cq 73 17
Mean F
CDt 2 83t
CDe NS
CDf i 860

—_

—

74 10

75 563

73 333 174 82

15

(g) 18th

F3 ¥4 Mean C
58 03 68 63 61 053
70 47 79 93 73 113
64 250 74 283
month

ra F4 Mean C
73 23 87 37 78 547
73 70 86 63 78 700
73 47



Table 31J Weight of root (g) 24th month

FO Fi ra2 F3 F4 Mean C
Cy 74 40 75 43 88 77 78 23 89 30 81 227
Ca 86 83 88 53 96 90 89 70 105 47 93 487

Mean F 80 617 81 983 92 833 83 967 97 383

CDhi 1 478
CDc 0 6861
CDf 1 045
Chef 1 478

Table 33k Werght of root (g) 30th month

FO F1 ra r3 F4 Mean C
Cy 76 40 77 63 90 83 81 70 92 67 83 807
Co 75 30 g7 00 126 50 101 63 132 83 110 613
Mean F 85 85 87 32 108 57 91 67 112 B85

—_——— —r— = emreeaRaLy  FaARA e e A b t— e [ —_ —_— ——————

Cbhbt 0 767
CDhc 0 343
CDf 0 542
CDcf O 767



Table 34

W

Nodule count/plant (40th DAS)

FO i1 F2 F3 F4 Mean C
Cy 8 40 8 80 8 90 6 87 7 23 6 800
Co 3 37 3 680 3 87 3 33 4 07 3 647
Mean F 4 883 5 10 5 38 5 10 5 65
CDt 0 34t
CDc 0 153
CDf 0 241
Table 34a Nodule fresh weight/plant
FO F1 ra F3 F4 Mean C
Cy 1 32 1 41 1 48 1 44 1 48 1 422
Ca 1 3t 1 43 1 51 1 47 1 49 1 442
Mean F 1 315 1 420 1 485 1 455 1 485
CDht 0 109
CDc NS
CDf 0 t30

—t
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Fig 16 Effect of nutrition to cover crops
on nodule count and nodule weight (40 DAS)

Oet Nez
Nodule count plant (40 DAS)

FO F1 F2 Fa F&

Oe1 Nez
Nodule welght plant ' (40 DAS)

Levels of nutrients



nodules count for the Pueraris sp was found to be
si1gnificantly higher than Mucuna sp Regarding the weight of
nodule per plant 18 concerned there was no significant
difference found Among the levels of NPK,F4 and F2 were
si1gn1ficantly superior and on par with each other for the
nodule count these levels were on par with all the other

levels except Fg (Fig 18)

The reasons for the i1nocreased nodule number 1n
Pueraria sp 138 purely genetical and regarding the levels F4
Fz were given with extra dose of 10 kg N/thOh would be
highly beneficial for the leguminous cover crop for 1is early
vigourous establishment As far as the nodule weight per
plant 1s concerned,the NPK fertilizer application 1s
essential for the better nodular weight These findings were
1in corroborative with Pushparajah (1977) and Kothandaraman

t al (1990)

4 1 9 Microbial population i1n so1l

The microbial population of the s01l were analysed

57



for the generalised count of Bacteria fungi: and phosphate
solubilisers at the end of the experiment The data were
analysed and presented as 10 g ! of dry so1l (Table 35) All
the microbial species count were increased over the 1nitial
count The microbes namely bacteria fung:i: and phosphate
solubilisers were 1ncreased 1n their populiation under the
cover cropped plots over the absolute control tremendously
Among the levels of fertilizers F4 F2 and F3 were found to
be good for bacterial population and phosphate solubilisers
F1 F2 F4 and F3 were found to be betitter for fungi Among
the cover crop Mucuna sSp recorded significantly higher

percentage of 1ncrease

The reasons for the 1ncrease 1n the population of
microbes are due to the 1ncreased biomass production and
increased quantity of soi1l moisture 1n summer under Mucuna
8p and the level F, has 1mproved much on the organic carbon

-4
content and cover crop biomass This must have cumylatively

attributed to i1ncreased microbial population These findings

are 1n line with the report of Kothandaraman et al (1990)



Table 35 Effect of covercrops and their nutrition onqthe
microbial population of so1]l Bacteria x 10™ g~ of
dry so1l
FO F1 F2 F3 F4 Mean C

Cl 29 067 30 800 33 80 34 77 36 40 32 987

Cp 35 633 36 433 42 47 41 47 45 97 40 393

Mean F 32 350 33 617 38 133 38 117 41 183

Mean of control 2B 933

CDt 1 380

CDc 0 817

CDf 0 978

Chef 1 022

Table 35a Fungi x 104 él of dry =so1l
FO F1 F2 F3 F4 Mean C

Cl 9 867 10 30 10 23 9 60 9 87 9 893
C2 9 80 i0 10 9 70 10 20 10 27 10 033
Mecan F 9 783 10 200 9 887 9 900 9 987 9 983
Mean of control 8 130

CDt 0 215

CDe¢ 0 096

CD¢ 0 152

CD tr vsa ct 0 215



1

Table 35b Phosphate solubilizers x 104 g of dry soil

FO F1 F2 F3 F4 Mean C

Cy 4 68 4 82 5 21 5 20 5 133 5 045

Cqy 6 49 6 13 7 43 7 15 7 700 6 981
Mean F 5 585 5 475 6 322 6 175 6 507

Mean of control 4 440

CDt 0 613
Chc 0 274
CDf 0 433
Chcf O 454



4 2 Experaiment II

Effect of cover crop and 1ts nutrition on mature rubber

4 2 1 Growth characters

4 211 Girth increment

The girth 1ncrement for the two years period 1991-
1993 for the mature rubber 1i1s presented 1n Table 36 It s
observed that all the treatments with cover crops were
si1gnifi1cantly superior to the absolute control where there
was no cover crop Among the levels of fertilizers to
cover crop,F4 and F2 were on par and significantly superior
to Fq F; and F0 The level F0 18 significantly inferior to

all other levels (Fig 1t7)

Growing of cover crop even without any fertilizer
has given more girth increment than plots without any
cover crop thereby showing the distinct advantage of

cover crop alone

Application of fertilizer to cover crops has
further 1ncreased the girth i1ncrement over FO as eovaidenced
from the treatments The highest level of fertilizers have

recorded the maximum girth, however this 1s on par with



Table 36 Effect of covercrop and 1ts nutrition on girth
increment 1991-1993 (cm)

Treatments Girth i1ncrement 1in
(cm)
Fo 3 90
Fy 5 01
Fz 5 29
Fq 5 10
F4 5 32
L 2 63
SE 0 054
CD 0 161
Sk*

S** Significant at P = 0 01 level

Table 37 Effect of covercrop and i1ts nutrition on the virgin
bark thickness 1993 (mm) of Hevea

- ememER T e mem A = = —_ -———— — e ——— — —_ ————

Treatments VBT (mm)

FO 7T 87

Fl 8 02

F2 8 82

F3 8 08

Fgu 8 29

C 8 94

SE 0 243

Cb 0 372
Sk %

S*%% Significant at P - 0 01 level



Grth ncrement {cm)

Fig 17 Effect of cover crop and its
nutrition on the girth increment (cm) 1991 1993
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fertilizer level lethere by 1ndicating the sufficiency of
the later level This shows that fertilizer application

beyond 10 30 30 has not any specific advantage

The reasons for the girth i1ncrement through
cover crop and nutrition have been already discussed 1in the

Experiment I

The other reasons for the girth i1ncrement are by the
absorption of nutrients form the lower levels and bringing
the same to the surface and 1nsitu 1ncorporation 1n the

surface would have definitely benefited the main crop

Maximum absorbing roots are present in the 1nterow
area and fertilizers applied 1n the rubber trees are
benefited by the direct application on the surface as well as
through the 1ndirect application through the deposition of
drymatter of cover crop Diagram presented also shows that
there 13 no competetion between rubber and Mucuna because the

feading zones are entirely different

4 21 2 Effect of cover crop and 1ts nutrition on virgin

bark thickness

Growing of cover crop significantly i1ncreased the

virgin bark thickness (Table 37) over the absolute control



plot Among the levels of fertilizers to cover rop F4 has
recorded the maximum bark thickness and also on par with Fz

All the other levels except Fo were on par with each other

It 13 seen that growing of cover crop significantly
improved the virgin bark thickness over the absolute contirol
This 1mprovement of bark thickness 18 due to the addition of
nutrients through the litter added from the cover crop and
the molsture conserved 1n the soi1l (Tables 52 and 53) The
positive response oblained here 1n the virgin bark thickness
was 1n agreement with the findings of Watson {(19861) The
favourable effects of different levels of nuirition to cover
crop on the bark thickness 19 also i1n agreemcnt with the
findings of Digjkman (1951) and Samsidar BTE Hamzah and

Mahmood (1875)

It may also be noted that the positive effect of
cover crop and applied nutrition on bark Lhickness were alsc
reflected on the girth 1ncrement already discussed The
girth of the tree 18 a measurement which also i1ncluded tLhe
thickness of Lhe bark and a greater bark thickness to a
certain exltent can lead to a higher girth of the lrunk (Owen

et al 1957)



4 2 2 LCffect of cover crap and 1ts nutrition of the leaf

litter production of Hevea

The leaf litter production of Hevea was 1influenced
by the growth of cover crop and 1ts nutrition during 1992 and
1993 and are presented i1n Table 38 It 18 seen that growth
of cover crop 1n the plots had influenced the leaf litter
products significantly (Fig 18) All the treatments with
cover crop have produced significantly higher gquantity of
leaf litter over absolute control during both years Among
the levels of nutrition to cover crop F4 was significantly
higher than all other levels followed by F2 F3 Fl and Fo
From the visual observation during the last year, the
wintering was delayed 28 days 1n the cover cropped plots
(Plates 5 and B8) there by giving 10 extra tapping days N P
and K are the elements related to growth and thear
application to cover crop has resulted i1n the enhancement of
foliage of cover and Hevea (Brady 1988) This 1ncreased
folliage by cover crop and 1ts addition through :i1nsitu
incorporation and decomposition might have i1mproved the
nutrient status of soi1l and 1nturn more uptake of nutrients
by the cover crop (Table 52&—52e)/thus resulting 1n

si1gnificantly higher quantity of leaf litter produced



Table 38 Effect of covercrop and 1its nut{}tlon on the leaft
litter production of Hevea (t ha ")

P e—— e e ————— — —_—— - —— —_ —_——

Treatments 1991 1992 1993
Fo 2 730 3 060 3 473
Fl 2 875 3 202 3 665
Fqy 2 875 3 447 3 938
Fq 2 740 3 230 3 745
Fyu 2 800 3 490 4 118
C 2 715 2 940 3 323
EE - 0—665 ________ 6 055 0 036
CD 0 104 0O 109
NS S** S#*x*x
S*¥* Significant at P 0 01 level NS Not significant

Table 39 Effect of covercrop and 1ts nutrition on the latex
flow characteristics

—_ - - —_ —_ —_ - ——— e e —— —— —————— ———— . e ————

Treatment Initial Total Vol Plugging Dry rubber
flow ratf (ml) 1ndex content
(ml min ) (per cent)

Fg 3 473 133 32 2 708 37 19

Fy 3 665 144 45 2 783 37 98

Fy 3 938 148 96 2 730 38 37

Fq 3 745 145 09 2 768 38 08

Fu 4 118 150 06 2 745 38 53

C 3 223 127 59 2 853 38 19

sE 0 036 5 239 0 004 "o 132

cD 0 109 15 787 0 012 0 398
SH* S* SH* S*x

S#* Si1gnificant at P - 0 05 level
S¥* Significant at P 0 01 level



Fig 18 Effect of cover crop and its nutrition
on the leaf litter production of Hevea (t ha’)

U

F1

...... 03020000
10052070 26%.%0 %% %% % % % %6 %

Leve s of nutriton

Kl1gg1 N1992 1993



Among the levels of nutrition to cover crop/lo kg
nitrogen and 60 kg each of P K has produced significantly
higher quantity of leaf litter Nitrogen 18 the chief
nutrient related to growth and i1ts application to cover crop
has resulted 1n the enhancement of foliage (Brady 1888)
Though the N content of the soi1l 1n the site was not low,:t
would not have been sufficienti to support optimum growth
Application of P has tncreased the production of leaf litter
phosphorous 18 also 1mportant for growth and 1ts application
has lead to production of more follage Application of K
also has helped 1n 1ncreasing the leaf litter production
The role of K in dry matter production and growth 18 very

important (Brady 1988)

4 23 Effect of cover crop and 1its nutrition on latex flow

characteristics

The latex flow characteristics viz the 1nitial
flow rate total volume plugging 1ndex and dry rubber
content of latex were recorded in october 1993 During the
period under reporting the yield 18 higher and leaves are
fully grown and have more or less steady status of

nutrients



4 2 31 Initial flow rate

Growing of cover crop has improved the initial flow
rate of Hevea over a period of time (Table 39) over the
absolute control plot Regarding the levels of nutrition to
cover crop F, has recorded significantly highest 1nitial
flow rate followed by Fqy which was also higher than F3 Fl
and Fg The control plot recorded the least 1nitial flow

rate

urowing of cover crop has 1mproved the so1l
nutrient status (Tables 41-46) so1l moisture content during
summer months (Tables 52 and 53) and thus 1mproved the
initial flow rate The level of nutrition F4 and F, recorded
the highest 1nitial filow rate of latex The initial flow
rate has of course a small contribution to the total yield
since 1t 13 the average of the 1nitial five minutes flow
The positive effect of applied nutrients on this parameter
was reflected 1n the yield of rubber also teo certain extent
These findings are :n line with the work of Pushparajah

(1977) and Punnoose (1993)



4 2 3 2 Total volume

Cultivation of cover crop i1n the mature plantation
has significantliy i1ncreased the total volume of latex over
the absolute control Among the levels of N,P,K Fu
registered highest content of totai volume and was on par
with F2 F3 and Fl The absolute control plot has recorded

the least

The reasons for the 1i1ncreased production of total
volume 1n cover cropped plots are similar to that explained

in the 1ni1tial flow rate

It 1s seen that application of all the nutrients to
cover crop had a favourable effect on the total volume of
latex The total volume of latex 13 the component which has
the closest positive relationship with the yield of rubber
These nutrients through the:r role 1n improving
photosynthesi1s and metabolic activity of the tree might have
helped the synthesis of more latex as reported by Punnoase

(1993)

4 2 33 Plugging i1ndex

In the mature plantatxon’growlng of cover crop has
si1gnificantly reduced the plugging 1ndex over the control

plot As for the levels of fertilizers are concerned,Fz and

1



F4 has recorded the least plugging index and are on par with
each other FO has recorded the highest plugging i1ndex next
to absolute control plot Plugging 1i1ndex has generally a

negative response or relation with yield

Reduction 1n the plugging 1ndex 1n cover cropped
plots might be due to the reasons already explained under
initial flow rate Application of N and K to cover has
reduced the plugging 1index The 1ncreasing 1n yield with
application of N and K 1n the experiment could be to some
extent related to the effect of these nutrients 1n lowering
plugging 1index That 1s the reason why the levels F4 and F2
registered a low plugging 1ndex This observation 1s
corroborative with the thoughts of Pushparajah (1981) Yeang

and Paranjothy (1982) and Punnoose (1993)

4 2 34 Dry rubber content

The dry rubber content of the latex from the
cover cropped plots were significantly higher than that of
control plot The plot without cover crop recorded the
least dry rubber content Among the levels of fertilizers to
cover crop Fyu and F, were on par and significantly superior

over F0 F2 18 on par with Fa and Fl

"



It 18 noted that growing of cover crop under mature
plantation has i1mproved the dry rubber content The reasons
for the improvement are already explained 1n the 1nitial flow
rate It 13 also noted that the dry rubber content of latex
has been 1ncreased by application of the various nutrients
This could be the result of the favourable effect of these
nutrients 1n 1mproving the conditions of the rubber tree to
produce latex The volume of latex remaining constant the
yreld 13 directly dependent on the dry rubber content of
latex The favourable effect of the various applied
nutrients 1m 1ncreasing the dry rubber content of latex has
been reflected 1n the yield of rubber also This finding 1s

1in line with the work of Punnoose (1993)

4 2 4 Effect of cover crop and its nutrition on the yield

The mean yield expressed as g tree”! ta.ppxng—1 for

1991-1993 period 19 presented 1n Table 40

In the mature plantation growing of cover crop has
improved the yield of rubber significantly over the absolute
control where there was no cover crop The level Fq4 and Fg

were recorded significantly higher yield than Fa F; and Fg



Table 40 Effe

ct of covercrops and 1ts nutrit:on on the yield

of rubber (g tree tnp_l)

Treatments Yield
Fo 45 10
Fy 46 51
Fgy 50 77
Fgq 47 49
Fu 52 42
C 40 79
SE 0 897
CD 2 703
Sk#*

S** Significant at P = 0 01 level
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and are on par with each other Ferrusal of yi1eld
attributing charactere li1ke girth 1ncrement, bark thickness
and latex flow characters have clearly broughtout the
superiority of F4 and F2 in i1nfluencing the performance of
above attributes It 18 to be particularly mentioned that
all other levels like F4 F, and Fg are inferior to Fyu and
Fa Addition of 10 kg N to the cover crop over the
recommended dose of 30 kg each P and K had definitely
produced a substantial yi1eld increase of rubber Increasing
the level of P and K to 60 kg each 1n the absense of nitrogen

has resulted 1n drastic reduction of yield (Fig 19)

The addition of 10 kg N supplemented with 60 kg
each of P and K didn t produce any 1increase 1n yleld over
10 30 30 Application of N has significantly 1ncreased the
yield The role of N 11n 1i1ncreasing the rate of
photosynthesi1s and metabolism 13 an established phenomenon
(Sutcliff and Baker 1974 and Bidwell 1979) This might
have resulted 1n direct i1ncrease 1n yield with application of
N This 18 further supported by the significant i1ncrease 1n
leaf litter production (Table 38) with application of N The

tables on so1l organic carbon and Hevea leaf N clearly showed

that these parameters were significantly higher 1n N applied



Tt

plots (F5 and Fy) It 18 also seen from Table 39 that the
total volume and dry rubber content were significantly higher
at F, and F4 levels Positive responses to applied N were
reported by Owen et al (1957) Guha (1975) Potity et nl

(1976) and Punnoose {(1993)

Phosphorous 18 1mportant as a structural part of
many compounds 1n the plant notably nucleic aci1ds and
phospholipides and has important role in photosynthesis and
energy metabolism (Bidwel 1979) Application of P to
cover crop might have i1mproved the rate of photosynthesis of
the tree and thereby increased the y:ield 1i1ndirectly The
si1gnificant 1ncrease 1n soil available P and leaf P content
(Tables 43 and 48) 1n the P applied plots further
supports the response to P appllcatxon(Yogaratram and

Weerasuriya (1984) Mathew et al (1989) and Punnoose (1993))

Potassium 18 an activator 1n enzyme systems and has
a definite role 1n the transport of ATD-ase (Sutcl:i:ff and
Baker 1974) It 18 1mportant for the development of
chlorophxll and for photosynthes:s Table 38 1ndicates that
leaf litter production was significantly 1increased by the

addition of K at 60 kg The available K as well as the leaf



K contents were significantly improved by the addition of 80
kg K to cover crop Direct response 1n yield obtained to
application of K also be reported by Angkapradipte et al

(1986) and Punnoose et al (1993)

4 2 5 So1l nutrient status

The effect of cover crop and :ts nutr:tion on soil
organic carbon and availlable N P K Ca and Mg are presented

and di1scussed
4 251 Organic carbon

The results obtained from the three years are
pregsented 1n Table 41 As time progresses the growing of
cover crop has significantly 1increased the organic carbon
content over the absolute control plots Among the levels of
ferti1lizers applied to cover crop/ F4 and F2 were
s1gnificantly superior to other levels and these two levels
were on par with each other during 1992 During the end of
the experlment/F4 and F2 were si1gnificantly higher to other
levels and are significantly different from one another
During the entire period of the experiment the absolute
control plots recorded significantly lesser organic carbon

content



Table 41 Effect of covercrop and its nutrition on the so1l

organic carbon (per cent)

Treatments 1991 1992 1993
Fo 1 o028 1 083 1 143
Fy 1 050 1 108 1 185
Fy 1 030 1 183 1 288
Fq 1 055 1 118 1 183
Fua 1 048 1 210 1 308
Cc 1 055 1 048 1 083
SE 0 0098 0 008 0 005
CD 0 019 0 D17
NS Sx#* Sk

- —— — —_——— - —_ ——

S** Significant at P - 0 01 level

NS ©Not significant



In the cover cropped treatment plots the dead
litter materials deposirted on the surface of soil and 1insitu
tncorporation resulted 1n the progressive 1ncrease 1n the
organic carbon content when compared to plots without
cover crop These findings are 1n line with the observation

of Watson (1981) and WVWatson et al (1964p)

It 18 also noted that by addition of all the
nutrients are 1n adequate supply i1n soi1l there will be better
conservation of organic content of so1l (Stevenson 1964 and
Brady 1988) The gradual buildup of organic carbon 1n the
9011 could be the result of continuous addition of leaf

litter from the trees and cover crop The effect of N on the

organic carbon status 13 well known In rubber grown soil 1t
18 all the more enhanced Hence 1t 18 not discussed 1n
deta1l Reportas of Hubber Research Institute of Malaysia

(1976) i1ndicated that application of fertilizers especially N

increased the level of organic carbon i1n the so1l

4 2 5 2 Available N

The available N content 1n the different years of
observations are presented i1n Table 42 The cover crop plots

recorded significantly higher available N content than the

L7



Table 42 Effect of covercrop and_
available nitrogen (kg ha

lts nutr:ton on so1l
)

Treatments 1991 1992 1993
Fo 182 45 209 45 230 88
Fl 186 45 230 42 259 52
F2 189 70 285 65 315 35
Fg 190 45 245 25 265 20
F4 185 32 292 30 326 45
C 186 45 202 85 215 85
CD 30 350 33 450 36 420
NS Sk Sk k

S*¥* Significant at P 0 01 level

NS Not si1gnificant



¥ control plots during the second and third year of
observations Availlable N content 1n the F4 and F, levels

were on par and significantly higher than all other levels

The reasons for the 1ncreased availiable N content

1n so1ll were already explained i1n Experiment 1

4 2 5 3 Avallable P

The available P content i1n the different years of
observations are presented 1n Table 43 The cover cropped
plots recorded significantly higher available P content than
the control plots during the second and third year of
observation Available P content i1n the F4 Fz level applied

plots were significantly higher than all other levels

4 2 54 Available K

The available K content of soil i1n different years
of observations are presented 1n Table 44 As 1n the
Experiment I 1t 18 noted that 1n Experiment II also cover
cropped plots recorded significantly higher available K
content 1n the so01l over the control plots Among the levels,

F3 recorded significantly higher 8so1l available K



Table 43 Effect of coverchp and 1ts nutrition on solil
M)

avallable P (kg ha

—_——

Treatments 1991 1992 1993
Fg 20 170 22 5865 30 508
F1 20 288 25 685 31 883
Fo 20 233 27 715 37 740
Fq 20 205 26 448 32 413
Fga 20 313 28 768 38 010
Cc 20 248 21 470 25 413
SE 0 220 0 091 0 245
CDh 0 275 0 738
NS Sk Sk

S**% Significant at P = 0 01 level

NS Not saignificant



Table 44 Effect of covercroq and i1ts nutriton on soil
available K (kg ha™ ")

Treatments 1991 1992 1993

Fg 128 098 159 098 194 €68
Fy 131 048 155 340 191 843
Fo 129 293 148 840 1869 368
Fq 130 860 147 493 187 ‘768
Fyu 129 183 146 €38 160 120
C 129 115 150 755 190 053
SE 2 239 2 404 3 113
Ch 6 823 6 819 9 383
NS Sk Sk¥

S*¥* Significant at P - 0 01 level

NS Not significant



The reasons for this 1ncrease were also already narrated in

Experiment I

It was observed that application of K significantly
increased the available K content of so1l as also opined by
Pushpadas et a2l (1978) Lau (1979) and Dissanayake and

Mithrasena (1988)

4 255 Available Ca

The availlable Ca content of the soil are presented
1in Table 45 Covercrop grown plots were sign:ficantly
superior than the absolute control on the avai1lable Ca
content The levels of fertilizers F3 F4 are found superior
than other levels and were on par with each other Control

plots recorded the least value

The reasons for the i1ncreased quantity of available
Ca content 1in the cover cropped plots and 1n the F5 and Fyu

levels were already explained in Experiment I

4 2 5 6 Available Mg

The available Mg content 1n the soi1l are presented

in the Table 46 The available Mg content of cover cropped



Table 45 Effect of covercropland i1te nutr:ton on =01l
available Ca (kg ha ')

Treatments 1991 1992 1993
FO 212 045 280 21 319 33
Fy 213 97 305 71 355 35
Fy 221 035 302 38 362 09
Fq 213 698 365 58 428 57
Fgq 212 22 363 12 424 85
C 214 948 263 01 288 39
SE 0 345 O 418 0 538
D 1 039 1 260 1 6186
S* Sxck Sw#

S* Significant at P = 0 05 level
S** Significant at P = 0 01 level

NS Not significant



Table 46 Effect of covercrogland 1ts nutriton on s01l
available Mg (kg ha ")

Treatments 1991 1992 1993
Fo 118 57 138 09 157 97
Fy 120 51 156 64 179 14
Fg 118 11 184 63 174 82
Fq 112 83 158 72 171 08
Fyu 114 77 164 02 189 086
C 118 61 136 91 155 08
SE 0 315 0 349 0 358
(8)) 0 948 1 0562 1 074
S*% Skx* S**

S** Significant at P 0 01 levetl



¥

plots were si1gnificantly higher over the absolute control,
Among the levels Fl has recorded the highest value followed
by F2 F3 F4 and FO These levels were significantly

differing from one another

4 2 6 Effect of cover crop and 1ts nutrition on the Hevea

leaf nutrients contents

4 261 Hevea leaf Nitrogenm contents

The reults obtained from 1991 to 1993 are presented
1n Table 47 It 18 observed that there was significant
difference between the levels of treatments and absolute
control The cover cropped plots registered significantly
higher leaf N content It may be also seen from the Table on
organic carbon that 1n all the three years the organic carbon
content was more 1n the cover crop grown plots than that of

control plot Among the levels of fertilizers applied to

cover crop,F4 and Fz recorded si1gnificantly higher Hevea leaf

N

The reasons for the higher leaf N content of Hevea
under cover cropped area were already discussed in

Experiment I



A

Table 47 Effect of covercrop and 1ts nutrition on Hevea Leaf
N (per cent)

Treatments 199t 1992 1993
Fo 3 216 3 320 3 427
F, 3 285 3 434 3 589
Fo 3 419 3 626 3 711
Fq 3 305 3 529 3 663
F4 3 424 3 655 3 9086
C 3 043 3 074 3 102
SE 0 002 0 066 0 002
CD o 005 0 199 0 006
Sk* S*x% Sk*

S#% Significant at P - 0 01 level



Regarding the levels of NPK’the 1ncrease 1n the

Hevea leaf N content 1n F4 F, are due to the application of
10 kg extra nitrogen This application of N has 1ncreased
the so1l organic carbon (Table 41) which might have lead to
greater absorption of N and 1ncreased N content of leaf

Similar 1ncrease 1n the leaf N content of Hevea from
application of N fertilizers were reported by Shorrocks
(1962) and (1964) Kalam et al (1980) Sivanadyan (1983) and

Punnoose (1993)

4 2 6 2 Hevea leaf P content

The results of Hevea leaf P obtained for the period

from 1991 to 1993 are presented 1n Table 48 The treatments
with cover crop recorded significantly higher leaf P content

than the control plots

The reasons for the i1ncreased Hevea leaf P content

in the cover cropped plots were already discussed 1n detail

1in the Experiment 1

Among the levela of NPK,F4 recorded significantly
higher quantity of leaf P content followed by Fy F3 Fy and

Fp and they were on par with each other



Table 48 Effect of covercrop and i1its nutrition on Hevea Leaf
P (per cent)

Treatments 1991 199,/ 1993
Fo 0 227 0 234 0 237
Fy 0 236 0 244 0 284
Fqg 0 244 0 255 0 274
Fq 0 238 0 249 0 280
Fu 0 251 0 264 0 314
C 0 223 0 225 0 228
SE 0 o001 0 002 0 o1t
CD 0 005 0 005 0 032

S** Sk* Sk ¥

S** Significant at P = 0 01 level



Application of P has significantly i1ncreased the P
content of leaf It was already seen that there was
si1gnificant 1ncrease 1n the soil P level from application of
P fertilizers The high P status of soil might have helped
1n better absorption of P resulting i1n high P content of

Sny
leaf Shorrocks (1962) Pushpadas et al (1978), Yogaratnam

t 1 (1984) also reported that application of P

improved the leaf P content of Hevea

4 26 3 Hevea leaf K content

The results of Hevea leaf K content for the period
from 1991 to 1993 are presented 1n Table 49 It 1s observed
that all the treatments with cover c¢rop registered
si1gnificantly higher leaf K content than the control plots

The reasons are already explained 1n Experiment I

Among the levels F4 has recorded significantly
higher value followed by F3 F2 F1 and F0 and these values
were significantly differing from one another It was
already seen that there was significant 1ncrease 1n the soil
K level from application of K fertilizers The high K status

of so1l might have helped 1n better absorption of K resulting



Table 49 Effect of covercrop and its nutrition on Hevea Leaf
K (per cent)

Treatments 1991 1992 1993
Fg 1 289 1 308 1 349
Fy 1 304 1 350 1 429
Iy 1 319 1 331 1 475
Fq 1 347 1 498 1 6808
Fyu 1 459 1 531 1 895
C 1 209 1 235 1 279
SE 0 002 0 033 0 002
CD 0 006 0 009 0 008
Sh* Sk S* %

e e . e A A e s e et S e A . G S . s ot et el e ) G S R @S e G e et .

S** Significant at P - 0 01 level



in high K content of leaf (Shorrooks (1981a) Yogaratnan
t al (1984) Yogaratnam and Mel (1985) and Punnoose (1993))

4 28 4 Hevea leaf Ca content

The results of Hevea leaf Ca content for the period
from 199t to 1993 are presented i1n Table 50 It 18 observed
that all the treatments with cover erop recorded
s1gnificantly higher value over the absolute control and the

reasons are already explained i1n Experiment I

The level F4 has recorded si1gni1ficantly higher
value followed by F3 F2 Fl and FO and these values were
si1gnificantly differing from one another The significant
increase 1n the leaf Ca content with application of P could
be the result of addition of rock phosphate which also
contains Ca This 1s 1n agreement with the reports of
Shorrocks (1961ia) Gk Pushparajah (1969) and

Punnoose (1993)

4 2686 5 Hevea leaf Mg content

The results of Hevea leaf Mg content for the period

from 199% to 1993 are presented 1n Table ¢ It 18 noted that



>

Table 50 Effect of covercrop and its nutrition on Hevea Leaf
Ca (per cent)

Treatments 1991 1992 1993
Fg 0 823 0 829 0 852
Fy 0 865 0 894 0 923
Fy 0 874 0 892 0 933
Fq 0 874 0 922 0 969
Fgq 0 877 0 946 0 981
C 0 B16 0 821 0 833
SE 0 002 0 002 0 002
(9] 0 0086 0 005 0 005
S*x¥ Sk * Skx¥

S** Significant at P = 0 01 level



Table 51 Effect of covercrop and 1ts nutrition on Hevea Leaf
Mg (per cent)

—_ - — —_ —_ . —— —— —_—— ————— —— EmE————— e em s -

Treatments 1991 1992 1993
Fg 0 348 0 374 0 395
Fy 0 348 0 375 0 399
Fq 0 350 0 383 0 407
Fq 0 344 0 381 0 398
Fu 0 351 0 383 0 408
C 0 342 0 385 0 381
SE 0 002 0 002 0 002
D 0 006 0 006 0 008
S*x S*x* S4*

S** Significant at P 0 01 level



cover cropped treatments registered significantly higher

Hevea leaf Mg content

The levels F2 F4 were significantly higher on
Hevea leaf Mg and on par with each other and followed by F3

4 2 7 Effect of cover crop and 1ts nutrition on so1l

moisture

The 801l moisture content )» summer months viz
jhnuary February March and April 1992 and 1993 were

estimated analysed and discussed below

From the table 1t 1s seen that during the first
yvyear for the shallow depth/the go1]l moisture in the
cover cropped plotas were higher than absolute control
Nutrition to cover crop also 1ncreased the moisture content
combined effect of both 18 more pronounced and 18
significant The level F4 recorded higher soil moisture
content followed by F2 during the all the summer months
These two levels were on par with each other These two

levels were followed by F3 F0 and Fl



Table 52 Effect of covercrop and 1ts mutrition on the so1l moisture
(per cent) at 0-30 cm and 30-60 cm depth (1992)

Treatment Jan Feb March April
0-30 30-60 0-30 30-60 0-30 30-60 0-30 3080

Fy 17 23 18 39 14 96 15 44 1529 1474 1524 14 28
Fy 17 10 16 18 16 68 15 61 1588 1495 1558 14 88
Fy 17 8¢ 1700 730 1635 1610 15650 180 15 10
Fq 17 16 1625 1720 1564 1574 1509 1578 14 73
Fy 18 01 1b 78 1748 1648 1620 1574 1625 15 34
Cc 11 86 12 21 11 15 11 51 8922 11 81 914 10 35
SE 0111 0146 0070 0098 0086 O 108 O 122 O 094
(&) 0335 0439 1838 0216 0020 0328 0387 O 283
Sk¥ Skx Stk Skex Skn Sk Skn S¥¥

S¥* Significant at P 0 01 level



Table 53 Effect of covercrops and 1ts matraition on the soil moisture
{per cent) at 0-30 cm and 30-80 cm depth (1993)

Treatment Jan Feb March April
0-30 30-60 0 30 30-60 0-30 30-60 0-30 30-60

Fgy 17 23 16 05 16 55 15 88 16 25 15 16 18 18 14 88
Fy 17 35 16 27 18 69 1583 16 39 15 19 16 50 14 85
Fgo 18 21 17 15 17 69 18 55 17 10 18 18 1704 1578
Fq 17 83 18 38 18 60 18 08 16 70 15 34 16 55 15 04
Fa 18 04 17 19 17 74 16 65 17 26 16 33 17 19 18 10
C 12 83 12 58 12 08 12 08 10 15 11 35 10 01 11 05
SE 0098 0072 0052 0072 0094 0044 0058 O 057
cD 0298 0217 0157 0222 0283 0133 0 189 O 172
Sk Sk Sk Sk* S¥% S Shx Sk*

S** Significant at P — 0 01 level



Puring first year,for the bottom depth the
cover cropped plots recorded significantly higher so1l
moirsture over absolute control Nutrition to cover crop also
increased the soi1l moisture content at later months Fgy
levelwds found sufficient on these two levels were on par

with each other

During the second year of observation the so1l
moisture content in the top soil and bottom soil exhibited
the same trend as that of the first year The cover cropped
plots recorded significantly higher so1l moisture content
over the absolute control The levels F, and F,; have
registered a higher value than other levels These levels

were on par with each other and followed by Fq F4 and Fg

The reasons for the i1ncrease i1n the so:l moisture
content 1n the cover cropped treatments as well as the

nutritional effects were already explained in Experiment I

4 2 8 ILffect of nutrition on the uptake of nutrients by

cover crop Kg ha !

The nutrients uptake by cover crops were presented

1in Table 53a 53e



Table 53a Effect of nutrition on the uptake of N Kg ha._l by

covercrop
Treatment Oct 1991 Oct 1992 Oct 1993
Fg 7 90 38 52 55 980
F, 8 69 40 92 84 200
F2 11 74 57 41 91 94
Fq 10 25 45 40 89 83
Fy 11 68 67 83 100 88
SE 0 810 0 810 09
CD 2 470 2 470 2 774




Table 53b Effect of nutrition on the uptake of P Kg ha ! by

covercrop
Treatment Oct 199t Oct 1992 Oct 1993
Fo 0 54 3 39 5 420
Fy 0 63 4 14 8 380
Fz O 88 5 88 9 210
Fq O 68 4 58 7 290
Fa 0 83 68 94 10 470
SE 0 20 0 50 0 80
CD 1 541 it 541 2 470

8»;- 3—-1" Sn-
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Table 53¢ Effect of nutrition on the uptake of K Kg ha ~ by
covercrop

Treatment Oct 1991 Oct 1992 Oct 1993

FO T 18 33 456 52 22

Fl 8 11 ag 06 45 83

F2 10 75 51 41 83 35

F3 9 44 41 49 64 78

F4 10 59 60 64 91 28

SE 1 700 1 30 1 4

CDh NS 4 008 4 314

s



178,

Table 53d Effect of nutrition on the uptake of Ca Kg ha_l by

covercrop

Treatment Oct 1991

Fg 2 15

Fl 2 25

F2 3 23

Fq 2 68

Fu 3 18

SE 0 80

CD N S

———— ey

Oct 1992

11 71
13 61
18 54
15 09

22 34

17 19
19 04
29 30
22 72

32 51




Table 53e Effect of nutrition on the uptake of Mg Kg ha_1 by

covercrop

Treatment Oct 1991 Oct 1992 oct 1993
Fo 0 61 3 54 5 12
Fy 0 80 4 25 6 38
1 1 09 6 28 9 56
Fq 0 95 4 93 7 07
Fju 1 30 7 81 11 42
SE 0 50 0 80 05

CD N S NS NS

—— e ———




Y

During the first year all the nutrients except N
there was no significant differences noted between the
treatments From the second year onwards among the levels F2
and F4 were on par for the P uptake For all the other
nutrients the level Fy was found significantly superior over

Reasons were already explained 1n Experiment I

4 29 Effect of cover crop and 1ts nutrition on the growth

of Hevea roots and cover crop roots

The effect of cover crop and applicat:on of
nutrition to cover crop on the growth and development of
Hevea root and cover crop root were analysed and presented 1n

Table 54-57 The weight of roots were expressed as g152

4 2 91 Hevea roots at 0-7 5cm s01l layer

Covercrop grown treatments recorded significantly

higher weight of Hevea roots than under no cover Among the

levels,F4 has recorded significantly higher root weight than

F2 and followed by Fa Fl and Fo



Table 54 Effect of gronlgg covercrops on the growth of
rubber roots(gma )0—7 5cm s0il layer

Treatment 1991 1993
Fgo 312 308 411 013
Fy 331 963 432 770
FZ 328 380 487 875
Fq 331 045 471 238
Fyu 338 93 514 83
C 245 013 248 388
SE 8 012 5 438
D 24 145 i6 389
Sk * Sa%

S** Significant at P - 0 01 level
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Table 55 Rubber roots(gm_%)above ground level

Treatment 1991 1993
Fg 123 450 169 8
Fy 135 588 177 013
Iy 142 978 208 5
Fq 144 233 202 463
Fy 154 638 220 183
C 74 8173 112 595
SE 2 885 6 188
CD 8 694 18 587
S** S*x

————— —_— e em—————— — — —_

S** Significant at P 0 01 level



4 2 9 2 Hevea roots above ground level

The sy tuation 18 similar to that at 0-7 Scm so1l
layer The reasons for the vigorous development of surface
roots at both 0 7 5cm and above ground level under legume
cover are due to the heavy mulch of dead leaves that built up
under cover crop (Table §4) This would have 1ncreased the
so1]l moi1sture content (Tables 52 and 53) Under the absolute
control treatment there was no cover crop and fully i1nfested
with weeds predominately by grasses These grasses rooted
vigorously on surface and hence least Hevea root development
occured i1n the control treatment Similar finding was

observed by Watson et al (1984)

4 2 9 3 Covercrop roots at 0-7 5cm sB01l1 layer and above

ground level

Among the levels T4 and F, had recorded
si1gnificantly higher weight of cover crop roots than all the
other levels F4 and Fz were on par with each other This
mi1ght be due to the direct effect At F4 Fz levels the
biomass of cover crop (Table 59) were also highest and hence

better rooting under these levels



Table 56 Effect of nutrition to covercrops on the growth of
covercrop roots 0-7 5 cm layer of so:l (gm <)

Treatments 1991 1993
Fo 15 275 67 868
Fl 17 175 866 968
Fz 18 583 73 983
Ta 18 075 69 868
F4 19 198 81 900
SE 1 801 2 810
CcD 5 427 8 489
S* S*#*

S* Significant at P = 0 05 level

S*¥* Saignificant at P = 0 01 1level

190



Table 57 Effect of nutr:tion to covercrop on the_%rowth of
covercrop roots above ground level (¢ m }

Treatments 1991 1993

Fo 8 9243 37 270
Fl 9 585 42 370
Fz 10 815 46 278
Fq 9 100 41 243
F4 10 B25 81 593
SE 0 278 1 549
CD O 838 4 887

S* Skx* \

———— e e ——— - e e e wn et ma e e e mE—— . —t——

S* Significant at P = 0 05 level

S** Significant at P

0 01 level



Table 58 C/N ratio (1993)

Treatment

SE

CDh

S¥¥* Shi1gnificant at P =

11 40
13 30
11 18
26 68
1 0586
3 181

S¥*%

——— e erem e e ————— —_ —_—_—— ————

0 01 level

IV



4 2 10 Effect of cover crop and ites nutrition en the C/WN

ratio

The 1mpact of cover crop and 1ts nutrition on the

C/N ratio are presented i1n Table 58

Among the treatments the cover crop grown plots
recorded significantly lower C/N ratio where as the control
plot recorded the highest C/N ratio Among the levels,F4 and
Fo recorded least value and are on par with all other levels

grown with cover crop

Leguminous creaper has been shown to mobil:ise
greater quantities of nitrogen phosphorus and calcium than
the control plots Since the litter from the cover crop has
a low C/N ratlQ,lt would be expected to mineralise rapidly
with 1ts nutrient content becoming quickly available again

for uptake by Hevea or cover crop 1tself These results are

1n conformative with the work of Watson (1981)

4 2 11 Effect of cover crop and ite nutrition on the biomass

production of cover crop(Kg ha_l)

Biomass of cover crop produced from October 1991 to
October 1893 were recorded at six monthly interval analysed

and discussed below



—— e e e e e ————

1991 1992 1993

Treatment Oct 199t April 92 Oct 92 April 93 Oct 93

324 50 791 50 1457 75 1773 50 2277 25

359 00 841 25 1635 00 2043 50 2573 50

460 50 1100 00 2143 75 3170 75 3476 00

413 00 992 50 1774 75 2285 25 2770 75

451 00 1176 75 2495 50 3492 50 3787 25

14 547 10 739 20 708 15 231 15 341

44 827 33 094 63 814 48 937 47 273

Shox Sk Sk S** Stk

Significant at P - 0 01 level



During the early stage Oct 91 Fy was found to be
superior as the growth 18 limitted addition of 10 K¢
Nitrogen has 1ncreased the nodule count with that higher
biomass At this stage F; 1s sufficient and cover crop has
no capacity to utilize 680 Kg P and K As the time passed
more uptake of P and K 13 noticed and from first year onwards

F,4 18 superior and 1s followed by F,

The reasons were already explained the

Experiment I

4 2 12 Effect of cover crop and 1ts nutrition on weed

drymatter production

The quantity of weed drymatter produced in Kg hn"1
in the experiment 15 analysed and the same 18 presented and
di1scussed The recording of weed drymatter production were

undertaken at si1x monthly 1nterval

It 13 noticed from the table that during all the
three years form Qctober 1991 to Oct 1993 there was
si1gnificant difference found between the treatments and
absolute control on the weed DMP There was a drastic

reduction 1n weed DMP when the level of fertilizers to



Table 60 Effect of

——— s s S A B el G et s e et oy

766

659

504

638

458

1489

a7

113

DMP (Kg ha
1991
Treatment Oct 19891
Fo 501 75
Fy 405 00
FZ 8605 00
Fq 525 15
Fq 287 25
C 1010 25
SE 25 123
CD 75 713
Sk
S** Significant at

0

1992
11 92 Oct 92 April 893 Oct 93
50 1095 00 903 256 873 00
00 980 25 781 50 769 50
75 789 75 588 00 494 25
25 888 50 758 50 742 75
25 765 00 820 75 499 00
25 1830 75 1713 50 1921 75
556 31 036 42 539 19 367
185 93 533 128 198 58 365
Skx Sk* Sk« Suw
01 level

overcrop and 1ts nutrition on the weed

fgb



cover crop were 1ncreased The level Fz was found to be
optimum i1n 1993 where as F, and F4 were found on par in 1991

and 1992

The reasons were already explained 1n Experiment I

4 2 13 So:il physical characters

The effect of cover crop and i1te nutrition on soi1l
mol1sture retention total porosity bulk density and
aggregation percentage at two depths viz 0-30 and 30-60 cm

are presented and discussed below

4 2 13 1 So1i1l moisture retention capac:ty

The moisture retentive capacity of the soi1l was
worked out at the beginning and end of the experiment at -
0 033 Mpa and at -t 5§ Mpa pressures at two depths vaiz 0-30
and 30-60 cm and are presented 1n Tables 6! and 62 So1l
moisture retention was higher i1n the cover cropped plots than
absoclute control At -0 033 Mpa and at -1 5 Mpa pressure the
final analysi1s of 9011 moisture retention of shallow depth

were si1gnificantly differing each other Among the levels at



Table 81 Effect of covercrops and :its nutrition on the soi1l
molsture retention capacity at 0 033 Mpa

————— m— ——— —_——— - —_—— ———— i Rt e e e am e me e -

O - 30 cm depth 30 - 60 cm depth
Treatment 1991 nitial 1993 final 1991 1n:tial 1993 finail

FO 28 853 27 075 29 050 30 475
Fl 26 600 27 375 28 BB3 31 195
Fy 25 688 28 B75 28 575 32 100
Fq 28 5756 27 938 29 200 31 138
F4 268 438 28 913 29 350 32 500
L 26 188 28 350 29 438 29 813
SE 1 103 0 252 0 377 0 388
CD NS 0 758 NS NS
S

S* Significant at P = 0 05 level

NS Not si1gnificant



Table 62 Effect of covercrops and 1ts nutr:tion on the so1l
molsture retention capacity at -1 5 MPa

0 — 30 cm depth 30 — 60 cm depth
Treatment 1991 1ni1tial 1993 final 1991 i1nitial 1993 fainal

Fo 19 483 20 650 22 050 23 763
Fy 18 938 20 800 23 238 24 800
Fo 19 125 21 825 23 880 25 588
Fgq 19 138 21 338 23 500 24 700
Fu 19 113 22 013 23 438 25 800
Cc 19 013 19 263 22 475 22 850
SE 0 253 0 192 0 254 0 259
Cb NS 0 358 NS NS
S*»

e e e e e Bt e ey o bt e e et et Sk et Sy ey S Y i e e e e

S** Significant at P = 0 01 level

NS Not significant



shal low depth,F4 was found on par with Fz at both pressures

At deeper depth there was no significant ehange observed

The reasons were already explained 1n Experiment 1

4 2 13 2 Total porosity bulk density and aggregation

percentage

The s01]l was analysed for 1ts total porosity bulk
density and aggregation percentage at the end and begining
of the experiment at two depths viz 0-30 and 30-80 cm and
were presented 1n Table 63 All three characters of soi1l at
0 30 cm depth were significantly higher i1n the cover cropped
treatments than the absolute control At shallow depth of
so1l these physical properties were improved by
cover cropping Among the levels,F4 and F, were on par with

each other

The reasons for the above results were already

explained 1n Experiment I

4 2 14 Effect of cover crop and its nutrition om the

microbial population in soil

The microbial population of the so1l were analysed

for the generalized count of bacteria fungi: and phosphate



Table 83 Effoct of growind covercrope asd 1ts mutritlion on the physical properties of soll

Treatment
0
1591
Fo 46 61
F! 4% 89
Fz 47 66
F3 48 23
F4 47 64
C 46 %8
SE 0 360
<D NS
(374

1993

17

43

49

49

19

17

0

NS Not slgniflcant

923

51

6%

79

38

267

805

s18

Total porosity %

30 60

1991

48

45

L 1]

17

40

T

79

76

89

30

299

NS

1993

49

60

62

61

52

19

66

43

70

53

04

NS

Significant at P = 0 01 level

Bulk density fgcc !

0 30 30 60
1991 1993 1991 1993

o 010 0 006 0 003 0 00B6
RS 0 014 NS NS

1321

0

1991

a5

66

a5

79

L1

63

2%

93

o8

.13

709

NS

Aggrogdation %

30

1993

39

92

920

a7

60

56

35

a3

95

36

982

[ ¢ 4

19

30 60
1991 1993
79 43 80 93
79 18 80 23
78 88 80 06
79 78 80 93
79 43 80 48
79 8 80 60
0 849 0 304
NS NS



Table 64 Fffect of growing covercrop and 1its nutritrgﬁ on
the microbial population of the soi1l x 10" g of

so1l
Treatment S T prosphates
Bacteria Funga solublizers
Initial Final Initzral Final Initaial Final
Fo 27 025 37 800 9 750 11 503 4 638 6 538
Fl 28 B850 38 625 10 075 12 600 4 620 7 500
Fo 28 675 49 375 9 750 13 563 4 543 7 333
Fq 28 175 48 825 10 125 13 280 4 700 7 875
Fyu 27 850 49 050 10 025 13 918 4 543 7T 813
C 27 450 29 85 9 875 10 888 4 3585 4 488
SE 0 463 0 938 0 875 0 082 0 103 0 o061
CD NS 2 858 NS 0 2486 NS 0 185
Skk Sk* S*xk

- .t . e e Sty ey P . — o —

S** Significant at P ~ 0 01 level

NS Not significant
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(rable 64) All the microbial population were 1ncreased over
the 1ni1ti1al count i1n the cover cropped plots which was found

gignificantly higher than the absolute control

Among the levels, F4 and F2 were found to be on
par with each other and significantly higher i1n the bacteria
and fungi1 count Phosphate solublizers were higher 1in F4

level followed by Fq Fyq F2 and FO

The reasons were already explained 1n Experiment I

4 3 Experiment III

Inorder to study the comparative effect of
cover crops alone and that of cover crops with rubber a
series of microplots were put under Pueraria and Mgcuna The
cover crops were retained for 3 years and various biometric
observations molsture content at different depths nutrient
uptake so1l status of available nutrients and microbial
activities were studied The data obtained from these

microplots were compared with cover crops grown with i1mmature



rubber as well as that of mature In mature plot only Mucuna

was grown as cover crop These dataweve complied from three

different experiments and hence statistical interpretation 1s

not attempted

4 31 So1i1l moisture percentage

The data of so01]1 moisture 1n percentage 18

presented 1n Table 85

In the second year of observation (1992) at shallow
depth, Mucuna (02) has recorded more moisture than Pueraria
(Cy) 1n both pure cover cropped area as well as cover crop
grown with immature rubber More or less same trend 18 noted
at deeper layer also In 1993 April,at 0-30cm depth also the
trend 18 somewhat simillar Where as at 30 60cm depth Cy has
recorded lesser moisture content than C; under both pure and
immature rubber situation In the 1nitial stages of
cover crop 02 has more molsture percentage because of more
Eo1l cover However 1n the deeper layer Cz has recorded
lesser moisture content 1n both situations probably because
of 1ts deep roots and would have obsorbed more moisture from

the deeper layers The performance of Ca 1n mature rubber



Table 65

Immture
Cy

Ca

Mature

194

Comparison among open, 1mmature and mature
Si1tuation on soi1l moisture percentage (Apairl
1992 & 1993)

1992 Apri) 1993 April
0—-30 cm 30 80 cm 0-30 cm 30-80 cm
12 66 13 25 t2 75 14 19
14 45 13 70 t3 82 12 59
12 20 12 78 13 12 t4 08
15 05 14 42 13 82 13 77
15 58 14 68 16 50 14 95



Fig 20 Effect of cover crops on the soll moisture

percentage (April 1992 & 1993)
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I

showed that at 30-60 cm depth there was reduction of soil
moisture content than shallow depth Thi1s decreased so1l
molsture percentage at lower depth by C, has no way affected
the girth of rubber and i1s seen from girth increment heilght
increment latex yielad (Thbles 36 37 and 40) This shows
that there was no competetion for moisture at deeper depth by

growing Mucuna (Cy)

4 3 2 So1l natrient status

The data of so1l avarlable nutrients vz organic
carbon (%) mitrogen phosphorus potash ealcilum and

yagnesium (kg ha~!) are presented i1n Table 68

Organic carbon nitrogen phosphorus potash
calcium and magnesium are at a higher level 11n the mature
area than the other two <situations {(Fig 21) Among the
cover crops,Cz has registered higher values of all the
avallable nutreints than C4 under both pure as well as 1n
the 1mmature stage The table on the leaf litter production
under mature condition showed that a huge quantity of Hevea
leaf litter 18 added at every year which contains lot of
nutrients This phenomenon 18 lacking under the pure as well

as i1n the i1mmature stage Among the cover crop{;/C2 has



Table 66 Comparison among open 1mmature and mature si1tuation
g01l nutrient status

—_——— ——— e —_———— e —_ e —————— ——— e m— - ——— —_——

Organic N P K Ca Mg
carbon % kg ha™! kg ha t kg ha 1 kg ha~! kg ha-"1
Open
Cy 1 072 232 740 21 805 194 230 273 220 137 895
CZ 1 20t 240 610 26 800 158 470 277 885 151 635
Immature
Cy 1 093 244 570 22 980 165 220 270 43 185 170
(o 1 120 244 830 28 020 185 850 273 87 185 220
Mature

Ca 1 200 259 520 31 883 191 843 355 350 179 82



Fig 21 Effect of cover crops on the
soll nutrient status (1993)
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produced more of dead leaf litter which 18 added i1nsitu and
incorporated This might have contributed to the increased
avallable nutrients over C1 under pure and i1mmature

situations

4 3 3 Uptake of nutrients by cover crops

The uptake of nutrients by cover crop 1is presented

1in Table 67

Uptake of nutrients under open and 1mmature
situations are higher than that under mature situation
(Fi1g 22) Among the cover orops)Cz has taken highest
quantities of nutrients than Cl and thus produced higher
biomass and lesser weed DMP Uptake of nutrients by
cover crops under open and i1mmature situations are more or
less similar Higher biomass production of cover erops under
open and 1mmature si1tuations might have contributed to the
lncreaseduptake of nutrients

4 3 4 Biomass of cover crope kg ha~!

The biomass produced by cover crop 18 presented 1in

Table 67



Table 67 Uptake of nutrients by cover crops Biomass of
cover crop and Veed Dry Matter Production

(Kg ha~1)
Nitrogen Phos— Potash Cal- Magne— Bio—- Weed
phorus cium <S1um mass DMP
Open
Cy 68 75 5 95 64 80 20 19 3 78 2805 00 1776 1
Ca 92 75 7 92 83 854 26 26 8 89 3598 00 617 9
Immature
Cy 68 44 5 98 42 50 15 40 5 20 2683 33 790 0
Cqp 86 84 8 40 46 50 19 15 6 35 3285 00 598 O
Mature

Co 64 20 6 38 45 B3 19 04 @8 38 2573 5 769 §




Fig 22 Effect of covercrops on nutrient uptake,
Biomass of cover and weed DMP (kg ha)
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Biomass of cover crops produced under pure stand 1s
higher than that under 1mmature s:i1tuation (Fig 22) The
cover crop Cz has produced more quantities of biromass which
18 comparable with Cy under immature and pure mituation The
Cy under mature situation 18 comparitively lesser over the

other two situations

Under pure stand therewwes no shade effect and hence
better quantum of biomass whichwds absent under 1mmature
si1tuation Under i1mmature situation partial shade from young
rubber plants might have reduced the biomass of cover crop
The cover crop C, 18 genitically vigours in growth and has
produced more biomass C2 can be recommended as a good
cover crop under mature plantation Under mature situation
canopy of Hevea 1s fully closed and light penetrat:ion 1s
limitted hence biomass of Cs 1s comparitively lesser than

the other two situations

4 3 5 Weed drymatter production

The weed drymatter production is presented 1n

Table 67



Weed drymatter produced under all the three
si1tuations are similar (Fig 22) Among the cover cropacz
has registered lowest quantity of weed dry matter under pure
as well as 1mmature situation proving 1ts effieiency 1n

smothering weeds

4 36 So1l microbial population

The data of soi1l microbial population 1s presented
in Table 68 The general count of bacter:a fung:1 and
phosphate solubillizers were under taken and discussed with

respect of the situation (Fig 23)

The microbial count of the soi1l showed that the
count under mature situation 1s higher than the other two
si1tuations Among the pure and 1mmature stand there was not
much difference The cover crop C, has recorded higher count

of microbes over Cl under all the situations

The so1l moisture content and the organic carbon
content (Tables 65 and 86) were higher under mature
si1tuation This might be the reason for the increased

microbial population Among the cover crops u&éer Cz the



Table 68 Comparison among open 1immature and mature situations on
so1l microbial population x 10% g~! of soxl,nadMJt Count
and weight (972 )

Bacteria Fungi Phosphate Nodule
solubilizers - —————————mrmeeo

Open C4 28 71 10 787 4 860 5 920 1 410
Ca 36 57 13 1756 7T 505 4 400 1 475
Immture C, 30 800 10 30 4 B2 6 800 1 422
Cp 36 433 10 10 6 13 3 700 1 442

Mature ¢, 38 625 12 800 7 500 4 750 1 525
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biomass addition of cover litter higher so1l moisture
content and organic carbon content might have 1ncreased the

s01]l microbial activities

4 3 7 Nodule count and weight ple.nt.—1

Nodule count and weight are presented 1n the
Table 68 The nodule count of Cl 18 higher than Cz The
welght of nodules under Cl are comparable with Co The
reason 18 that the nodule size of Cy 18 biggdger than C4

(Fig 23)

4 4 Correlation studies

In order to explain the relationship between some
of the 1mportant characteristics with girth and hei1ght
increment of cover crop under 1mmature and girth and yield
under mature situations correlation studies were attempted
The correlation coefficients have been worked at on all
posgible relationships however only the 1mportant and
relevant correlations are presented and discussed 1n the

text



4 41 Correlation of girth with other characteristics of Cy

and 02 under (memature situation

Table 89 1ndicated that girth was significantly and
positively correlated with cover crop biomass nutrient
uptake so1l available nutrients soil moi1sture contents
Hevea leaf nutrients and significantly and negatively
correlated with weed dry matter production under both Cl and

02 grown conditions

It 13 noted that N content of =so1l and leaf were
positively correlated with girth increment and the
correlation was significant It has already been noticed
that application of N 1ncreased the girth 1ncrement (Tabies
83 and B67) as well as the N contents 1n leaf (Table 4@
Application of N has enhanced the girth increment because of
the effect of th:s nutrient on vegetative growth characters
This 13 evidenced by the correlation obtained between girth
increment and N contents of leaf and so1:l The 1ncreased N

content 1n the Hevea plant might have helped 1n enhancing the

girth

The girth 1ncrement was also correlated with the P

and K content of so1l and leaf This could be due to the

%04



Table 69 Correlation coefficient (r) of girthfbeight increment

as related to important
characteristics (Immature Hevea)

Characteristics Girth xnorg;gatei%a Helghtl%%bréaggt (r)
Cover crop biomass O 66117 0 7920 0 7958"F o0 7784""
Cover crop nutrient uptake
N 09592 0 8130™* o 7516™* o e718™*
P 08483 0 so18** o 6016** 0 s048™*
K 0 4574** o 7743 o 4675"* 0o es7T?™"
ca 06512 0 6215" o 6212"* 0 s055™*
Mg o0 so10™* o 7916™ o 7s60™* o0 7422**
Soi1l available organic
c oe6003"* 0 6a70** o 7962** o s723**
N 0 9497™* 0 9480 o 7835"" o 7370%*
P 08065F o0 7734 o 71510"* 0 e197™
¥k 0 8250"* 0 sa02** o 8561™ o 7256**
ca 0 7544 0 7956** o 4s08™ o s880**
Mg o0 9019™" o 5418** o 5785* o 3078™*
So1l Moisture Jan O 8601°* 0 ss76™* o 7342** 0 6192"*
0 30 cm Fu 0 7394 o 8sot™ o 6253** o serT™*
Mer © 8609°F 0 7185%F o 7539 o 1172**
Apr 0803 0 8578 o 7288™ 0 eses™*
30-60 Jew 0 6991** 0 g203** o 7289"* 0 7428**
Fet 0 6008** o0 5206™ o 88ga** o e709**
Mav 0 3854"% 0 7611™* o s110"* o 7119**
Apr 0 8894™ 0 7907** o 8oa3** o 7754**
Hevea leaf nutrients
N 08035 o si02* o 8127™* o T17T**
P o0e38"* 0 6244* o 8391™ o s988**
Kk o 4738" 0 4823** o 7003** 0 3508
ca 09598 0 7704** 0 8294** 0 s922**
Mg o sosg*™ o eso8*™* 0 9031™ 0o 7465™*

Weed dry matter production

-0 8215 -0 71321 -0 7145"* -0 7040**

** Significant at P 0 01 level




haracter#
favourable effect of applied P and X on these char

There was positive correlation between girth mcrement and Ca

contents of leaf and so1l Calcium 1; very important for

growth as 1t 1s constituent of the cell Wall ( Sutcliff ang
/
Baker 1974) Similar correlation beWeen g,pip i1ncrement

and soi1l N and P were reported by PuharaJ&h et aj (1984)

and correlat:on between girth i1nemepg and |
eaf N by

198
Sivanadyan (1983) and Weerasuriya AnDgaratngy (198g)

The girth increment and he: re
algp correlated

with soil morsture content during er

months

moisture content during summer months\ Soyj
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positively correlated with girth and h ¥ ang
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4 4 2 Correlation of girth and
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\
Table 70 i1ndicates that gairt
1q
significantly and positively correlated wi Were
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Table 70 Correlation coefficient (r) of girth and y:ield as
related to 1mportant characteristics (Mature Hevea)

Lharacteristics Girth (r) Yield (;)
Hevea leaf litter o 8312%* 0 8154**
So1l available N o 7108** o 8710**
P o 7288%* 0 8550**
K o eg41** 0 5602%*
Ca o 7215%* o 5382%*
Mg o 7799** o 7539%*
Hevea leaf nutrients
N 0 8351** o s4s8e**
P 0 6225%* 0 6884**
K 0 7196** 0 6586%*
Ca o sgse** 0 6480**
Mg -0 s093*" -0 g242%*
Soi1l Moisture J 0 2589 o 3577**
0-30 Feb o 3764™* o 4925**
Mar o 7264%* o 9167**
Apr o 8143** o 8a30**
30-60 Jan o 4731** 0 7758**
Feb o 5182** o 5724**
Mar 0 8149%* 0 8449**
Apr o 8152%* o 8837**
Veed dry matter -0 7731** -0 8307**
Cover crop biomass 0 7776** 0 8891**
Uptake of nutrients
b/ covevcwpy 0 7409™* 0 8729"*
p o 6333%* o 6548%*
K v 7032%* 0 8409™*
Ca 0 5814%* 0 6894**
Mg o 7582%* 0 8208**

** Significant at P 0 01 level



the so1l leaf nutrients resulting 1n a significant and
positive correlation Similar relations were also obtained
between so1l moisture and the above characteristics,girth and

yleld,m01qture content during summer months

Weed dry matter production was significantly and

negatively correlated with the girth and yi1eld of Hevea

The reports of Shorrocks (1982) Pushparajah (1989)
and Pushparajah (1977) also 1ndicated positive correlation
between girth and yield with nutrient contents of soil and
leaf Negative relations of Mg were also reported by Yip

(1990)

iR



SUMMARY



5 SUMMARY

Field experiments were conducted to study the
effect of cover crops on the nutrient dynamics 1n rubber
plantations There were three fi1eld experiments and were
conducted at Bethany Estate Mukkampala Kanyakumar:i Digtrict

from February 1991 to October 199} they were

1 The effect of cover crops on the nutrient dynamics 1n
the 1mmature rubber plantation

2 The effect of cover crop on the nutrient dynamics 1n the
mature plantations and

3 Microplot study of cover crops alone

In Experiment I there were two cover crops Vv1Zz

Pueraria phaseoloides and Mucuna bractegta and five levels of

NPK viz 0 0 0 O 30 30 10 30 30 O 80 60 and 10 80 80 with
one year old HRII-105 replicated thrice and statistically
la1d 1n RBD In Experiment II1 there was one cover crop
Mucuna sp alone with five levels of NPK as above with 8 years
old RRII-105 replicated 4 times and statistically laid 1n
RBD In Expt ITI there were 10 microplots with both
cover crops The results of the 1nvestigations are

summarised below



Salient findings

S

(2)

(3

(4)

(5)

N P K Ca Mg content of both Hevea and cover crops

were 1ncreasing as the crops growth progressed
Fertilizer application to cover crops i1mproved the Hevea
leaf nutrient content than the absolute control Anong
the levels, 10 30 30 was found optimum Mucuna was found
better than Pueraria 1n i1ncreasing the Hevea leaf

nutrient content

Girth i1ncrement was better with 10 30 30 This was found
to be optimum under both experiments More height
increment was observed 1n this level as well as 1n
cover cropped treatments when compared to absolute

control

Biomass production of cover crops were maxlmum at

10 80 B0 followed by 10 30 30 wunder both experiments

Root weight and length were higher i1n Mucuna and 1t was

found 1ncreasing as the crop growth progressed

Nodule count was higher i1n Pueraria and the fresh weight
of nodule per plant was higher in Mucuna as the size of

1ts nodule was found bigger

2



(8)

(1)

8)

So1l moisture retention capacity was found higher under
cover cropped plots at both shaliow (0-30cm) and deeper
(30-60cm) so:il depths at -0 033 and -1 5§ MPa pressures
than control Pore space and aggregation percentage
were improved where as bulk density decreased Among
the levels of NPK/IO 30 30 was found optimum 1n
improving the so1l physical properties The percentage

of 1mprovement was found greater at shallow depth of

so1l than deeper So1l moisture content during summer
months were 1mproved 1n the cover cropped area The
soll moisture 1n .. the top so1l (0-30cm) was lesser

than the bottom soil (30 80cm) 1n Pueraria grown plots
This trend was reverse 1n the case of Mucuna Reason
for this trend 19 attributed to the deep rooted nature

of Mucuna

Growing of cover crops 1mproved the microbial poputation
of bacteria fungl and phosphate solubilising organisms
The level 10 30 30 was found optimum for the better

microbial activity

10 30 30 was found optimum for better yield and Latex
Flow Characteristics Covercropping has 1ncreased the

latex yield by 15-20%



(9) 10 30 30 was optimum for better leaf litter production
of Hevea In cover cropped plots the leaf litter
production was higher and wintering was delayed by 26-30
days over the control This has enhanced 10 additional

tapping days

(10) Girth 1s positively correlated with cover crop biomass
nutrient uptake s01l available nutrients so01l moisture
contents and Hevea leaf nutrient contents Strongest
correlation for girth was found with Hevea leaf N
content and uptake of N by cover crops suggesting the
importance of foliar diagnosis Yield was negatively

correlated with Mg content of so1itl

Conclusion

1 Growing of cover crop 18 beneficial and absolutely

essenti1al 1n rubber plantations

2 Best cover crop for rubber 18 Mucuna self gdenerating
fast growing shade tolerant and not eaten by cattleand

performs well under i1mmature and mature phase of Hevea



Optimum level! of nutrition for cover crop 18 10 30 30
from the point of 1ts contribution to the rubber plants

are concerned

Soirl physical chemical and biological properties were

improved by growing cover crops

There was absolutely no competition for moisture between

cover crops and maln crop

Weed growth was suppressed to a greater extent

Yield and Latex Flow Characteri1stics were greatly

enhanced by the cover crops

Wintering was delayed to an extent of 30 days thereby

gi1ving 10 extra tapping days

Growing of cover crops are absolutely essential for
maintaining higher productivity of the rubber so1:l
especially 1n a tropical situation li1ke ours where

rainfall 1s very high

4"
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APPFNDIX 1
Weather data during the period of the Experiment and means of
previous 25 years (1968 1990) at the Experiment s1i1te

(Kulasekaram)

—_ - —_—— —_ P, —_—

Total Rranfall (mm) No of rainy days
Months 1964—-90 1991 1992 1993 1964-90 1991 1992 1993

January 31 32 21 27 5 4 5 8
February 38 54 47 48 4 3 4 3
March 856 47 85 56 6 4 9 4
April 178 178 105 182 9 9 i1 9
May 230 111 148 140 12 14 16 11
June 322 780 865 T15 22 28 26 23
July 196 150 195 1756 14 12 16 14
August 20 54 18 115 T 3 4 13
Septmber 183 138 265 170 8 9 4 7
October 318 248 195 242 i8 19 21 16
November 274 284 322 248 14 14 11 10
December 868 30 42 K] 3 2 3 3
Total 2031 2084 2128 2154 122 121 124 119
Maximum Temperature Minimum Temperature Rolatlve Humidlty
Honthly mean (*C) Honthly mean (*C) Monthly mean (%)

Months 1966 90 1991 1992 1993 1966 90 1991 1992 1997 1966 90 1991 1992 1993

January 3t 7 31 8 31 6 319 18 4 18 2 179 18 6 68 § 68 6 670 69 0
February 33 8 338 33 4 34 0 19 9 192 191 18 2 69 0 700 96 706
March 34 5 34 2 34 2 34 6 22 8 220 2065 217 73 6 796 T4 0 725
April 35 1 338 346 34 2 23 4 236 179 18 % 68 b 63 6 67 0 690
May 31 2 316 315 k) O 23 6 229 216 23 % 80 O 79 6 81 0 806
June 30 2 Jo 8 31 0 30 © 24 0 23 4 240 227 86 © 87 0 85 5 860
July 30 1 29 8 305 30 2 22 8 225 226 2317 86 © 85 0 36 8§ 86 0
Auguet 30 6 306 331 30 3 23 6 23 4 238 219 83 6 83 5 84 0 850
September 32 1 323 3286 32 4 22 2 223 220 21098 81 0 82 0 81 5 82090
October 32 0 321 232 6 320 22 0 222 218 220 83 6§ 85 0 64 0 850
November 31 0 30 6 31 2 31 6 23 0 226 219 212 82 © 83 0 826 581 0
December 3z 311 31 0 31 8 21 5 209 202 202 72 & 785 736 740



Plate It View of the site of Experiment I

Plate 2 View of the site of Experiment II






Plate 3 Comparysion of covercwopped plot with
absolute control (i1mmature)

Plate 4 Comparison of covercropped plot with
absolute control (mature)






Plate 5 Comparison of wintering 1n covercropped and
absoulte control plot






Plate 6 level 10 70 30 applied Pueraria phaseololdes plot

Piate 7 FTevel 10 30 90 applied Mucuna bracteata pltot
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ABSTRACT

Three fielil exper mentes were conductei at Bethany
Estate Mukkampala kanyakumar: District from February 1891
to October 1443 to study the effect of cover crops on the
nitriert iynamiy s 1n 1mmature mature rubber plantation ant

n at fenh area

In Experiment I there were two cover crops viz

Pueraria phaseoloides and Mucuna bractadta and five levels of

NTK v 7 300 ) 30 30 10 30 30 0 80 80 ani 10 80 606 with
one year old RRII 105 repl1 ated thrice and statistically
laid 1n RBD In Fxferiment 11 there was one cover crop
Mucuna sp aljne with five levels of NIK as above with 8 years

ld RRIT 105 replicated 4 times and statistically laid 1n
RBD In Expt II1 there were 10 microplots with both cover

rops

N I K (a Mg content of both Hevea and cover
cropa were i1ncrecasing as the crops growth progressel
Fertilizer application to cover crops 1mproved the Hevea leaf
nutrient content than the absclute control Among the levels
10 3t 3C was f nd ojtimum Mucuna was foHund better than

Pueraria 1n i1ncreastir g the Hevea leaf nutrient content
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Growing f cover rops 1mproved the microbial
populat n of ta teria fing:1 and phosphate solubilising
crgan ams The level 10 30 30 was found optimum for the

tetter m1 r t1al activity

10 33 30 was forund optimum for better yiell and
latex Flow (hara teristics (overcropping has 1ncreased the

latex yi1eld by t5 20%

10 30 30 was opt mim for better leaf litter
proiu t on of Hevea In cover cropped plots the leaf litter
productior was higher and wintering was delayed by 26 30 days
over the control This has enhanced 10 additional tapping

days

¢t rth 12 j(ositively correlatel wittl over crop
biomass nutrient uptake 301l avai1lable nutrients sorl
moi1sture contents and Hevea leaf nutrient contents
Strongest correlat: n f r girth was found with Hevea leaf N
crte t ani ujtake H»>f N ty ¢ ver crops suggestirg the
importance of foliar diagnosis Yield was negatively

rrelated with Mg ¢ ntent of so1l




