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I. INTRODUCTION

Plantation crops play a significant role in the agra-
rian economy in areas where they are intensively grown in
commercialising agriculture on the one hand and in provide
ing gainful employment to £ntning ocmmunity for most part
of the year on the other, They contribute to two per cent
of the Gross National Product (GNP) acoounting for about
10 per cent of foreign exchange earnings and over 80 per
cent of these earnings from agricultural commodities. Plan-
tation crops like tea and coffee, ocoupying about 5,51 lakh
ha, earn nearly M.450 crores through export. They also pro-
v&doemplmmthoomlSwaﬂc&gkmtnqmmr—
prises. Arecanut plantations on the other hand occupying
an araa of 1.84 lakh ha with an annual production of 191
lakh tonnes of nuts valued at &,250 grores provide employ-
ment and livelihood to over four lakh people.

Arecanut plantations in India are mainly concentrated
in the humia lateritic and red soil nes of Kerala, Karnataka,
Assam and Meghalaya receiving heavy rainfall or under irrigated
conditions at altitudes varying right from sea level to 1000 m.
It is well recognised that although the production of arecanut
48 on a small scale and localised to ammall belts in a few
states, the commercial product is very popular and is widely
used all over the country and being consumed by all classaes
of people, Arecanut (Arega gatechy L.) known as “Poogiphalam*



in Sanakrit is being cultivated from vary early times in
India, The fruita of this palm form an important QOO
nent of social and religious funotions, The arecanut palm
with its ringed erect, thin trunk reaches a height of 15
metres or more and has a closely packed arown of dark pine
nate leaves allowing for partial trickling down of sune
lignt whercin lies the scope for agronomic manipulation of
introducing some additional arops in the interspaces, Being
a parennial erop, improvement in the productivity of the
main arop is not an easy task through introduction of new
varieties such as "Mangala® as in seasonal or annual field
cropss With fluctuation in market prices from year to year
added to savere damage to the qrop due to drought, disoases
and some pests, thare is always a factor of great risk in
this plantation crop and industry as a whole, Among the
agronomic management practices, therefore, intercropping
and mixed cropping systems seem to provide an answer in

stabilizing the income of small arecanut farmers,

Intercropping in arecanut plantacions is not new and
farmers generally have their preferences in 3hoosing sease
onal crops in the interspaces especially when areca plantae
tions are younge. It is observed in one plage or the other
that crops such as turmeric, ginger, sweet potato, elephant
foot yam, dioscorea, cnioory, banana, betelvine, pineapple,
tapioca, cacao, clove, cinnamon and a host several erops are

raised in arecanut gardens, However, the reasons for choosing



a particular crop for intercropping in areca would vary from
location to location, the primary consideration being that

of securing additional income, equitable distribution of
labour forde over a greater length of arop growtn period and
better utilization of inputs and resources such as fertilizers,
land and solar energy. Even in Karnataka, witn diversified
conditions under which arecanut is cultivated in the heavy
rainfall areas of hilly traats of Shimoga and Chikmagalur and
the coastal bait.s of Dakshina Kannada and Uttara Kannada in
contrast to cultivation in scattered spots in semi arid belts
under protective irrigation in other districts, there is no
background information as to the most optimum combinations

of intercropning or mixed cropping, This is especially so for
small farms under tankbed situations too. The nature of the
problem assumes added emphasis in the present day context of
dwindling farm size, rising costs on inputs and increasing
difficulties in managing lahour forges in a just and profitae-
ble manner round the year,

A gcientific approach to intercropping studies in arecanut
plantation is,therefore sarrantdd if resources such as ligat
£iltering through the canony add moisture and nutrients untae
pred by the root system of the main crop are to be better utie
lized, HEstimates indicate that under the recomaended spacing
of 2,7m x 2.7m nearly 40«30 per cent of incoming solar energy
in pure arecanut plantations in coastal belts of Karnataka are
not fully intercepted and about 60 per cent of land gurface



area in the interspaces of arecanut are either not foraged
by the aqrop roots or underutilized both in deptin and spread
thus providing scope for intensification of cropping. 3Such
a thinking also calls for new approaches such asy (1) chane
ging plant densities of pure stands or altering planting geo=
metry with or without changing palm density 80 as to acCommo=
date intercrops or mixed grops thus allowin; for maximum
interception of light, (2) introducing multiple/multistorey
aropning systems to increase aropning efficlency throuqﬁgut
he year facilitating prorar diactribution and utilization of
solar energy in a vertical profile of the mixed canopies as
well as to exploit different layers of soil for moisture and
nutrients and (3) incidentally to reduce the cost on weeding,
intercultivation and even on irrigation hy‘providing a arop
cover in the intercropping system instead of leoaving tne

interspaces free as in pure stands,

Research needs with regard to interaropnring in arecanut
are thus required to be direated in locating optimum combinae
tions of intercrops and their proportions coupled with bringe
ing out suitable fartility and other agronomic managament
practices so as to maximise the utilization of all resources
at hand and in bringing out findings of practical applicaw
tion aven to small arecanut farmers of maidan tracts of
Karnataka state, In the wake of such studies, whare a possie
bility of enhancing the income of these farmers 1s upper most

»
in thought, adverse effects, if any on tne main arop of aracanut



and on the soil on a long term basis because of introduction
of cartain intercrops coupled with their agronomic practices
needs to be studied in greater depth., Such interaropping
atudies were wanting in the maidan tracts specially to meet
the demands of small scattered arecanut gardens rather than
big contiguous arecanut plantations of the hilly and coastal
tracts, Therefore, the present 1nveatiqétions entitled *
Interaction of intercrops in maximising utilization of reso-
urces in arecanut stands (Areca gateghu L) in the maidan
tracts of Karnataka® were initiated with .f.he following obje=

ctivess

1) to study the effect of planting densities and planting
geometrios of arecanut palms on light .t.rxtei'aopuon by the
main c¢rop and intercrops grown within 1t’

2) to identify optimum proportions of intercrops viazy
turmeric, sweet potato and gowpea tuat could be raised under

varying planting geometries of arecanut,
/

3) to locate optimum fertilizer combinations required for
intercrops and their interaction on residual soil farulity;

4) to study the growth and development of intercrops and
their interaction on the yield potential of arecanut, and

5) to estimate the efficiency of potential utilization of

rasources and economics of intercroppinjy in arecanut stands,
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IX, REVIEW OF LITERATURE

studies on intercropping with special reference to
plantation arops have received scientific attention only
in the recent years although interaropping has been a commaon
practice in most plantations both in Malnad and Maidan areas
for several decades, The relevant literature on lntergroppe
ing studies, in general, including f£ield crops is, therefore,
presented in a hrief review giving it as a back drop resource
material in consonance with the objectives of the current

investigations,

-

The concept of mixed cropping was defined hy Alyer
(1949) as a system of growing two or more crops or varieties
in the same f£ield, garden or plantation, each carrying jointly
the same ground and sharing in common the cultural operations
of the field although the latter were intended for one single
crop, and sown or planted either promiscuously in the midst
of each other or systematically in alternating rows or othere
wise, Gautam and Dastane (1970) refered to companion aropp=
ing as growing two arops tojether in the same £13l4 where
they will be in harmony with each other, Hart (1974) intro=-
duced the term simultanecus polyculture for such ocombinations
of different orops grown on the same f£ield, Intercropping
has also been frequently used to define situations where the



arop combination {8 to produce a full yield of a main carop
and some yield of a subeidiary arop.

Tarhalkar and Rao (1975) considered the term interaropps
ing to refer to a situation where two or more species are
grown together s0 that these different species jointly exploit
the environment batter, Andrews and Kassam (1976) rofered to
intercropping as growing two or more crops simultaneously on
the same field where crop intensification is in both time and
space dimensions with interarop competition during all or parct
of crop growth, They distinguish four types of interaropping
as mixed eropping, row intercropping, strip interaropping and
relay intercropping.

-

¥illey (1979) defined intercropping as the growing of two
(or more) crops simultanecusly on the same area of ground,
The crops are not necessarily sown at exaagtly the same time
and their harvest times may be quite different, but are usuae
1ly simultaneous for a significant part of thair growing periais,
This distinguishes interaropping from relay cropping in which
growing periods cvmriap only briefly,.

The terms intercropping and mixed cropping, have often
bean used synonymously in the past, Recently, attempts have
been made to distinguish between different forms of intercroppe
ing =max or intercropping from mixed cropping itself, Freyman
and Venkateswaralu (1977) and Beets %{ opined that intercropw
ping should imply that the crops are grown in separate rows,



and that any arrangement without a f£ixed pattern of apatial
arrangement and without fixed plant populations and propor
tions of the compononts should be defined as mixed cropping.

Interaropping as applied to plantation arops refers to
growing annuals or biennials in the interspaces of the main
crop. %o distinction regarding the arrangement of the interw
crops is made, The desirability of raising annuals or pere-
nnials in the interspaces of coconut and the advantages arie
sing out of such practices was earlier recognised by Nelliat
(1973). He brought out the concept of multistoreyed aropping
in plantation crops to maximise exploitation of all resources.
The increased promimity of neighbours may lead in individual
plants to express a lower growth rate and dry matter yield.
Trenbath {(1973) usaed the term neignbour effect to refer to
morphological and physioclogical differences caugsed by the prow-
ximicy of other plant species or genotypes,

The first and most important interagtion in a plant cCommue
nity is competition for growth fagtors or environmental resoure
ces, wWhittaker (1975) described competition as a situation in
which there {s not enough of an environmental resource for two
individuals or two species populations. In a plant community,
if the component plants are of similar nmature as in a sole c¢rop,
and when the pool of resources from which they have to draw is
of limited voluma, then the successful competitor is the plant
which draws most rapidly from the pool when it is at ebb. AQCOe
rding to Boffoy and Veevers (1977), competition may be for light,



space, moisture etc., the operative mechanisms in any particu=
lar instance being naturally complex. 4

The interaction effeats in intercropping aystams are more
complaex than monocultures or sequential systams since they vary
as widely as overstorey orops with coffee and cacao or legume=
grass pasture mixtures (Allen @t al., 1976). Frequently, one
crop that is taller will tend to dominate the photosynthetica=
lly active radiation environment, Some times the dominant
(taller) species will be more or less permanent as in crop come

binations with coconut or arecanut,

11,2,

The genesis of high intensity aropping.concept in arecanut
and other plantations espeaially of lesser rainfall area of
maidan parts of Xarnataka is only of a recent origin in terms
of scientific research, Screening of mixed stands composed
of different species for avolving an intensive cropping pattern
for high yleld, higher profit, better utilization of resources
and to test the advantages of traditionally grown interarops
and to gain basic information on the process which lead to
advantages and disadvantages of mixed crop communities in plane
tation arops has significance in the present day context of
augmenting food production, with the axisting land, labour and

other resourQes,

Research work on mixed and intercropping in arecanut plane
tations was initiated some three decades ago ( sundarmurthy,1950



and Bavappa, 1951). Successful cultivation of intercrops in
araecanut such as banana, betelvine, tapioca, black pepper,
cologasia, yam, pineapple, jack and coconut (Bavappa, 1951)
and ginger, turmeric, black pepper and oardamom (Abraham,1956)
were reported,

Five year results from an experiment conducted at CPCRI
Regional Station, Vittal indicated no signiiicant differences
in yield of arecanuts due to intercrooning of banana under
different intensities of planting (Sannamarappa and Muralidhae
ran, 1982) confirming earlier reports (Bhat, 1974, Pralma,1974,
Roy, 1974, Nagaraja, 1974 and Bhandary, 1974). Bhat and Khader
(1970) reported that growing banana as an intercgrop in young
arecanut garden will protect the latter from sun-scorch. They
also indicated that interaropring in young arecanut garden can
derive the advantage of temporal complementarity while intere
cropping in mature arecanut gardens can be benefitted from
spatial complementarity, Unlike in other crops where sole crops
themselves, under optimum population, can achieve peak values
of highest interception, leaving little scope for greater spa=
tial intaerception of light by the intercrops (wWilley and Robert s,
1976) the widely planted aracanut palms may not produce complate
cover of the area to fully intercept the light,

However, ylelds of arecanut were reduced in experiments
conducted at CPCRI, Hirehalli (1972+1980) and Kahikuchi (1973=
1978) (sannamarappa and Muralidharan, 1982), though there was
economic advantage with banana fetching handsome additional



income, Inspite cf some of the early rasearch reports on
mixed and intercropping, Sadanandan (1974) considered that
there was no authentic information available on the choice
| of Mtercrogap N.t?w?:mmt plantation for differont localities.
Velappan and Y. (1974) stressed the importance for intensie
fying research to evolve suitable interaropping patterns in
plantation crops, Bhandary (1974) reported that varying
amounts of additional income can be obtained by interaronping.
Roy (1974) and Bhandary (1974) opined that growing intercrops
like banana, pinsapple, pepper, ginger, betelvine eta., had
no adverse effeat on the yleld of arecanut, Bhat (1978) found
that cacao as a mixed grop with arecanut during the early ten
yoars period of plantation did not show any ?dmsa affact on

the performance of arecanut, “

Bhat and Leela (1968) suggested that on the Yest Coast of
India, cacao is likely to go well with arecanut palm as a mixed
arop, Bhat and Bavappa (1972) discussad the possibility of
raising cacao in the normally spaced coconut and arecamut plae
ntations, Menon amLNLf; %L.Q‘Ia) reported that the effects of
intercropping wit. c.ivers in the coconut palms in the root(wilt)

disease prevalent area, increased the yiald of coconut,

In humid tropics, higher efficiency of utilization of the
basic resources of arop production viz., land and solar radia=
tion can be achieved by adonting intcensive aropping systems
like multistoreyed oropping (Nelliatc, 1973). Problems and
prospects associated with such an intensive system have bean



enumerated and disgussed by Nelliat @t al. (1974), Nair gt ale.
(1975) and Nair and Verghese (1976). The garden lands of the
humid tropics respond to intensive management but require loca=
tion specific agro-technigaes to achieve high and desirable
production levels (Nelliat, 1976).

Competition for moat of the environmental resources in a

plant community is a natural phenomenon. This is particularly
observed in such intercropping systems wherein there may be no
yield advantages than in sole croppings. The hardahips caused
by the promimity of neighbours was regarded as ®interference®
by Harper (1961). when the neighbouring plants are of the
same genotype as in monocultures, hardship are axpressed as
shortage of environmental resources such as light, water and
nutrients (Donald, 1963), wWilley (1979) presented the term
"mutual inhibition® when the actual yield of each species in
an intercropping system was less than expected,

IX.3.1. Light intercention and utilization

In any intercropping system light appears to be one of
the most limiting f£aators in the productivity of crops. Donald
(1963) observed that competition for light occurred when one
plant casts shadow on another or within a plant when one loaf
. ahades another leaf, Competition for light was abaent among
newly emerging crop seadlings while severe competition for light

occurred at later stages of plant growth,



Interception and absorption of light by plant canopy
diminishes as plants grow. In an intercropping system light
penetration to the middle and lower leaves is inhibited by
inter and intraeplant competition. Trenbath {1973) observed
that even during grain £illing in cereals a difference of
height can profoundly affect the yleld of grain of a shorter
component., The reduction in 1ight intensity due to intercep-
tion within a leaf canopy is usually exponential (Trenbath,
1976)., Consequently, in mixed intercrops where soil fagtors
are not limiting and competition is only for 1ight, slight
differences in height, even early in growth, can lead to
strong competition effects, Allen gt al. (1976) reported
that photosynthetic productivity of orops, wnich may not
normally attain light saturation under ordinary sunlight, may
be prorortional to the radiation intercepted by their canopies
when grown under other crons, Soardman (1977) considered that
plants can be classified as sun and shade species dapending on
their light saturation curves, light compensation points and
on their adaptability to varying light intenaities,

pifferences in growth rates and yield of component crops
in mixtures have been explained in terms of compatition for
light (Black, 1958y Williams, 1963 Kumaraswamy and Hosmani,
1978), the more uniform t.e intercsption of light by the comp=
onents, the lower the differences from their normal growth
and yield., “hen competition for light is severe as in a dense

population, reproduction is suppressed as in the amount of



photosynthates available per plant becomes limiting even though
primary productivity per unit ground is high which is not often
the major objective in agricultural commsunities where economic
yleld is more valued than totad biological production (Loomis
at al., 1971).

watson (1952 reported that density of leaf layers and
leaf area density also play a major role in interception of
light, Hijher the vertical intervals of leaf layers, better
will be the light penetration into deep layers, Kasanga and
Monsi (1954) reported that high light intensities in tropios
can be better utilized by a canopy with greater vertical Alige
tribution, Pendleton and Seif (1962) examined this possibi-
lity of different heights hut could not obsdrve any advantage
on the yield, Combining crops with different inherent responsos
to light might help better utilization of light, Thus the
top of the canopy could consist of a component with a high
1ight requirement and the bottom component with a low light
requirement, an obvious axample would be a tall ¢4 crop comb=
ined with a short C3 one (Croockston and Kent, 1976).

The spectral qualities of radiation will change with depth
of penetration into plant canopies because leaf pigments absorb
more strongly in the PAR (Photosynthetically Active radiation)
spectrum than in the NIR (Near Infraered Radiatisn). This may
help in choosing componants of the intercrops adopted to the
qualitative changes in light which occur down through the canopy
(Smedsz, 19755 Allen et al., 1976), This differential absorption



causes shifts in the average spectral quality of radiation that
reaches the lower canopy crops. The NIR/PAR ratios will also
be affectad by the time of day and solar elevation angles, 1If
infra-red comprises 50 per cent of the solar radiation and {if
the leaves absorb 85 per cent of the near infraered rwauon,
the total absorption by the upper canopy will be 35 per cent
as sssumed by Nichiporovich (1954).

puncon @t al. (1967) while presenting a mathematical model
suggested that highest photosynthetic rate might be obtained
from a canopy in which the steaepness of inclination of the
leaves decreases with depth. They also stated that over ylelde
ing of mixture has in some instances been attributed to a more
efficient utilization of light, Trenbath (1_.9?4) raeviewed the
canopy structure of different crop mixtures in relation to
light interception and concluded that a taller component with
arect leaves will compete less strongly for light than the
one with prostrate leaves with a shorter component of the mixe
ture. Moss (1976) reported that yield of many crops was depre=
ssed in shaded environment, Maize yleld was reduced to 29 per
cent when one third light was cut, The primary effoct was in
reducing photosynthesis,

The importance of light and its interception has perhaps
been overemphasized irrespective of whether intercrops have
realy intercepted the light fully or not or whether the yield
advantages are as a result of better utilization of light alone,
This aspect needs further research as pointed out by wWilley and



Roberta (1976) who stressed that given optimum plant populae
tions, @sole crops are themselvaes usually capable of achieving
a peak value of light interception which leaves little scope
for greater spatial interception by intercrops. 'Willey (1979)
reported that although the intercrops sorghum and pigeon pea
gave greater total dry matter yield and had a slightly greater
leaf area index than peak light interception of about 90 per
cent was virtually identical to the sole sorghum, Lakhani
(1976) also found that peak light interception values were no
higher than those of sole arops though yield advantages of
more than 20 per cent were achieved,in the interarops of sune
flower and fodder raddish,

£ shading is not too intense, the plants of the shaded
canopy will continue to grow and will adopt to the low light
levels, these adaptations will be competition effecta (Trenbath,
1976), Adaptations to low light intensity include reduced
rates of dark respiration, lowered root/shoot ratios and grew
ater leaf arca/leaf weight ratio., Increased stem extension
usually occurs in shaded plants and can some times prevent a

shorter component being overtopped,

In plantation crops too light interception pattarn and
utilization by the canopies of main crop as well as by the
choice of intercrops needs a aritical examination, The eQow
climate developed in such intercrops would be different from
the ones of field arops largely hecause of the greater vertical
distribution of light than in £ield crops,



Nair and Balakrishnan (1976) studied the intensity of
1ight at the plantation floor of a pure stand of adult coconut
palms planted at a spacing of 7.5m x 7.'5m. and reported that
the growth and yield of intercrops was uneven depending on
the proximity to the palm, the arop planted at the middle of
four palms growing better due to the availability of more
lignt, Nair (1978) reported that pulses did not grow succe-
ssfully as intercrops in coconut plantations due to compati=
tion for light from the main Qrop.

II.3.2. @owth 3

Growth and development of a pure stand is generally une
hindered from the point of ligat interception and utilization
of resources if optimum populations and planting patterns are
adopted, But in an intercropping aystem light interageption
and utilization cannot be optimal for all the components of
the system, Greater interception by one arop may lead to
deficit situations for others resulting in lower growth and
development, Lower photosynthetic rate is known to lower the
LAI, arop growth rate and dry matter productions A Qrop with
a low LAY had a photosynthetic response to inareasing incident
light £lux and so also canopies respond to increasing light
£lux upto progressively higher levels as they grow({ Tranbatn,
1979). ‘Thus, in an intercropping system, it is to be axpected
that greater proportions of incident lignt would ,he intercepted
by the components put together if spatial arrangement is well
manipulated, It is therefore pertinent to examine as to what
happens to growth and development of component Qrops in an



intercropping system under restricted l..lqm;s Moss and 3tinson
(1961), Pepper and Prime (1972), ﬂwﬁli&%). Moss {1976)
and EBvens (1978) observed roduction in yields of crops under
shaded conditions. Shading can also reduce herbage { Blackmen
and mlack, 1959), Sousr & TEERTow 1629 HIMORA LI
Boardman (1977) observed that shaded plants often had thin
leaves with a lower fresh weight per leaf area and a highex
content of chlorophyll expressed on a dry waeight basis than
plants grown axposed to sun. Reduction in leaf numbar, loaf
arca index, leaf thickness has also been reported by Crookston
gt al, (1975) and Borhomme gt al. (1977) and Oritani (1978) 4in
shaded plants, Stomatal number also deareased with the extent
of shade (Warmer, 1965; Moss, 1976 and Boardman, 1977). Ras-
tricted light not only affects the leaf developmant but also
reduaes the growth and development of the whole plant since
photosynthesis is greatly affected under such limited resouraqe,
Crookston gt al. (1975) reported that photosynthesis per unit
area of shaded leaves was decreased by an average of 38 per
gent when the light intensity was reduced from 22,000 lux to
3,200 lux. Singh (1973) reported a reduction in tiller number
in cereals due to reduced lignt intensity causing reduction in
leaf area, number of panicle and dry matter per plant., A lower
tiller survival was observed by Urs (1977) under low light int
ensity.

Shading also affects the rate of translocacion of assini-

lates, Geiger and Batey (1967) observed low rates of transe



location of assimilates when dark treatments were imposed on
sugarbeet, wardlaw (1976) found high rates of translocation
of metabolites to grain in sorghum under high light intensity
but the rate dropped under low light intensity. The garden
lands of the humid tropics respond to intensive management,
but require location specific agrotechniques to achieve high
and desirable production levels (Nelllat, 1976).

115303. 4 k

plantation crops being perennial as well as having tall
ataturd provide scope for greater penetration of light, and
for greater utilization of floor space by way of taking mixed
or intercrops. Even in pure stands research in the recent
years has indicated that competition for resources lile light,
nutrients and floor space can be minimised by either altexing
plant population per unit area or by changing the plantinj
geometrye. Such changes are determined from the aombined demand
of the sources by the plants in relation to the suppliaes per
unit area of plant, In mixed ar interaropping systems in
plantation crops, the competition between the crops may bea
ragarded as negligible in the initial stages i£# plant popula=
tions, spacings and planting patterns are well adjusted in
relation to growth, development and yield of crop mixturaes,

Spatial arrangement dccides the pattern of distribution
of plants over the ground which determines the shape and the
area available to the individual plant, For Qrops regularly
arranged in rows spatial arrangements can be conaisely defined



by the rectangularity, which is the ratio of the inter row
spacing to the intra-row spacing (Holliday, 1963), In arecaw
nut plantations, the spacing adopted in Aiffarent tracts
varies from 1.25m x 1.25m to 3.6m x 3.6m (Nambiar, 1949).
Spacing affeats the growth and yield attributes of the cCrops.
The percentage of fruitset and the number of female flowers
generally incroases with wider spacing. A apnclng of 2.7m x
2.7m has been found to be optimum under pure stands in a number
Bevappa

)
of instances (Anon; 1974, Bhat omdl,, 1972, Anony 19’?£<m
(b

Anony 1977).

This spacing of 2,7m x 2,7m was found to be ideal for
exploitation of soil resources fully, compared to other densie
ties of planting., Bhat and Leela (1968), Bkat and Leela (1969)
and Bhat (1978) also found that more than 79-80 per cent of
the roots of the arecanut was within a radius of 60«75 om from
the base of the palms spacged at 2,7m %X 2,7m, The normal cule
tural operations were also confined to this radius from the
base. From these studiss, Sannamarappa and Muralidharan (1982)
infered that nearly 69% of the lamxd was not affectively utie
1ized by the root system of the arecanut palm, thus, providing
scope for effective utilization of land resource through int~-
roduction of suitable intercrops, However, the ylelds obtained
€rom other spacings of 1.8m X 3.6m and 2,7m x 3%z 3.6m in a
few instances were also reported to be egually good {Muralidhae
ran gt al., 1976y Singh and Roy, 1977), These studies thus
indicate that a change in planting geometry can make available
more land and light resources for introduction of interarops.



In any intercropping system the population af the CompoO=
nent arop is thus determined on the plant population and plante
ing geometry of the main crop, “hat is optimum for the sole
crons may not necessarily be optimum for both main and intere
erops when plant population is considered. Thereforea, the
combined optimum population may be higher than that of either
sole grops when considering intercropping systems, The need
for higher total populations has been emphasised for £ield
crops by many workers (wWilley and Osiru, 1972; Osiru and willey,
1977, Shelke, 1977). In plantation erons, it is not clear,
however, whether plant populations of the main crop could be
enhanced, Thus, altering planting pattern or gedmetry and
then accommodating suitable intercrons in varying proportions
may provide an answer in optimising uulizatlon of floor and

light resources,

Y3440 UtL

According to Agarwal and Heady (1970) land must be put to
a maximum use to obtain higher production and return as land
baing renewable resource, Recently a simpler procedure has
become aqommon practice in intercropping studies, This is the
calculation of a land equivalent ratio (LER), Tais may be
defined as the relative land area under sole crops that is
required to produce the ylelds achieved in intercropping under
the same level of management (Willey, 1979).

Soil resources play a key role in determining the feasim-

bility and success of an intercropping system, Plant nutrients



along with moisture availability are the most limiting factors
in the production of crops. Competition for nutrients between
adjoining plants occurs in three stages, which are called plant
competition sequencas (éray. 1954). Wnen plants are far cenough
apart 3o that neither of their root sorption sones overlap

( mux.'penet.tato); no competition for nutrients (or water) ocaurs,
Yhen the root system sorption zone of adjacent plants interpe=-
netrate, competition for the relatively mobile nutrients occurs.
Competition for the relatively immobile nutrients occurs only
as the root surface sorption zones interpenetrates, Depending
on the planting pattern and density of planting, plants ¢an
grow (a) without competing with each other for any of the nutrie
ants (b) effectively competing for the relatively mobile nutri-
ents only and () competing far both the relatively mobile and
relatively immobile nutrients,

In closely planted agricultural crops individual plants
compete strongly for the supplies of plant growth factors.
Competition for nutrients among different components of inter-~
gropping system at any one time during their growth period e
axcoads the total supply of those nutrients in the soil in an
available form (Nair, 1973), Depletion of mobile nutrients
1ike nitrates will be faster and competition for such nutrients
will arise immediately if thex root system sorptiom zones of
the gomponent arops in the mixture overlap (Dunnam and z%/xgu).
Since the degree of overlapping betweaen root systems of the
components determines the intensity of compatition effacts a
knowledge of the distrivution and density patterns of the roots



of intararop components becomes important (Trenbath, 1975).

Trenbath (1976) recognised a number of characteristics
which contribute to success in competition for water and nute
rients such as early and fast penetration of the soil, high
root density, high root length/root weight, a high proportion
of root system actively growing, long root hairs, and a high
uptake potential for the nutrients, Luxury consumption may
also confer a competitive advantage besides the agression of

a genotyre in a mixture in respnnse to environmental condie-

tions,

Roots grow more slowly in soil depleted of water or nutrie
ents (Duncan and Ohlrogge, 1958). Competition for nutrients |
by the aggressive component can affect the less successful
component of a mixture in different ways (Baldwin and Tinker,
1972)., Competition for nutrients may load to visible symtoms
of mineral deficiency, reduced content of the element oorpeted
gor (Donald, 1958) and physiological impairment (Murata, 1969),
This physiological handicap usually leads to the worse affectal
component being yet further handicapped by a positive feed back
process (Tremnbath, 1976).

stanford et al, (1973), reported depression in yield,
especially to a greater extent in low fertila soils, when a
seaond crop is also added to the normal Crop undar monogulture,
Beets (1953) reported that individual plants of the same Spe-
cias are often highly competitive for certain resources when
they are grown under high plant densities whereas mmm inter-

specific plant intererelationships of certain crops cgombinations



will be complementary and that grops will not compete for

resources such as nutrients and water,

Since plant species foraging different soil layers may
make use of the nutrients better. Alyerf{l949) suggested that
mixtures should be compounded to exploit the whole depth of
soil, Greater nutrient uptake by intercropping has been quo=
ted by willey (1979) in several cases, due to differences, in

rooting pattern of the components,

The mechanisms by which nutrient uptake is increased are
far from qQlear, If the components of a mixture differ in the
times at which they malcdemands for soil nutrients, the mixe
ture will make use of the resource better ag evident from the
yleld advantages derived from mixtures of early and late season
potatoes and mixtures of early maturing £lax with late mature
ing linseed (Trenbath, 1975), Even when growing periods are
similar, if component arops have their peak demands for nute
rients at different stages of growth, a temporal effect would
occur which may kikm help to ensure that demand does not axceed
the rate at which nutrients are supplied (¥Willey, 1979).

Khanna and Nair (1977) indicated the importance of crop
combination in the context of nutrient economy in their system
analysis studies, The presence of more plant cover as in a
qrop combination system increased the plant cycling fractions
of nutrients and thereby reduqing the direct loss of nutrients
in percolating water, Martin (1977) revecaled that the inoreasmsd



root volume of the crop combination can cause the formation
of more organic matter during active root growth directly from

the root tissue,

IXe3454 K

The removal of nutrients from the soil by any crop dopends
on the composition of the crop and the size of the arop harves-
ted and removed out of the system (Bray, 1954). Though infore
mation on the nutrient removal of most of the cultivated crops
is axtensive, very little information is available on the nute
rient cycling in multiple cropping systems with special refere=

nce to plantation crops.

A review on the nutrient studies carrj.;d out on arecanut
was made by Mohopatra (1977)., He reported that the annual
removal of nutrients per hectare ranged from 67.2 to 89.6 kg
N, 22.4 to 33.6 kg P205 and 67,2 to 89,6 kg K20, However,
these estimate wers made for pure stands of arecanut. No
quantification of nutrients removed by Aiffsont interarops is
made. Purther no balance sheet has besn worked out to varify
the total input of nutrients into the system and also the total
removal of nutrients out of the systmm, Steady reloase of carw
bohydratewrich organic matter from agtively growing roots re=
presents energy input into the soil ecosystem and it can suppoct
a substantial microbial population, This phenomenon has been
stressed as very important in nutrient aycling in perennial
crop combinations (Nair, 1978),



In arecanut intercropoing though yield reductions were
observed (Bhandary, 1974p Roy, 1974) no information is avai-
lable regarding any competitive interactions for nutrients
between the components in any of the interaropping systems.
Nair (1978) reported synergistic effeats of a coconut-gacao
grop mixture where both the crops complement each other.

Cacao as an intercrop in this case, besides acting as a buffer
against drastic changes in microclimate, enhances the availae
bility of nutrients and water for the main crop ’t.hrmgn varie
ous interacting processes, Benefiaial interaation in a similax
mixture of arecanut and cacao has been suggestad by Bhat (1978),
an early grown crop of banana inx a young arecanut plantation
is reported to protect tmo arocanut seadlings against sune
scorch and provides them favourable anvirom;mt for healthy
establishment (Bhat and Knhader, 1970), Beneficial efiects of
intercropning banana, betelvine, ginger and guinea grass in
aracanut gardens have also been reported by Roy (1974) and
Nagaraja and Bhat (1977)., However, none of these studies pro-
vide any indication as to whether the intercrops were also
beneficial by such an association,

Nambiar (1949) reported that manuring arecanut palm was
practised only in parts of Karnataka, South Malabar of Kerala
and to some extent in Coimbatore District of Tamil Nadu, In
these parts green leaves and cattle manure were being applied
either annually or once in two or three years, The growers
of Mettupalayam area are applying farm yard manure, groundnut
cake and fertilizers, Coleman and Rao (1918) revealed the
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the system of manuring with cattle manure and green leaves in
Malnad and use of silt or earth from paddy flelds together
with gattle manure in maidan traots of Karnataka,

Iyengar (1954) presenting the results of mial axpari=-
ments of Marthur Farm stated that an yield of over 876 kg/ha
can be obtained by an application of 560 kg N, 84 kg P205 and
112 kg K20 /ha using groundnut cake as a source of N

Nitrogen at 50 and 100 g, green leaf at 7 and 14 kg/palm
increased the yield of nuts significantly over no fertilizer
at vittal, Hirehalli and Kahikuchi {(Anong 1976).

Nitrogen at 100 g and R20 at 140 g/palm increased the proe-
duction of spadices, nut production and its.-relative weight
significantly, The influence of P was not significant on any
of the characters studied except on an initial increase of
height and percentage of spadices to leaf fall, At Hirehalli,
the main effacts of N and green manure were significant with
raspect to number of nuts produced and their wet waight, Among
N and P mteractiona*riz_{g produced asignificantly more number
of nuts, *;,'5! interaction produced significantly more number
of nuts and their wet weight over any othsrRR PK interaction

( Anong 1 979).

The fartilizer recomneniation for arecanut is 10014021140
g of NPK/palm (Anony 1978),

I1,3.6., Fertilizer requirements of intergrops in plantations
% NoP, =1ooq N Log P
* ¥ poig, = Tog K without P
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Vvarghese @t als (1978) revealed that raising tubar crops
had no adverse effect on the main crop of coconut, provided
these intercrops were grown in rotation and both the interarops
and the main crop were adequately and separately manurad,
Nelliat gt al. (1974) observed that against popular belief
intercropping in coconut gardens had no adversce effect on the
ylold of palms, winen both the main and intercrops were adew-
quately manureds

Turmeric responds to heavy manuring. The quring percew
ntage of turmeric was found to be influenced by fertilizer
application (Rao, 1965). Aacording to Rao et ale. (1973) 25
tonnes of cattle manure or compost and 63 kg N/ha as oil cake
was found to be optimum. Aiyadurai (1966) found tnhat 100 kg/ha
of ammonium sulphate doubled the yield over that of unmanured
arop, Nair (1964) reported significant effect of aitrogen
and potash on plant height, tiller production and yleld, wiile
the response to phosphate was rathar negligible, A fertilizer
dose of 1891631126 kg of NPK/ha was recommended for tihe best
yield in Andhra Pradesh (Rao gt al., 1975). Rajput gt al.(1980)
revealed that 100 kg N/ha i3 the optimum requirement of nitrogen,
The feortilizer recommnendation for Kerala as per the package
of practices was 30330160 kg NPK/ha, full dose of P205 and
half X20 to ba applied as hasal, two third of nitrogen to be
applied 30 days af planting and the rest 60 days after
planting (Anong 19 ). The fertilizer recommendation for
Karnataka as per the package of practices was 701608120 kg
NPK/ha (Anon; 19?7{31



In sweet potato, Togari (1950) ohserved that the tuber yield
was low without N, but little difference in yioeld was observed
between the low N plot and the control, Heavy N, howevar,
decreased yield, He further found tnat the yield of smzzm
potato was not affected by 'P' application. Stino amdl.(1953)
observed a yleld response of P treatment. He also obsaerved
that when P fertilizer was applied, sweet potatoes meap became
long in shape, incraased in sweetness and storage properties
improved., Miller and Covington (1962) observed that there was
no advantages in applying more than 100 kg N/ha and 83 kg K20/ha
to sweet potato, Tsuno and Fugise (1985) revealed that the
response to heavy N application differed according to variety.
In some varieties a high yield was obtained with high N applie
cation without cauasing over growth of the ae;rial parts (Vars
Okinawa No,100) while in others the yield of tubers decreased
drastically with a slight increase in N application due to too
much of top growth (Vars Kanto No.48)., Tsuno and Fujise (1968)
noticed that K alone was not so effective but the combined app=-
lication of N and K showed a remarkable yield increasing effect.
They further observad that N and K together kept tne roots
healthy for a longer period than K alone, L1 (1971) found

that sweet potato tuber yiclds were increased from 21,71 t/ha
with no fertilizer to 44,58 t/ha with 80 kg N + 200 kg K20/ha
but with no effect observed from 9205' when the crop was given
all combinations of 0, 40, 80 kg N, O, 20, 40 kg P205 and O,
100, 200 kg X20/ha,

Kesseha
Uriyo amd L. (1973) applied all combinations of O, 25, 50

kg P and O, 20, 100 or 150 kg K20/ha in red oxisol soil in
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Tanzania and found that highest yield of 42.7 t/ha was obtained
with application of 150 kg K20/ha alone and tuber ylelds decre=
ased with combined applications of 25 or 50 kg P205/ha and 150
kg K20/ha, Similarly, Wang (1975) revealed that sweet potato
is particularly responsive to anplication of K fertilizer and
it is usual to apply both N and K in split dressings, However,
in £ield trials in Alberta, Dubetas (1975) reported that tuber
yield increased by 27 per cent when fertilizer waa applied
either by broadcasting bafore plouqninq or banded at planting
at the rate of 200 kg N, 229 kg P205 and 120 kg K20 per hectara.

In sweet potato, a sizable yleld can be obtained without
fertilizer (Tsuno, 1975)., According to him, the yield indices
for the no fertilizar, no N, no P and no K treatments were 60,
84, 90 and 74 respectively, against 100 for theM NPK treatment
showing that among the three major fertilizer nutrients K exerts
the greatest influence on yield, Sugawara (1938) pointed out
that tubers swell and large sweet potatoes are obtained when
K application i3 increased, The most important manurial effect
of R20 on sweet potato is that the enlargement of root tubers
is expedited and even with heavy N application the over growth
of the aerial part is lessened and high root tuber yield is
securad if K dosage inoreased. Ho gt al. (1967) observed a
high correlation (r = +0,878) between the yield index and K
content in the blade 40 days after planting and r s +979 bote
ween the yleld .g:dz:‘: and taie K content 100 days after plant=

UK Aa

ing. Scott amd (, (1;}7’4) in their study on seasonal mineral
accumulation by the sweet potato in USA reported that the
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concentration of N, P, K, Mn and Mg 4in the vines and N, P and

K in the roots of four sweet potato cultivars decreased slightly
in the 14 weeks starting two months after planting. "hereas
other elements like Ca, Fe and B showed no definite seasonal
trends, Total uptake by the vines showed little change after
the second sampling except for Ca and Fe which continued to
increase, The N and Mn content of the vines decreased towards
the lateral part of the season., Roots showed incareasing total
accumulation of all elements as the crop developad,

Tyagi et al, (1982) recommended a fertilizer dose of 20
kg N and 50 kg P205 to obtain a good yield of cowpea, Mann
(1968) said that the growth and yield of cowpea depend upon
the nodulation and rhizobial (bacterial) aotivity which is
influenced by soil pH and nutrients like phosphate, calcium
and molybdenum, For optimum growth of cowpea and its response
to applied fertilizmers, the soil pH should be 6,0 to 6,5, From
the experimental results he revealed that phosphate applicae
tion to cowpea not only benefitted the particular crop and
ingreased its yleld but also favourably affected the soil

nitrogen content for the uumeodi:ig nonklegume arop.

Donald (1963) reported that two species of contrasting
habits with respect to branching, lcaf distribution, height,
root distribution, mineral uptake or other morphological and
physiological characters will be able to complement each other

in a common environment more effectively than plants of similar
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habits as in monocultures, ‘'hittaker (1975) suggested that

the components of a mixture may be complementary in a spatial
sense exploiting different layers of the soil with their root
systam, Components of mixture may complement each other nutr e
tionally, One component may require much of an element while
the needs of other component for this element may be little,
aiological complementarity botween species in a stable community
due to niche Aifferentiation has been brought out by Trenbath
(1978),

Thera can be situations where a given crop will actually
grow better in the presence of another grop than as a sole crop
(rillay, 1979), Erect growing species may provide support for
intercropped climbing spécies (Aiyer, 1949), Taller, robest
components may provide a wind break for more delicate compo-
nents (Brown and Rosenberg, 1970).

The leaf canopies of intercrop components may ocQupy
different vertical layers with the tallest component having
foliage tolerant of strong light and high evaporative demand
and the shorter components having foliage requiring shade and
or relatively high humidity, Such advantageous combination
is used in North African Desert Oases where three layers &re
often planted with date palm, citrus and vegetables (Trembath,
1976), Nambiar (1970) reported that areganut can proteet pepper
trailed to it by giving shade during hot summer months, Inse
tances of rhizosphere microflora of component crops solubilie
aing insoluble forms of nutrients in the soil and benefitting
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the nutrient uptake of the main erop have been reported by
Shantaram and Rangaswami (1967).

Information on legumes benefitting the arecanut directly
is not available, though Bhat and Mahopatra (1973) recommended
growing of leguminous cover arops like Pueraria javanica, Mimosa
invisa and Calopogenium mugunoides for emriching the soil of
young arecanut plantations through fixation of atmospheric nite
rogen. Nair and Rao (1977) reported on intense microbial acti=
vity in the rhizosphere of cogonut with which cagao was inter=
planted, They explained that this phenomena might have been
made possible due to the energy=rich substraats for the multi=
plication and activity of the microorganisms provided through
the increased volume of dead roots, formatidn of carbonacasous
substances during the active root growth and the fallen leaves
of cacao, They also found increased activity of phosphate 80le
ublizing bacteria in the coconut rhizosphere interplanted with
. eacao than in the rhizosphere of a pure stand of coconut. From
the intercrop studies at Hirehalli, it is revealed that highest
fungal and bacterial population was noticed in dioscorea plots
and actinomycetes in aontrolled plots (Anong 198%)).

Menogy gt al. (1978) suggested anotnar measure asalled the
arop intensity index (CII) for measuring land use in multiple
cropping. It is a measure of time waighted land use index to
gompare the actual area time devoted to erop production with
total arca=time available to a farmer or group of farmers dure

ing a specified time period, usually one year. Crop Intensity
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Tndex values below 1.0 indicate incomplete utilization of land
and time and value 1.0 will indicate very high intensity of land

and resource use.

Muralidnaran (1980) obtained LER values of 1.80 and 1.61
in the intercropping aystems of turmeric and cowpea in arecanut
and fodder sorghum and sweet potato in arecanut raspectively.
For these intercropping systems, the values of CII were 1,56

and 1.,41 compared 0,84 and 0,71 under sole gropping systems
raespagtively.

Sqope for increased additional income from unit area of
land has been developed by growing intercrops. Bains {1968)
reported a net profit of & 11,500/- per ha per year from a 400
per cent aropping intensity like mungemaizespotatowwheat raelay
gropping system, Beets (1978) has also reported that multiple
cropping system can provide substantial benefits in increased
food produgtion and higher income, Economic gains of inter=
cropping in coconut gardens were reported by Nair gt al. (1911@
Tn arecanut, intercropping with banana or gacac was found to be
beneficial in providing additipnal income (Muralidharan and
Nayar, 1979 and Bhat, 1919); ) m the latter combination of aro=
sanut and gacao, it was found that the gross annual income
between 1973 and 1975 was B 18,949 per ha as compared to B
13,083 per ha from pure plantation of arecanut, Muralidharan
(1980) obtained the highest net income of over i 17,700 per ha

when aresanut was intercroppad with either ginger and chilli



combination or with banana, Intercropping in arecanut thus
seems to enhance not only the income but also provides a

stability factor in raising crops.



MATERIAL AND METHODS



IITI MATERIALS AND METHODS

Studies on the "Interaction of intercrops in maximising
utilization of resources in arecanut (Areca gategny L.) in
the Maidan tracta of Karnataka® were conducted in two separate
experiments during 1978479 and 1979-80 at the Central Plantaw
- tion Crops Research Institute, Hirehalli in Tumkur District
of Karnataka State, These experiments were supported by the
data on yleld and yield attributes of the main crop arecanut
from gre and post experimental periods of two years each,

IIT.l. Logation of the

The Research Centre at Hirchalli lies about 58 km west
of Bangalore on Bangalore-Tumkur National ;tighway (NH=4) ,
The expaerimental farm of the Centre is situated at 845 M
above MSL, on 77.12° E longitude and 13,08° N latitude,

III.2. Soil

The soil of the experimental farm is predominantly clayey
loam, The physical ani chemical properties of tine soil are
given in Table IIT.1.

Ir1.3, Climate and weatner

Rainfall was almost of the same magnitude in both the
years of f£ield experimentation and was higher by 110,05 mm
over the average rainfall (880,7 mm) for the last five years,
A dry spell of about a month during January,1979 and about
three months pravajiled from Decembar,1979 to Februarcy,1980,



Table ITII,1s Soil properties of tine experimental site
(a) Mechanical composition

Depth (cm)

Congtituent

0= 25 25 = 50
Coarse sand (%) 17.00 9.5
Fine sand (%) 21.00 14,5
341¢c (%) 11.00 18,00
Clay (*4) 514,00 58400

{b) Chemical properties of the soil
of experimental site
Depth (am)
Constituent
0 - 25 35 - 50
1. pH 6.35 6453
2. FRlectrical conductie ’
vity at 25°C 0.25 0425 Mhos/cm
3. Organic matter 0. 95% 0.85%
44 Total nitrogen 2.06% 1.41%
5. Available nitrogen 250 ppm 200 ppom
6. Total P20s 0.34% 0.25%
7« Total potassium 0.,62% 0.65%
8+ Available P20s 25 ppm 22 pom
9, Availahle K20 95 ppm 78 ppm
10, Cation exchange capa=
city 7.5 7.0 m,e/100 g aoil

11, Bechangeable calcium 1,8 1.5 .

12, Exchangeable magnesiumO, 90 0475 had
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™e deviation from the normal weather of five years
data in maximum temperature during 197879 were considerae
blae, ranging from +0,5°C to «3,2°C and during 1975=80 it
rangad from +2.9°C to 1,2°C, The deviation in minimum
temperature during 1978«79 ranged from =3,4°C to +4.,5°C
and during 197980 it ranged from «1,0°C to +6,5°C,

The moeteorolojical observations recorded at CPCRI,
Research Centre,Hirehalli during 197880 are prasented in
Fig. 1.

I1X.4. Previous ] of the garden selected

The first experiment on the effect of spacing, planting
geometry and cropping intensities of inter&mps in arecanut
was laid out in hlock number D and plot number 1 of the expe
aerimental centre in an existing 17 year old areca plantation,
planted at four different spacings (1.8m x 3.6m, 2.7m x 2,7m,
2.7m X 3,6m and 3.6m x 3,6m)s The experimental palms nave
been receiving 100 g N, 40 g P205 and 140 g K20 per palm per
yoar regularly singe planting,

The second experiment on the effect of intercrops in
arecanmut under varying fertilizer levels was laid out in
block number A and plot number 1 in an existing 15 year old
aroca garden having a uniform stand of areca palms spaced
at 2,7m x 2,7m, The palms have been regularly manured every
year since planting as per the recommended scihedule,



Fig.la. RAINFALL DATA AT GPCRI, HIREMALLY ROR 1978-79,
1979-80 AND MEBAN OF FIVE YEARS,
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FIG,1b. MAXIMUM AND MINIMUM TEMPERATURE AT CPCRI,
HIREHALLX FOR THE YEAR 1978-79, 1979-80
AND MEAN OF FIVE YEARS,
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FIG.1a. BRIGHT SUNSHINE HOURS AT CPCRY, HIREHA.LIX
FOR THE YRAR 197879, 1979+80 AND MEAN Op
FIVE YEARS,
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An open field lying adjacent to this experiment site
(Block No.B, Plot No,1) was selected for growing the same
arops as sole arops under open conditions,

IXX. 56 18 varietie

Local varieties of turmeric with a duration of eight
months and sweet potato with a duration of about £ive months
and a high yielding variety of cowpea (Cel152) with a durae
tion of 90100 days ware used for raising interarops and
sole crops during the period of study, The main arop of
arecanut was a high yielder planted at the time of establi-
shment of the gardens,

IIX.6, Details of manures and fertilizers

The package of practices for turmeric and sweet potato
recommended by the University of Agricultural Sciences,
Banjalore wasx adapted (Anony 1978), Ten tonnes of compost
and 70 N, 60 P205, 120 K20 kg/ha for turmeric and 70 N, 50
P205, 70 K20 kg/ha for sweet potato wece applied (N as ammoe
nium sulphata, P as single super phosphate and K as muriate
of potash) in split doses, Areca palms received 100 N, 40
P205, 140 K20 g/palm/year during the pariod of experimentae
tion as per the racommendation of CPCRI, Kasaragod (Anonp
1978), Fertilizers were applied as suphala (15 N, 15 P20s,
15 K20), calcium ammonium nitrate and muriate of potash in
two split dosss, In addition to chemical fertiligers, 10 kg
e@ach of compost and green leaf manure per palm were applied,
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The split schedule of fertilizer application adapted is
mentioned hereunders
a) Areca palms

1) August = September s 4 N + Pull P205 + ¥ K20

10 kg each of compost
and green leaf

2) Pebruary = March & ¥ N + 3 K20

b) Turmaric
1) Pull dose of compost at planting
2) Full dose of P205 and half dose of K20 at planting
3) 2/3 of N application at 45 days after planting and

4) 1/3 N and half K20 application at 90 days aftex
planting

-

@) Sweet potato
1) Full dose of compoat at planting

2) Half N and full dose of P205 and K20 application
at planting and

3) Half N application at 45 days after planting

d) Cowpea

In this experiment, in order to equate tne total durae
tion of about eight months occupied by turmeric, a short
duration of cowpea of about 90=100 days were raised in succ-
esssion after the sweet potato arop which had a duration of
about five months, No separate fertilizer application was
made for cowpea, which was raised only with the residual
affoct of fertilizer applied to sweat potato.



The chemical composition of manures and fertilizers used
in the experiments are presented in Table IIl.2.

Table III.:

Manures/fertilizors N% P205% K20%
1) Cattle manure 0.65 0.40 0.88
2) Green leaf 2.90 0.50 2,80
3) Ssuphala ' 15 15 15
4) Ammonium sulphate 202l = -
5) Single super phosphate - 16 -
6) Muriate of potash - - 58,460
I1X,7. Methods
ITX070ls 1l des

The first experiment on"Interaction of plant densities
and planting geometries of arecanut with intercropping
intensities of turmeric, sweet potatoe-gowpea on the growth
and yield attributes of araecanat and interarops and in
maximising utilization resources® was laid out in splite
split plot design with spacings as main plot treatments,
two intercrops as subeplot treatments and three intercrop=
ping intensities as splitesplit plots and replicated thrimﬁo?(:?‘ﬂ)

ITreatments
As Details of treatments are given below:

a) Main plot treatments (4)
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MENTS:

ARECANUT _SPACI¥}3:
1. 1.8 x 3.6 m :

2, 2.7%x2.Tm

3. 2.7 x .6 m
4, 3.6 x 3.6 m

SUB“BQ‘NB‘TS=
INTERCROPS:

A. TURMERIC

8. SWEET POTATO-COWEA

3SUB-SUB_TREATMENTS:
INTENSITIES OF INTERCROP:
a. CONTROL '

b, 40X INTENSITIES

c, 60% TNTENSITIES

NOTE: BLOCKS WITHOUT NUNBERS
. WERE NOT UTILIZED YOR
TME PXPERTMENT,

LAYOUT  PLAN

" F1G. ] JWTERCWOPPING INTEMSITTES UNDER FOUR

oF EX

.&103?94 .
PERIMENT,

NUMBER 1

PLANTTNG DENSITIES OF ANICANUT.




1.8m x 3,6m
2, x 2,Mm
2. x 3,6m
3,8m x 3.6m

= W e

b) Sub=plot treatments (2)

Intecgrons

1 Turmeric '

2. Sweet potato=cowpea

@) Subegub plot treatments (3)

Intensity of intergrops

1. No intercrop )

2 40% of tihe area covered with
intercrops

3 60% of the area covered with
intercrops

The second experdmernit on the ® Bffect of four fertilizer
levels to the intercroos of turmeric and sweet pPOtatOo=gowpea
in arecanut on the growsth and yield attributes of the main
and intercrops in maximising productivity and utilization of
resources” was laid out in a randomised block design with
nine treatments replicated thrice, {<g:3a W 2hb)

Ixeagments

B, Details of treatments are given helows
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3 6 2
Pertilizer schedules
2 4 : 4 :;: Troatments - (’W:h:) —
. 278 2
1 3 7 :
y 1. Turmeric o o o
5 2 |3 2. Turmeric 70 60 120
- 3. Turmeric 140 130 240
° 7 8 4. ™rmeric 210 180 360
é 5 g _' | 5. Sweet’ potato-aowpea 0 0 ¢)
" §. Sweet potato-cowpea 70 50 70
7 i I 9 7. Sweat potat-cowpead 140 100 140
8. Sweet potato-cowpds 210 150 210
6 e 1t 9. Control
4 9 R |
162 m}

LAYQUT PLAN OF EXPERIMENTng2a.

£1G 33 mppacT OF PERTILIZER LEVELS ON INTERCROPS OF TURMERIC, SWEET-
POTATO-CONPEA TN ARKCANUT.
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% M Pertilizer schedules
3 6 5 & s1, | (kg/ha)
N e s Treatments _—
- PR . N P05 X0
%o Turmeric o o 0
! 3 1 2, Turmeric 70 60 120
: , ) 3.. Turmeric S 140 120 240
4. Turmeric . 210 180 ' 360
s | 7 | 4 | 5. Sweet potato-cowpea O o 0
' 6.Sweat potato-cowpea 70 S0 70
el s I3 ] 7. Sweet potato-cowpea 140 100 140
-} | 8. Sweet potato-cowpea 210 150 210
6 1 8
4 8 6

LAYQUT PLAN OF EXPERMENTng2b

FiG. 3D EFFECT OF FERTILISER LEVELS ON TURMERL AND SWEE T POTAIO-
COWPEA AS SOLE CROPS



N P205 K20
{(kg/ha)
1. Turmeric o o 0
2, Turmeric 70 60 120
3. Turmeric 140 120 240
4. Turmaric 210 180 360
5¢ Swaet potato-cowpea s 0 0
6. Sweet potato=cowpea 70 50 70
7« Sweat potatowcowpea 140 100 140
8. Sweet potato=cowpea 210 150 210
9. Control( sole crop of
arecanut)

I1T.8. Datails of cultivation
II1.8.1. Preparation of land

Aﬁ the start of the aexperimentation, during June, 1978,
all the arecanut plots werce forked with mummuty fork to a
depth of 15 om and levelled in both the experiments. Under
open field exparimentation, the soil was ploughed with mould
board ploijh to a depth of 15 om and levelled. Turmeric and
sweet potato were planted simultaneously hoth in interspaces
of areca plantation and in open 'land as per the treatment
schedules, One digging operation was not required for the
main crop when it was intercrooped. After the harvest of
sweet potato, COwpea was takan up in @ rotation to equate
the duration of sweet potato and gowpea with that of turmeric.

The same operations were repeated during 1979-also,

IT1,8.2, Raising the crops

42
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Both turmeric and sweet potato were sown in areca plantae
tions and open fields simultanecusly during June, 1978 and
1979 adapting the recommended spacings by the University of
Agricultural Saiences, Bangalore, All the package of praow
tices recommended for arecanut by CPCRI Kasarqgod ware carried

out (Anony 1977 and 1978),

In the ﬁr‘at; experiment, only 404 and 60% of the total
interspages were planted with t(m&c and sweet potato loaw
ving a plot as absalute @ontrolb Whereas in the second exper-
iment, all the interspaces availahle in areca plantation was

made use as per the normal practices adapted,

I11.8.3. Planting

-

Turmeric: Recommended dosgseas of compost and fertilizers
ware incorrorated in the soil prior to plantings Mother
ghizmomes of local variety turmeric were planted during June,
1978 and May, 1979 after treating with 0,01% agallol, on the
already prepared ridges adopting a spacing of 25mm X 15am and

the soil was covered,

Sweet potatos About 15«20 om length vines were planted
in June, 19768 and May, 1979 on the already prepared ridges
adapting 20cm x 25am spacing after the basal application of
fertilizers and compost to the soil both in interspaces and
opan fields.

Cowpeas One month after the harvest of sweet potato,
cowpea seeds were dibbled during March,1979 and February,1980
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in rows adepting the recommended spacing of 40cm x 25om by
the University of Agricultural Sciences, Bangalore after
preparing the land with mummuty (Anong,1977).

ITI.8.4. Post planting operations

Earthing up was carried out both in tmm and sweet
potato after each application of fertilizers both in inter
arops and sola carops, The plots were maintained free of weeds
by frequent hand weedings Totally four hand weedings were
given in each year for the sole crop of arecanut while only
three weodings were required for the intercropping systems,

IITI.8.5. Irrigation and plant protection measures

-

Intercerons and sole crops received in total 12 irrigae=

tions during 1973«79 and 11 irrijations during 1979-80 during
the dry periods of exnerimentation, Regular plant protection
measures as per the psckage of practices for turmeric, sweet

potato, cowpea and arecanut were carried out (Anong, 1978),
I11.8.6. L ves ]

Turmeric and sweet potatos Turmeric was harvested during
March, 1979 and February, 1980 whereas sweet potato was hile
vested during December, 1978 and 1979, Turmeric rhizomes were
hand picked after giving a light digging, This saved the dige
ging operations required for the main ¢rop of arecanut, Mother
rhizomes and fingers were geparated, oleaned with water and
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used for further studies, 3weet potato tubers were also
colleated in the same way and used for further studias,

Cowpoas Cowpea was harvested in April, 1979 and May,
1980, Cowpea pods were collected as and when they were
ripe, The pods were dried and the seeds were separated
by hand threshing. They were sun dried till a constant
weignt was obtained and used for further atudies,.

ITTI.9. Light and biometrig observacions
IIT.9%1. Measuremant of light intergeption

Light intensity measurements were carried out f£rom
11.30 A to 1,00 PM using a Research Luxo-met 300 instru
ment. Intensities of light were rocorded above and below
the arecamut and intercrop canopies, The percentage of
light penstration was worked out depending on the amount of
light on an open land surface.

ITX,.%9.2. ae ve : deveal of intercrops
and sole grops

Biometric observations in interarops of turmeric, sweet
potato and cowpea grown under arecanut and in open ware roe
‘ corded simultaneously. Sampling procedure and processing
ware made according to Kvet gt al, (1971). The sample plants
were uprooted with the help of digging fork. The roots were
gently washed in water free and soil, Taie plant parts were

separated into leaves, stem, root/tuber ani other storage
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parts as the case may be and then oven dried at 80-85°C to
constant weijht. These data were used to compute Net Assimi-
lation Rate (NAR), Leaf Area Ratio (LAR), Relative Growth Rate
(RGR) and Relative Leaf Growth Rate(RLGR) using the formulae
suggeated by Power gt al,(1967) and Krishnamurthy gt al.(1973).

IIT.9.2.1. Leaf area

For leaf area estimation, leaf disc method was used to
compute the leaf area (m2/0.25 mz). T™he leaves from the plants

situated in an area of 0,25 mz

were separated and 50 discs were
taken and dried in the oven., The remaining leaves as well as
the remnants 6f the leaves from which the discs were removed
ware also dried in the oven., The dry weights of both discs

and leaves were recorded, The leaf area was computed by using

the following formulas

a Yy
Leaf areasunit area of land = i (zo—x)mz

x
wWhere a = area of the disa (7/“3’2): y = number of discs
x = dry weight of discs 2 = dry weight of leaves

2 2)

rw=w0,5om ( om®° are convarted into m

For all other morphological onservations five plants
ware randomly selected and tagged for studying the morpholo-
gical characteristics during the crop growth,

T17,9.2.2. Number of tillers and bxranghes

Number of productive tillers from the tagged plants ware
counted in turmeric and the number of branches were counted
both in sweet potato and cowpea during crop growth and expree
ased as number for £ive plants,
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TI1.9.2.3 Number of functional leaves

Number of functional leaves were counted in turmerie,
swaeet potato and gowpea from the tagged plants at regular

intervals,

117.9.3. Yield old ts of interacops
1179431, HNumben

At the time of harvest, the tubers of sweet potato and
turmeric were collected and counted from the tagged plants,
Volume of the turmeric and sweet potato tubers was measured
by water displagement technique and expressed in milll litces.
The weights of the tubers were taken and exprassed as grams
for five plants and as kg/ha, .

IT1.9.3.2. deight Of shoot

weight of the sweet potato shoots was rocorded and expw
ressed as q/ha, This weight was taken to calgulate the tuber
to shoot ratio,

ITT.9.3.3. Seed weight

Cowpea pods as and when ripe were hand picked and sun
dried, They were threshed by hand and again dried to a cone
stant weight., The seed was weighed and expressed as kg/ha.

I1T.9.3.4. t _walghts

Five hundred numbers of cowpea seeds aollected at random
were weighed and expressed in grams,
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ITI.9.4. Growth attributes of the main qrop of arecanut

III.9.4,1. Girth of the palm

Girth of the palm at permanent mark (PM) and last exposed
node (LEN) was recorded during pre and post axperimental
per.tcd.

IIT.9.4.2. Internodal distange

Tnternodal distance both at permanent mark and last expos
sed node were recorded during pre and post experimental period.

IIT.9.4.3¢ Hedght of palm

palm height was measured from the permanent mark to the
last exposed node during pre and post exper imental period,

IIT.9.5, Yield 4 attr arecanut

I1Te9¢5e10 ﬂm of hunches

Number of bunches Bwaring areca fruits were counted and
expressed in number per palm,

IIT4945+2. Number and weiqnt of nuts

As and when arecanut bunches were harvasted, the total
number of nuts were counted and expressed on per palm basis,
The nutis were also weighed and expressed in kg/palme

IIX.9.6. Chemical analysis
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Irr.9.6,.1.

Representative tissue samples were drawn from leaves,
stems, roots and tubers of all the component arops as well
as sole arops, dried and ground to f£ine powder for chemical
amlysla; Nitrogen was estimated by adepting Microkjeldhal
Method, phosphorgus by Vanado Molybdia Acid Metnod using
Klett Summerson Photometer, Potassium and calcium by Blico
Flame Photometer by using the plant material digested by
double acid mixtures, <aleium and magnesium were estimated
from the wet digested material using Varian Titran Atomic
Absorvtion Spector=Photometer, All the mineral contents were
expressed as percentaje on oven dry weight basis (Jackson,
1973). .

IIX.9642, chemigal analysis of soil samples

S0il samples ware collected from Ow25 am and 25«50 cm
depth before and after axperimentation both in the interqgro=
pped and sole cropned fields, air dried and powdered to f£ine

mesh,

Availabla nitrogen was estimated using Alkaline Parmanga—
nate Method as described by Subbaiah and Asija, (1956). Avaie
lable phosphorsus was estimated using Aray II Technique and
exchangeable potassium by extracting the soil with ammonium
agetate and then by flame photometry. Soil pH was deotermined
by using 13245 soil-water suspension with potentio meter
(Jackson, 1973),



IIT,10. Statistical analygds

Appropriate mathods of statistical analysis were adapted
to draw the conclusions as desgribed by Cochran and Cax (1965).

IIT,11. Egonomic analysis
IITell.l., Land Bquivalent Ratio (LER)

Land Epuivalent Ratio (L) was worked out based on the
yield of inter and sol2 arops under different NPK schedules
following Trenbath (1976),

IIT.11.2, Crop Intensity Indéex (CIY)

Crop Intensity Index (CII) was worked out agcording to
Monegay gt al. (1978),

III.11.3, migﬂ.gl@osg R&QO

Benefits cost ratios were worked out for each grop under
different NPK schedules depending on the market values of
inputs and consumabla products,



EXPERIMENTAL RESULTS



CHAPTER IV
REJULTS

T™he results of the first experiment entitled “"Intera-
ction of plant densities and planting geometries of areca=
nut with interaropping intensities of turmeric, sweet potatow
cowpea on the growth and yield attrs.butea‘ of arocanut and
intercrops and in maximising utilization Z@eaoumes" are pree
santed further in the following sequences: 1) light intere
caption by the orop canopy, 2) growth and yield of intercrop,
3) growth and yield attributes of main crop and 4) labour
recquirement and income from inter and main crop.

IVels Light interception and utilisation in qrop canopies

IVelsle Light interception and utilization in arecanut
| ing system

The data on averaje lignt intensity measured above and
below the arecanut canopy as influenced by four planting
densities of arecanut and intercronping intensities are pro=
gented in Table IV.1l.1l.

Light intercention study in arecanut plantation under
four plant densities during the period of the current inves-
tigations indicated that between September and Paebruary of
197879, the light intercepted varied as per the plant den-
sities ranging from 353.4 to 40.1@_9?__ lux. The light inten-
sity gradually built up £rom about 26 to {9%103 lux in Sep=
tember to 36 to 45 10° lux in February, The per cent of
light intercepted by arecanut crop increased with the



02

Wd CO°T pue Wy Of°I1 Usaaleq popaodex sbuypeey
*Xny (01  A3ysuslur JUDTYT ebeloay

1°%¢t zeot L A 13 8°tY - InUECeIR

Kq poadeozesur %
6°S9 g8*¢c9 9°09 z%8s - INuUESOIV
»oTOq Eutssed %
10V g°et 6°9¢ " pece 8°09 uesK
0*sy 9°zZY 0°st G99t 0oL I
£°cy Sty A 4 £°6¢€ gteo X Lrenaqea
t A 4 Q°tY €°6¢ L°8E t£°z9 I1x
e8*r> o*zy - 9%6€ 8*LE L°v9 I Lzenuep
£y Ak 3 e°1¥ s*TY €°LS IXI
h Sl % L9 4 , t A § 4 yov vees I JBquodeq
r Al 3 3 zU9t 1*cE A4 1*9s III
1 A3 0°st 151 3 9°0¢ F Ad 1 I JOCUBAON
9°c¢ 6°6¢ r Al 3 % I*6t §*6S 111
L*9¢ 9°LE 8°9¢ 0°19 I 2BGOIDO
9zt O § 9°62 t A < 4 8°6s III
$%62 0°*8e 29z 092 0°6S X Jequoydes
WHE X WHCEwP'E X *€ X wg*l IVEOSTE
1eAST D oty Ie 60 INUEL0JE€ MOTOE sacRy Noa); YIUOK

(64=8L61T) BUOIDIDIUT FO sporaed yamoah
suep buTluerd INOF Jepun Inuecee A voFidedielzur IUEYT *I1°I"AI STURL




increasing level of Pflant’ papu&{('gg the closer spacings of
1.8m x 3.6m and 2,"m x 2.7m the per cent light intercepted
was 41.8 and 39.4, while wider spacings of 2.7m x 3.6m and
3.6m x 3.6m intercepted 36,2 and 34.1 per cent of light,
respectively, Thus these two wider spacings allowed 64 to

- 66 per cent of the incident light to pass through to be
utilized by the intercrops which would have been otharvise
‘a waste of energy. In comparison with this, the per gent
light that was allowed to paas through the arecanut canopy
under the two narrow spacings was 58 to 61 per cent.

IVe1.2. Light interception by intercrops

The average light intensity above and below the inter=
arop canopy and the per cent light intarca;ated during Afiff-
ereni: months of 197879 are summarised and presented in
Table IV.l.2.

Intercrops turmeric, sweet potato and cowpea behaved
differently in intercepting the light received at their
canopy. Even this was modified by the plant densities of
aresanut, Turmeric, average of six monthly readings from
September to February, received around 37,000 lux under the
spacings of 1.8m x 3.6m and 2,7m x 2,7m and around 47,000

lux under the wider spacings of 2,7m X 3.6m and 3,6m x 3.6m,

At the ground level of turmeric, the light intensity got
reduced to 11,500 lux to 15,300 lux in different densities
of arecanut thus allowing for a light interception of 64 €0
75 per cent,
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Sweot potato, average of six monthly readings from
September to Pebruary, received around 43,000 lux under
spacing of 2.7m x 2,7m and around 45,000 lux under spae
cings of 2,7m X 3,6m and 3.6m x 3,6m. At the ground level
of asweat potato, the light intensity got reduced to around
10,000 lux at all the spacings exvepting at the wider spa=
aing of 3.6m X 3.6m where it was around 12,000 lux thus
allowing for a light interception of 73 to 78 per cent by
the interarop under different plant densities,

Cowpea received on an average around 37,000 lux at
the spacings of 2,7m X 2,7m and 2.7m x 3.6m whareas in the
spacings of 1,8m X 3,6m and 3,6m x 3,.6m, the light intene
sity received was 41,000 lux, At the ground level of thls
intercrop, the light intensity got reduced to around 14,000
lux at the narrow apaci;xgs and to 17,000 lux in the wider
spacings of 3.6m X 3.,6m, This allowed for a light inter=
ception of 57,000 lux against an interception of around
61,000 lux in all the other spacings.

The data on the comparison of lignt resource utilizae
tion in sole and intercronning systms are presented in
Table IVel.3.

The total light interception gradually decreased from
41.8% to 34.1% with the increase in spacings in pure arecie
nut stand, A similar trend was distinetly seen in the sole
crop of turmeric also with a reduction in total light intere



Tahle IV,1.3, Comparison of light resource utilisation
in sole and intercropping system (%)

Treatments 3 L) Mean
T‘.ﬁ"‘i.ﬁ"m Li}% T 3.6m

X x x b4
3.6m 2.,7m 3,6m 3.6

turmerie B8lele 77.8 80,9 74,8 78,85

turmeric zg,8 38,5 21,9 21.4 30,15

Intercropned
SWAOt POLALOw ;
cowpea 78,0 78,3 77,0 76,2 77,10

Sole arop of
sweel potatos ;

Arecanut alone 41,8 39,4 36,2 34.1 38,67
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ception from 38.8 to 21.4%, In the other sole crops, the
differences under varied plant densities were marginal,

The effect of plant densities of arecanut on total light
interception in the intercropping systems were not distinct,
Howevar, intercropning system of arecanut sweet potato
intercented nearly 82% of light compared to 78% in intere
cropping system of turmeric and 75% in intercronping syse
tem with Cowpea,.

IV.2, Growth and vield attributes of intercrops

IV.2.,1. Number gaves in 15%@;9;029 as influe
ing intensitiss and different s 8
u

The data on the periodical observations relating to
number of leaves produced per plant by the intercrops turw
meric and swaet potato as influenced by intercronping inten=-
sities and different spacings of arecanut are presented in
Fiy. 4(a) and moan yearly data are provided in Table IV,2,.1.

From Fig. 4(a), it is observed that the number of fune
gtional leavas in turmeric reached the paak value in all
the treatments by 150 days aftaer planting with peaks rang-
ing from 15,1 to 19,9, However, tiere was no difference
among the treatments in respect of the production of number
of leaves, Leaf production of turmeric did not show any
signifscant chanjye due to intercropring under various n
spacings of arecanut or at different intensities of intere

aropoing either during 1978«79 or 197%=80, The mean data
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Table IV.2.1, Number of functional leaves produced by the intere
orop of turmeric, sweet potato-cowpea as influsnced
by intercropping intensities at varied level of
spacings of arecanut

Treatment Intensities of intercropping
Intercrops/arecanut ;%8—72 ;mﬁ M%l oé 2 _years
spacings Mean : : ean i % Mean
Iurmerig

1, 1.8m x 3.6m 17.3 18,6 17.9 10,3 9.6 10,0 14.3 14.1 14.2
2¢ 2,Tm x 2.m 16.9 17,0 16.9 12.3 12.3 12.3 14,5 14,6 14.5
3. 2.7m % 3.6m 16,3 15,1 15,7 11.4 10,9 11.2 14.6 12,5 13,5
‘o 3.&5 x 3.&\1 16.0 1909 17.9 1106 1101 1103 1‘93 1605 150‘

Maan 16,6 17.6 11.4 11,0 - 14.4 14.4 -
CD for spacings - - 39 = - 2.5 - - 2.4
CD for intensitfes - 2,9 = - 1.4 - - 1.2
CD for spacing at
the same.lev of
intensity - - 8.1 = - 3.1 - - 2.9

CD for intensity
at the same level , .
of spacing - - 3.9 - - 2.8 - - 2,5

Sweet potato

1. 1.8m x 3.6m 145 140 142 143 116 130 144 128 136

2, 2,a x 2,m 189 182 186 113 166* 139 151 174* 162

3, 2,7 x 3.,6m 177 138 154 130 130 130 151 134 142

4. 3.6m X 3.6m 188 160 174 134 152 143 161 156 159
Mean 173 155 - 130 141 - 151 148

CD for spacings - - 85 = - 44 - - 59

CD for intensities - 2] - - 17 - - 10

Ch for spacing at

the same level of

intenaity - - M - - 44 - - 46

CD for intensity

at the same level

of spacing - - 41 =« - 34 - - 20

Cowpea

l. 1.8m x 3.6m 161 198 178 163 211 187 162 203 182
2 2.7 x 2,7m 300 236 268+ 322 288 305 311 262 287+
3. 2.7m x 3.6m 195 240 217 211 239 225 203 238 221
4o 3.6m X 3.6m 210 180 195 220 198 209 215 189 202

Moan 218 205 - 229 234 - 223 223 =
CD for spacings - - 68 =~ - 75 - - 59
CD for intensities = - 49 =« - 55 - - 34

CD for spacing at

the same.level of

spacing - - 56 o - 38 - - 29
CD for intensity at

the same level of

spacing - - 510 = - 39 - - 28

* aslgniticant { 0,05 )




FIG.4 a, EFFECT OF ARECANUT SPACINGS AND INTERCROPPING
INTENSITIES ON THE LEAP PRODUCTION OF TURMERIC
AND SWEST POTATO DURING CROP GROWTH STAGES

la,
b,
2a,
2b,
3a.
3b,
4a,
4b,

1.8 x 3.6m
1.8 x 3.6m
2.7 x 2,Mm
2,7 x 2,
2,7 X 3.6m
2.7 % 3.6m
3.6 x 3.6m
3.6 x 3,6m

40% intensity of intercropping
60X intensity of intercropping
40% intensity of intercropping
60% intensity of intercropping
40% intensity of intercropping
60% intenaity of intercropping
40% intensity of intercropping
60% intensity of intercropping
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showed a range of 13,5 to 15.4 leaves per plant of turmeric
‘Plate;ﬁZQ)Q

In sweet potato, the maximunm number of leaves were found
baetween 150 and 180 days with the peaks ranging from 140 to
189 leaves per plant (Plato.3). Leaf production in sweet
potato did not show any significant change due to interaropw
ping under various spacings of arecanut or at different intee
naities of intercropring during 1978479, However, during
1979=80 as well as in moan vihlues of both the years, under
a spacing of 2,7m x 2,7m, 60X intercropping intensity proe
duced significantly higher number of leaves (166 and 174, |
respactively) compared to 40% intercropoing intensity (113
and 151, respectively). The mean data inddcated a range of
136 to 162 leaves per plant of sweet potato,

A spacing of 2,7m x 2,7m for arecanut was found to be
significantly superior to all other spacings in the produw
ation of leaves in m. This spacing produced 287 leaves/
plant while the rest provided 182 to 221 leaves/plant., Inter=
aronping intensities did not bring any ahanges in leaf proe
duction, At the same intensity of 40% intercropping, 2.7m x
2.7m spacing produced 311 leaves/plant which was signifiow
antly superior to 162 leaves/plant produced at a spacing of
1.8m x 3.6m. |

IV.2.2,

The data on the periodiczal observations on leaf area



PLATE No, 2

PLATE No, 3

TURMERIC AS AN INTERCROP IN ARECANUT
WITH 13 to 15 Laaves PER PLANT

SWERT POTAT) AS AN THTERCROP IN ARRCANUT
HITH 140 to 189 LEAVES PER PLANT
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of intercrops as influenced by interqropping intensitiaes
under different spacinge of arecanut are presented in Fig.
4(b) and the yearly mean data are given in Table IV.2.2.

From Fig. 4(b), it is observed that the leaf area of
turmeric in general attained high valuos between 150 and
180 days and declined thereafter. Wider spacings of aroQa=
nut 4id not show any significant effect on tne lsaf area of
turmeric during the course of study. Increasing the level
of intensity significantly brougnt down the leaf areca of
turmaric during both the years of study, Leaf area produe
ead by intercropoing intensity of 40% was signif icantly
superior to 60% intensity in both the years as well as in
the mean values of the pooled data, The interaction effects
were significant only at the same level of spacing in some
cases., During 1979«80, at 2,7m x 2,7m spacing, 40% intenw
sity produced significantly higher leaf area (1.65 m2/0.25 m2)
compared to 60% intensity (1,08 m2/0.25 mz). The same trend
prevailed in the pooled data also, In addition, the pooled
data showed significantly higher leaf area of 1,20 mz/O.ZS m2
at 40X intensity compared to 60% intensity (0,89 m2/0.25 mz)
at the highest spacing of 3.6m x 3.6m. In general, it was
observed that 40% intensity of intercropning recorded higher
values of leaf area over 60% intensity under the same level

of spacingse.

In sweet potato, leaf area attained peak values between
150 to 180 days with values ranging from 1,77 to 2,68, Leaf
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8 IV,2,2, Leaf area of interaropsof turmeria and sweet potato
as influenced by intercropping intensities_at vaciod

lavels of spacings of arecanut ( md/De25 md

Troatmants

Intercrops/arecanut
spacings
s

1¢ 1o8m x 3,6m

2. 2.7!! x 2.’&:

3 2.7n x 3,6m

‘o 3.&3 X 3‘“
Hean

CD for spacings

CD for Aintonsityes

Ch for spacing at the
same level of intensity

¢D for intonsity at the
same level of spacing

SNEIT_POTATO

le 1.8m x 3o6m
2e 2.7 x 2,
3¢ 2,7m x 3.6m
4¢ 346 X 3,6m

HMean

Cch for spacing
CD for Antensities

Ch for spaging at the
same lovel of intensity

Co for intonsity at the
same level of spacing

1415 1415 1615 1458 1419 1037 1,36 1,29 1.32
1437+1.07 1,32
1.32¢1,10 1,21
1,20 0,89 1,05
1.36+1,09 =

1025 1,05 1,15 1,065¢1,08 1,37
1025 0,93 1,09 1,39 1,36 1,33
1030 0,99 1,04 1,3C &5 1,05
101971,03 =  1,47%1,08 -

e o« 042 « = 0,64
- - Osld = - 0.235

- w 0,28 = - 0,50

2032 2,24 2,28 1,58 1.24 1,41
246 2,29 2,37 1,65 1,42 1.54
20925192 2442 1,79 1,62 1,0
2,76%2,24 2,50 2,12*1,67 1,89
2.&*2.1’ - 1;7‘ 1:49 -

- w 0,6 = w 0454
- w 0,29 = - 0,20

- - 0‘69 - - 0«54

- - 0.8 = - O.41

1495 1,75
2:06 1,98
2035*1., 7
2.44*1,95

0,32
0.13

0033

0.20

1,85
2,01
2,06
2,20
O.42
019

0.47

0.39

* Significant (0,05)



PIG,4 b EFPECT OF ARECANUT SPACTNGS AND INTERCROPPING
INTENSITI®S ON THE LEAF AREA OF TURMERIC AND
SWEET POTATO DURING CROP GROWIH ST'GES

la.
ib.
2a,
ab,

1.8 X 3.6m
1.8 x 3,6m
2,7 x 2.
2,7 x 2,Mm
2,7 X 3.6m
2,7 x 3.6m
3.6 x 3.6m
3.6 x 3.6m

40% intensity of intercropping
604 intensity of intercropping
40% intensity of intercropping
60% intansity of intercropping
404 intansity of intercropping
60% intensity of intercropping
40% intansity of intercropping
60% intensity of interoropping
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aroa of sweet potato did not show any signifi-ant variation
when grown under different spacings of arecanut, Increasm
levaels of 8 acings showed an increasing trend of leaf area
during both the years of study, The cumulative data showed
that loaf area incroased from 1,85 m2/0.25 m° in 1,8m X 3.6m

2

spacing to 2,2 mzlo.zs m° under a wider spacing of 3.6m x 3.6m,

Intercropning intensities showed a asignificant variation
in leaf area with 40% intensity of intercropping significantly
recording higher values when compardd to 60% intensity. From
the mean table,it 1s seen that loaf area increased from 1,86 m%/
0,25 mz at 60% intensity to 2,20 mz/b.zs mz at 404 intensity.
Interactions showad that during 1978«79 at a spacing of 2,7m x
3.6m 40% intercropping intensity was optimum wihlle during
197980, the same intensity was optimum under 3.6m x 3.6m
spacings The pooled data however, indicatdd that 40% inter-
aropping intensity significantly gave higher loaf aroa (2435
and 2.4 m /0.25 n?) compared to 604 intensity (1,77 and 1,95
mzm.zs m’?) at the two higher levels of spacings of 2.7m x 3.6m
and 3,6m x B.m)mmuvely. The pooled data also indicated
that at the same level of 40% intensity of intercropping wider
spacing of 3.6m x 3.,6m produced niguﬁicantly higher leaf aroa
of 2,44 mzm.zs w2 compared to 1.95 m /0.25 me produced at

the lowvest spaciny of 1,8m x 3,6m,

IV, 243, on _of %11 anches as &luw
%__ggm t{es at d{fferent spacinis o ecanut

™he data on the periodical observations on the number of

tillers produced by turmeric as influenced by intercropping
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intcnsities under various spacings of arecanut are presentced

in Pig. 5 (a) and mean yearly data are given in Table IV,2.3,

From Fige 5 (a), it is observed that tiller production
in turmeric nearly doubled itself in almost all the treate
ments from 90th day to 120th day and the peak was generally
reached around 210 days, Intercronping intensity of 80%
had a slight edge over the 40% both at the lowest and the
highest spacings. The peaks ranged from 3.5 to 4,7 tillers
par plant in different treatments, Growing turmeric under
varjous spacings of arecanut did not bring any aignificant
ghanges on the production of tillers in gurmeric, The varia=-
tions in tiller count were not conspicuous, Intercropping
intensities also did not show any significant differences in
tiller count. During 1978«79, the wider spacing of 3.6m x
3,6m under 60% intercrooping intensity (4,7 tillers/plant) _,L
was (3.3 tillers/plant) significantly superior to 40% intene )
sity. The same trend was observed in the mean data for two
ysars, These data also indicated that under 404 intensity,
tiller production was significantly higher (4,0 tillers/plant)
under 2.7m x 2.7m spacing than under 3.6m x 3.6m (3.1 tillers/
plant).

In case of sweet potato, the peak production of branches
was observed only after 150 days, Wider spacings had Rtheir
peaks by 180 days and they were hignher than the lowest spacing
in both the intercropping intansities,
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Table IV,.2,3, Number of tjllers/branches p:%ducad by the intercrops ZJand
swaeat potatowcowpea as influzanced by inte

ercropping intensities at varied lavels of apaaings

of arecamut

of turmeri

Treatmonts —

Intercrops/aresa-

nut spacing

IRMERIC

le 1.8m x 3.6m Qo5 4.5 4.5 3.1 3.1 3,1 3.8 3.8 3.8

2¢ 2,0 2 2, 4.7 40l 444 3,0 343 3.2 4,0 3.8 3,9

3, 2,Tm x 3.6m 4,3 3.5, 3,9 3.1 3.3 3,2 3,9 3.5 3.7

4 3.6m x 3.6m 33  4.TF 440 3.1 3.2 3,2 3.1 4.1 3.6
Maoan 4,2 4.2 - 3.1 3.3 - 3.7 3.8 -

: for Epmng - - - - - - - - -

D for inteasit: - o 0,67 = w 0,5 - -  D.4

Ch for spacing at

the same leval of

intensity - - - - - - - "~ -

CD for intensity

at the same lavel ,

of spacing - - - - - - - - -

STERT POTATO

1s 1.8m x 3,6m 11,1 10,5 10.8 7.8 7«9 7«9 9.4 9.2 9,3

20 247 % 2. 1541 12,6 13,9 8.4 8.7 8.6 11,7 10,7 11.2

3¢ 24a7m X 3,6m 14.0 11.8 13.0 8.4 6.2 7.3 11.2 9.0 10.1

4y 3.6m x 3,.6m 13,2 13,1 13,2 6.6 B3 7,5 9.9 10,9 10,4
Mean 13.4 12,0 - 7.3 7,8 - 10.6 10,0 -

CcD for spacings - - - - - - - - -

CD for intensitine = - - - - - - - -

CD for spacing at

tne same level of

intensity -l - - - - - - - -

CDh for Aintensity '

at the same level

of ﬂpﬂdnq - - - - - - - - -

GOEA

1s 148m %X 3,6m 12,54 13,10 12,82 13,33 12,66 13,00 12,93 13,21 13,07

2¢ 2T x 2, 18,40 16,45 17,42 19,33 15433 17,33 17.89 15,89 16,89

3s 2,7m x 3.6m 19,50 16,80 18,15 204,33 21,33 20,83 16,37 19,06 17.71

4 3.6m xX 3,6m 20,50 21.67 21,08 20,33 18,33 19,33 21.37 20,00 20,68

- Mean 17,73 17,0 o 18433 16,91 = 17,34 17,04 =~

F, Test NS NS NS NS NS NS NS NS NS




FIO.5 a EFPECT OF ARECANUT SPACINGS AND INTERCROPPING
INTENSITIES ON THE TILLER/BRANCH PRODUCTION OF
TURMBRIC A D SYEET POTATO DURING CROP GROWTH
STAGES

la,
ib,
2a,
b,
3a.
3b,
4a,
4b,

1.8 x 3.6m
1.8 x 3,6m
2.7 % 2,
2.7 % 2,7m
2,7 X 3+6m
2,7 x 3.6m
3.8 x 3,6m
3.6 x 3.,6m

40% intensity of intercropping
60% intensity of intercropping
40% intensity of intexrcropping
G0% intensity of Aintercropping
40% intensity of intercropping
80% intensity of intercropping
40% intensity of intercropping
60% intensity of intercropping
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The number of branches produced in various treatments
did not differ statistically, However, narrow spaaings of
arecanut (1.8m x 3.6m) produced fewer branches than other
treatments in sweet potato, Intercropping intensities dia
not have any effect on branching. The differences in varie
ous interactions also did not show any significant variae
tion with respect to number of branches,

Growing cowpea after the harvest of sweet potato under
different arecanut spagings did not bring about any signifie
cant effect on the numbar of branches, ‘lowever, it is seen
from the ‘ﬁablgz;;a’,g branching of cowpea was more under wider

spacings. Branch numbers ranged from 13,07 to 20.68,

LY

Intercropping intensities d4id not have any effeat on
the bYranching nature of cowpea, RAranch number increased
from 16.9 under 60% intensity to 18,3 under 40% intercroppe
ing intensity, There were no interactions due to intercroppe

ing intensities and arecanut spacings,.

IV.2.9, Biomass produgtion of tumm:%c and sweet potato as -
Inzgu@ E intercropoing intensities at different
spacings of arecanut

The data on the periodical obgervations on the biomass
production of intercrops turmeric and swaeet potato as influee
nced by dAifferent intensities at different spacings of arecanut
are presented in Pig. 5 (b) and the yearly mean data given in
Table IV,2.4.
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Table IV.2.4. Biomass production of intercrops of turmeric and
sweet potatomcowpea as influenced by intercropp=
ing intensities at varied levels of arecanut spa-

o aings,.
Troatments ' Tntensities of intercropping
mtercrons/ 1978=78 1979=80  Mean of 2 years
arecanut Spacings .ny 60X Mean 404 60% Mean 40% 60X Mean
Tugmecds
1. 1.8m x 3,6m 8627 12333 10480+4785 7827 6306 6706 1008048333+
2. 2.7m x 2.7m 6333 9160 7746 1479 7852 6168 5408 8506 6957
3. 2.7m x 3.6m 5466 9463 7460 4986 7083 6040 5226 8273 6750
4. 3,6m X 3.6m 6120 5960 $040 4534 6692 5614 5327 6326 5827
Mean 6637 9227% « 4697 7367* = 5867 8197*
CD for spacings - - 2942 « @« - = - 2214
Cp for intensities - - 1998 - - - - - 998
CD for spacing at
the same 1 of .
intensity - “«- 4221 « o« ® - - 2412
CD for intensity
at tha same level
of spacing - - 3997 - - - - - 1996

Sweet potato-Cewpea

1. 1.8m x 3,6m 14161 18317 16239 3408 4292 3850 9266 11304 10285
2, 2,7a x 2.™m 14781 25840 20310 3946 4498 4222 12488 11356 11922
3. 2, x 3,6m 22532%246068%23569*4216 4587+4402 13374714596+13985
4. 3.6m x 3,6m 2064923473 22061 %4167 S000*4583 12400 14236+13323

Mean 18031 23059 <« 3934 4594 - 11883 12873 =~

CD for spacings - - 5728 = - 1259 = - 3798
CDh for intensities = - 2938 - - 445 - o= 1404

Ch for spacing at
the same =l
of intensity - - 6750 -~ - 1209 = - 3724

CD for intensity
at the same level
of spacing - - 5876 = - 890 = - 2808

* Significant at 9%



m;s b, EFFHECT OF ARECANUT 3PACINGS AND INTERCROPPING
INTRNSITIES ON THE BIOMASS PRODUCTION OF TURMERIC
AND SAEEZT POTATO IN ARECANUT DURING CROP GROWTH
STAGRS

1a, 1,8 x 2.6m 40% intonsity of intercropping
Id. 1.8 x 3,6m 60% intenaity of intercropping
2a. 2,7 x 2,7m 40% intensity of intarcropping
2b, 2.7 x 2,7m 60% intenzity of intercropping
3a, 2.7 x 3.6m 40% intensity of intercropping
3be 2,7 X 3.6m 80% intensity of intercropping
43, 3.6 x 3.8m 40% intenaity of intercropping
4be 3.6 x 3.6m 604 intensity of intercropping
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From Fig. 5 (b), it is observed that the biomass produe
stion in turmeric was around 100 g/0,25 mz by about 120 days
in almost all the treatments, But the peak values reached
at different times. The biomass production of turmeric was
maximum under 1.,8m x 3.6m spacing during both the years of
study, It was significantly superior to wider spacings of
2.7 x 2,7m and 3,6m x 3.6m during 197879 and to 3,6m x 3.6m
during 1979«80 and in the mean values of both tne years, The
biomass production in the other spacings did not differ among
them@elves statistically but showed a declining trend with
the increase in the spacing of arecanut, During the period
of study, the biomass produation was significantly more at
60% intercroppring intensity when compared to 404, The mean
table i{indicated that dry matter production ;.mraasod signifi-
cantly from 5687 kg at 40% intensity to 8297 kg at 60% intens
sity.

Interaction tables indicated significant differences 4n
certain combinations, From the mean table, it is scen that
axcept at a spacing of 3.6m x 3.6m, all other spacings res
ponded aignificantly with higher biomass production at an
intercropping intensity at 80% than at 40% intonsity, The
mean data also showad that at the same spacings of 1.8m X 3.6m,
2,7m X 2,7m or 2,7m x 3,6m, 11:. was always 60% interaropping
intensity that gave significantly hignher biomass production
of turmeric than obtained at 40% intensity,

In sweaet potatoe-cowpea, the hbiomass produgtion attained
values around 100 g/,25 m2 by 90 days and the poak values



in all the treatments reached by 120 days. These values
ranged from over 400 to 717 g/0.25 ma. Biomass production
of intercrop sweet potato=-cowpead when grown under various
spacings of arecanut showed a significant variation during
1978«79. Biomass production increased with the increase

in the spacing of arecanut, Biomass production significa-
ntly increased when grown under 2.7m x 3.6m (23569 kg/ha)
and 3.6m x 3.6m (22061 kg/ha) spacings when compared to
1.8m x 3.6m spacing (16239 kg/ha). Orowing sweet potato

at 60% intensity significantly i{ncreased hiomass production
(23059 kg/ha) when compared to 407% intensity of interaropp=
ing (18031 kg/ha). Interactions showed that at the sana
lavel of 40% intercropping 1g§ég§;y wider spaaing of 2.7m x
3.6m was significantly superior to narrower ;pacinq of 1.,8m x
3.6m. At the 60% intercrooping intensity, a spacing of 2,7m
% 2.,7m was superior to 1l.8m X 3.6m spacinge

puring the second year of study, biomass production
showed a general decline in all the plots. The differences
due to growing under various spacings did not show any signi-
ficant effect, Howaver, blomass {narecased with the increase
in the spacings of arecamuts, Higher intensity of intercrop-
ping (4594 kg/ha at 60%) significantly increased tne biomass
production when compared to low intensity (3934 kg/ha at 40%) o

The moean datf@g%d not show any sijnificant changes in

biomass ﬂroduation\duo to areca spacings or intensities of

intercrops. Interaction was gaen at the same level of 40%
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intercropping intensity of swaet potato when a spacing of
2,Tn x 3,6m significantly produced higher biomass produc-
tion of 13374 kg/ha than at 1.9m x 3,6m wibh 9266 kg/ha,

The data on different intensities of intercrops at diffe
erent spacdngs of arecanut on the production of tubers are
given in Table IV.2,5.

Tuber production in turmeric did not show any signifi.
cant variation when grown under various spacings of arecanut,
In general, tuber production increased from 1978«79 to 1979
80 from 12,3 to 20.7 per plant, The meoan data atfowad the
tuber production to range from 16 to 18/plant in different
spacings. Intercronping intensities also did not show any

significant variation,

Tuber production in sweet potato, when grown under various
spacings of areca palm did not show any significant effeat dure
ing the course of study. Intercropping intensity also did not
show any significant trend in the production of tubers. The
tuber production ranged from 2,0 to 2.8/plant in different apa=
cings,

IV, 2.6,

The data on the voluma of tubers as influenced by Alffe
erent intercronping intensities of intercrops at difiernt
spacings of arecanut ara given in Table IV,2.6.



Table IV,2,5. Number of tubers produced by intercrops of turmeric,
sweat potato as influenced by intercropping intensie
ties at miedl lavels of arecanut spaacings

L

freatmonts |

Interarope/arecanut

spacings

JURMERIC

1. 1.8m x 3,6m 13.7 1349 138 1643 22,3 1943 15,0 17.9 16,5

3. 2,7 x 2, 111 12,1 11.6 21,5 20,2 2049 16,8 15,9 16,4

3, 2.7m x 3.6m 10,9 1043 10,6 22,9 18,9 20,9 17,6 14,5 16,0

4s 346m x 3,6m 13,6 12,9 13,2 22,1 21,7 21,9 18,5 17,4 18,0
Mean 12,3 12,3 <« 20,7 20,8 = 17,0 164 =
¥y Tost NS NS NS NS N3 N3 NS NS NS

SYERT POTATO

1« 1o8m 2 3,6m 1.7 248 202 3,2 2,2 2,7 24 2,5 2.4

2 2,7m x 2. 2.1 144 1.7 2.4 1,9 2,2 2,2 1.7 2.0

3¢ 2.7m X 346m 2,6 2,5 2.5 342 249 3.0 2,9 2,8 2.8

4e 346m X 346 2.7 2.0 2.4 2,9 3.3 3,1 2,8 2.6 2,7
Mean 2.3 2,2 = 2,9 2,6 = 2.6 24 -
F,Tost N8 N3 NS NS NS NS NS N8 NS

N3 = Not significant

70
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fable IV.2.6. Volume of tubers obtained from intercrops of turmericzim
sweet potato as influenced by intercropping intensite
ies at varidd levels of arecanut spacings(ml/5 plants)

Ei‘reatments - Intensities of intercropping
Intercrops/ 1978=79 197980 Mean of 2 years

Wrecanut spacings  gETERT Mean 40% 60X Mean 40% 60% Mean

TURMER IC

1, 1.8m x 3.6m 259 259 259 218 173 196 230 217 224

2. 2.7m x 2.7m 241 267 254 187 183 185 214 225 219

3, 2,7m X 3.6m 257 256 256 147 144 146 202 200 201

4. 3.6m x 3,6m 169 203 186 125 118 122 147 162 155
Mean 232 246 - 169 155 - 198 201 -
F.Test ‘NS NS NS NS NS NS NS NS NS

SWEEZT POTATO

1. 1.8m x 3.6Mm 111 139 125 330 477 403 220 308 264
2. 2.7m x 2,7%m 169 172 171 8737 497 685 521 401 4617
3. 2.7m x 3.6m 166 200 183 837F 427 632 501 131 4077
4. 3.6m x 3.6m 230 179 205 750" 550 6507 499 365 432*
Mean 169 172 = 698 488 = 435 347 =
CD for spacings - - - - - 235 - - 142
CD for intensities = - - - 132 - - 79

CD for spacing at
the same level of
intensity - - - = 294 - - 176

CD for intensity
at the same level
of spacing. - - - - - 263 - - 158

* gignificant at 5%
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Volume of tubers in general, decreased with the increase
in the spacings of arecanut, The variations in volume of
tubers due to different spacings however, did not have statie
stical significance during both the years of atudy, In gone
eral, moean values showed that volume of tubers decreased from
224 ml in 1,8m x 3.6m spacing to 155 ml 4in 3,6m x 3.6m spacing,
Intercrooping intensities 4id not hring about significant chae
nges in the volume of tubers during both the years of study,
There were no intaeractions due to intercropping intensities
at the same laevel of sracing or due to spacings at the same
laovel of intensity,

Tuber volume of sweet potato showed significant variation
when grown under different spacings of aredanut during 197980
whereas the differences during 1978«79 4id not show any statise
tical significance. Increasing levels of spacings increased
tuber volume signiffcantly when compared to narrower spacings
(1.8m x 3.,6m). The tuber volume ranged from 264 ml to 461 ml
from 1,8m x 3,6m to 2,m x 2,7m snacings in the pooled data,

Intensitiaes of intercropring showed a significant differe
ence on the tuber volume during 1979480 and in the pooled data,
Growing sweet potato at 40% intensity significantly recorded
greater tuber volume (435 ml) when compared to 60% crop intane
sity (347 ml) as seen from the pooled data.

From the interaction table, it is sean that under a spacing
of 2,7m x 3,6m, 404 intercropping intensity significantly



increased the tuber volume when compared to other spacings.
Under 40% intensity of intercropping, wider spacings of
arecanut recorded significantly higher value when compared
to narrow spacing of l.8m X 3.6m whereas under 60X inten
sity,spacings did not snow any significant differences,

IV.2,7, Heignt of tuber g 8 ;nfluemcrmw
tensitiaos a fferont spacings of areganut

The data on the weight of tubers produced from five
plants as influenced by intercropping intensities at Aiffer-

ent spacings of arecanut are given in Table IV,2,7.

Tuber waights did not differ significantly due to incre
‘@ase in arecanut spacings during both the years qf study,
Mean values showed that with narrower spacings of 1.8m x 3,6m
and 2,7m x 2,7m, the tuber weights recorded higher values of
238 g and 225 g/five plants when compared to wider spacings
of 2,7m x 3.,6m and 3,6m x 3.6m which produced 187 and 158 g/
£ive plants reapectively,

Intercropping intensities 4id not show any significant
trend with respect to tuber weight, The pooled data indica~
ted that the tuber weight Aid not vary with the intercropping

intensities,

The interaction effects were not significant in 197379,
During 1979-80 at the same level of either 40% or 60% inter-
cropning dntansity, 2,7m x 3,6m spacing provided higher tubar
production than 3,6m x 3,6m spacing,
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'Table IV,2,'% Weight of tubers of intercrops of turmeria(gn/S plants)
: as influenced by intercoropping intensities at varied
lovels of arecanut spacings

 mreatments Intemsities of interaropping
Interarops/ mima _ ‘&IE”WW Mean of 2 years
arecanut spacings X Mean Mean 40% 604 Mean
1. 1.8m x 3.6m 270 273 271 214 193 203 243 233 238
20 2.7m x 2.7m 245 273 259 192 192 192 218 232 225
3. 2.7m x 3.6m 264 238 241 254 243 149 199 174 187
4o 3.6m x 3,6m 176 211 29 134 110 122 158 157 158
Mean 234 249 = 114 159 = 205 199 =
F. Test NS N3 NS NS NS RS‘ NS N3 N3
SYRET POTATO
1. 1.8m x 3.6m 97 102 100 563 523 543 330 312 321
2 2.7 % 2.7m 228" 162 195 988’ 512 748 606" 336 4m”*
30 2.7m x 3.6m 180% 219 200 937" 458 698 5567 336 446
4. 3.6m x 3.6m 288" 153 220 8607 607 734 5737 354 464
Mean 196 159 - 9361 525 - 5167335 -
CD for spacings - ® 89 e « 28 e o« 146

CD for intensities - - 37 - - 162 - - 82

CD for spacing at
the same level of
intensity - - 93 - - 362 - - 182

CD for intensity at
the same level of
spacing - - 74 - - 325 - - 163

* Singificant at Sv NS = Not significant
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Sweet potato tuber yield per plant differed signifi-
cantly with varying levela of spacings of arecanut, During
1978-79, a spacing of 1,8m x 3,6m was inferior to all other
spacings wnile the mean data showed that it was inferior to
only 2.m x 2.7"m spacing, With the increase in smima of
arecanut, the tuber yield also increased from 100 g to 220 ¢
during the first year, 543 to 734 g in the second year and

from 321 to 464 g as seen from the mean data,

Swaet potato intercrooping at 40% intensity (Plate.4)
significantly increased the tuber yield in both the years of
study, from 159 to 198 g and from 525 to 836 g, It ranged
from 335 g under 60% (Pl.atq;'ﬁ) intercropping intensity to
516 g under 40¥ intercropping intensity as seen from the
pooled daca,

Interactions showed that during 1978«79, 60% intercropw
ping intensity was superior to 40% under the same level of
spacing at 3.6m x 3.6m, However, during 197980, 40% inter-
aroppin; intensity was superior to 60% intensity at the spaw
aings of 2,7m x 2,7m and 2,7m x 3,6m while the data indicated
superiority of 40% intensity at the three higher spacings,
rooled data also indicated that under 40% intensity, wider
spacings recorded significantly higher yields (330 to 606 g)
whareas under 60% intensity, the yield diffesrences between
spacings were not significant (312 to 354 Q).

IV,2.8. t of Qowpas nenced Dy i
tensities at different spagings of arecanut




FI13,.8 a,

FIG.8 b,

1)
2)
3)
4)

EFPECT OF FERTILIZER LEVEL ON THE
TILLER PRODUCTION OF INTER AND SOLE
CROPS OF TURMERIC AND 3WEET POTATO
DURING CROP GROWTH STAGES

EFPECTS OF PERTILIZER LEVELS ON THE
BIOMA3SS PRODUCTION OF INTER AND SOLE
CROPS OF TURMERXIC AND SWERET POTATO
DURING CROP GROWTH STAGES

EERTILIZER SCHEWLE
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PLATE NOo, 4 SWEET POTATO GROWN UNDER 40 PER CENT
INTERCROPPING INTEMSYTY .

PLATE No, 5 SWEST POTATO GROWN UNDER 60%
INTERCROPPING INTENSITY
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The data on test weight of cowpea as influenced by
intercromping intensicies at difforent apacings of aregaw
nut are given in Table IV,2,9,

Tast weight of cowpea seeds Aid not show any signi-
ficant variation due to difforent levels of arecamut
apacings. Intansities of intercrop-ing also did not show
any significant effect on this character. T™e differences
due to fintensities at the same level of spacing did not
show any significant variation, However, growing cowpea at
40% intensity under 2,7m x 2,7m or 3.5m x 3.56m spacings of
arecanut gould significantly increase the test weiiht (50

and 51 g) when compared to other spacings (47 and 49 g).

-

IVe2,9, Yield of intercrons a £1uen ntercropping
ntensities under different spacings of arecanut

The data pertaining to yleld of various intercrops grown

at varied intercronping intensities under various arecanut

spacings are given in Table IV,2,9.

Yield of turmeric grown under varlous spacings of areca-
nut did not differ significantly, Increasing the spacings
in arecanut subatantially decreased the turmeric rhizomes
from 5279.4 kg/ha in 1.9m x 3.6m spainy to 3336,5 kg/ha
under 3,6m x 3.6m spacini as seen from the pooled data, HOw=
ever, 60% intercroproing intensity of turmeric significantly
recorded higher yield of 5228 kg/ha (Plate.b),when compared
to 40% intensity with 3764 kg/ha (Plate.$). Increasing
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PIATE No, 6

PLATE No, 7

TURMERIC GROWN UNDER 1,8m X 3.6m
SPACINGS OF ARBCANUT

TURMERIC GROWN UNDER 3,6 x 3.6m
SPAZINGS OF ARECANUT






Tablo. IVe2.8. Test weight (g) of cowpea as influenged by
intercropping intensities at varied levels
of arecanut spacings -

Spacings Intercropping intensities
40% 60% Mean
1o 1.1 X 3.6m 47 49 48
2. 2eTm X 2. 50 49 49
30 247m X 3.6m 49 49 49
44 30&3 x 3-061“ 51 49 50
Mean 49 49 -
Fs Test N3 N3 N3

N3 = Not significant



Tahle IV,.2,9. Yisld of intercrops of turwwé(smt potatos
cowpea as influenced by intercropping intensi-
ties at varied levels of arecanut spaaings(kg/ha)

Treatment Intensities of intercropping

Intercrops/ =TU{ereTe T 197580 Mean of 2 years
arecanut spacings ZEI UG Mean 30% 807 Mean 40% 60X Mean
ZURMERIC

1. 1.3m x 3.6m 4210 6141 5175 4771 5916 5343 4490 6028 5259

2. 2,7m x 2, 3646 5312 4479 4833 5833 5083 4240 5322 4781

30 2.7m x 3.6m 36858 4915 4287 3500 6396 4948 3579 5638 4608

4o 3.6m x 3,6m 2823 38113317 2672 4041*335‘7 2747 3926*3336
Mean 3584 5045F « 3944 54227 = 3764 5228 -

en for apacings - - - - - - - - -

CD for intensities = w 543 = - M2 = - 676

¢h for spacing at

the same level of

intensity - - 2025 = - 3284 - - 2237

Co for intensity

at the same level .

of spacing - « 1087 - 1885 - - 1352

%W‘,ET %g'mm

o le X 3.6m 3270 3829 3550 3304 3583 3443 3227 3706 3466

2 2, x 2, 2600 3550 3075 4308 4137 4222 3453 3841 3647

3. 2,7m X 3.6m 3846 5554 4700 4137 4650 4393 3991 5102 4546 "

4, 3.6m x 3.6m 4437 609275264 4167 5000 4583 4302 5546714924
Maan 3538 4756% « 3979 4343 « 3743 4549 =

CD for spacings - - - - - - - - 1139

CD for intensgities = - 687 - - 387 - - 492

CD for imtenmkckex

spacing at the same

lavael of intensity = - 2158 - - 1137 - - 122

CD for intensity

at the same level

of spacing - - 1373 - - 776 - - 304

HWPEA v |
e 1o8m x 3,6m 442 795 619 567 794 681 505 794 649
2 2,7m x 3.m 647 748 697 711 830 771 679 789 734
3, 2,7 x 3,6m 765 838 801 753 843 798 759 6840 799
4, 3,6m x 3,6m 794 894 844 788 889,* 839 790 891 841
Mean 662 8187 « 705 8397 « 683 8287
CD for spacings - - - - - - - - -
CD for intensities = - 88 - - 45 - - 63
€D for spaciny at
the same level of
intensity - - 303 - = 161 - - 220
Cn for intenaity
at the same 1
of spacing : - - 178 - - 89 - - 126

* Significant at 5%
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intensity of intercropping under various spacings also showed

a significant increase in tuber yield, but under the same

level of intensity, 60% intemsity of cropping under 1.8m x 3.6m
spacing, recorded the highest yield of 6028 kg/ha on an average
of two years,

Interactions indicated that during 197879, under any
one given level of spacing, 60% intercropping was always
found to be significantly superior to 40% intensity in ture
meric yield, wihile it was so in 1975-80 only under a spacing
of 2,7m x 3.6ms In the pooled data bhoth 1,9m x 3.6m and
2+7m x 3.6m spacings responded similarly, ®xcept for signie
ficantly higher yield of 6141 kg/ha at 1.8m x 3,6m spacing
over that of 3,6m x 3,6m (3810 kg/ha) at tn; same intergrope
ping intensity of 80% during 1973-79, there were no other

interactions,

Sweat potato tuber yields did not differ significantly
under various spacings of aracanut in both the yoars, The
pooled data however, showed a significant difference between
the spacing of l.3m x 3,6m (3467 kg/na) and 3.6m x 3.6m (4924
kg/ha), Increasing arecanut spa:ing gradually showed an ine
crease in the tuber yield,

Among intercropping intensities, 60% intensity rocorded
signifieantly higher yield (4756 ki/ha) compared to 40% inten-
sity (3538 kg/ha) during 1975«79, Though a similar trend was
noticed in the next year, the differences were not 84gnt £im
cant with raespect to yidld, The cumulative affects of two
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years expressed significant differences with 60% intensity
giving 4549 kg/nha against 3743 kg/ha obtained at lower

intensity,

Among the interactions during 1978«79, under the samse
aspacings of 3.6m x 3,6m, 60% intercropping intensity recor-
ded significantly higher yleld of 6091,66 kg/ha compared to
4437 kg/ha obtained from that of 40% intensity, During 1979
80 also, 60% intercropping intensity recorded significantly
higher yield under the same spacing of arecanut, The cumu-
lative data indicated that irrespective of the levels of
spacings, increasing the level of intercropping intensity
from 40 to 60% increased the yields significantly., Irrese
pective of levels of intercropning intensities, there was a
aoqmimm and significant increase in sweet potato yield
with every increase in the level of spacing.

Though cowpea ylelds increased with the increase in the
level of spacings of arecanut from 649 kg/ha to 841 kg/ha
from 1.8m X 3.6m to 3,6m x 3,6m spacings of arecanut as seen
from the pooled data, the differences were not significant,
However, cowpea yields during both the years along with the
pooled data showad significant increase in ylelds (829 kg/ha)
at 60% intensity over 40% intensity (683 ki/ha),

Interactions indicated that at the same level of spacing
of l.8m x 3.6m, 60% intercropning was superior to 40% intene
sity in both the years as well as in the average of two years,



During 197980, 60% intercropping intensity was also superior
to 40% intensity at two other spacings of 2,7m x 2.7m and
3.6m % 3,6m, At the same level of intercropping intensity
of 40%, wider spacings of 2,7m x 3,6m and 3,6m X 3.6m were
always superior to narrower spacing of 1,8m x l.8m for cowpea
yields,

IV,3. Growth and yield attribuces of areganut

IV.3.1, Ef

The data on tha girth at last aexposed node of arecanut
palm did not show any significant variation due to growing
of different intercrops at different intendities under diff-
erent spacinys of arecanut during the experinental period
(Table, IV.3.1), During the post experimental period, the
girth at last exposed node was founi to have significantly
increased under wider spacing of 3.6m x 3.6m (50,72 cm) over
spacings of 2,7m X 3,6m (48,73 an) and 1.8m x 3,6m (48,64 om)
addi:was on par with the 2,7m x 2.7m spacing (49.61 on). A
aomparison of the post experimental period with the axporie
mental period indicated that these treatments with either
3.6m x 3.6m spacing or 2.7m x 2.7m spacgng enhanced the girth
of arecanut palms by over 4¢5% and that when swoet potatoe-
gowpea rotation was introducted in arecanut, the girth increase

was over 12.,7% over the experimental period,

The gi:th of the palms where swaeet potato was grown was
found to have significantly increased (53,33 cm) when compared



Table IV.3.1e Girth at last exposed node (om) as influenaed
by intercropping intenaities at varied levels
of arcecanut spacings

Troatments Experimental Post axper- % increase
pariod{1978) imental in girth
period(1981)
A« Madn plots
1, 1.8m X 3.6m 46,74 48,64 3.9
2. 2.7m x 2.7m 47.42 49.61 4.6
3¢ 2.7m X 346m 48,09 48,73 1.3
4¢ 3.6m X 3.6m 48,54 50,72 445
Mean 47.70 49,42 -
B, sub plots ‘

1. Turmeriaq. 48,13 48,52 0.88
2, Sweet potatoeagowpea  47.28 534337F 12,79
Mean 47,70 50,92 -
C. Intensitiss c
0 47,41 49,45 4.3
40% 47.99 49,67 3,5
60% 47.69 49,15 3.1
Mean 47,70 49,42 -
CD for main plots 2,42 1.88 -
Ch for sub plots 1.48 1.85 -
CD for intensities 1,11 1,02 v

* 3ignifi~ant at W
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to the palma where turmoric was grown (48,52 am), There
was no significant influence on the girth due to intercropw

ping intensities in arecanut garden,

IV.3.2. EEfe v
ecanut on tne interncoda stance
.Areca palm

] posed node of ar

The data on the internodal distance as influenced by
interoropping intensities at different spacings of arecanut
are given in Table IV,3.2,

Internodal distance of arecanut palm at the last exposed
node did not vary significantly by different interorops under
different spacings of araecanut during the pre-experimental
period, Posteexperimental data also showed htho same trend
suggesting that intercropping under various spacings of arecaw
nut palms did not influence the internodal distance,

Neither intensities of intercrops nor kinds of intergrops
could bring about any significant change in the finternodal
distance of areca palm, The internodal distance ranged from
7+42 to 7,79 om in various treatments,

IVe3a3ds

The data on the number of bunches produced per palm as
influenced by intercropping intansities at different spacings

of arecanut are given in Table IV,3.3.



‘pable IV.3.2, Internodal distance (om) at the last exposed
node as influenced by interagronping intensie
ties at varied lovels of arecanut spacings

Troatments - 1978 1981
Ao Main plots
le 1.8m X 3,6m 756 7.67
2, 2,7m x 2, 7447 7.50
30 247m x 3.0m 7.79 Te55
44 346m x 3,6m 7462 7.73
Mean 7.61 7.61 .
1. Turmeric 7.64 7.60
2, Sweet potato-cowpes 7461 7460
Mean 7.62 7.60
Co Intensities
0 7454 7042
40% 7.74 7.68
60% 7459 772
Mean 7.62 7461
FaTest NS NS
CD for main plots - -
CD for sub plots - -
CL for intensities - -
o 29.8 30.3

NS = Not significant
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Prowexperimental data on the numder of bunohaes produced
per palm dAid not show any significant difference among the
palms selected for growing intercrops at different intensie
ties suggesting uniformity among the pooulation means, In
general, the bunch production was 2,9 per palm per year, From
the postw-axperimental data, it is seen that, though there was
no significant difference in the main plot treatments, bunch
productinsn showed an increasing trend with the increase in
spacings of arecanut, There were no differences in bunch pro=
duction due to intercrops or intercropping intensities, How
ever, increasing intansity from 40% to 60% showod a declining
trend from 3.1 to 2,9 bunches per palm, during experimentae

-

tion,

IVe3e4s Effect of nmmm_inteﬁsitms at é

acings of arecanut on tne producti

The data on the number of nuts produced per palm as influe
encged by intercropping intensities at different spacings of

arecanut are given in Table IV,3.4.

Prowexperimental data did not show any significant variae
tion on the production of nuts amony the palms, During experie-
mental period, tne numbar of nuts produced under various spa=
cings due to growing intercrops increased the number of nuts
per palm with different degrees, Wider spacings of 2,7m x 3.6m
and 3.,6m x 3.8m significantly increased the number of nuts per
palm (807 and 877 nuts), V¥ the otner two lower spacings
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(523 and 653 nuts), The spacing of 3,6m X 3,6m was also signie
ficantly superior to that of 2,7m x 2,7m. Though the diffare-
ncas due to intercrons turmeric and sweet potato were not sige
nificant, intercropping with turmeric showed substantial inarew
ase in nut production per palm (932 against 764 in sweet pota-
to)s

Intercropping intansities did not bring any signifiicant
variation in the nut production but in general increasing the
intensity of intercropping from 40% to 60% decreased the number
of nuts £rom 886 to 792 per palm, Post-experimental period
provided a significantly higher number of nuts of 1082 per

palm with a spacing of 2,7m X 3,6m compared to 913 per palm
in 1.8m x 3,6m spacing,

L

The data on the production of arecanuts as infhuenced by
intercropping intensities at different spacings of areca palms
are presented in Table IV,3.5,

The pre-experimental data on the production of arecanut
from various spacings showed that significantly higher ylelds
of 148 to 158 % werae obtained in the first three spacings
compared to the last wider spacing of 3.,6m x 3,6m (98,3 q/ha),
During the experimental period, the first two lower spacings
gave higher yields of 189 and 186 g/ha than that obtained with
the wider spacings of turmeric and 40% intensity of cropping
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fared Detter though there were no signifiocant variations

in any of the treatments, In general, intercropping under
narrover spaaings (1.8m x 3.6m and 2,7m % 3.6m) increased
arecanut production when compared to other spacings and that
approximasely 18 to 20% increase in nut production was obsoe
rved from prewexperimental to posteexperimental period unier
various spacings of areca palm,

A critical appraisal of the yisld on hectare basis showed
that the spacings of areca palm at l.8m x 3.6m, 2,7 x 2,7m,
2,7m x 3.6m were on par and recorded significantly more yield
when compared to 3.6m X 3.6m. However, yield differences bet-
ween 2.7m x 3.6m and 3.6m x 3.6m spacinys were insignificant.
Neitner intensities nor kinds of the intercrops could bring

any significant change in per hectare yield of araca palms.

The data on the labour requirements of sole and intercrop-
ping syetems of araecanut under varying plant densities and intere
cropping intensities are given in Table IV,4.1.

The pure stand of arecanut under tie four spacings/plante
ing geometries as studied from the tahle was found to have a
labour requirement of 725 mandays per hectare per year in the



Table IV.4.1l. Labour requirementsfor pure and intercropping
systems of arecanut/ha/year under varied plant
densities and intercropping intensities

A, Labour requirements of sole crop of arecanut

Requirements of
Spacing labour Amount
(Rs)
1. 1.8m x 3.6m | 725 4,350
2, 2.7m x 2,7m 763 4,578
3, 2,7m x 3.6m 833 4,998
4, 3.6m X 3.6m 863 5,178

B, Labour requirements of intercropping
system

Intercropping Arecanut Arecanut +

Spacing intensities + sweet potato +
turmeric ea
TLabour & _ Labour R
1, 1.8m x 3.6m 40% 714 4,284 706 4,236
’, 60% 784 4,704 778 4,668
Mean 749 4,494 742 4,452
2. 2.7m x 2,m 40% 861 5,166 826 4,956
60% 964 5,784 911 5,466
Mean 912 5,475 868 5,208
4, 2.7m x 3.6m 40% 976 5,856 931 5,586
60% 1106 6,636 1021 6,126
Mean 1041 6,246 976 5,856
4, 3.6m x 3.6m 40% 1051 6,306 995 5,970
60% 1207 7,242 1100 6,600

Mean 1129 6,774 1047 6,285




narrow spacing of 1.8m x 3.6m to 863 mandays per heqtare per

| year under the highest level of spacing of 3.6m x 3.6me The
total expenditure on labour charges worked out between B 4350
and &8 5178 indicating that there could be a saving on the gost
of labour by about B 825/ha/ycar, if the narrow spacing is
adonted compared to the wider spacings,

Tha intercropping system of arecanut vwith turmeric under
four levels of spacingé and two intensities of intarcropping
indicated that the labour requirement was the least in the
narrow spacing of 1.8m x 3,6m (714 and 7184 at 40 and 60% inten~
sities) and it increased with widening of the spacing reacihing
a maximum with 3.6m x 3,6m (R,1051 and &, 1207 at 40 and 60%
intensity). The cost involved in moeting thd labour charges
was also found to be maximum at the spacing of 3.6m x 3.6m
(15,6306 and %.7242 at 40 and 60% intensities) as against the
minimum amount spent on labour gharges with the spacing of

1.0m x 3.6m(R,4284 and &, 4704 at 40 and 60% intensities), It
is thus seen that irrespactive of the {ntensities of interorope
ping, there was a saving {n laour requirement by 385 mandays
costing 18,2310 if the narrow s;.aactng of 1.5m X 3.6m was adopted
gompared to the last lavel of spacing, Bven the conventional
spacing of 2,7m X 2,7m was found to be expensive of 163 mandays.
Almost a similar trend was observed in arecanut, sweet potato-
cowpea intercropping systems with a saving of &, 1830 on the
labour cost from about 305 mandays when the spacing 1.8m x 3,6m
was adopted comparad to the last laevel of spacing,
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IV.4.2, Income from main and intergrops he intgrer

o

system of arecanut as infiuenged by plant densities
and ercropping intensitiaes

The data on the income from the main ¢rop arecanut and
from the main and intercrons together in the intercropping
system as influenced by plant densities of arecanut and inter=
aropping intensitics are preasented in Table IV.4.2.

The income from the main crop arecanut was nigher shen
turmeric was intercropped (is,27,008/ha) than that obtained
when swect potatowcowpea was intercropped (R.23,404/ha). The
income was maximum in arecanut (R.33,540/ha) in the narrow
spacing of 1,8m X 3.6m with turmeric as intercrop. Intercrop=
ping intensity of 40% with turmeric also ptov‘idad higher income
from arecanut., The data on the income from the main as well as

intercrops indicated that arecanut turmeric intercropping was

superior (8s.30,240/ha) to arecanut §s potatoecowpea combie
nation (&,28,507/ha), Here agas.p :l.n‘ atmant.nt.uzmria. DALY O
wer spacings were more benaf.iclfia). with 2.8m x 3,6m providing
the maximum income of B 36,798/na, Intercropping intensities

did not bring any variation in the income,

The raecsult of the second experiment entitled *mffects of
four fertilizer levels to the intercrops of turmeric and sweet
potato=cowpea in arecanut on the growtn and yi~ld attributes
of the main and intercrops in maximising productivity and
utilization of resources® are presented further following the
sequances of 1) growth and yield attributes of intercrops, 2)



mble IV.4.2, Tnoome from the main arop arecamut and from
the main and intercrope in the intercropping
system as influenced by plant densities of
arecanut intaercropping intensities

lovels of spacing Incone of areganut onldy (M
| m turmaria In swaeet potato
. oowpea
A Tucmecig
1¢ 1.5m x 3,0m 33.5‘0 32.7&1
2. 2.Ta x 2o 28,919 30,690
3¢ 2.7 %X 3.6m 28,857 30,346
44 3.6m x 3.6m 20,083 17,797
Mean 27,099 25,404
a) Control 26,914 25,162
b) 40% intensity 27,818 25,856
@) 604 intensity 26,566 24,193
Hean 27,099 25,403
Income from Income £rom
Argooanut 4 arecamit +
Turmeric SWeat potato +
- (3./ha) cowpea (B, /ha)
B, Jweqt DOLALY
1. 1l x 3.6m 36;793 25.033
2 2. M x 2. 33,173 34,939
3. 2,7 X 3.6m 25,714 33,202 W e
4 3.,6m x 3.,6m 22,276 22,001
Moan 30,240 28,806
a) control 26,910 26,182
b) 404 intensity 31,834 26,007
a) 604 intensity 31,974 27,785




growth and yield attributes of main orop, 3) plant nutrition

aspects of sole and intercrops, 4) income from inter, sole

and main crops, and 5) utilization of land and labour resources.

. ™he periodical obhservations on the eoffect of levels of

fertilizers on the number of functional leaves in turmeric and
swaet potato are presented in Plg, 6(a) and the mean @ata are
given in Table IV,5,1,

The number of functional leaves in turmeric as scudied
from Pig, 6(a) both as an interarop in amar;ut. as wall as a
sole crop in general, reached a maximum only after 120 days of
growth, which more or less remained steady till 180 days from
whare it declinad, The peak values of number of ieaves ranged
from 14.3. to 16,8 in intercrop and £rom 13,5 to 15.8 in sole
arop under varied fertilizer lavels, In sweet potato, produe
gtion of functional leaves was rapid and early in life cycle
of the crop frrespective of whether it was grown as an intere
crop or 3d3le crope By about 60 days of growth, all the fertie
lizer treatments attained peak values with the highest level
of fertilizers producing over 333 leaves/plant, In the interw
arops, the peak values were reached at differcnt periods in
different fertilizar treatments with control reaching the peak

in 90 days and the higher fertilizer levels reaching by 150 days



Table 1IV,5.1. Number of funotional leaves produced by inter-
arops and sole crops of turmeric and sweet
potato as influenced by fertilizer levels

Treatments Intercrop Sole crop

S.No, Crop

pertilizer 79«79 79«80 Mean 78«79 79«80 Mean

schedules
(kg/ha)

N P205 X20

1.
2.
3.
4.

A
6.
e
B4

Tarmeric
Turmeric
Turmeric
Turmeric
Mean

F, Tast
ch

cv4

Sweet potato
Sweet potato

0 O O 13,46 11,66 12,56 13,80 16,33 15,10
70 60 120 15,60 14.16 14,86 15,40 22.67 18,96
140 120 240 16,10 14.16 15,13 14,78 21,67 18,06
210 180 360 15,00 15.66 15,33 14.46 18,67 16,36
15404 13,91 14,30 14,61 19,83 17,12
NS 3 N3 NS 3 S
- 2.44 - - 2,88 1.77
15,65 8,80 10&33 18,39 7.27 54,19

o 0 0 231,.6 146,6 189,3 238,7 185,3 201.6
70 50 70 217.2 170,0 194.0 302,3 198.,3 250.,0

Sweet potato 140 100 140 20543 185,0 1953 235,0 193.7 214.3

Sweet potato
Mean

Fs Test

cb

cv ¥

210 150 210  210,5 158,7 184,3 333.6 202,7 268,0
216,2 165,0 190,7 277.4 190,0 233.4
NS NS NS NS N3 3

- - - - - 57.9

19,32 20,11 10,46 21,27 8,84 12.41

S = 3ignificant at 5%
NS = Not significant



FI0,6 a. EFFECT OF PERTILIZER LEVELS ON THE
LEAP PRODUCTTION OF INTERCROPI AND

SOLE CROPS OF TURMERIC WD SWEERT POTATO
DURING CROP GROWTH STAGES

FI3,6 b,

EFFNCT OF PERTILIZER LEVELS ON THE
LEAP AREA C7 INTERCROP AND SOLE CROPS
OF TURMERIC AND SWEET POTATO DURING
CROP JROWIH STAG ES .

la, 1.8 x 3,.6m
1b, 1.8 x 3,6m
23, 2,7 x 2,7m
2be 2.7 x 2,
33, 247 x 3.6m
3b, 2,7 x 3.,6m
43, 3,6 x 3,6m
4b, 3,6 x 3.6m

40% intensity of intercropping
§0% intensity of intercropping
40% intensity of intercropping
60% intensity of intercropping
40% intensity of intercropping
60% intensity of intercropping
40% intensity of intercropping
60% intensity of intercropping
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of growth., At their peak production, there was a trend of
higher levels producing lower number of leaves (205 to 210)
gompared to control (231) and the £irst level of fertilizer
(259) .

puring 1978«79, levels of fertilizers did not have any
significant impact on the production of £unqt;iona1 leaves in
turmeric, either as an intercrop or as a sole crops. During
1979-80, intercropping of turmeric was found to be beneficial
when properly fertilized, Pertilizer levels werc superior to
gontrol although there were no significant differences among
the levels of fertilizers, The mean data showad a nonwsignie
g£icant increase of functional leaves (around 15 leaves/plant)
in intercropped turmeric witnh the increase ih fertilizer doses
over control (11,9 leaves/glant), The sole crop of turmeric
on the other hand produced significantly higher number of fun-
ctional leaves at f£irst and second levels of fertilizers (18.96
and 18,068) when compared to control (15.10)s The highest level
of fertilizer (16.36)was on par with control as well as with the
second level of fertilizer.

Under sweet potato intercropnping system, fertilizer levels
did not influence the number of functional leaves of sweet potato
aeither as a sole or as an intercrop in both the years, Howaver,
thare appcared to be a marginal benefit from higher doses of
fertilizers in some cases with an increasing trend with the ine
crease in levels, The mean data indicated that the number of
functional leaves in the intercr-p sweet potato increased with



the increase in the fertilizer schedules upto second level and
thereafter it declined, whereas in the sole ¢rop there was a
significant increase in the number of functicnal leaves (268)
over the control (201.6) though there wera no significant Aiffe
arencaes amongst control and the first two levels of fertilizess,

The data on the periodical observations on the effect of
fartilizer levaels on the leaf area production by turmeric and
sweat potato are presented in Fig.6(b) and the mean yearly data
are given in Table IV.5.2.

From Fig.6(b) , it is seen that there were no marked Aiffe
erences in leaf area as expreased by either ;ole or intaercrops
of turmeric under varied fertilizer levels, Leaf area declined
in both the cases with time from the first month itself. mqhei'
levels of fertilizers appeared to be bheneficial to intercrop in
the initial stages,

In sweet potato, sole arop exhibited better leaf area with
no marked variation between fertilizer troamt_xu while higher
dosé Hf fertiligzers produced lower leaf area in the interarop.

Mean data sihowed that the leaf area did not differ signie
€icantly due to application of fertilizers, when turmeric was
grown either as a sole crop or wnen it was intercaronped in are-

canut during both the years, In general, mean data showad that
increasing levels of NPKR fertilizers could marginally increase



Table IV.5.2, Leaf area of intercrops and sole crops of turmaric
ang aweat gouw as influenged by fertilizer levels
(m /0.25 m ’

| Treatments Intergrop Sole crop
3.No, Crop Fertilizer 78«79 7980 Mean 78«79 79=80 Mean
aghedules
{kg/ha)
N P205 K20

1. Turmeric 0O 0 O 1,73 2,00 1.86 1,25 1,46 1,41
2, Turmerdc 70 60 120 1,73 1.33 1,53 1.7 1,76 1.73
3, Turmeric 140 120 240 1,97 2,10 1,99 1,36 1.45 1.40
4. Turmeric 210 180 360 2,55 2,00 2,28 1,30 1.65 1,47

Hoan 1.99 1.86 - 1;40 1.58 -
r, Test N3 NS NS (NS NS NS
20 - - - - - -
Qv % 35453 16412 19,58 25,75 8,95 17.87
//
Se Sweet
potato 0O 0 0 10.38 9,98 10,18 10,01 11.85 10,93
6. Sweet .
potato 70 SO 70 14.49 9,05 11,76 14,25 12,33 13,30
7. Sweet
potato 140 100 140 14,07 10,55 12,28 14,32 13.16 13,74
8, Sweet
potato 210 150 210 9.61 9,56 9,58 12,38 13.83 13.10
?, Test N3 NS NS NS NS NS
CD ' - - - -~ - -
cv % 30,40 10,37 12,21 37,21 11,02 20,56

NS = Not significant
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~ the leaf arca of turmeric in interaoropping system,

The leaf area production both in sole and intercrops of
sweet potato was almost the same and did not show any signie
ficant differonces due to difforent levels of fertilizers dure
ing 197873, However, during 197980, sole Grop Of swoet POt
ato tendad to record a higher leaf area compared to interarop.
From the mean data, it is observed that the leaf area inoreased
marginally upto 140 N, 100 P205 and 140 K20 kg/ha in intercrop
and sole arop and thereafter it declined, However, the decline
was maximum in intercrop when oomparad to sole crope

IVe5ede B

ROt Of o

The 4ata on LAR, RIOR, ROR and NAR of sole and interorops
of turmeric are presented in Fig, 7 and Table IV,5.3.

In turmeric, LAR was found to be highar (0,40 to 0.,98) in
the intercrop by about three times that of sole arop (0,016 to
0,030) irrcoppective of the fertiliser lovels, Leaf Area Ratio
was highest under the fertilizer dose of 140 N, 120 P203, 240
K20/%g/ha botnh under sole arop (0.,030) as well as in intercrop
(0,098)s The naxt dose of fertilizer broujat down the LR
considecably in both the systems, In case of sweet pOtato also
the LAR values were noarly two to three times highar (0,089 to

0.089) in the intercrop than under sole crop (0,033 to 0,038) ¢
The sole crop did not have any marked variation in LAR values
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F1G,7 EPPECT OF PIRTILIZER LEVELS ON ™S
GROWTH ATIRIBUTES LIKE NAR, LAR, ROR
ARD RLOR OF TURMERIC AND SWRET POTATO
A3 INTER AND SOLE CROPS

1.
24
3.

NAR =
LAR =
AR -
RIGR -

NET ASSIMILATION RATE(g/’/day)
LEAP ARFA RATIO(Gm/g)

RFLATIVE QROWIH RATR(g/q/day)
RELATIVE LWAPF GROWITH RATR(g/g/day)
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among the fertilizer treatments., In the intercrop, LAR was
found to be higher under 70N, 60 P20s, 120 K20 kg/ha (0,089)
and 140 N, 120 P205, 240 ¥X20 kg/ha (0.081), The RLGR in ture
meric ranged from 5,80 to 6,38 in sole crop compared to 3.68
to 8,88 in the intercrop with the lower dose of fertilizers
providing higher values of RLGR particularly the intararop,
Relative Leag Growth Rate was found to decline gradually with
the increasing levels of fertilizers (8,83, 8.22, 6,20 and
3.68) in the intercrop, The RILGR in sweet potato ranged from
9.40 to 9,88 in the sole ¢rop and from 2,71 to 5.68 in the
intercrops While there was no marked difference in thae values
of RLGR of sole crop, there was a trend of increased values of
RILGR (2,71, 4.58, 4.51 and 5,66) with the ingreasing laevels of
fartiiizers. The ROR in turmeric was higher in sole arop come
pared to the intercrop, Highest level of fertilimer (210 N, 180
P205, 360 K20 kg/ha) recorded a RGR value of 26,3 compared to
the values of 20,0 to 22,5 in other treatments with the sole
crop. The RGR values in the intercrop ranged from 15,40 in
control to 17.32 with 140 N, 120 P205, 240 K20 kg/ha, In
swaet potato, the sole crop recarded a range of RGR value of
22,27 to 25,06 while 4in the intergrop the highest dose of farti-
lizer provided an ROR of 20,93 compared to 25,80 to 27.17 in
other treatments, Net Assimilation Ratio in the sole arop of
turmeric was nearly two to three times (6,62 to 8,89) that of
the intercrop (1,79 to 3,82), 1In both the sole and intercrops,
there was a decline in NAR values at the last two higher levels
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of fertilizers (from 8,89 and 8,74 to 6,61 and 7.76) in sole
crop and from 3,43 and 3,82 to ’1.?9 and 2,84 in intercrop)e.

In case of sweet potato, the NAR values in the sole crop were n
nearly two times those of the intercrops. Pertilizer levels

to the sole arop did not show much variation from the control
(B.ﬁ) except for a small change in the highest level (7.47).
Thare was a gradual declining trend in NAR values from 3,82 to
2,85 with the increasing levels of fertilizers to the intercrope.

IV,5.4.

T™e data on the periodical obervations on the production
of tillers/branches in turmeric and sweet potato as influenced
by different levels of fertilizers are peesented in Pig.8(a)
and the mean yearly data are given in Table IV.S.d.

Prom Fig. 8(a), it is seen that there were no marked di.:ﬁ-
arences in the pattern of production of tillers in turmeria
when grown either as a sole crop or an intercrop in arecanut
Intensity of tillering was found to ba low in the first gwo
months with peaks being steady for about next three months with
3=4 tillers/dlant in most of the treatments. In sweet potato,
branching was high in sole crop reaching inigh values early by
about 60 days which wererrmaintained so in most troatments, In
intercronping, the peak values were low and reached gradually
by about the end of the growth period of the Crops

From the table, it is seen that: the production of tillers



Table IV,S5.4, Number of tillers/branches produged by tne
inter and sole crops of turmeric and sweet
potato as influenced by fertilizer levels.

Treatments Intercrop Sole crop
31, Crop PFertilizer 78«79 79«80 Mean 78«79 79=»80 Mean
No. Schedules
(kg/ha)
N P205 K20

1. T'urmeric 0 O O 3420 3,73 3.46 3.80 4,86 4,33
2, Turmeric 70 60 120 3.06 4,80 3,93 3,60 4,46 4,03
3, Turmeric 140 120 240 4,53 4,60 4,56 4,00 5.33 4.70
4, Turmeric 210 180 360 3,40 4,73 4,06 3.46 4,46 3,96

Meoan 3.54 4,46 = 3.73 4,77 -

F. Test NS 3 S NS NS NS

cD w 0.48 0,83 - - -
7 cv % 20,5 5401 12,75 32,61 13,39 23,00
S5¢ Swoet

potato O O 0 17.46 13,8 15,7 22,3 20.0 21.1
6. Swect

potato 70 0 70 17.9 16,4 17,1 24,3 21,7 23.0
7. 3weet :

potato 140 100 140 14.5 15.1 14.8 21,8 19,3 20,5
8, Swoet

potato 210 150 210 16,6 13,9 15,2 23,7 19,7 21.7

Mean 16,6 14,8 = 23,0 20,2 -

P, Tast NS N3 NS NS s NS

cp - - - - 2.4 -

cVv % 21.2 12,5 12,4 20,3 5,8 13.5

8 = Significant at

5% NS = Not significant



per plant did not differ when turmeric was grown either as an
interarop or a sole crop during the year 19?9-79. puring 1979%
80, turmeric when intercropped produced significantly hdgher
number of tillers at all levels of fertilizers (4.6 to 4.8
tillers/plant) compared to control (3.,73), However, thﬂrévu;
differences among the fertilizer levels, The production ac
tillers in the intercrop was significantly higher (4.36) m&:
140 N, 120 P205, 240 K20 kg/ha compared to control wheu the

mean data for two years were considered,

Sweoet potato did not exhibit any improvement in branching
with the increase in the level of fertilizers when grown either .
as an intercrop or as a sole crop during the year 197879, HOw-
aever, branching was higher 4in sole crop when ciozmared to intere
arope. During 1979«-80, while there was no significant difference
in the dbranching caused due to fertilisers in the intercrop
gweet potato, solevmrop at 70N, 50 P20s, 70 K20 kg/ha proved
significantly superior to the next higher level of fertilizer
of 140 N, 100 P205 and 140 K20 kg/ha, The mean of the two years
did not indicate any significant difforences amongst the troate

ments,

The data on periodical observations on the biomass produ=-

ction of turmeric, sweet potato and cowpea in aresanut either

as eole or as intercrops in response to varied fertilizer levels
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are preosented in Fig. 8(b) and the annual mean data are prese-
nted in Table YV,5.5.

The pattern of biomass production as influenced by fertie
lizer levels was found to vary between sole and intercrops of
turmeric as seen from Pig.8(b). While the biomass production
in all the treatments in the sole arop reached fairly high
values of over 175 q/mz by 120 days, values of 140 to 151 g/"a2
ware reached by 150 days in the control and the first two levels
of fertilizers and the highest level of fertilizer reached its
peak of just 125 g/hz only by 180 days in the intercropped ture

meric.

In sweet potatowcowpea rotation in the open, high values
of biomass production werse observed from about 90 days which
were maincained at high levels till the end of the crop growth
period, irrespective of fertilimer levels, In the intoraropp-
ing system, the biomass production declined to nearly half the
peak values in most cases at the end of the crop growth, These
£inal values were noarly one third the values obtained undex

open area,

Turmaric either as a sole crop or as an intercrop in areca-
nut 444 not show any significant differences to varying levels
of fertilizers during 1978+79, However, during 197980, ture
maric when intergropped produced significantly higher amount
of biomass of 10,400 kg/ha (Plate.8) at fortilizer level of 140
N, 120 P205 and 240 K20 kg/ha compared to 8,000 kg/ha(Plate.9)
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mble IV.5.5. Biomass production of inter and sole crops of
turmeric and sweet potato as influenced by
fertilizer levels (kg/ha)

- ‘!froat.ments Intercrop Sole crop
sl. Crop Pertilizer 78«79 79=80 Hean“ 78«79 7980 Mean
No. schedules
(kg/ha)
N P205 K20
1. Turmeric 0 O O 8093 9333 8713 7480 9533 8507
2, Turmeric 70 60 120 7940 8000 7920 7466 8973 8220
3. Turmeric 140 120 240 7827 10400 9113 8146 9693 8920
4. Turmeric 210 180 360 8813 9600 9206 8207 11133 9666
Mean 8143 9333 - 7823 9833 -
Fs Tast NS S NS NS N3 NS
cp - AU - = - -
_ cv % 26,73 11,33 8,12 16,89 21.92 16,83
5 Swaet
potato O O O 14920 12600 13760 25640 27466 26553
6. Sweet
potato 70_ 50 70 13280 11933 12606 29253 26133 27693
7. Sweot
potato 140 100 140 18120 14066 16093 24400 30400 27400
8. Sweet /
potato 210 150 210 16053 12933 14493 28520 30000 29260
Mean 15705 12883 - 26953 28499 -
F. Test NS b ] NS NS NS N3
co - 2739 - - - -
cv % 30.63 10.63 14,25 27,20 7.93 4.42

8 = Significant at 5% NS = Not significant



PLATE No, 8 TURMERIC GROWN WITH A PERTILIZER LEVEL,
OF 1408, 120 ’305 AND 240 Kzo kg per Ha,

PLATE No, 9 TURMERIC GROWS WITH A FERTILIZER LEVEL
~ OF 70M, 60 9,0, AND 120 K,0 kg per Ha.






produced by the lower level of 70 N, 60 P205 and 120 K20 kg/ha.
There were no differsnces in biomass production of turmeriq
amongst the rest of the treatments, The mean data for 1978.80,
showad no significant diffesences either as a sole crop or as
an intercrop though thore was an increasing trend in biomass
production with the increase in the levels of fertilizmer sche-
dule particularly at higher levels,

Under Sweet potatoscowpea rotation, the differences due to
various lavels of fertilizers both in sole as well as in inter-
eropping systems did not briny any significant differences in
biomass production, However, higher levels of fertilizers pro-
vided slightly higher yields in many cases. The mean data for
the years did not show any significant differenvas in biomass
production in the sweet potatoecowpea, eithexr as an intercrop
or sole crop. In general, highest level of fqruums recorded
maximum amount of biomass (29260 kg/ha) when compared to control

(26553 ka/ha).

IV.5.6.E€fact of fartild levels on the number of fingers
nd tubers n_turmeric and sweet potato

The data on the number of fingers and tubers produced by

turmeric and sweet potato respectively are presentad in Table
IVe5.6.

Prom the table, it is seen that the fertilizers did not
show any significant effect on the number of fingers produced
by turmeric either as an intercrop O as a gole arop, In genw
eral, turmeric fingers for five plants decreased from 1978=79
to 197980, Sole crop of turmeric exhibited a decreasing trend
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Table IV.5.6. Number of tubers (. plants) of inter and sole crops
of turmeric and sweet potato as influenced by ferti-
1izer levels

Treatments Intererop Sole crop

sl. Crop Fertilizer 78«79 79«80 Mean 7879 79«80 Mean
No. aschedules

{(kg/ha)
N P205 K20
1. Turmeric 0 O O 113 68 90 102 75 88
2, Turmeric 70 60 120 126 S0 88 104 84 94

3, Turmeric 140 120 240 106 59 83
4, Turmeric 210 180 360 129 53 92

2 8
s &
a &

Mean ' 118 57 - 92 85 -

P, Test NS NS NS N3 N3 NS

CD L J - - L] - -
P cv % 22,61 14.49 18,65 33,68 18,88 18,28
=
5¢ Swaet

potato . 0 O O 8 6 7 29 19 24
8., Sweect

potato 70 50 70 é 5 6 11 23 17
1. Swaet

potato 140 100 140 8 5 6 29 19 24
8. Swact

potato 210 150 210 8 7 7 26 22 24

Mean 765 6 - 24 21 -

s Teast NS NS H3 8 NS NS

CD - - - 15 - -

oV % 3.48 42,30 30,17 33424 19,08 25,84

S = Significant at 5% NS w Not significant
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with the increase in the fertilizer schedules during 197879
whereas during 197980 an inconsiatent trend was observed,
Sudden decline in the number of tubars at the highest level of
fertilizers (76) was observed compared to the first level of
fertilizer (94),.

Sweet potato as an intercrop 4id not respond significantly
to the differential fertilizer schedules from the point of
tuber production, An inoonsistent higher number of tubers (29)
in control and in the second level of fertilizer 140 W 100 P205
and 140 X20 kg/ha (29) was observed compared to the first level
of fertilizer (11). Mean data indicated that heavy fertiliza-
tion wvas not helpful in increasing the number of tubers per
plant either in sole arop or in intercrop,

IV.Se7e

Data pertaining to the volume of tubers of turmeric and
sweet potato respectively are given in Table IV,5.7.

Application of fertilizmers did not bring any differences
in the volume and on the production of tuber by turmeric as an
intercrop in arecanut during bHoth the years, In general, incr=
easing levels of fertilizers had a negative trend in tuberisa-
tion. The sole crop, howaever, responded to fertilization.
During 1978«79, a dose of 70 N, 60 P205, 120 K20 kg/ha was sig-
nificantly sunerior to the highest level of fertilization while
during 1979-80, as well as from the mean data of two years, a
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Table IV.5.,7. Volume of tubers of intercrops and sole grops of
turmaric and sweet potato as influenced by farti-
lizer levels (m})

Treatments Intercrop Sole crop
Sl, Crop PFertilizer 78«79 7980 Mean 78«79 7930 Mean
No. schedules
(kg/ha)
N P205 K20

l. Turmerdic O O O 1333 900 1116 1383 1238 1311
2, Turmeric 70 60 120 1653 657 1155 1795 1546 1670
3. Turmeric 140 120 240 1266 1110 1188 1687 2008 1847
4, Turmeric 210 180 360 1408 825> 1116 763 1735 1249

Mean 1415 873 « 1407 1632 =

F, Test NS 3 NS ] S 8

co - 891 = 977 591 446

cv % 29,16 51,10 22,85 34.78 18,15 15.10
5¢ Sweet

potato 0O O O 1183 356 770 4080 1437 2758
6. Sweat

potato 70 50 70 243 123 183 3626 1523 2575
7. Swoet

potato 140 100 140 103 220 162 4350 1220 2785
8. Sweat

potato 210 150 210 346 193 270 2806 1676 2241

Mean 469 223 - 3515 1464 =

Py, Tost N3 NS NS NS NS NS

oD - - - - - -

cv % 14,39 16,48 13,29 32,95 28,79 25,47

S = Significant at 5%

NS =

Not signiricant
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dose of 140 N, 120 P205, 240 K20 kg/ha was found to be signi-
ficantly superior to control, This dose was also superior to
the highast level of fertilization from the mean data of two
years, In general, the volume of tubers was more in sole crop

when compared to its intarcrop,.

Tuber volume of aweet potato did not show any significant
trend either as a sole crop or as an intercrop. Mean data showed
that fertilimer application had a negative trend on the volume
of tubers when grown as ém intercrop. However, sole crop of
sweat potato did not exhibit any trend in this character. It
was noticed that the sole crop of sweet potato produced stout
tubers compared to those of its counterpart of intercrop and
that the volume of tubers was four to ten times greater in sole
crop than in intercrop. .

IV.SOMBQ LERC
Lo}

T™e data on the waight of tubers of turmeric and sweet
potato respeatively are given in Table IV,5.8,

The number of lTulyers produced by turmeric either as sole
orop or interarop did not show any definite trend in the Alff=
arances due to fertilizers in bdth the years, However, the cumu-
lative effoct at the end of two years indicated that a fertilizer
level of 140 N, 120 P205 and 240 K20 kg/ha was significantly sup=
erior to control and the highest level of fertilizers under sole
gropping system. This is corroborated by the fact that the sole



Table IV.5.8. "eight of tubers of intercrops and sole carops of

turmeric and sweet potato as influenced by ferti-
lizer levels (kg/5 plants)

Treatments Intercrop 3olae arop

sl, Crop FPertilizer 78«79 75«80 Mean 78«79 73«80 Mean
No. schedules
(kg/ha)
N P205 K20

1o Turmaric O O O 1,43 1,09 1,26 1,35 1,28 1,32
3. Turmoeric 140 120 240 1.38 1,06 1.22 1.80 2.10 1,97
4, Turmeric 210 180 360 1,51 0,90 1,21 0,77 1,80 1.30

Moan 1052 0.93 - lq"l 1172 -

P Tast NS N3 NS N3 N3 - ]

(93] - - - - - 0,59

cV % 28,97 55432 26,47 39,55 19,16 29,35
S¢ Swaet v

potato 0 O O 0,67 0,22 0,45 4,30 1,55 2.92
6, Sweet

potato 70 S50 70 0,39 0,37 0,38 2,39 1,56 2,00
7. Sweet

potato 140 100 140 0,23 0,27 0,25 4,80 1,28 3,04
8’ Sweat

potato 210 150 210 Q.45 0,27 0,37 4,36 1,76 3,06

Mean 0’43 0.28 - 3996 1,53 -

P, Test | NS NS NS s Ns N3

ev % 26,20 24,23 27,83 30,38 25,87 28,01

S = 3ignificant at 5% NS = Not significant
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erop of turmeric in genaral recorded more weight at first and
second levela of fortilizers in both the years, The maximum
weight recorded was 1,97 kg at the second lavel of fertilizer
compared to 1,32 and 1,30 kg in the control and the highest
fertilizer level treatments,

The data indicated that intercropping of sweet potato in
arecanut had an adverse effect on the tuber weignt with a redue
ction upto 10 times the weight obtained in the sole crop in
many inscances, Fertilizer levela did not effeqgt any improvew
ment in tuber weight under intercropping situation, Fven under
solé crooping, fertilizers did not very much influence the tuber
weight of sweet potato except at 140 N, 100 P20s and 140 K20 kg/ha
which was suparior to the lower dose of 70 N, 50 P205 and 70 K20
kg/ha during 1978«79, Mean data showed a general inconsistent
decline of tuber weight over control,

IVeSe9e W&g lovels on the yields of turmerig
and _sweat potato intergrong

The data on the yleld of intercrops turmaric, sweet potato
as influenced by fertilizer levels to intercrops are given in
Table IV,5.9,

Application of fertilizers to turmeric when grown as sole
crop or intercrop in arecanut did not have any significant impacst
on turmeric yield during 1978-79,

During 1979-80, fortilizer apnlication had a negative impact
on the yield of turmaric in hoth the systems of cropping, iighest
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Table IV,5.9. Bffect of fertilizer levels on the yields of
intercrons of turmeric and sweet potato in
arecanut (kg/ha)

Treatments 1978«79 197980 Mean
S.N>e Crop Fertiliger IC a 1c x I ac
schedul es
(kgy/ha)
N P205 K20

il,Tarmeric 0 O O 2840 6766 2073 10233 2437 8500
2.Turmeric 70 60 120 2747 7933 2180 6633 2463 7283

J.Turmeria 140 1205 240 3147 6767 1987 7733 2567 7250
4o Turmeric 210 180 360 3087 6500 1547 3333 2317 S900

Mean 2955 6991 1947 7433 = -

F. Test NS NS 3 ] N3 s

cD - - 425 3776 = 2385

cv % 11,84 18,62 10,93 25,25 8,42 16,36
30 SWRGL

potato o 0 O 5147 17883 2985 16333 4066 17108

» 8 ’
*ecato 70 S0 70 1650 14843 1011 15833 1331 15338

7. Sweet
‘potato 140 100 140 1527 19730 981 15833 1239 14782

3¢ Swoet

potato 210 150 210 1593 18496 899 17667 1246 18082
Mean 2479 17738 1469 16416 - -
F,Tast 18 NS S NS S NS
cn - - 686 =~ 1638 =
cv £ 63.32 32,65 23,37 6,96 41,61 16,86

IC = Interarop 9C = Sole Crop
3 = 3ignifisant at 5% N3 = Not signi€icant



level of fertilizers significantly hrought down the yield of
intercrop turmeric (1547 kg/ha)(Plate,10) and sole crop of ture
meric (5333 kg/ha) from their respective controls (2073 kg
(Plate.18) and 10233 kg/ha). However, the ylelds of turmeric
at the first two levels of fertilizer schedule recorded signie
ficantly higher than their third level in the intercropping
system only. No significant variations amongst the treatments
wera observed in the mean values of the intercronping system,
However, a negative trend was observed in the sole cropping
systam only where the highest level of fertilizers recorded
5900 kg/ha when compared to its control (8500 kg/ha).

Intercrooping sweet potato in arecamut with different levels
of fertilizers had a significant effect on the yield of tubers
only in the second year of aropping. Highest yield of 2985 kg/ha
(Plate,12) was obtained with no fertilizers in the intercropping
system which was significantly superior to all other fertilizer
treatments, Fertilization did not have any influence on the sole
cropping system, Mean data showed that all levels of tertilizers
substantially hrought down the tuber yields (1331 to 1239 kg/ha)
(Plate.13) whon compared to control (4066 kg/ha) when grown as
intercrops. As a sole crop, sweet potato did not raspond to
applied fertilizers significantly throughout the period of study,.

IV.5.10, Residual effec of fertilizers applied to sweet patato
on the qra rie of oowpe: " ¥

The data on the grain yield of cowpea as influenced by the



PLATE No, 10 TURMERIC GROWN WITHOUT PRRTILIZERS

PIATE No, 11 TURMERIC GROWN WITH A FERTILIZER LEVEL






PLATE No. 12

PLATE No. 13

SYWEET POTATO GROW! WITHOUT FPIRTILIZERS

SWEET POTATO GRO'®N WITH A PERTILIZERS
LIVEL OF 1404, 150 ’z"s AND 210 K,O - 1S
per Ha,
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residual effact of fertilizers applied to sweet potato in
arecanut intercaronped with sweot potatowcowpea rotation are
presented in Table IV,5.10.

Cowpea yleld data showed that residual effect of fortilie
gors to swaet potato did not have any significant impact on
the producstion of grain yield during both the years of study
though there was a genseral increase in the yleld of cowpea
with the incresase in the fertilizer levels to the previous
arop of sweet potato, The mean data indicated yleld increases
from 1302 kg in control to 1584 kg/ha with 140 N, 100 P205, 140
¥20 kg/ha in the intercropping system while it was 1868 kg in
control and 2239 kg/ha at the same fertilizer level in the sole

cropping system, )

IV.5.11. Effect of fertilizer levels on the shoot weight of
gweet potato

The data pertaining to shoot weight of sweet potato both
as an intercrop and as a sole crop are presented in Table IV,.5.11.

Application of fertilizers to sweet potato when intercropped
in arecanut brought significant variation among the treatment
means with mrespect to shoot weight, Though application of fertiw
lizers in general, showed an increasing trend with the incarease
in level of fertilization, the highest level of fertilization
alone (300 ¢/ha) could establish significant difference with Gon-
trol (5& g/ha) during 1978-79, Fertilization to sole c¢rop did
not bring any significant differences amonjy the levels of fertilizee



Table IV,5,10, Grain yield of cowpea as an interarop and a
sole crop as influenced by residual effect
of fertilizersto sweet potato (kg/ha)

Treatmonts 1978-79 197980 Mean
S.NO C P
» - Zop sarciﬁ::r 194 sc ° s Ic sc
{(kg/ha)
N P205 K20
1, Sweact
potato-
cowpea 9] 0 0 1367 1919 1238 1818 1302 1868
2, Sweet .
potato= ,
QOWPea 7 50 70 1493 2308 1271 2142 1382 2225
3. Swoat
potato- .
cowpea 140 100 140 1690 2451 1478 2148 1584 2299
¢4 Swaet
DOtAtO=
cowpea 210 150 210 1645 2516 1326 2055 1485 2285
Mean 1549 2296 1328 2048 - -
P, Test NS NS NS NS NS NS
04 4] ‘ - - - - - -
cv % 27.05 18.36 28,54 11,81 26,90 15,12

12 = Intercrop SC = Sole arop
N3 = Not signiiicant



Table IVe.5.11l, Shoot weight of sweet potato as an intercrop
afld a sole crop as influenced by fertilizser
levels to swaeet potato (q/ha)

3.NO. Tgeatments 197379 1979=80 Mean

éarciuzer
schedules < ¢ ¢ € Ie ©

(kg/ha)
N P205 K20

———ar ———

1 Sweet potato 0 O O 588 530 471 525 529 527
2, Sweet potato 70 50 70 704 483 512 574 608 526
3. Sweet potato 140 100 140 706 448 362 724 633 601
4, Sweet potato 210 150 210 800 498 544 638 672 568

Mean 700 490 532 623 - -
Py Tost s NG N3 N3 S NS
co 121 - - - 124 =~
Cv % 18,70 28.13 13,16 30,80 10,16 26,47

S » Sfgnificant at 54 NS = ot significant
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application, During 197980, the differences did not show any
significant trend when grown as an interarop. The sole crop
responded well to all levels of fertilizers with increasing levels
increasing tne shoot weight of sweet potato over control, Highest
shoot weight of 754 q/ha was obtained at a dose of 140 N, 100 P205
and 140 20 kg/ha compared to control with 538 W\n. Mean data
showad that anplication of fertilizers increased the shoot growth
of sweet potato in the intercrop-ing system whareas similar trend

was not seen with ths sole Qrop.

IV.5.12, Rffeat of fertilizer levels on the tuber to shooR
n_a..._._ti..___sm..m...'a

ht ratio of

The data on the tuber to shoot weight ratio of sweet potato
are presented in Table IV,5.12. .

In interaropping sweet potato in arecanut, the tuber to
shoot weight ratio of swaet potato was increased as the fertilie
zer levels increased, This ratio increased from 1313 in control
to 1154 at highest level of fertilizers., In sole crop of sweet
potato, the ratio increased upto a certain level of fertilizers,
theroafter it declined, The ratio increased from 133,0 in control
to 134.1 in the second level of fertilisers, The ratio decrcased
at the third level of fertilizers,

The tuber to shoot ratio (114l) as seen from the mean £igw
ures irrespective of fertilizmer levels tremendously incroased
in the intercronped swaat potato when compared to sole orop of
sweet potato (183.4).



Table IV.5.12, Tuber to shoot ratio of sweet potato as an
intercrop and a sole crop as influenced by
fartiliszser levels

Treatments Intergrop Sole arop
S.No,  Crop ﬁggaii:f
(kg/ha)

N P205 K20
1.Sweat potato o o0 O 1113 1331
2.3weet potato 70 S0 70 1146 13134
3,Sweet potato 140 100 140 1351 1340
4.Sweet potato 210 150 210 1154 1s 31

r O

Mean 13141 1s 34
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IV.5.13, Effect of fertilizer levels on 1000 grain weight of
~ gowpea

The data pertaining to 1000 grain weight of cowpea as infle
uenced by levels of fertiligzation to sweet potato are given in
Table IV,S5.13.

Thare wore no differences due to fertilizer application on
the test weight of cowpea both in inter and sole crops. In general,
test weight of sole crop was comparatively higher (105.5 g) than
the intercrop (97.3 g) at the highest lavel of fertilizers,

Iv.6. Growth and yield attributes of areganut

IV.6.1. Effac

.1

The data relatedgto girth, internodal length and plant
height as influenced by different intercrops with varying levels
of fertilizer applications are given in Table IV,.6.1.

Girth of areca palm at the permanent mark did not exhibit
any significant difflerence due to intercropping with curmeric or
sweet potato-cowpoa rotathon under different levels of fertili-
sers. In general, increasing levels of fertilizers to the intore
crops showed a marginal increase in the girth of areca stem both
in turmeric and sweet potatowcowpea intercrorped plots, Maximum
development of stem was under high dose of fertility with 47.7 om
and 47,5 om in turmeric and sweet POtato=Cow a3 respectively when
compared to thair respective control plots of 44,10 and 45,10 ame
3irth of the last exposed node also showed a similar trend.



Table IV.5.13. Thousand grain weight of gowpea as an interw
and a sole crop as influenced by reside

arop
ual effect of fertluwr levels to sweet

potato
S e NO. Treatments Interarop Sole orop
Grop  Fercillzer scrlﬂ'u': (9) ()
_Jes (kg/ha)
N P205 K20

1, Sweet

potato

cOWpoa 0O 0 O 95,6 105,6
2« Sweet .

potato= .

cowpea 7 S0 70 9641 110,0
3+ Swaet

potato=

cowpea 140 100 140 93,8 101,0
4, Sweet

potatom

cowpea 210 150 210 97.3 105,3

Mean 9547 10545

Fe Tast N3 NS

(o4 ) - -

cv % 2.9 3.26

NS = Not significant
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Internodal distance both at permanent mark (PM) and last
exposed node (LEN) increased with the mcreasc.y.n the amount of
fortilizers applied to intercrops, though not significant, Inter-
nodal distance increased from 10.5 om in turmeric interaropped
plots without fertilizers to 12,33 cm with high dose of fertilie
sers, whoreas in sweet potatowcowpea rotated plots stem girth
ranged from 10,96 to 12,60 am, Internodal distance of the last
exposed node incroased from 7,03 om to 8,86 om in turmeric grown
plots and from 7.16 to 9,10 om in sweet potato-cowpea grown plots,
The coatrol recocrded a girth of 7,76 ome

plant height increased with the inarease in the amount of
fartilizer applied to the intercrops, Palm height in case of
turmeric combination ranged from 7,09 m (turmetic without ferti-
1izers) to 7.50 m (turmeric with high level of fertilizers) and
in sweet potato combinations from 7.14 m {(sweet potatoscowpea
without fertilizars) to 7.89 m (sweet potatowocowpea with high
jevel of fertilizers) with an absolute control palm recording

T.54 Cnm,

levels and intercrops on the bungh

e data pertaining to the number of bunches produced by

areca palm as influenced by levels of fertilizers and intercrops

are presented in Table IV,.6,2.
vaxy significantly
puring the period

Mean bhunch production per palm did not
during prmermu pariod 1977 and 1979,



Table IV.6.2. Number of arecanut b

palm as influenced by

nches produ
different levela of

fertilizers and intercrops

ced by areca

Treatments Pro- Treat. POSte-treate
treat- mant ment
3.NO. Crop Fertilizer moent peridd period
schedules period  (78=80) (81-82)
(kg/na) (T778) ;
¥ 7305 K20
1. Turmeric 0 Q 0 3.15 3,96 2,86
2. Turmeric 70 60 120 3,09 4425 3.70
‘ 4, Turmeric 210 180 360 3.20 4444 3,50
i 5, Sweat potato
«COWDOR o O 3,18 3,98 3,60
6. Sweet potato .
«OoWpea 7 50 70 3.10 3.59 3,33
7. Swaet potato .
«JOWpoa 140 100 140 3.18 3.75 3.55
8, Sweet potato
9, Control(pure
arop of
aracanut) 2473 3499 3436
'. Test NS NS NS
cD - - -
cv % 19,08 17,69 13,67

N3

« Not significant



of experimentation from 1979 to 1980, the effects of fertilizers
and intercropping were not significant on the bunch production,
However, bunch production, in gemeral, increased from pre-axperfe
mental period to experimental period from 3,13 to 4,13 and 2,73

to 3.99 in the turmeric and sweet potatowcowpea intercropped sys-
tems respactively. During the experimental period though the
differences were not significant, intercropping with turmeric
helped areca palm to produce more bunches (4.13) than incercrop-
ping with sweet potatoecowpea rotation (3.99). The maximum number
of bunches were 4.44/palm produced where turmeric was intercronped
with 210 N, 180 P205 and 360 K20 kg/ha when compared to aontrol
(3.99), Post experimental data showed a marginal dealine in the
bunch production in all the treatments,

1)

Mean data showed that intercrovping with turmeric or sweot
potatowcowpea rotation with or without fertilizers for a period
of three years did not significantly affect the bunch production
in arecanut palm,

IV.Ga3e W lovels and intercrops on the
on of arecanits

The data pertaining to the number of nuts producad by areca

palm as influenced by growing turmeric and sweet potato=cowpea
intercrops with different levels of fertilizers are given in
Table IV.6,3.

Mean number of nuts producod by areca palms did not vary
significantly either in the preeexperimental period (1977 and
1978) or during the experimental period (1979-81). Intercropping



H

' Table IV.6.3, Number of nuts produced by areca palm as influee
nced by growing turmeric and sweet potato=gowpea
as intercrops with varied levels of fertilizers

Troatments Prow Treate Postetroat-
treat- mant ment period
S.No, Crop Pertilizer ment period {mean of 2

schedules period (mean of years)
(kxg/ha) {mean of 2 years)

2 years)
N P205 K20

1. Turmeric o o O 762 1085 633
2. Turmeric 70 60 120 999 1472 1290
3. Turmeric 140 120 240 794 1213 995
4. Turreric 210 180 380 742 1124 . 1000

Mean 824 1224 979
5 Sweat potato

-COowpea O 0 0 681 969 939
6. Swect potato

«=COWpOa 70 50 70 678 821 955
7. Sweet potato

«COWDaa 140 100 140 626 97 1031
8. Sweet potato

«COWpea 210 150 210 573 974 2958

Mean 639 940 971
9. Sontrol(pure

arop of arecanut) 545 870 834

F, Test NS NS NS

cn - - -

v % 22,68 39,65 42,50

NS = Not significant



in arecanut generally increased the number of nuts in almost

all the treatments though there were no significant Aifferencas
in the treatment means in any of the years under study (1979
82). However, the number of nuts produced in control (870) were
comparable with thege of turmeric and sweet pOtatoecowpea rotae
tion raised under varying levels of fertilizers., From the mean
data of the experimental period, it can be seen that the produe=
ction of nuts was more in turmeric (1224) xntarei-oppod plots
than in sweet potatowcowpea rotation (940), However, intercroe
pring either with turmeric or sweet potatowcowpea without fertie
lizers brought down the yield when compared to thoir fertilized
plots,

IV,6.4. Effaqt of fe
X 'ﬁx...._

The data on the weight of arecanut fruits as influenced by
growing turmeric and swaet potatowcowpea intercrons with varying
fertilizer levels are given in Table IV,8.4.

Arecanut production did not vary significantly among the
experimental palms during pre-experimental period (1977«78),
with the start of the experimentation, during 1978«79, arecanut
yield greatly enhanced from 25 to 50 per cent in the plots where
turmeric and gweet potato were grown,

Intercrooping with turmeric in areca gardens without fertie
lizers resulted in an yield of 19,239 kg/ha compared to the yields
(26087 to 30570 kg/ha) in fertilizer treated plots, During the



i

' Table IV,6.4. Peight of nuts (kg/ha) as influenced by the ferti-
lizer levels to the intercrops of tumetic(amb- l

potato=cowpaa
Treatmonts Prow Troats PoSt=traat-
treate ment ment period
sl.No, Crop Fertilizar ment pariod (mean of 2
schedules period (mean of years)
(xg/ha) (mean of 2 ymsars)
2 years)
N P205 K20
1. Turmeric 0O 0o O 15501 19239 12762
2. Turmeric 70 60 120 20013 30570 27730
3., Turmeric 140 120 240 17492 26087 19647
4. Turmeric 210 180 360 16177 26983 22181
Moan 17296 2571 20580
5¢ Swect potatow .
cowpea 0O 0 O 14856 20732 17802
6. Sweet potatow
Sowpea 7 50 70 14110 18753 18124
7, 3weat potatow
cowpea 140 100 140 14767 21712 22464
8. Sweet potatos
cowpea 210 150 210 12323 19941 17475
Mean 14614 20284 18966
9, Control{pure
grop of arecanut) 12548 18506 16502
F, Test s s ]
cp 6312 8612 8467
eV % 38,14 27434 21,66

$ » Significant at %

omnd



poste=experimental period the same trend persisted,

Mean data during the experimental period showed that inter-
cropping turmeric or swaet potato=gowpsa rotations in arecanut
nad a cumulative effect on the production of nuts as evidenced
by the significant variation among treatment means, Interaropp-
ing areca palm with turmeric significantly increased the yield
of arecanut (25711 kg/ha) when gomparad to sweot potato-Cowpea
rotation (18506 kg/ha), The interarop of turmeric when ferti-
lized at 70 N, 60 P205 and 120 K20 kg/ha provided significantly
higher yield of arecanut (30,570 kg/ha) when compared to other
two levels of fertilizers. However, different levels of ferti-
lizers to sweet potato could not bring ‘aham: any significant
difference in the production of arecanut. Avecarhut yield was
found to dealine genarally in all the treatments during the post
experimental period when compared to the period of experimenta

tion,.

The data on the economic ylelds of sole and intercrops in
arecanut as influ-noced by varied fertilizer levels to the intere
crops are presented in Table IV.%.l.

Irrespective of the fertilizer levels the imatmpb LU
meric, sweet potato and cowpea provided yields of 2455, 1970 and



Table IV.7.1. Zconomic yields of sole and interarops in arecanut

(kg/ha}
Treatments Egonomic yield Rratio of Reduce
34No e Fertild (a/ha T ped tiogdin
: rop zar yie
e schedules Intare sole X ;le
(k3/ha) crop arop % %
N P205 K20
l.Turmeric 0O 0 0 2437 5833 41,7 58,2
2.Turmeriz 70 60 120 2497 7283 34.3 65,7
J.Turmeric 140 120 240 2567 7250 35.4 84,5
4, Turmeric 210 180 360 2317 $900 39,3 60,7
’ Mean 2455 8566 37.7 62,3
5.8waet potato 0 0 O 4066 17108 23.8 76.2
6.3weot potato 7 50 70 1331 15305 8.6 91.4
7.3wect potato 140 100 140 1239 177182 7.0 93.0
8.9wect potato 210 150 210 1246 18082 6.9 93,1
Mean 1970 17069 11.6 88.4

Cowpea with residual effect of fertilizers applied to sweet

Mean

potato
5.5waat potato-
cowpea o 0 O 1584 2201 731.9 28,1
6.3weet potatow
cowpaa 7 50 7 1303 1879 69,3 30,7
7+ Sweet potatoe-
cOWpea 140 100 140 1382 2299 60,1 39,9
B.S%weat TALO-
'mwpaaw 210 150 210 1485 2286 65,0 35,0
Mean 1439 2166 66;6 33.4
i ) 3¢ Ratio of % incree
SC/10(4) ase in
Ic/sC
ré\racanue and A
ht&rmarzc 44124 . 32696 74,1 25,9
2. Arecanut and |
amvpeammm - 34491 32696 94."7 5.3
39308 32696 84.4 15,6

L
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1432 kg/ha reapectively, The respective figures for these
sole arops were 6566, 17069 and 21668 kg/ha, ‘hen the ratio
of interarops ylelds and sole crop yields were considered
turmeric showed 38%, sweet potato 11,6% and cowpea 66,6%.
Prom these, it is ohserved that the reduction in yield in

the intercrops was maximum in sweet potato with 88% and mini-
mum in cowpes with 33%, Turmeric recorded §2,3% reduction in
yield when grown as an intercrop compared to sole crop on an
equal area basis,

It is interesting to obaaerve how the interoropping system
as a whole compared with the sole cropping system, For this
the economic yields obtained from the components of the interw
aropping systam together were compared with the economic ylelds
obtained from their respeative sole qrops together, These data
indicated that the economic ylelds were higher under Mtwm
ing systems with arecanut gurmeria providing 44124 kg/ha. This
intercropping system was found to give 26% higher yields over
the combined ylelds of the respective sole arops. The yield
advantage in arecanut, 3weqat potato=cowped combination was onl.y
marginal to the extent of 5%. |

The data on the effect of different levels of fertilizers
on the gross income from interarops and their sole arops are
presented in Teble 1IV,7.2.



Table IV,7.2, Gross income from intercrops and sole crops of
turmeric and sweet potato-Qowpea as influenced
by fertilizer levels to intercrops (ks,/ha)

Treatments Intercrop Sole crop
8l, Crop Pertilizer 78«79 75«80 Mean 78«79 79«80 Mean
NO. schodules
(kg/ha)
N P205 K20

l.Turmaric O O O 2640 2073 2457 €767 10233 8500
2.Turmeric 70 60 120 2747 2180 2463 7933 6633 7233
J.Turmeric 140 120 240 3107 1987 2547 6767 77133 7250
4. Turmaric 210 180 360 2847 1547 2197 6500 S333 5917

Mean 2885 1947 - 6998 7483 -

F.Test NS N3 NS NS s S
5, Sweet

POLALO-

cowpea 0O 0 O 7130 5628 63175 14078 12958 13518
8, Swoat

POtAtO=

QOWPea 70 SO0 70 4760 4151 4455 11670 11847 11756
7 « Swaete

potatows

cowpea 140 100 140 5092 4026 4559 15244 12776 14010
B.M

potatos :

cowpaa 210 150 210 5574 4329 4950 14947 13231 14089

Mean 5639 4533 =« 13979 13703 =

F. Test NS N3 ] s N3 N3

cp - - 1359 3514 2673 2569

Vi 14,60 13,15 11,52 18,70 18,00 16,70

8 =» 3ignificant at 5%
= Not significant
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During 1978-79, application of different levels of fartie
lizers to interarops had a significant effect on the gross
income from the turmeric crop. Intercropping turmeric with a-:
gertilizer schedule of 140 N, 120 P205 and 240 K20 kg/ha reco-
rded the maximum gross income of R,3107/=., When grown as sole
arop, turmeric rocorded a two fold increase in the gross income
of 1,7933/= with a fertilizer schedule of 70 N, 60 205 and 120

K20 kq/h‘o

puring the same period of 1978-79, sweet potato=cowpad
interarooping system provided higher gross ingome of nearly
reaching double the amount that obtained from gurmeric inters
cropping system, This high income was bacause of cowpea having
high sole price for its produce compared to the produce of ture
meria and sweet potato, Application of NPK fartiligers to
sweet potato-cowpda had however, a deprassing effect on the
gross income, The gross income of 15,7130 from cgontrol plots
fell down to a minimum of B,4760 at the first level of fertie
1izer application and to ks, 5092 and ks, 5574 at the second and
third levels of fertilizer applications, when grown as 3 sole
arop, a maximum of R,15,244 was obtained at a fertilizer dose

of 140 N, 100 P205 and 140 K20 kg/ha which was significantly

superior to i 11,670 obtained at the lower level of fertiliza-

tion,

puring 197980, application of fertilizers to turmeria 4id

not show any significant difference on the gross income, Conte

rary to 1978=79 trend, during 1979=80, increasing levels of



1ad

fertilizers brought down the gross income from turmeric. During
the year, intercropping with turmeric with a fertilizer dose of
70 N, 60 P20s and 120 K20 kg/ha recorded the maximum gross income
of 13,2180 while the sole qrop of curmerie without any fertilizers
provided the highest gross income of R3,10,233,

Mean data showed that the groas income due to application
of different fertilizer schedules to intercrop turmeric did not
vary significantly (is,2547 to #,2197). The sole arop raecorded
a marginal but significant increase in control plots (1,8500)
compared to the fertilized plots (17283 to B,5917). The nega-
tive effects were more conspicuous at the higher level of ferti-

iizer application.

Gross income from sweet potato-Cowpea rotation either as
intercrop or as sole crop recorded two fold increase and signi=
£icantly superior to the income realised from turmeric. As an
intercropring system sweet pOtato=Cowped rotation in arecanut
recorded the highest income in control plots (1,6375). Appli=
cation of fertilisers brought down the gross income to Rs. 4,455
at the £irst level., The gross income from sweet potato-cowpea
sole cropping system was higher by almost three times compared
to that from intercropping. However, fertilizers did not have
any significant mptct on the gross income realised from this

rotation.

IV.7.3. InCome Srom THa Mo Grop arecanut a
grops and of the intergropn
fertilizer levels to intergrope



The data on the income from the main crop of arecanut,
inter and sole orops of turmeric and sweet potatow-cowpea and
of the intercropning systems as influenced by fartilizer levels
to the interarops are presented in Table IV,7.3(a) and (b).

Income from the main arop of arecanut was higher when
turmeric was interaropped (m,44,124) compared to the income
(R, 34,491) obtained in arecanut with sweet potatowcowpea as
intercrops, A fortilizer level of 70 N, 60 P205 and 120 K20
kg/ha for the intercrop of turmeric provided a maximum income
of M,50,797 from the main orop of arecanut, | when the incomes
from the inter and sole crope ware compared, it is observed
that the intercrop of turmeric provided an income of M,2,463
compared to R,7,437 obtained from the sole arop irrespective
of the feartilizer levels tried, Thus, the sole erop gave nearly
three times the income of this intercrop. Inareasing levels
of fertilisers degrsased the income from the sole crop of ture
meric from 1,8,500 to M,5,917. The intercropping combination
of sweet potato-cowpea provided M.4,990 as against &.13,341 by
growing them as sole crops, The income from the intercropping
system as a whole was found to be higher with arecanut, turmeric
intercropping (M.46,540) than that obtained with arecanut sweote
potato-cowpea intercropping (h,39,481), The fertilizer level
of 70 N, 60 P20s and 120 K20 kg/ha to turmeric gave the maximum
income of n.sz;'zso to this intercropping system.

Iv.8. Land and labour utilization in sole and intergropping
aysteme



Table IV.7.3(a); Income from the main crop of arecanut, inter
and sole crops and of the intercropping syst-
ams as influenced by fartilizer levels to

intercrops
Intarcrops rertilizer lavels Income (Rs, /ha)
N P205 K20 Arecanut Intercrops/
(kg/ha) sole crops
Turmeric 0 0 0 32,465
7 60 120 50,797
140 120 240 45,418
210 180 360 47,819
Maean 44,124
Swaet pPOtatow ‘
cowpea o 0 o 34,381
70 S0 70 34,680
140 100 140 36,265 °
210 150 210 32,639
Mean 34,491
ControleArecanut 32,696
e sC
Turmeric 0 0 0 2,457 8,500
7 60 120 2,463 7,283
140 120 240 24547 7,250
210 180 360 2,197 5,917
Mean 2,416 76237
Sweet. potato- ,.
Sowpea 0 0 0 6,378 13,158
7 50 70 4,5455 11,758
140 100 140 4,648 14,010
210 150 210 4,480 14,081

Mean 4,990 13,341




Table IV.7.3(b), Income from main and intercrops in the
intaercrooping systoms of arecanut as
influenced by varied fertilizer levels

to the intercrops

Intercrops Fertilizer schedules Incame(kz/ha)
P205 K20
{ieg/ha)
Turmeric o 0 o 34,922
7 60 120 53 0260
140 120 240 47,965
210 180 360 50,4540
Mean 46,540

Sweet potato-

cowpea 0 0 0 40,759
% S0 0 39,135

140 100 140 40,913

210 150 210 37,119

Mean 39,481




v.8.1. Land Byuivalent Ratios for intergropping systems in
arecanut at varying fer zer lavels
Land Puivalent Ratios for different intercropping systems
in arecanut at varying levels of fertilizers are presented in
Table IV.8.1.

Land mpuivalent Ratios showad a positive trend when interw
aropped with turmeric. Pertilizer application increased LER
from 1.24 in the control to 1,76 at the highest level of fertie-
lizers. When intercropped with sweet potato LER ghowod a dec-
lining trend, while there was an LER of 193 in control with no
fertiligers, with the increase in fertilizer doses along with
intercropping with sweet potato-cowpea, the LER declined from

1.82 to 1,72, .

The data on Grop Intensity Indéx (CII) for various inter=

crops are given in Table IV.8,2,

Intercropping arecanut with turmeric or sweet potato-Cowpea
rotation had a conspicuous positive effeat on the CII, It incre-
ased from 0,70 in the sole aron of turmeric to 1,28 when it was
intercropped, Similarly, CII increased from 0,64 in sweet potato-
aowpea rotation as a sole crop system to 1,29 when this rotation

was adopted in areca plantation,




Table IV.8,1, Land EBquivalent Ratio (LER) for intercropping sys-
tems as {nfluanced by faortilizer levels

{

. SeNOe Crop Fertilizer Yield compe

Yield compe

Y4

Laveals onents onents LERm b
(kg/ha) uuderiinhar under sole vii
ng cropping
N P205 K20 (ngtﬁgﬂn) {yii) (Kg/ha)
1. Arecanut + | 17535 18351 0,95 |
I o o I 1.24
Turmeric | 2437 8500 0.29 ]
2. Arecanut + 26403 18351 1.44 |
I 70 60 120 s 1 1.78
Turmeric "2463 7283 0s34 |
3, Arecanut + | 23414 18351 1.28 )
1140 120 240 ] 1.63
Turmeric 2567 7250 * 0.35 ]
4. Arecanut + ] 25175 18351 1.37 }
1210 180 380 1 1,76
Turmeric | 2317 5900 0.39 1
5¢ Arecanut 4 } 18034 18351 0.98 ;
Swaet potat? 0O O 0 4086 17108 0.24 } 1.93
+ Cowpaa | 1584 2225 0.71 |
6. Arecanut + { 19038 18351 1.04 ;
Sweet potate 70 50 70 1331 15338,  0.09 | 1.82
+ Cowpea | 1302 1879 0.689 ¢
7. Arecanut 4 ; 19038 18351 1.04 ;
Swaet potau') 140 100 140 1239 14782 0.08 ; 1,72
+Cowpea 1 1382 2299 0,60 |}
8. Arecanut + } 19699 18351 1.07 ;
Swect pctat? 210 150 230 1246 18082 0.07 { 1,79
4+ Cowpea ] 1485 2285 0.56 |




Table IV.8.2. Crop intensity index for various gropping
systems

« 1 xti
3.,No., Cropping systems Areca  Fleld a

(ai) tion
(t1) Inter sole
Inter Sole (days) c<rop arop

orop orop

1. Apecanut 1,00 = 365
1.28 0,70

Turmeric 0.40 1,00 255

24 Arecanut 1.00 - 365
Sweet potato 0.40 1,00 165 1.29 0.64

Cowpea 0.60 1,00 70
3. Arecanut alone = 1,00 365 - 1,00

a = Land area considered for caloulation (1 na)
4 = Duration of cropping in days (365 days)



The data on the labour requirements of sole and interarop=
‘ping systams of arecanut with turmeric and sweet potatoscowpea
as influenced by four levels of fertilizers are presentad in
Table IV,.8,3.

The pure atand of arecanut as observed from ’Enblc undex
fertilizer experiment was found to require a labhour force of
763 persons/ha/yr on an average of two years, The total axpe-
nditure on labour charges worked out to I,4,578/ha/yr, The sole
crop of arecanmut required 160 persons for labour involving s,
960/ha/yr irrespective of the fertilizer levels tried while as
an intercrop, 135 persons were required costing #s,810/ha/yr,
The total labour requirement in the intercropping system of the
arecanut and turmeric irrespective of the fertilizer level was
723 persons involving an expenditure of Ks,4,338/ha/yr. The total
labour requirement in the intercropping systam of arecanut and

sweet potato=cowpea irrespective of fertilizer level was 713
persons involving an expenditure of is,4,278/ha/yr, Thus, intere
aropning of arecant with turmeric and sweet potato=-cowpea was
found to effect a saving of i,240 and &,300/hasyr, respectively
as the labour requirement were cut down by 40 and 50 persons in
these intercropping systems compared to the labour requiremant
of the sole crop of arecanut.




Table IV.8.3. Labour requirement for intercropping systems
in arecanut with turmeric and sweet potato «
cowpea under varied fertiliszer levels*

Cropping systems Labour/ha I/m

sole crop of arecanut 763 + 4,578
Sole crop of turmeric 160 + 960
Sole crop of sweet potato=cowpea 150 » 900
Intercrop of arecanut 588 + 3,528
Intercrop of turmeric 135 * 810
Intergrop of sweet pOtatOo=COWDea 125 + 750
Intercrop of arecanut + Turmeric 723 + 4,338

Intercrop of arecanut 4+ Sweet
potat> = Cowpea 713 + 4,278

* gince there were no differences in labour requirements
under the four levels of fertilisers tried, data on
only intercrop-ing systena are provided



The data on aost benefit ratio ralationships as influenced
by plant densities of arecanut and intaensities of interaropping
for turmeric and sweet potato are given in Table IV,9%.1(a) and

1V.9.,1({b) respectively.

with inoreasing intensity of intercroppring under each plant
density, it was observed that the cost on inputs like seeds,
manures and fertilizers and labour proportionately inaroased
thus increasing the total expenditure in raising both the inter-
grops of turmeric and sweet potato=Qowpad. However, the net
returns of i5.3,710 in turmeric and B.2,134 in sweet potato=-cowpea
ware highest under a plant density of 1.5m % 3.6m at 60X inten=-
aity of intercropping., These treatments had high cost benefit
ratio of 2.6 and 2,2 for the intercrops of turmaric and aweet
potato=cowpea respectivelys
IVeSela jost -penefit ratio relationships as influenced 2y 39
iger leovels to Lurmapic an__ms_m.gmmw
and ntererops ir arecanut
The data on the cost benefit ratio relationships as influe-
naed by fertilizer levels to the intercrops of turmeric and sweot
potatoscowpes in arecanut plantation and as sole Crops are given
in Tables IV,9.2(a) and IVe9.2(Db).

In these studies on sole arops, it was observed that the
total coat on inputs between the treatments varied only because
of change in the levels of fertilizers which was also marginal.
Between turmeric and sweet potato-cowped, the total cost differed
substantially, In turmeric, the total cost increased from Re2,003
to 1,2,997 with the increased fortilizer levels, These Qosts ware
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lower in swest potatoecowpea ranging from &s.1,120 to k.1 ,955,
The total oost benefit ratio was observed to be highest under
no fertilizers with a ratio of 4,24 in turmeric and 12,07 in

Sweet potato-cowpea.

As intergrops also, the same trend of expenditure was
observed with the total expenditure in turmeric increasing from
%.1,883 to 1,2,875 while in sweet potatowcowpea, it ranged from
M.972 to M.1,807. It was observed that in turmeric, the net
returns in the two higher doses of fertilizers were on the nege-
ative side losing a value of &5 and 1,678 respectively, The
highest cost benefit ratios of 1.30 and 6.56 were cbserved in
turmeric and sweet potato-oowpea respeatively,.

IVe10. Analytical results on plang samples

IV.10;1(a) BE

Data pertaining to the leaf nitrogen content of turmeric
and sweet potato are presented in Pig.9(a).

Jurmerigs Leaf nitrogen content of turmeric did not show
any significant differences among the treatment means at 60,
90 and ;20 days aftar planting, However, increasing levels
of NPK aniatmtly showed an increase in the nitrogen content,
Hitrogen content gradually decreased from 60 days to 120 days
in all the treatments and an increasing trend from 90 days to
120 days during 1978«79, Similar trends were observed in the
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EFFECT OF PERTILIZER LEVELS ON
NITROGEN CONTENT IN LEAP, STEM AND
TUBER OF TURMERIC AND SWEET POTATO AS
INTERCROPS IN ARECANUZ
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~ mean values, Differences in N content from 60 to 120 days were
marginal,

Sweet potatos Leaf nitrogen content o£ sweat potato did not
show any significant difference among the fertilizer schedules,
either at 90 days or 120 days. In general, increasing levels
of NPK schodules recorded a steady increase in leaf N gontent,
It ranged from 3.80% to 4.2% in the plots receiving highaest
lavel of NPK fertilizmer at SO days and from 3.36% to 4.07% from
control to highest level of NPK schedules at 120 days,
IVe10.1(b). Effect of fertilizer levels on leaf nitrogen status

Of turme <:..u Bwee DOLALO )

systan

Data pertaining to the leaf nitrogen oontent of sole grops
of turmeric and sweet potato in relation to NPK fertilizers are
preseted in Pig, 9(b).

Dirmerige Increasing levels of NPK fertilizers increased
the leaf nitrogen in turmeric though the differences were not
significant at 90 days after planting. It ranged from 2,70%
in control to 2,98% with highest dose of fertilizers during
1978479, undaer the sole croppring system, There was a declining
trend in N in all the £miliznd plots from 90 days to 120 days,
While during 197980, turmeric leaf N increased in general in
all the treatments from 90 days to 120 days,

Sweet potatos Increasing levels of fertilizers to sole
arop of sweet potato increased leaf N consistently, though
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PIG,9 b, EFFECT OF PERTILIZER LEVELS ON
NITROGEN CONTTENT IN LEAFP, STEM AND
TUBER OF TURMERIC AN D SWERT POTATO

AS 30LE CROPS
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there ware no significant variations amongst these either at
90 days or 120 days during both the years, The pooled data

indicated that leaf nitrogen increased with the increase in

NPKX schedules from 2,70% in control to 3,13% {n the highest

level at 90 days and f£rom 2.,88% to 3,68% at 120 days,

IV.10.2(a).

Data pertaining to nitragen content in stems of turmeric
and sweet potato are presented in Pig.9%(a).

Turmerigs Nitrogen é4n pseudo stem of turmeric did not show
any significant effect due to fertilizer application when grown
with arecanut at 90 and 120 days after planting during both the
years, In general, nitrogen in stem decreased from 90 to 120

&Y’o'

Sweget potatos Nitrogen of sweet potato stems did not differ
statistically due to any of the fertilizer trcatments, Though
stem N concentration at 90 days did not show any definite trend,
it increased with the increase in fortilizer levels at 120 days
from 1.44% at £irst level to 1.81% at the third level of NPK

schadule,

Data pertaining to the nitrogen concentration of stems of



turmeric and sweet potato are given in Pig,9(b),.

Zurmerigs Nitrogen in turmeric stems was significantly
higher at the highest schedule of fertilizer at 90 days after
planting during 1978«79 as well as at 120 days during the obse
ervations of mean valﬁau of both the years, In general, N
increased with the increase in NPK schedule at 90 days during
both the years, However, during 1978-79, nitrogen declined
from 90 to 120 days after planting, whereas such decline was
not observed during 1979=80,

Sweet potatol Except for a significant raise in N at the
highest level of fertilizers at 90 days nitrogen of sweet potato
stems did not vary significantly under differeant schedules of
fertilizers either at 90 days or 120 days after planting during
both the years of study. Inoreasing fertilizer levels, however,
increased N from 1.40% in control to 1,94% at the highest ferti-
lizer level at 90 days during 1978-79, Content of N tonded to
improve from 90 to 120 days after planting during both the years

of Btu’d’n

Data relating to nitrogen content of turmeric and sweet

potato tubsrs are presented in Pig,.9(a).

Turmarigs Pertilizer levels failed to bring any significant
variation in N oontent of tubers either at 90 days or 120 days



lod

nfgcr planting, Inareaaing levels of fertilizers, however, |
ehded a marginal increase in N content of twmeris tubers at /
90 days during both the years, It ranged from 1.77% in control

to 2,10% at the highest level of fertilizers., Whereas, such
variation was not observed at 120 days.

Sweet potato: Nitrogen content in sweet potato tubers did
not show any significant variation due to varying levels of
fertilisars, Mean data showed that N content increased with
the inorease in the laevel of NPK doses at 90 days but not at
120 days after planting.

IV.10.3(b).

Data pertaining to nitrogen content of turmeric and sweet
i)outo tubers as influenced by different levels of fertilizers

are given in Fig.9(b).

Tyrmeriqs The nitrogen content of turmeric tubers did not
differ due to different fertilizer achadules either at 90 or
120 days, 1In general, increasing levels of NPK increased the
N content of tubers from 1,21% in control to 1,82% in the highe
aest schedule of NPK at 90 days, Nitrogen in general Aid not
vary between 90 and 120 days, Almost a similar trend was obéer=
ved during the second year of study,.

Swaqt potatos Fertilizer levels failed to bring any signie
ficant variation among the treatment means with respect to tuber



nitrogen content, Howaver, a steady increase with sucoessive
schedules of fertilizers was observed during both the yurn;
The mean data showed a similar trend. At 90 and 120 days, N
content in controls was 1,24% and 0,96% and it inareased upto
1.49% and 1.58% respectively with the highest dose of ferti-

liﬂﬂtl;

IV.IO.C(.). EEfac

The data on leaf phosphorus gontent of turmeric and sweet
potato as intercrops in arecanut in response to varied fertiw
lizer levels are presented in Fig.10(a).

Turmerigs Increasing sthedules of NPK decroased leaf phose
phorus content of turmeric in general. Phosphorus declined
from 90 to 120 days after planting during both the years., Mean
data showed that highest fertilizer significantly brought down
leaf P to 0,22% from 0.27% in control plots at 90 days after
plantings At 120 days after planting the reduction was from
0420% to 04154 Pe

Sweet potatos Sweet potato also showed the same trend during
both the years, It ranged from 0,32% and 0,28% in oontrols to
0,30% and 0,21% at highest leval of fertilizer application at 90
and 120 days after planting respectively, Phosphorus content
decreased from 90 days after plantinge



FIG.10 a, FFFECT OF PERTILIZER LEVELS ON PHODPHORUS
CONTENT IN LEAP, STEM AND TUBER OF TURMERIC
AND SWEET POTATO AS INTERCROPS IN ARECANUT



content (£)

ertitiser schedules

im0 level
........... . 1% fevel

_ 3 jevel

INTERCROP———y

Turmeric

Sweet potato

Phosphorus

S S
3 S
58 | 3
L \
=P S ~
L ad¥ > ) N Tl i e et P
S P=S
=) - . ‘ lao ;
0 90 120 &0
Sr ' 3
3 3
ED o
°c5 S
nd phy
S )
o o
) @ 70 - 60
S ' &
p.3 3
=8 P
(-4
C - 3
& >
o -~
& 90 120 ‘ : 60
- Days atter

10

planting——




The data on leaf phoaphorus content of curmeric and sweet
potato as sole crop in response to varied fertilizer levels
are presented in Pig.10(b),

:mgl Turmeric leaf P content did not show any signie
ficant variation among treatmants either at 90 or 120 days after
planting, The diffaerences were significant only in the mean
data at 120 days whare the higheat level of NPK achedule recore
ded the lowest P (0,18%) compared to other schedules (0,19 to
0423%),

Iv,1Q.5(a). Bffe

The data on phosphorus concentration of turmeric and sweet
potato gtems grown as intercrops in responge to varied levels
of fertilizers are given in Fig,10(a),

Turmerigy During 1978«79, increasing fertilizers levels
increagsed phosphorus content of stems only marginally, whereas
in 1979=80, the difforence ware statistically significant at
90 days after planting, éontrol being inferior (0,10%) to other
treatments (0,19% to 0.25%).

Sweet potatos Sweet potato stoms racorded higher amounts
of phosphorus with increase in the NPK schedule both at 90 and
120 days after planting only during 1978-79, The P per cent



LAY AV

4in stem increased from 0,24% and 0.16% in controls to 0,34% and
0.23% in the highest level of fertilizers at 90 and 120 days res-
peatively, However, such & trend was not observed during 197980

or in the moean values,

IV.10.5(b).

The data on phoaphorus of turmeric and sweet potato stems
grown as sole crops in response to varied lovels of fertilizers
are given in Fig.10(b),

Tygmerig: Increasing levels of fertilizers increased the
phosphorus content of turmeric stem though the variations were
not significant in the first year, The variations were signi=-
g£icant only at 90 days during 1979«80 where control plot signie
£icantly recorded lower values (0.19%) compared to the rest
(0.26% to 0.32%). In general, stem Pacmtent declined from 90
days to 120 days after planting.

Sweat potatos Sweet potato stem contents for phospharus
showed significant differences only at 90 days after planting
during 1978-79. The two higher levels of fertilizers {0.27%
and 0.34%) were superior to the control (0,22%). Even #ie ,..,

values at 90 days showed the same trend.

Iv.10.6(a). W Le?_-;L on m.,ﬁmt
of _roots in tu sweat _potato grown
| argqanut
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FIG.10 b, EFFECT OF PERTILIZER LEVELS ON PHOSPHORUS
CONTENT IN LEAF, STEM AND TUBER OF TURMERIC
AND SWERT POTATO AS SOLE CROPS
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The data on the phosphorus content of roots of turmeric
and sweet potato as intercrops in areca plantation in response
to varied fertilizer levels are presented in Fig.10(a).

A marginal increase in phosphorus content of turmeria roots
was observed with increase in the levels of NPK scheduels, rang=
ing f£rom 0.18% and 0,19% in controls to 0.37% and 0.24% in the
hjghest lovel of fertilizers at 90 and 120 days respectively.

In sweet potato, root P content also followed almost the same
trend, During 1979«80, at 120 days, the last two higher doses
of fertilizers were significantly superior to other treatments,
The mean values indicated a slight rise in P from 0,15% to 0,20%
at 90 days and from 0.11% to 0.13% at 120 days.

IV.10.6(b),

The data on the phosphorus content of roots of turmeric and
sweet potato as sole crops in response to varied fertilizer levels
are presented in Fig.10(b),

Root contents of phosphorus in turmeric and sweet potato
Aid not differ significantly due to application of fertilizers
except in the mean values at 120 days in turmeric. In general,
increase in fertilizer schedules increased phogphoris content
of roots marginally both at 90 days (0,20% to 0,25%) and 120
days after planting (0.,18% to 0,23%) in turmeric. In sweet potato,
the concurrent figures were 0,23% to 0.26% at 90 days and 0.26%
to 0.22% at 120 days.



IV,10,7{a). EEf

3 § Lo

Data pertaining to leaf potassium content of turmeric and
sweet potato in arecanut ardmooanm in rig.11(a).

Turmerig:s HNone of the fertiliser schedules could bring
about any significant change in leaf K either at 90 days or
120 days after planting. In general, leaf K during 197879
was more when compared to 1979«80, During both the years, K
declined from 90 to 120 days., Increasing fertiliszer levels
increased K of leaf, Mean values showeod that K of leaf in cone
trol plots varied from 3,94% to 3.87% from 90 days to 120 days
and from 4.92% to 4.,29% at highest level of fertilizers,

Sweet potatos T™he K content of leaf due to fertilizer levels
did not show any sinificant trend both at 90 or 120 days after
planting. In general, the increment in K content dus to succe=
gssive increase in fertilizer schedule was marginal both at 90
days (3.47 to 4,15) and 120 days (3,69 to 3.,99).

IV.10.7(b),

Data pertaining to leaf potassium content of turmeric and
sweet potato undar sole aropping system are presented in Pig,
11(b).

Different fertilizer schedules could not bring any signifie-
cant ¢ghanges in the leaf K content during 90 or 120 days. During
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FIG.11 a, EFFECT OF FERTILIZER LEVELS ON POTASSIUM
CONTENT OF LFAF, STEM AND TUBHER OF TURMERIC
AND SWEET POTATD AY INTFRCROPS IN ARECENUT
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IG.11 b, EFFECT OF PERTILIZER LEVELS ON POTASSIUM
CONTENT OF LEAF, STEM AND TUBER OF TURMERIC
AlD SWEET POTATO AS SOLE CROPS
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197980, control (2,50) differed significantly over all other
troatments (3.20 to 3,83), During both the years, leaz K deo-
lined from 90 to 120 days, Mean values showed an increau in

R content from 3.96% in control to 4.58% at the highest lavel
of fertilizers at 90 days and 2,61% to 3.83% at 120 days, The
raduction in K from 90 to 120 days was conspicuous at low levels
of fertilizer compared to the higher schedules,

Sweet potatos Leaf X content of sweet potato did not exhibit
any significant variation due to different fertilizer levels
either at 90 or 120 days after planting during bothh the years,
The K gontent at 120 days was more than that at 90 days, The
K content of mean values inareased from 2.62% to 3.36% in oon-
trols and from 3,00% to 3,86% at the highest fertilizer schee
dules from 90 to 120 days respectively,

IV.10.8(a), ma&mm levels sium gon
gems ,gg__m_c “and_swee a arecanut as

Data relating to K gontent in stems of turmeric and sweet
potato are presented in PFig, 11l(a),

Tucmerigs Potassium content of turmeric stems did not vary
significantly due to fertilizer levels at 90 days after planting
where at 120 days, all the fertiligzer schedules significantly
recorded higher content of potassium (4,96% to 5,63%) when oomp=
ared to control (4.15%) during 1978-79, The differences in K
gontent amony £arui1m treatments did not, however, vary sig-
nifiocantly., In general, K declined from 90 to 120 days, Similar



A 0U

trends were observed during 1979«:30 but they did not show any
significant variation among treatment means., Mean values showed
decreased K from 4.66% to 3,77% from 90 to 120 days in control
with comparable reduction from S.41% to 4,59% under highest ferw
tiliser schedules during the same period,

Sueet potatos Potassium content of sweet potato stems showed
significant variation only at 120 days during 1978«79 due to
highest fertilizer scheduels ({5,0%) compared to control (3.85%),
Similarly, the mean values of the two years at 120 days showed
a significant superiority of the last two higher levels of fertie
lizers (4.27% and 4,51%) to the control (3.69%),

IV,10.8(b). egt of fe

Data pertaining to potassium content of the stems of turmeric
and sweat potato under sole cropping systems are presented in Fig,
11(d),

Jurmerics Fertilizer levels did not bring any significant
changes in K content in staems of turmeria though there was a
general increase in K with the increase in fertilizer schedule
both at 90 and 120 days after planting during both the years.
Potassium content declined from 90 to 120 days after planting,
Mean data showed an increase in K from 4,19% and 2,33% in gontrols
to 5,08% and 3,50% with highest fertilizer schedule at 90 and

- 120 days after planting respactively,



Sweet potatos Increasing fertilimer schodules increased
the potassium oontent in the stams of sweet potato, but the
differences were not statistically significant dxring both
the ysars, Potassium content deaglined 4in all the treatments
£rom 90 to 120 days after planting during 197879 whareas a
mm trend was seen during the next year, An increase from
3.3% 4n gontrol to 4.60% K at the highest level of fertilizer
at 90 days and with corresponding figures of 3,51% and 3,76%
at 120 days after planting was seen in tho mean data,

) @i;m.z@’ e

The data pertaining to potassium content of turmeric rhde
somes and sweat potato bubers are given in Fig.ll{a).

JIurmerigs Increasing fertilizer levels inareased potassium
con:ent in the turmeric ghizomes, However, the difference were
aignificant only during 1978«79 at 90 days after planting. The
last two higher levels of fertilizer significantly recorded
higher values (3,04 and 3,16%) when compared to the control
(2,73%)., However, there were not significant differences either
at 90 or 120 days after planting in the mean valuos of two years,

Sweet potatot Potassium content of tubers under varied
levels of fertilizers did not show any significant differences
at 90 or 130 dnya ufur phnmg, during 1978=79 though tacre

-»m  higher hwal.a o£ £¢rulism. During the second year, the



differences were significant only at 90 days after plantinge
Control and first schodule of fertilizers recorded signifioca=
ntly lower values (2,06% and 2,03%) when compared to the two
higher levels (2.13% and 2,20%) gespectively, Mean data exhie
bited no significant variations in K content of tubers either
at 90 or 120 days after planting.

T

IV, 10,10&;;? o §

The data pertaining to potassium content in turmeric rhi=
somes and sweet potato tubers are presented in 7ig.11(Db).

Pertilizers to turmeric increased K content in the tubers.
During 1978«79, at 120 days after planting as well as in the
mean values, the potassium content was siqniﬁi‘clntly highar at
the two levels of fertilizers (3.1% and 2,54%). |

Sweet potatot Potassium content in sweet potato tuber
increased with the increase in the levels of fertilizers at
90 days during 1978«79 and at 120 days during 1979=80. Control
tubers significantly recorded the lowest K content (2,04 and
2,26%) over the two higher levels of fertilizer schedules
(3.23%, 3.76% and 3,06%, 3.36X),

The mean data showed &n increase in K content in tubers
with the increase in NPK both at 90 and 120 days from 2.18 to
3,08% and from 2,29% to 3.43% respectively, While all the fer-
tiliger levels were significantly superior to control at 90 days,



the last two higher fertilizer levels were significantly
superior to control at 120 days after planting.

Iv.10.11 (l)

The data on leaf magnesium content of twrmeric and sweet
potato leaves grown as intercrops in arecanut in response to
varied fertilizer levels are presented in PFig.12(a).

Turpecic ¢ Though there was an increase in magnesium
content of leaves with increasing lewbls of fertilizers in both
the years, significant differences in fertilizer schedules were
obsarved in 1978-79 at 120 days, in 1979-80 at 90 days and in
the mean values of both dates of obserwvation, The magnesium cone
tent increased from 2,86 to 3.71% at 90 days and from 2.74% to
3.32% at 120 days after planting,

Swoet potatos Fertilizers could not hring any significant
differences in magnesium content of leaves. However,magnesium
content incareased with the incroase in fertilizer schedules durin
the course of study from 2.13% to 2,244 at 90 days and 2.,15%
to 2,37 at 120 days after planting,

The data on the magnesium content of leaves in turmeric
and sweet potato grown as sole crops in response to varied ferti~
1izer levels are pressnted in Fig.12(b).

Drmecics Mean data showed significant differences among
the fertilizer:: schedules with respect to magnesium mntent of

leaf, mcreasing fertilizer levels incrcased leaf
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P10.12 a, EFPECT OF FPERTILIZER LEVELS ON MAGNESIUM
CONTENT IN LEAP, STEM AND TUBER OF TURMERIC
AND SWRET POTATO A3 INTERCROPS IN ARECANUT
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e W;.ﬂ.:%ﬁm Gontroi at 90 days after plantinge

The same effect was carriesd out to 120 days where highest level
of fertilizers rocorded significantly high value (3.,3%) when
compared to control (2,74).

Sweet potatos During 197879 at 120 days aﬂm planting,
. Lo L:“,:f“. < A

the magnecium content of sweet potato leaves was A\dth the last
two levels of fertilizers significantlys The differences dure
ing 197980 were negligible, The mean data indicated that ine-
crease in fertilizer schedules increased leaf magnesium content

of sweet potato lemrae;

IV,10,12(a) Effec

The data on the magnosium content of turmeric and sweet
potato stems grown in arecanut in response to varied fertilizer
levels are given in Fig.12(a),

Turmerjgs Increasing fertilizer levels increased sxmm
magnesium content in stems, The higheat level of NPK signifie
cantly differed with others both during 1978«79 and in the
mean values of xme two yoars at 120 days after planting. There
were no differences during 1979-80, Magnesium content decreased
with time as with control from 2.,63% to 2,14% and from 3,18%
to 2,78% in the highest NPK schedula,

Sweet potatos Fertilizer schedules did not hring about any
significant differences in magnesium content of stems at 90 days



after planting during 1978=79, At 120 days, all the fertilizer
schedules (2,66% to 2.96%) recorded significantly higher magne-
sium compared to control (1.80%). The effects were carried out
to next year also, Mean data showed that fertilizers at the
highost level (3,65%) increased magnssium content of stem signie
ficantly over control (1,76%) and first level (2.43%).

IV.10,12(Db)

The data on magnesium content of turmeric and sweet potato
stems as sole crops in response to varied fertilizer levels are

presented in Pig.12(b).

Turmerig: There ware no differences in magnesium content
of stems in turmeric during 1978=T7T9, The differences were
significant only at 120 days after phhng during 1979-80, where
the highest level of fertilizers recorded the maximum magnesium
gontent in stem (3,1%) when compared to control (2.56%). The

same trend was obgerved in the mean data,

Sweet _potatos Magnes.‘lm content of sweet potato stems did
not differ significantly due to varied levels of fertilizors
during 1978+79, During the second year, only higher level of
fertilizers could establish significant difference with control
at 90 days after plantinge Mean data showed significant Aiffe
erences both at 90 and 120 days after plantings At 90 days, the
highest level of NPK schedule (2,59%) significantly differed
with control (2.49%) whereas at 120 days, the last two levels



(2.15% and 2.24%) Aifferad from control (1,82%) significantly.

IV.10.,13(a)

The data on the magnesium mnmta!tubgm grown in areQae
nut in response to varied fertilizer levels are presented in

rig.12(Q).

Turmerigs Pertilizer levels brought significant differences
in magnesium gontent of tubers, During 197879, at 90 days
after planting, all the fertilizer levela rmrdod mutmuy
higher values of magnesium over the control wbaro glring the sm
period in 1979«80, only the fertilizer levsl of “O N, 120 P20s5
and 240 K20 kg/ha was superior to control, However, mean data
did not show any significant differonces among the treatments.

Swaet potatgs Iweet potato tubers did not record any signi-
ficant differances in magnesium content due to fertilizer treate
ments in the first year, However, during 1979«80, differences
- were significant only at 120 days after planting where the higher
two levels of fertilizers (1,.93% and 2,01%) could significantly
increase tuber magneaium cgontent over the control (1,63x%) and
the lower level of fertilizer (1.68%X). Mean data showed that
magnesium content of tubers increased in the last two levels
of fertilizers (2.56% and 2,76%) m when compared to control
(1.96%) at 90 days, The differences at 120 days were not statie

stically significant.

Aaraldide

?
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IVe10.13 (D)

The data on magnesium content of turmeric and sweet potato
tubers grown as sole arops in response to varied fertilizer
levels are presented in Fig.12(h). BN 4

(LI 5.

- Turmerigr Inoraasing levels of NPK increased magnesium
content of rhizomes, However, the differences were significant
only &t 120 days after planting during 1978«79, where the control
recorded significantly lower value ( 1.?“) aompared uwthe last |
higher levels (2.43% and 2,33%), The differences in magnesium ~=.
content of turmeric were not significant during 197980 due to
variation in fertilizer nchadulnz& mms.m Mavf were

significantly showed superior to domrol only at 120 days after
planting,

oA

?_ ( R

{f

s

Swaegt _patatos Though increasing levels of NPK schedules
increased tuber magnesium content in sweet potato, they were
not statistically significant, The magnesium content in general
sharfly declined from 2,42% to 1.32% in control and from 2,89%
to 1453% in the highest fertilizer level £rom 90 to 120 days

after planting respectively,

IVe10.,14, EfS

The data on the effect of fertilizers in influencing the cale
cium content of the leaf, stam and tubers of turmeric and sweet
potato have not been presented since there were no poeitive trends
or significant differences in calcium content in most of the trew
atments.

¥
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CHAPTER ,V
DISCUSSION

Research on intercropping systems with special reference
to plantation arops being of recent origin, any discussion on
these investigations faces the formidable task of identifying
the ralevant advances made in the already existing situations
of paucity of literature on the one hand and of having to relay
and draw upon resources from related disciplines to distil the
essence of results on hand on the other, Though intercropping
is an age old practice, investigations to maximise utilisation
of resoirces under plantation crops have hardly made any impact
and any discussion on these aspects would have to be tharefore
viewed from these limitations, The results on she current
investigation entitled "Interaction of intercrops in maximising
utilization of resources in arecanut stands (Arega gacechu L)
in the Maidan tracts of Karnataka® presented in the previous
ghapter are discussed bhriefly in the context of objeqctives set
out and in relevance to the literature available on the follow-
ing aspectat

1) veilization of light, land and labour sources in an inter-

cropping systom in arecanut.

2) Interaction of plant densities of arecanut with intercrop=
ping intensities of turmeric and sweet potato-cowpea on the
growth and yield attributes of intercrops.

3) Interaction of arecanut plant densities with intercrops
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on the growth and yield attributes of arecanut in maximising

gross income

4) Effact of fertilizer levels on the growth and yield of
intercrops

5) Bffect of fertilizer levels on the plant nutZient contents

of sole and intercrops.

6) Prertility management of the intercropping systam in arecaw
nut on the growth and yield attributes of arecanut and in maxie
mising the nutrient avallabilitcy and gross income,

. land and Labm_r resourges in an

Cropring practices all over the world particularly in
the semi-arid tropics are gradually changing in the recent
years in order to be able to produce more food crops from the
same plece of land in a year, Though the concept of intercrop=
ping is an age old practice in Indian farmin; situations merited
for its dependability of return compared with sole cropping,
the subject of optimum utilization of light, land and labour
resources under intercropping systems has not received adew
quate and integratad attention from a scientific point of view,
This is particularly so in respect of plantation carops where
traditional practices accentuated by local demands of farming
cormmunities have largely determined the existing intergropping
systems, The scope for introducing new crops in the same plece
of land where perennial plantation cerops are raised and the
posaibilitioes to maximise the utilizatcion of light and labour
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resources at the same time are bright in the ooastal and hilly
tracts of Karnataka where rainfall is generally adequate and
moisture is not that limiting compared to the Maidan tragtd.
The results obtained from the present investigations draw
attention to some of the interesting aspects on this subject
which are discussed further,

Velels &‘m fmwwmwmm
(53]

e results of the present investigations have ravealed
that the total lignt interception was affected by the plant
densities adapted for raising the arecanut Grop. wider spa=
cings filtered through more light giving scope for introduce
tion of arops in the intarspaces., A reduction of total light
intergeption from about 41,8 to 34,1% with the increase in
spacings of arecanut arop is an indigation of the unutilised
1ight as a resource matarial in plantation aQrops. Muralidhae
ran (1980) also indicated that a 14 year old araecanut plantae
tion with a spacing of 2,7m x 2,7m allowed 32,7 to 47.8% of
incident light rays to pass down through the Canopy depending
on the time of the day, He further said that interoropping
system utilized less light and nutrients than pure stand of
arecanut, The comparison of these values with those of the
current investigations show that the per cent incident light
that passed through the Canopy was ¢ound to be greater under
Hirehalli conditions of the Maidan parts of Karnataka than,
that found in the coastal area, WMoreover, the readings here
were taken just around mideday in contrast to about three



readings taken during the entire day in those observations.
This explains how more inci ient rays of light were observed

to pass through arecanut canopy at Hirehalli, The point of
interest from the observations of thegourrent investigations

is that light resource utilisation needs to be rewexamined
oritically espeaially when it is brought out that wider spae
aings allow 64 to 66¥ of incident light rays to pass through
the W of arecanut, In this contaxt it may be essential
not only. apt.tmua the spacings-cumeplant density but also to
locate the optimum planting geometry so as to give scope for
accommodating intercrops in order to maximise interception

of light, In the present investigations, a point of obser=
vation is that while altering the plant densities, the plante
ing geometries had also been incidentally modified, Por inste
anage, the conventional planting with a spacing of 2,7m x 2,"m
and the spacing of 3,6m x 3,6m had both square shape while the
closer spacing of 1.,8m X 3,6m and the other spacing of 2,7m %
3,6m provided a rectangular shape, These two gecmetries perhaps
facilitated in allowing for a larger part of the day, a greater
proportion of incident rays to pass through tne arecanut Canopy
as more of light could seep through in the Nortimsouth Airce

ction,

Intercrops chosen for these investigations behaved diffe
erently in intercepting light received at their canoples and
as modified by the planting densities, For instance, wider



spacings of 2.7m x 3.6m or 3.6m x 3.6m received 47,000 lux
compared to 37,000 lux in other spacings. The intercrop
turmeric was found to utilize about 64 to 75% of this light
under different densities of arecanut, Sweet potato on the
othaer hand was found to intercept 73 to 78% light received
under different planting densities,

An interesting feature about light interception is that
light interception seems to improve under an intercroppring
system with perennial and annual crops as components as in
the present investigations than when thesa two Crops are
taken as sole crops. This can be inferrdd from Table.l.l.

It is seen that the total light interception by arecanut
alone averaged over four plant densities was ‘about 38% and
that of the sole crop of turmeric was 30%, Put together the
theoritical interception of light would be about 68% while
the intercropping system of arecanut and turmeric was actu=
ally found to intercept about 78% of total light, sSimtlarly,
the total interception of arecanut sweet potato was found to
be 82% while the summation of the interception of the two
sole crops was only about 63%, Thus ;;we seems to be widaé
scope for better utilization of light resourqe under an
intercropping system, It is possible that an interarop offers
a bettor ecope for interception and utilization of incoming
1ight because of the growing canopy aided by fortilliaation

and planting geometry and a possible utilization of even the
reflected light from the partially white to greyish, white
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trunks of the areaanut palm which needs confirmation, Such
a better utilization of light under interaropping systems
than under sole cropping systems was perhaps made possible
from spatial use of light at different vertical layers of
the component arops of of arecanut with either turmeric or
sweet potatowcowpea, This may be regarded as biologioal
complimentarity as interpreted in earlier studies by Willey
(1979). In contrast to this, Muralidharan (1980) found that
intercrops suffered due to competition for light sinoe only
33 to 48% of the total radiation reached the intercrops thus

bringing down economic ylelds of all intercrops,

Interspaces in any plantation crop do qm;rdly provide
scope for greater utilisation of this land resource for taking
interorops especially when there is adequate light passing
down the tall structure of the main crop., In the early stage
of the crop, the utilization of floor spages can be highs In
arecanmut plantation a spacing of 2,7m x 2,7m has been regarded
as optimum under pure stand (Bhat et al., 1972, Anon, 01974,
1976 and 1977). With the roots of arecanut exploiting only
60=7% am radius from the base of the palm, €9% of the land is
estimated to be not effeatively utilized by the root system
of arecanut (Sannamarappa and Muralidharan,1982), thus provie
ding scope for batter use of tnhis land resource.

The present investigations had one of its ob jectives as
to identify the optimum proportion of interarops tnat could



be raised under varied planting densities and plant spage
geometries of arecanut plantation, The spacings of 1.8m x
3.6m and 2,7m x 2,7m had high populations of 1543 and 1371
plants respectively while the spacings of 2.,7m x 3,6m and

3.6m x 3.,6m had 1028 and 771 planta respectively, The ChOO=
sing of these plant densities thus provided an opportunity

of testing, whether 60«70 per cent of the under-utilized

floor spaces as claimed by earlier workers (Bhat and Leela,
1969, 1978 and Sannamarappa and Muralidharan,1982) can be

used through varied intensities of intercrops by £irst alte
ering the plant densities, wnhich indirectly modified che plant
geometries also, It was envisaged that by mere altering piant
densities from as low a population as 771 plants/ha on the one
axtreme and doubling this density to 1543 plants/ha on the othar,
the scope of testing better utilization of inter floor spaces
would be enhanced, Fnhanaing intercropping intensity especi-
ally under wider spacin; was also though to be helpful in aug=
menting the total biomass production and income from the inter-
eropping system as a whole, Muralidnaran gt al, (1976), Singh
and Roy (1977) reported no substantial differences in yield
M arecanut was raised under spaaings of 1.,8m x 3,6m and

2.7m x 3.6m as against the conventional spacing of 2.7m x 2.7m.
The present investigations which were planned in the light of
these £indings, to effectively utilize interspaces and maximise
productivity have revealed certain interesting features in res-
pect of land resource use in arecanut asiinfluenced by altering
planting densities and testing of two intensities of intercropp-



ing of turmeric and sweet DOLALO=COWDad, In pure stands of
arecanut, yields of arocanut were propertionately reduced
with the reduction in the plamt densities from 19331 kg/ha

in 1.6m x 3.6m spacing with a plant density of 1543 plants/ha
to 9836 kg/ha in 3.6m x 3,6m spacing with 771 plants/ha as
seen from the summary table (Table.V.if). It is also seen
that increased spacings reduced the yields of arecanut when
grown in an intercropping system with turmeric undexr both the
intensities of intercropping from 19921 kg/ha to 12802 kg/ha,
Compared to the reduction seen in the pure stands of areganut,
the reduations of arecanut yields under intercropping were
minimal and under the spacing of 3,6m x 3,6m there was an yield
advantage of about 3000 kg/ha over that of the pure scand,
These results are tharafore a step further in confirming and
re=iterating the fagt that bhoth under pure stand as well as
under intercroppring with turmeric, arecanut needs to be raised
under the narrow s-acing of 1.8m X 3.6m giving a rectangular
shape compared to the square shape of gonventional spacing
with 2,7m x 2.7m. Perhaps coupled with the advantaje of the
rectangular shape as well as with the feature of allowing for
a larger part of the day a groater proportion of incident

rays to pass through the arecanut canopy from the North-3guth
direction, the utilimation of the inter floor spades under
this narrow spacing with high plant density was optimum, This
can be further examined from tne high yields obtained by the
intercrop of turmeric both under low (4490 kg/ha) and high
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(6028 kg/ha) intensity, Thus, it was observed that this plant
spacing of 1.8m x 3.6m provided a high income of 132,867 and
B.39,124/ha in pure and intercropped arecanut respectively
compared to proportionate reductions in the total income from
other spacings ranging from Re29,444 to is.16,721/ha in pure
stands of arecanut and from B,33,294/ha to 15,25,009/ha under
the intercropping systems of turmeric.

The picture is altogether different when sweet potatow
gowpea combination was taken for intercropping in arecanut,
The ylelds of pure stands of arecanut ranged £rom 15829 kg/ha
with the spacing of 1.,8m x 3,6m to 12161 kg/ha with the spacing
Oof 3.6m X 3.6m., Here it is only this last spacing which broue
ght down the yield considerably compared to the proportionate
reductions observed with tne increasing in spacings, The yiela
of arecanut when interaropned with the sweet poOtato=cowpea
combination also proved to be different under different spade
inga, Both the spacings of l.8m X ;.m and 3,6m X 3,6m pro=-
vided the lowest yields of 12186 kg/ha and 9231 ky/ha, The
highest yield of arecanut of 19419 kg3/ha was obtained with
t.h@ conventional spacing of 2.7m x 2.7m closely followed by
uuo kg/ha with the spacing of 2.7m X% 3.6m, Intercropas of
sweot potato and cowpea had a positive trend of increased
yields with the increase in the levels of spacings under both
the orop intensities. Under 40% intensity, the sweet potatow
cowpea yielded 3227 + 504 kg/na which rose to 4301 + 790 kg/ha
at the highest level of spacing, For the 60% intensity, the
corresponding figures were 3706 + 794 kg/ha and 5545 + 891 kg/ha



respeatively, However, the maximum income of 8.36,912/ha was

obtained from arecanut sweet potato-cowpea combination at 60%

intensity., Though these intercrops provided high yields, they
oould not gompensate for the yield reduction in the main crop

in providing higher income.

¢

The Mﬂm from these results is that land resource
utilization is perhaps optimum under arecanut turmeric inter-
cropping system, which gave nearly two to three times the
income of that obtained from sweet pPOtAtO=-COwWped intercropp=
ing, The bost combination was the narrow spacing of l1.8m x
3,6m with a rectangular geometry having a high population of
the main crop of 1543 palms/ha and 60% of the intercropping
intensity of twrmeria., It is perhaps possi.bl.? that this
closer planting along with a high intensity of intercroppilng
in this spacing combination-Cumwgecmetry must have brought
in beneficial associative effects in the dynamic nature of
the soil involving chemical and biological process helping
in better utilization of the nutrients., More plant cover in
a crop combination {Xhanna and Nair,1977) or inareased root
volume because of cron combinations were found to be helpful
in increasing the plant cycling fractions of.khenutrients and
in reducing the direct loss of nutrients in percolating water
(Martin, 1977). It is thus possible that this combination,
spacing and geometry of 1.8m X 3.6m with rectangular shape
was ideal in utilization of all the land resources inclusive
of moisture, nutrient and inter floor spaces in the arecanut

turmeric intercropping system,



It is interaesting to study the role of intercropning in
respect of enhancing the crop intensity index which is a
measure of land use efficiency proposed by Manogay et al, (1978).
In the current studies on the intercropring system in arecanut,
it was found that the CIT increased from 0,70 and 0,64 in the
sole grops of turmeric and sweet potato-qowpea rotation to 1,28
and 1,29 in the respective intercropping systems in arecanut,
This conspicuous positive effect on CII 4is an indirect indica-
tion of better utilization of land resources under intercropping
aystems, However, just based on CII one cannot determine whe=
ther any one particular intercropping system is better than the
other as in the present case, as CIY memely indicates how best
land and time rescurces are utilized but not how good is the
biological efficiency or which system is the moct. paying enter=
prise, Therefore, the concept of Land BEquivalent Ratios which
can assess the biological efficiency of interaropping system as
initiated (IRRI,1974) and tested (Willey,1978) were computed
for these studies, These ratios for different intercropping
systems when managed under varying fertilizer levels indicated
that interoropping systems under highsr levels of fertilisers
alwvays improved the LER, Aracanuteturmeric as well as arecanutw

sweet potato interaropving, ) jis had an LER of about 1.24,

with increasing fertilizer 1eva1;:; LER in arecanuteturmerica
ranged from 1,63 to 1,78, In case of arecanut-sweet potato
intercropping, the LER marginally declined with the increased
‘doses of fertilizers upto an LER 1l.12, However, since sweet
potato occupied only a part of the duration of turmeric, cowpea



was also taken in rotation with sweet potato to make this come
bination equivalent in duration to that of turmeric, The LER
of this combination in arecanut interaropping under no fertie
lizers was as high as 1,93, Inareasing doses of £ert111§er:a
brought down the LER ranging from 1,82 to 1,72, The point of
obufvation is that a high LER of 1.93 was found in arecanut
sweat notatowcowpea intorcropping system where even no fertie
lizers were applied, The explanation for this high LER under
no fertilizers is to bo sought from the fact that all the fere
tilizer levels upset the very grwoth and yield of sweet potato
by tilting the balance more towards vegetative growth, In
ocontrast, the treatment with no fertilizers behaved fairly
normally and had a balance in growth betm‘tm vagetative

and reproductive phases as seen from the tuber to shoot ratio
of 1313 compared to over 13150 obtained in the fartilized troate
ments., It 48 thus significant that the LER whiah showed an
increasing trend with increased fortilizer levels in gase of
arecanut-turmeric intercropping system should be snowing a
small declining trand in the arecanut=sweet potatow-cowpoa
combination largely because of excessive vegetative growth
under heavy fertilization, The results are indicative of the
fact that land resources could be better utilized under the
situations visy 1) when intercrooping systems in arecanut with
aither turmeric or sweet potatoeoowpea combinations are adapted
which nearly double the arop intensity index ¢ompared to their
sole cropoings and 44) when the intercropping systems are judie
cleusly fertilized as in arecanut turmericeintercropping system
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where the LER oould be raised from 1,24 with no fertilizers
£o 1,63 to 1,78 under varying fertilizer levels,

VQIQSO

The specific yield advantages in any intercropping system
have to be complimented with yet another benefit of labour
Mm utilization equatably over a long stretch of time so
that any saving made on the coat.\ot labour would greatly add
to the economic advantage of the farmer, The presant inves-
tigations have indicated yield advantages and income in arega-
nut turmeric intercropping system irrespegtive of fertilizer
levels and at a2 plant density of 1573 palms acoommodated in a
spacing of 1,8m x 3.6m having a rectangular geometry at 40%
intensity of interaroppinge A peqth)o into labour resource /
utilization would throw additional insight into the subjest

matter,

\ In the pure stands of arecanut the treatment with narrow
spacing of 1.8m X 3.6m effected a saving on the oost of labour
by about i5,828/ha/yr compared to the wider spacing of 3.6m x
3.,6m. The data on labour requirements have emphatically indi-
cated that the narrow spacing is optimum in respect of labour
utilization. The same spacing was found to be ideally suited
in effeqcting savings on the labour compared to other spagings
even in the intaercropping syatem wit.h two differing intercrop=
ping intensities, Irrespective of intansities of interceroppe
ing, there was a saving of R,2,310 on labour expensas on 388
persons at the lowest level of spacing 0f 1l.8m X 3.6m oompared



to the wider spacing of 3,6m x 3,5ms A similar trend was obsere
ved in the arecanut sweet potatOmcowpea intercropping system at
the same laevel of spacing with a saving of 15,1,830 on the labour
cost. These data have glearly indicated that from the point of
labour utilization narrower spacing of l.8m x 3,6m having a reo-
tangular geometry was definitely superior to other mtiona.
There was a greater saving in labour expenses whan the intensity
of intercropping was 40%, It was also observed that wider spaw
cings ingurred haavy losses not only by way of additional labour
requirement but also by lower yields and income accrued from
these combinitions as observed from the resulta obtained from
these investigations, The labour requirement of the pure stand
of arecanut was 763 persons costing B 4,578/ha/yr, The total
labour requirement of arecanut and turmeric intercropping system
irresnective of four levels of fertilizers tried was 723 persons
costing 5.4,338/ha/yre A similar situation prevailed with areca=
nut sweet potatowcowpea intercropping. Thus comparing just the
pure orop of arecanut with those of the intercropping systems,
it was found that there was a saving of Rs,240 and 1,300/ha/yr
effected by cutting down 40 and 50 persons from the labour force
in the two intercroppring systems of arscanut and turmeric and
arecanut and sweet potato=cowpea respectively, Muralidharan ’
(1980) while studying the labour requirement in arecanut interw
cropping systems under coastal conditions found that the highest
labour requirement of 337.3 work days of man/women was for the
»mtarorop turmeric and it was as much as 87,5% of annual labour
requirement of arecanut alonae, In the present investigation
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also, it was found that the intercrop of turmeric required a
high labour requirement of 205/ha/yr but the cost on labour

was effectively out down through gareful management, These
results are an indication to the fact that effective utiliza-
tion of labour can be made by adjustment of plant densities

80 as to accommodate tham in the rectangular gecmetry and then
utilize the inter spaces by proper agronomic management involving
fixing of the right intensity of interarop and of providing the
optimum soil moisture and nutrition, It is only the right come
bination of these under a given locality that can provide the
maximum yleld advantages and economic returns so that the cost
on lahour could be manipulated as per the requirement of indie

vidual cropping syatems,

Ve2. Inter D4 AX densities 0 - *,‘»' \l . Wit Interqaropp
m{! : . REO=COWDPEaA On _the
g;owt.h ﬂWMﬂ4

In any intercropping system, the main arop is allowed to
dominate ever the interarops in all growth and yield aspects
so that maximum benefit is obtained from the main crop in addie
tion to whatever supplimental benefits that oan bhe obtained from
the intercrops. In this context, the resource facilities pro-
vided for the main grop and those provided for the intercrops
are bound to interact bringing in steep competition in majaority
of cases, In the present investigations the four plant densi~
ties of arecanut were found to interact with the intercropping
intensities of turmeric and sweet potato-cowpea combinations in
influencing the growth and yield attributes which are discussed

£urther,



Leaf production in turmeric was not affected either due to
planting densities of arecanut or due to intercropping intensi-
ties, In sweot potato, 2.,7m x 2.7m spacing at 60X intercropping
intensity produced 174 leaves compared to 151 leaves at the same
spacing but with 40 intercropping intensity. Cowpea fared best
with 287 leaves per plant at this spacing of arecanut. Interae
ctions showed that at the same intensity of 40% intercaropping,
2,7m x 2.7m spacing was superior to 1l.8m x 3.6m,

The leaf area of turmeric increased with increasing inter-
cropping intensities, The spacing of 2,7 x 2,7m with 40% inten-
sity gave the maximum leaf area of 1,57 m?‘/b.zs mz. Generally,
40% intensity recorded higher leaf area., Sweet potato also
gared well with 40% interaropping, Higher spacings of 2.7m x
3.6m and 3.6m x 3.6m with 40% intercropping intensity produced

higher leaf area of 2,35 and 2.44 m’/b.zs uz than other spacings.

Fillering and branching in intercrops were not affected by
plant densities and intercropping intensities, In turmeriac,
tiller production was high at 3,6m x 3.6m when the intercroppe
ing intensity was 60% or when the spacing was 2.7a X 2.7m at
40% intensity. Wider spacings tended to increase the branch-
ing both in sweet potato and cowpea, leading to greater vegetiw
tive growth,

In turmeric, high biomass production was seen at a spacing
of 1.8m x 3.6m and at 60% intercropping intensity. In sweet
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poum, wider spaaings and 60% intercropping intensity provided
high biomass, At 40% intensity, 2.,7m x 3.8m spacing produced
13374 kg/ha compared to 9266 kg/ha at 1.8m x 3.0m spacing.

Intercrops fared well under an arecanut spacing of either
2,78 X 2.7m or 3.6m x 3,6m in producing higher number of leaves,
leaf area and tillers, The intercropping intensity of 40% seemed
to be good for these attributes, while biomass production incre=
ased with 1,6m x 3.6m spacing with 60% intensity in turmeric and

at wider spacings in case of sweet potato.

In general, number of tubers in turmeric increased from
12.3 to 20,8 per plant from £irst to second year of experimen-
tation indicating the possible residual benefits from fartili-
sation in the £irst year being ocarried over to second year,
Both intercrops did not respond to eithar the planting densie-
ties of arecanut or to intercropping intensities. Volume and
weight of tubers in turmeric dacreased and it increased in

swoet, potato with the increasing in spacings, Tuber weight
in, intercrops increased with inoreased spacings. In swoet f
potato, it ranged from 321 to 471 g» Intercropping intensity

at 40% was good at higher lovel of spacing, Turmeric yields
decreased with wider spacings of arecanut from 5279 kg to 3336
kg/ha while sweet potato gave nigher yields at 3.6m x 3.6m

spacing of arecanut compared to 1,8m X 3.6m, Cowped gave higher
yields at wider spacings and at 60% intensity, The test weignht



of cowpea seeds increased at 40% intensity under wider spaaings.

These discussions indicate that intercrops turmeric and
sweet potato behaved differently in yield attributes in response
to planting densities of arecanut and intercropping intensities,
In turmeric, volume of tubers decreased with the increased spaw
cings, while the weight and yiald of turmeric increased with
narrower spacings. Intercropping intonsities of 60X was good for
high yields, In met. pomugﬁ wider spacings were found to be
optimua in enhancing yield aétr&but.eo and ylields, Under wider
spacings, weight and yield of tubers were higher at 40% and 60%
intensities rmMiMy¢ Cowpea yiclded better with wider spa~
cings but had a highar test weight at 40% intercropping intene

-

sityes

The salient features of these results indicate that spacings
of either 2,7m x 2:7m or 3.,6m x 3.6m were ideal for enhanaing
growth attributes in all the three intercrops, while biomass
production of turmeric was best under 1.8m X 3.6m spacing,
Inareased level of spacings enhanced the yleld attributes in
sweet potato and cowpea, waile the weight and yields of turmeric
were higher with lower spacingse, The response to intercropping
intensities depended on the spacings provided, Better response
to wider spacings in growth and yield attributes particularly
in sweet potato might be bocause of better utilization of light
and other resources. Rarlier studies on mere spacings have
indicated that wider spacings are as good as narrower spacings
for arecanut (Muralidharan et al., (1976) and 3ingh and Roy
(1977), Since the prasent research attempted to study the effect



of spacings on intercropping intensities as well as on arecanut's
performance there have been no x'éa!. comparisons between earlier
and present studies,

/
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- Spaaings not only affect the planting densities but may

also affect the plant gecmetries thus bringing in changes in
the total environment both in the above ground surface for light
‘and other growth factors to interact with the plant community
and in the intar floor spaces of the rowed crops for nutrients
and other soil growth factors to interact with the plant enviro-
nment. Arecanut being a plantation arop having a ('ml strugture
and requiring wide spacings naturally affords qroam ease and
convenience for any modif&dm in its environment by either
merely altering the spacings or by modifying planting geomeatries
80 that the interspaces creatad may be very well utilized by
suitable interaroos with the light intensities to interact posi-
tively with the main crop resulting in maximising productivity
and gross income.

Ve3el. Growth at
'“.x:.},'ﬂ_ s 3 E

The growth attributes of main crop of arecanut as influenced
by planting densities of arecanut and intercropping intensitles
are discussed briefly. ttuidm:m (1980) found that the growth
rate of arecanut was reduged in the intercropping bringing in



reduction in elongation and girth of the trunk., However, in
the present investigation it was found that internodal length
and \qirt.h of the arecanut palm at the last exposed node was
not affected by either plant spacings or intercropping intens
sities during the experimental period. The girth at the last
axposed node was enhanced with a spacing of either 3.6m x 3.6m
or 2.Tm % 2.7m in the post experimental period. Bunah produe
ction was not affected by any treatment combinations in any
of the years of observations. Wider spacings and 40% inten=
sity had slightly Mqher number of bunches of 3.3 compared to
all other troatmenu which ranged from 3,0 to 3.1 in the post=
experimental period, These Adiscussions in general indicated
that growth attributes of arecanut were unaffected by plant

-

densities and intercropping intansitias,

v.3‘20 BOAN as '_:,,1:;.; nla
mrmrtlx es

The number of nuts per palm were higher under 2.7m x 3.6m
(807) and 3.6m x 3.6m (877) over the lower spacings (523 and
655 nuts) in ons year, In the post experimental period also
2,7m X 3.6m spacing provided higher number of nuts (913) comp=
ared to 1.8m x 3.6m spacing, Turmeric as an interarop (1035)
and at 40% intensity (1021) provided higher number of nuts as
well as yields, Arecanut yiold was maximum both in the pre-
experimental $157 q/ha) and experimental period (188 q/ha)
under the narrower spacing of 1.8m x 3,6m, In the pre axperi-
mental period 2,7m x 2,7m (157 q/ha) and 2,7m x 3.6m (147 q/ha)
spacings also gave high yields which were superior to higher



are still to be studied, The question turns to be hard when one

midm the m&oa anmpslcu n&t.uauum of meppm mah as !

‘ wetriecs of M combinations, the 1nterormm mzm.luu
g and the rooting habits of the componants in relation to nutrient

uptake and utilization,

tes _in intergrons as influenced by

The growth attributes of intercrops turmeric and sweet
potato as influenced by fertilizer levels indicated a few fobe
tures in the course of study which are discussed further, Tiller
and leaf area production in turmeric were found to be mrqimll.y
influenced with the inarease in fertilizer levels, A level of
140 N, 120 P205 and 240 K20 kg/ha favoured significantly higher
tiller production and LAR than in agontrol in the intercrops The
same level as well as the lower level of 70 N, 60 P205 and 120
K20 kg/ha enhanced the number of functional leaves both in inter
and sole crops, Higher doses tended to increase loaf area in
the interarop. This lower dose of 70 N, 60 P305 and 120 K20
kg/na is the recommended practice in Karnataka (Anon., 1978)
while in Kerala the recommendations is 30 N, 30 P205 and 60 K20
kg/ha (Anon,, 1978), Turmeric responds to heavy manuring in
some locations, According to Rao et al, (1979) 25 t of cattle
manure or compost and 63 kg N/ha as oil ocake was found to be
optimume However, they reconmmended 189 N, 63 P205 and 126 K20
kg/ha for high yields in Andhra pradesh, Nair (1964) reported
that N and X20 had significant effect on plant height, tiller



production and yield while the response to phosphate was
rather negligible, In the results presented, the growth
attributes like tiller production, number of fungtional
leaves produced, the leaf area and NAR were partially influ-
enced by fertilizers confirming the need for fertilizer re-
gommendations for turmeric and that the recommended dose for
Karnataka holids good as far as response to fertilizers by way
of growth attributes are considered, With regard to biomase
production, & dose of 140 N, 120 P205 and 240 K20 kg/ha was
found to produce 10,400 kg/ha compared to 8,000 kgsha produ=
ged by the lower dose in one year, An important cbeservation
to be made is however, on the negligible dAifferences in the
mean biomass production over two years data between the intere
aropped turmeria (8738 kg/ha) and the sole crop (8828 kg/ha)
as also batween differont fertilizer levels. This must be
because of the fact that fertilizers brought down both the
LAR and ROILR values .i.ndioau.nq that they did not have much
impact on the growth W. Muralidnaran (1980) however,
found that interarop turmeric produced betwean one third to
half of its sole orop biomass, This observation was under

a spacing of 2,7m x 2,7m with recommended fertilizers while
tha current observations were under varying fertilizer levels,
That there were no differences between sole and intercrops

of turmeric in biomass production is an indication that either
1ight, land and other resources for intercrop were not want-
ing or that sole arop did not fare well beyond a certain limit,



Tt would therefore be intcreating to compare these growth aspegts
with those of yield attributes to infer the effects of fertilizers
on the total performance of intercrop turmeric.

Sweet potato 1s one of the intercrops being raised under
plantation crops especially in humid tropics, However, the
arops' requirements of fertilizerxs especially under semi dry
tracts and under intercropping situations are not knownie

Growth attributes such as branching, number of functional
leaves and leaf area of sweet potato were not consistently
influanced by fertiliser levels. In sole crop, bhranahing was
good at 70 N, 50 P05 and 70 K30 kg/ha and functional leaves,
leaf area and shoot weight at 140 N, 100 P20S and 140 X370 kg/ha
T™he LAR, NAR, ROR and RIGR as well as biomass p:mducumme
not greatly influenced by fertilizer levels though the highest
fertilizer level of 240 N, 150 P205 and 210 K20 kg/ha recorded
29260 kg/ha compared to 26853 kg/ha by control in sole arop.
Generally, the NAR and RIGR values in sole crop were higher by
two to three times in intercrop. Mean values indicated that
sole crop fare better than intercrop in respeat of branching
21,96 and 15,69), functional leaves (233.4 and 190,7), leaf
area (12,75 and 10,95 am?) shoot weizht (623 and 522 g/ha in
1979=80) and biomass production (20411 and 14240 kg/ha). Thus
grom the point of fertilizer recommendations, a dose of 70 N,
50 P20s and 70 K20 kg/ha or double this dose may serve wall in
providing optimum expression of growth attributes.
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V+4.2. xisld seeriimes of interorops as influenced by ferti-

Among the yleld attributes, the numnber of tubers produged
by turmeric was found to be least affegted by raising the arop
either as an intercrop in arecanut or as a sole crop, The orop
was not influenced by fartiliser levels too. Levels of farti-
lizers had no significant effect in tuberisation also in the
intercrop turmeric while the sole arop responded either to
70 N, 60 P205 and 120 K20 kg/ha or double this dose, The volume
of tubers was higher in sole crop (1478 ml) than in intercrop
(1141 ml), 80 also the weight of tubers baing more in sole orop
(1,57 %g) than in intercrop (1.22 kg) and with fertilizer dose
of 140 N, 120 P205 and 240 K20 kg/ha (1.97 kg)e Yield of ture
meric was not influenced by fertilimers during 197879 when
intercrops provided on an average 21935 kg/ha compared to §991
kg/ha obtained from sole crops, During the next yearc, the resw
pective yields for inter and sole qrops were 1947 kg and 7483 kg
with the highest yield of 10233 kg/ha obtained from sole orop
with no fertilizers, The mean data of two years also gave the
same result of control (8300 kg) being superior to the highest
level of fertilizers (5900 kg), In general, sole crop of tur-
meric provided nearly three times the yield of interarop.

vield attributes thus far observed present a mtruung
picture in some aspeats in comparison with the growth attris
butes nresented earlier. While growth of turmeric was respone
asive upto & level of 70 N, 60 P205 and 120 K20 kg/ha or double
this dose in respect of tiller, leaf number, leaf area, NAR,
RESR
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RILGR and biomass production, Practically no differences bete
ween sole and intercrops in the biomass production, yleld
attributes and yield of turmeric showed an inconsistent beha-
viour to fertility levels, There was no response from the
crop in respect of the number of tubers, The volume and weight
of tubers were more in sole crop and they responded upto 70 N,
60 P205 and 120 X20 kg/ha or double this dose, The yield of
the crop was not greatly influenced by fertilizers, Indeed,
highest level of fertilizers brought down the yields partie
cularly in sole ¢rops, These observations tend to project

the thought that fertilimers in modest quantities were help=
ful in improving most of the growth attributes and some yield
attributes of turmeric but were not evidently effective in
enhancing ylelds, Tt is to be expected that either both above
and below soil envirunments were not condusive in the repro=-
ductive phase of the ¢rop or that transfer of nutrients from
vegetative to reproductive parts did not take place in the
right proportions, This must be particularly so in inter-
aropoing situations whare light from above and nutrients from
soil as well as from photosynthetic progesses must have been
limiting at some critical growth periods of crop especially
during the later reproductive stages thus limiting the yield
potentials inspite of heavy doses of fertilizers, This explains
why the yields of intercrop turmeric were restrigted by about
three times compared to the yields of sole crop ingpite of the
fact that biomass production exhibited no tangible differences
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batween intercrops and sole crops. Again a point of observae
tion is that LAR values in intercrop was higher about three
times than its sole crop. Perhaps this is an indication of
high rate of leaf production lading to high vegetative growth
reaching to the level of sole crop thus brining no differences
in the biomass production between the inter and sole Grops.
It is thus obvious that vegetative growth was not hampered in
intercropring situations but yields were greatly reduced,
Muralidharan (1980) revealed that biomass enhanced by interw
aropping. Actual productivity of any sole arop was less than
ten per cent of its potential productivity.

Sweet potato 4id not reppond to fertilization in respect
to number and volume of tuber producad, The weight of tubers
was, however, adversely affected when sweet potato was raised
as an interaorop (0.36 kg) in arecanut than when grown alone
as a sole croo (2.62 kg). A fertilizer level of 140 N, 100
P205 and 140 K20 kg/ha was about the dose for these charactars,
The yield of sweet potato when raised as an intercrop was
adversely affected by fertilizer application by bringing down
the ylelds from 4066 kg/ha with no fertilizers to 1331 to 1239
kg/ha with fertilizer levels tried, The sole crop did not show
any definite response or adverse effect with fertilizer applie

Qation,

These results on the growth and yield attributes of sweet
potato seem to suggest that a low dose of fartilizers of 70 N,



50 P205 and 70 X20 kg/ha or double this dose might be helpful
in providing good expression of growth attributes while higher
doses tend to adversely bring down the ylelds, With an abjilicy
‘to utilize the resources better, sole crop gave better eprew
ssion of growth attributes perhaps at the expense of yield by
over-vegetative phase and development. The adverse resbhonse

of this intercrop to fertilizer application is again a pointer
to the hypothesis that resources of light, soil and nutrients
were not utilized well by the crop and parhaps the transfer of
nutrients from vegetative parts to reproductive parts was imp=
roper and inadequate, There is also & possibility of not loca-
ting the ideal combination of fertilizers with the limited com=
binations tried in the current studies, For instance, Urio a4 Kesseb
(1973) while obtaining highest yield of 42,7 t/ha with 150 ¥/ha
alone, found that tuber yields decreased with combined apolie
cations of 25 or 50 kg P205/ha and 1502{@/».' Togard (1950)
observed that: heavy N decreased yield of sweet potato and P
414 not affect its yleld, Miller and Covington (1962) found
no advantages with higher fertilizer dose of 100 kg N and 83
kg K20/ha, Thus, the present studies are more or less in con-
" €4rmity with these £indings with pernaps a minimum dose of

70 N, 50 P205 and 70 K20 ®g/ha being sufficient to enhance
growth attributes as well as yleld of sweet potato, Among the
legumes which @it into any intercropping system in f£ield qrops
Maidan of Karnataka, cowpea stands as the mast singular popular
arop, 'With this in view and also to accommodate a short durae
tion crop after the harvest of sweet potato having duration of

£ive months @o as to bring the total duration of thesa two arops



to about eight months which would be equivalent to that of the
other intercrop seleated vis,, turmeric, cowpea was chosen for
intexrcropping in these investigations, However, cowpea was also
not influenced by the residual effect of fertilizers applied to
the previous intercrop of sweet potato, The interarop of cowpea
produced an yield of 1438 kg/ha while sole arop yielded 2169
kg/ha irrespective of the fertilizer levels tried for the sweet
potato arop, The residual effect of fertilizers was not seen
either in the pod weight or 1000 grain weight of cowpea. The
pod weight in the intercrop was 1964 kg/ha while it was 2873
k3/ha in sole crop. The 1000 grain weight was about 96 and

108 g in these two systems respectively, Fertilizers nhaving
had no marked sinfluence on the ylield attributes of previous
orop of sweet potato itself, these yield atulmm of cowpea
seen to suggest that the nutrients available from soil as well
as from applied fertilizers were all either exhausted or not
made available adejuately to the cropping system as a whole

at the critical periods of requirement. Perhaps, the best
explanation ia that the previous crop of sweet potato has
utilized moat of the applied nutrients though these were not
expressed through yield attributes but were seen to be manie
fested in tha vegetative growth, This can be studied from the
tuber to shoot ratio of sweet potato arop which was markedly
influenced by the fertilizer levels adapted especially in the
interaroping system where this ratio increased abnormally

from 13113 to 1154 with the increase in fertilizer levels, In
sole crop, though fertilizer levels did not bring such high



proportionate increase in tuber to shoot ratios, a point for
obsarvation 1s that these were all above 133 indicating con~
version of nutrients more for the vegetative growth, Yet,
another aspaect is that aowpu having been not directly manured
atlmstaaaawmdoaoulon. 20 P205 and 10 K20 kg/ha
as f;omended by University of Agricultural Sciences (Anon,
1982() cowpea must not have res-onded to the residual fartilizer

level of the previous Crop.

Plant nutrition plays an important role in the axpression

of growth and yield of any crop. The sole and intercrops of
turmeric and sweet potato in the present 1nvo§ugat1ms when
axamined aritically for their nutrient oontents revealed that
the fertilizer levels tried were not effective in influenacing
the yield of these intercrops to the desired exttent, It 1is
probable that the response was not that favourable bescause of 1)
the initially medium to high native fartility of the experie
mental plots, 2) the fertilizer levels tried were rather high
with that lower level having been startéd at 70 N, 60 P205 and
120 K20 kg/ha for turmeric and 70 N, 50 P205 and 70 K20 kg/ha
for sweet potatoecowpea, 3) the fertilizer combinations were
not to the actual proportionate requirements of the intercrops
at their aritical growth phases and 4) the high doses of ferti-
lizers could only affeat the growth attributes leading o higher
vagetative growth rather than providing a balance between the



vegetative and reproductive growth, In the present studies
the fertilizer having been started at higher doses must not
have given any response, The actual recommendation of ferti-
lizer dose for turmeric mfor Kerala is 30 N, 30 P205 and 60
R20 kg/ha (Anon,,1978). Heavy manuring to sweet potato is
reported to drastically reduce the yield (Togari, 1950).

#ile relating these with the plant nutrition aspects with

the current studies only marginal, Only marginal differaences
were observed in the plant nutrient contents of the sole and
intercrops in many instances, During the peak periods of the
growth of sole and intercrops except for phosphorus Quntent

in a few instances the nitrogen and potash contents of all the
plant parts analysed showed an inoreasing trend with the inore=
asing fertilizer levels (Appendix II), Besides, an interesting
observation is that the magnesium content in general was found
o raise sharply with the increase in fertilizer levels, For
instance in the intararop of sweet potato, magnesium content
increased from 1,76% to 3.65% with higher dose of fertilizers,
Tt is well known that higher magnesium content would lead to
greater chlorophyll accumalation and such a situation would
arise if light is not adequate as in an intercropping system,
Phorphorus and potassium are both known to be highly essential
in the right proportions for the reproductive growth and manie
festation of vield and yield attridutes of crops, In the pre-
sent studies an inadequacy of phosphorus in the plant parts
perhaps due to poor uptake of the elament by the plant in Qone
trast to the high uptake and accumalation of magnesium must



have lead to an imbalance in nutrition of the plants leading
to a better expression of the growth attributes rather than
yield attributes, These aspects of plant nutrition need fure
ther saxtexk eritical examination through grop log studies to
elucidate the fertiligzer requirement of the crop in relation
to the native fertility of the soil and the fertilizer doses
to be provided,

Vo6, Fe 1 panagement of the mwaro 4} gystem in
arecanut on _the growth and LD } of areganut
ANd naximi :hg ‘m and income

Management of the intercropping system in an arecanut
plantation in respect of fertility of soil, growth and yield
of the main crop and in maximising gross returns from the
whole system itself involves considerable efforts in choosing
the right intercrops, growing them in right intensities with
appropriate agronomic practices and in meeting the combined
demand as well as individual demands for resources such as
light, land, moisture, nutrients, labour and capital. In the
present investigations, inigially, fertility evaluation was
undertaken followed by routine soil tests in an effort to assess
not only the inherent soil nutrient supplying capacity but also
to determine the behaviour of main and intercrops to added fer-
tilizers and to assess the f£inal fertility status of the soil .

™e growth ntur.tbutei of arecanut palm such as height of
the palm, girth and internodal length were found to be only



marginally influenced by varying levels of fertilizers treate
ments, The palm height rangaed from 6,35 m to 7,89 m with
increasing levels of fertilizers showing the tendenay of incre=
ased heights, The girth and internodal length of arecanut palm
also exhibited marginal increase with the inoreasing levels of

~ Pertilizers, These observations tend to lead to the theme that
some improvements in growth attributes of arecanut palm is pos=
sible due to the application of fartilizers to the intercrops
besides supplying 100 N, 40 P205 and 140 X20 g/palm, The effee
ots perhaps ocould be measured with greater distinction in the
long run with arecanut being a perennial crop,

Buncoh production increased from pre~axperimantal period
to experimental period from 3,13 to 4,3 and 2,73 to 3,99 in the
turmeric and sweet potatowcgowpea intercropped plots respectie-
vely indicating the benefiaial role of fertilizers, The highe
est dose of 210 N, 180 P205 and 360 K20 kg/ha to turmeric
provided 4.44 bunches per palm in arecanut, Post experimental
data showed a marginal decline in bunch production., The number
of nuts produced per palm during the pre-experimental peariod
was 824 and 545 respectively from the turmeric and sweet potato
combinations, The respective figures for the experimental
period were 1224 and 870, indicating that fertilisation to tur-
meric and sweet potato did enhance the number of nuts produged



by arecanut, The post experimental period showed a declining
trend, A dose of 70 N, 60 P205 and 120 K20 kg/ha for turmeric
provided a highest number of nuts of 1472 per palm during the
exper imental period,

Interesting obsarvations have been made in respect of
respense of arecanut grop to varied levels of ﬁcruuuu
applied to the intercrops of turmeric and sweet potato. Ferti~
lization to the intercrops in general was found to augment the
production of nuts in arecanut by 25 to S50 per agent, with ferw
tilization to turmeric exhibiting a conspicuous influence,
puring the experimental period,pure Qrop of arecanut produced
an yield of 18,506 kg/ha while turmeriq without fertilizers
produced 19,239 kg/ha, All the fertilized treatments in case
of turmeris produced significantly higher yields ranging £rom
26,087 to 30570 kg/ha. A dose of 70 N, 60 P205 and 120 K20
kg/ha provided the highest yield both during experimental and
posteaxparimental period. Fertilimation to sweet potato did
not have so much impact as to enhance the yleld significanely
over no fertilized plots or that of pure arecanut arope From
thesae, it can be inferred that while turmeric as an interqarop
was benaficial to the main arop of arecanut by way of allowe
ing better absorption and utilizacion of nutrients supprlied
to it, the sweet potato did not provide this benefit to the
main crop, Perhaps, the nutrient supplidd to this crop was
exhausted for its own growth espacially for vogetative deves
lépment as seen from earlier discussions, These investiga-

tions chearly demonstrate that intercropping in arecanut is



is not only feasible but is also bemeficial to the main crop
of arecanut if agronomic management is taken care of speciae
1ly in respect of providing adequate nutrients hoth to the
main as well as interarops, Por instance, significant adverse
effects were observed when banana was intercropped with areca-
nut (Sannamarappa and Muralidharan, 1982) and that intercropp=
ing with banana did not bring any beneficial effects to aregaw
nut (Roy, 1974, Nagaraja,1974 and mhandary,1974). However, it
was observed when six intercrops vis,, turmeric, ginger, sweet
potato, dioscorea, elephant foot yam and chicory were raised
in arecanut, at Hirehalli under Maidan tracts of Karnataka,
no significant differences in yields of arecanut were observed
because of interaropping though many of them provided benefits
in other aspects (Anon., 1982). Muralidharan (1980) reported
that competition indices for nutrients were above unity in
arecanut indicating that nutrients ware not limiting for growth
of arecanut, All these reports are indicative of the problom
that fertilization was not taken care of adequately as these
studies were conducted just under normal low doses of forti=
lizers while the current investigations could be regaprded w‘
have provided adequate fertilizers for better growth and yleld
axpression of not only the intercrope but also of the main
arop of areanut,

Va6e3a N




Soil analysis prior to the experimental period indicated
that there were no significant changes #mong the treatments
for the characters like pH of the soil, available nitrogen,
potassium and calcium content in the soil. 7The upper layer
of 0 « 25 cm was found to generally ocontain higher amounts of
nitrogen and potassium content while calcium content was higher
in the lower layer of 235 = S0 om soil depth., During the exper
imental period in 1980 the pH of the soil ranged from 6,00 to
6.33 in Aifferent treatments while the range was between 5.86
to 6,43 prior to the start of the experiment in 1978, indica-
ting that there was not much of difference in pH over a period
of two years, The data on the available nitrogen in soil indi=-
cated a very marginal increase in its content from pre to post
experimental pariod with higher accuwsulation of nitrogen in the
lower layer of 25 to 50 cm depth of soil. ‘me potassium content
showodamimldaclmmm&nmewpuwaﬁouzsm
depth of soil content particularly under sweet potato interarop
from the pre to posteexperimental period indicating a small but
considerable uptake of this nutrient by sweet potato, In case
of calcium content, there were minor fluctuations in the values
between the years with 1979 showing lower values of calcium,
Muralidharan (1980) found that leaf nutrient status of inter=
arops remained less than those of respective sole crops due to
their poor biomass productivity under arecanut, Nutrients were
not limited in mixed standa, In contrast to these insignifi-
ocant ghanges in the soil nutrition aspeat the plant nutrition



as observdd from the analysis of arecanut leaf indicated certain
interesting features. In case of fertiligmer levels in turmeric
the nitrogen content of arecanut leaf gradually increased from
2,3%% with no fertilizers to 2.48% and 2,47% at the higher levals
of fertilizers, a trend similar to the yields obtained in areca=
nut. In case of sweet potato, it is significant that 2,574
nitrogen was recorded with no fertilizers compared to 3.2% to
3.4% found in other treatments, Incidentaly the yield of sweet
potato was highest in this treatment without fertiliaers, The
phosphorus content of arecanut leaf was found to be 0,1704 and
0.167% in the two higher doses in turmeric oompared to 0,157%

in control indicating a better uptake of phosphorus under higher
levels of fertilizers applied to intercrops, FPhosphorus content
of axmnutleatmhiqwmthincomrolt;weuumw
highest dose of fertilisers to the intercropped sweet potato
compared to the other two doses, The potassium content in
a#mnut leaf was higher in control as well as the highest
levels of fertilisers in both the intercropping systems, Inci-
dentaly the highest yield obtained by sweet potato must have
been due to not ohly the higher uptake of nitrogen but also a
higher uptake of both phosphorus and potassium as is sean £rom
these observations, These results though cannot give a posi=
tive trend in many instances on the uptake and utilisation of
nutrients supplied to the intarcrops, have still indicated that
arecanut could forage into the soil zone where intercrops were
raised and that it could supplement to its own nutrition from
the fertilized mm plots of intercrope, This indicates the
beneficial role of intercropping in arecanut plantation by way



af maximising nutrient uptake by the main crop. Muralidharan
(19805 also reported that ocompetition indices for nutrients
were above unity in arecanut indicating that nutrients ware
not limiting for growth of arecanut,

Veboebe

In the £inal assessment of an investigation of the present
Wamtmmimtmmmmmdmmm
factor to accept and recommend any improved practice that may
arise out of it, The nature of the problem beccmes emphatic
1¢ fertilizer schedules are involved since they are & costly
input, These investigations have indicated that turmeric when
intercropped with arecanut was a batter crop than sweet potato=
cowpea combination in influencing the income of the main crop
of arecanut, Irrespective of the fertilizer levels tried for
the intercrops, it was found that the arecanut turmeria interw
cropping systom provided an income of B.44,124/ha from the proe
duce of the main arop arecanut alone compared to B 34,491/ha
obtained from arecanut out of the arecanut sweet DPOLAtO=QOWDER
combination, There was a maximisation of income of B 50,797/ha
from the main crop arecanut when it was intergropped with ture
meric which was fertilized at a level of 70 N, 80 P205 and 120
K20/kg/ha, The level was also found to be optimum in providing
high yields and could be regarded for general recommendation
for practice, A comparison of these results with tm« obtained |
by Muralidharan (1980) indicates a high profitability of arecanut
turmeric intercropping as tried out in this study with a suitable



fertilizer schedule, He obtained maximum incomes ranging from
m.zs,"soo to B,19,198 from arecanut when intercropped with paddy+
' pagisgroundnut, ginger+chilly, or with banana, It is thus seen
that turmeric as an intercrop in arecanut has bright scope under
Maddan tracts of Karnataka in providing higher incomes in the

main arop of arecanut,

varying levels of fertilisers to intercorop turmeric Aid
not bring any variation in the income obtained £rom turmeric
as an interarop (Be2,457 to 1.3,137) whmeas the sole crop of
curmeric provided i5,8,500 evean without fertilizers, The fer-
tiliged plots gave lower incomes (15,7,283 to B,5,917) with
greater negative effects with the higher fertilizer doses.

Inaome from sweet potato=cowpes rotation aither as intere
orop or as sole arop recorded nearly two fold increase over
that of turmeric with highest income of M.6,378 realised even
without fertilizers. The income was RB.4,455 at the first level
of fertiliszers. However, Muralidharan (1980) obtained highest
net return of B 4,534/ha/yr from interarop of banana followed
by B.3,934/ha/yr from ginger and the net returns obtained by
turmeric was less than &,1,000/ha/yr. . A net return of B.13,334/ha
was obtained from the sole arop of ginger followed by turmeria
15.9,455/ha.

Those results indicate that the income £from sweet potatoes
cowgea was high, The reasons for this are to be sought not



from the corresponding yields obtained from different inter-
arops (as sweet potato was found to provide the least yield
advantages over the intercrop of turmeriaq) bu# from the pro=
vailing market rates for produce. BSurmeric which was being
marketed at B,6/kg of produce during the prewexperimental period
fell sharply in its market rate to M.1/kg. Sweet potato was
sold during the period at ®,00«40/kg. Cowpea which never fot-
ched beyond one rupge per ky earliec, was found to be sold at
#,3/kg. Thus, though the yields of turmeric were high, the
incone mu/\%d from it was poor during the experimental period
while cowpea boosted the income from sweet POtATO=COWDSA COm=
bination though the intercrop swaat potato was a great disadvae
ntages in pulling down both in yield and income. These discu-
ssions tend point out that sweet potato ocould be althogether
deleted from the intercropning system with arecanut and that
cowpea could be taken up soon after turmeric in Pebruary in
order to gain still higher incomes from the intercrops.

The discussions so far made on the faertility management
aspects of the intercropring system in effecting improvements
in growth, yield and income of the main crop of arecanut and
in maximising usilimation of fertilizers applied to the system
as a whole have thus revealod that it is heneficial to take an
intercrop of turmeric and that intercrop turmeric should be
separately and adequately fertilized at the rate of 70 N, €0

P205 and 120 K20 kg/ha.



A alear picture of advantage from any set of treatments

" 4n an intercropping system cannot be obtained without studying
the groas income from the intercropping system as a whole, In
these studies, it was found that gross income was highar under
arecanuteturmeric intercropoing (1,46,540) than that obtained
under arecanut sweet potatowcowpea intercropping system (Rse
39,481) irrespective of fertilizer levels tried. A maximum

of 1,53,260/ha was obtained in the arecanutetwmeric intercrop=
ping system with a fertilizer dose of 70 N, 60 P205 and 120 K20
Kg/ha. Muralidharan (1980) obtained maximum incomes Of Be31,540
and 11.28,757 with intercropping systems of arecanut with ginger
and chilly and arecanut with banana respegtively while arecanut
with turmeric and cowpea provided only 1.21,564.

The discussions made in V,6,4 and V,6,5 indicated that
intercropring in arecanut with turmeric was beneficial f£rom
the point of income from the main crop arecanut and that interw
aropring in arecanut with sweet potato-cowpea and xsx was high
from the angle of income from the intercrops. However, it wvas
pointed that sweet potato did not fare well in providing high
yields though this combination of sweet potato-cowpea as intere
crops in arecanut provided high incomes through their combined
yields and high market price for cowpea, Looking at the aombined
inaomes from main and intercrops, it is clear that arcecanute
turmeric intercropping is viable with higher incomes and that
it could be racommended for general practice,



k%

The possibilites of raising either banana or éi;uam !
arecanut to enhance the combined income of the cropping system
as a vhole was tried in earlier studies. Sannamarappa and
Mralidharan (1982) reported that banana was found to be a proe
gitable intercrop in arscanut fetching i5.4,048, Similar results
obtained elsewhere (Muralidharan and Nayar,1979), Arecanut «
cacao omhination was reparted to fetch i.18,049/ha (Bhat,1970).
The gross income from the interaropping systems tried in the
present study £4 far axceeds the incomes reported from those
other studies, These differences are partly because of fluow
tuations in market priges and largely because of high ylolds
obtained in the present study thus pointing out that arecanute

turmeric intercropping could be tried out on a large socale,

Tt {8 interesting to observe that wider spacings in both
intergropoing systems of turmaria and sweat potato=cowped in
arecanut brought down the cost benefit rat.io._.“ ™e NArTOwW
spacing of only 1,8m X 3.6m had a ratio of 2.j in turmerig
and 2,50 in sweet pPOtatO=COWPeA, irrespactive of the level of
intercropring intensities, ®Except in turmaria 60% intercrop=
ping intensity was found to provide a marginally lower cost
benefit ratio undar each plant density, These data suggest
that though higher yields could be obtained in some combinae
tions, whan conaidering the cost panefit ratio, the narrower
spacing of 1.8m x 3,6am with a high population density soems
to be a must to benefit the farmer under intercroppring systems



of turmeric and sweet potatowcowpea in arecanut. This point
i{s made emphatic further when we consider the results of inve-
stigations on teon intercropping systems involving 19 crops
under coastal conditions of Karnataka (Muralidharan,1980).
These studies have revealed that the highest cost benefit
ratio was obtained with groundnut (1.78) followed by banana
(1.67) under a spacing of 2,7m X 2.7m for the main crop of
arecanut, The current investigation are therefore indicative
of the fact that a narrower spacing of 1.8m x 3.6m is the only
answer in raising the cost benefit ratio to as high as 2.6 axi
2.4 in turmeric and sweet potato-cowpea respectively under this
spacing.

A discussion on the cost benefit ratio kaﬁ the sole crops
in comparison with intercrops of turmeric and sweet potatoe-
cowpea reveal some interesting features, While the sole crop
of turmeric (3.0) was found to have a cost benefit ratio value
of three times that of the interarop (1.04), the cost benefit
ratio of sole crop oﬂ.met potatosgowpea was found to be hthgr
(8.97) than that of sole crop of turmeric by nearly three times
and it was higher than that of its intercrops (3,89) by about
two times, irrespective of fertilizer levels, Higher levels
of fertilizers brought down the coat benefit ratio indicating
that additional bhenefits were not fortheoming by way of yleld
and income by additional doses of fertilizers, In the sweet
potato=-cowpoa combination, it was observed that it is cowpea,
which provided such high cost benefit ratio by higher yields



as well as higher market rates as discussed earlier, In stu=
dies of ten intercropping systems, Muralidharan (1980) found
that intercrop turmeric had a cost benefit ratio of 1.45 and
gweet potato had a ratio of 0.51. In the current studies,
thase ratios were lower in turmeric because of the large scale
reduction in the market prices of turmeric fetching down to
.1/~ only per kilogram as against R,3=75 in those studies,
though the ylelds were to the tune of 2416 Xg/ha in the aqurrent
studies irrespective of fertilizer levels while the yields obta«
ined by Muralidharan were only 1541 kg/ha. In gurrent studies,
sweet potstowcowpea combination gave very high cost benefit
ratio because of high returns from ¢owpea as discussed earlier,

VeTa gi 11 .

V.7.1. The present investigation has brought out the f£indings
that intercropping in arecanut is a viable and feasible prao=
tice that could be adapted by farmers allm over in the Maidan

tracts of Karnataka also,

V.7+2. A planting density of 1343 planta/ha with a narrow
spacing of 1.8m x 3.6m providing a rectangular geomatry provides
optimum conditions for maximum utilization of resources of light
£loor spaces for nutrients and moisture and labour, This is a
practice which can be of {mmense value from the extension point

of view,

Ve7e3. Turmeric as an intercrop in arecanut with 40% intercrop=
ping intemsity with a gertilizer schedule of 70 N, 60 P205 and



and 120 X20 kg/ha is a practice which can be recommended for
general cultivation till the right combination of fertilizer
lavels are fixed through further axperimentation.

V.8, Puture line of work

V.8.1. Interaction of plant densities of the main crop arecanut
'with intercropping intensities needs to be examined further
with respect to modifying the plant geometry so as to maximise
the utilization of mrescurces, A closer spading might be still
advantageous, Intercropping intensities have to be roadjusted
as per plant densities/plant geometries.

v.8.2, Fertilizer responses of the intercrops in the present
study were inconsistent, A oritical approach' in research is
needed to identify critical stages of grop growtn when linita=
tions are imposed eitner in making available all resources to
both the main crop and intercrops or in bringing gompetitive
or complementary effects of the component crops, Crop log
studies are therefore warranted to study all aspects of nutrie
tion of the entire intercropping system,

V.8.3, Studies to fix the optimum dose of each nutrients in &
ecombination with other nutrients should be undertaken for intere
arops on a priority basls 30 as to maximise the productivity

of the entire interaropping system, It is also necessary to
study the micro-nutrient requirements of the main and intercrops

since aremanut is a peronnial mp&



£4id

V.8.4. A thorough assessment of suitable intercrops and their
sequence of intercropping in arecanut isneeded for maidan
tracts of Karnataka., This should be based on not only enhanced
utilization of résources and higher yields ut also on monetary
returns as governed by market prices for the produce, For
instance, turmeric in the f£irst eight months followed by a short
grop of cowpea in Februarye-March might be highly remunerative
intercropping system in arecanut,

Ve8e5. Intercrope might also be tested for their high biomass
production to be partially or entirely used for fodder purposes. |

H

" Growing legumes and fodder legumes, grasses and othersm which s

are fairly shade tolerant at some stages or all stages of their
growth have to be identified,



SUMMARY



CHAPTER VI
SUMMARY

studies were made on the “Interaction of intercrops in
maximising utilization of resources in arecanut stands
(Areca gatechu Le) in the Maidan tracts of Karnataka®. These
studies were carried out at the Central Plantation Crops
Research Inatitute, Hirehalli, Tumkur pistrict, Karnataka
representing Maidan tract as well as a tank bed farming
situation, Two experiments were undertaken in thé existing
arecanut gardens during 1978«79 and 1979=80 with research
materials and data gathered both in the pre and post experi-
mental period of two years each, thus covering a total period
of six years for drawing {nfercnces and making this summarys

-

The first experiment was framed in order to investigate
the interaction of planting denasities and plant space geome-
tries of arecanut with the intercropping intensities on light
interception, land and labour utilization and in maximising
yields and incomes of the intercropping system as & whole,

The experiment was entitled "Interaction of plant densi ties
and plant space geometries of arecanut with intercropping
tntensities of turmeric, sweet potato and COWpea on the growth
and yield attributes of arecanut and intercrops and in maximie
sing utilization of resources®, 'mié was conducted in an
already existing 17 year old arecanut garden with the already
axisting four plant spacinqs-mm-gemetnes in a split-split
plot design with three raplications.



The treatments of this experiment consisted of four plant
densities-cumeplant geometries viz., 1) 1.6m x 3.6m with rect-
angular plant geometry having 1543 plants/ha, 11) 2.7m x 2,7m
with square geometry having 1371 plants/ha, 1ii) 2.7m x 3.6m
with rectangular plant geometry having 1028 plants/ha and iv)
3.6m x 3,6m with square geametry having 771 plants/ha and two
intercrops of turmeric and sweet potato-cowpea and with two
intercropping intensities viz., 40% and 608

The second experiment was envisaged to optimise ‘the ferti-
lizer requirements of intercrops and to axplore the possibili-
ties of maximising the productivity of the intercrop:ing systen
through exploitation of available resources, The title of the
experiment was “Bffect of four gertilizer levels on the inter-
crops of turmeric and sweet potato-cowpea in arecanut on the
growth and yield attributes of main and intercrops in maximie
sing productivity and utilization of resources®, This experi-
ment was conducted on a 15 year old arecanut garden in a randoe
migsed block design with thrae raplications,

The treatments of this experiment consisted of four levels
of fertilizers each for the two intercrops viz., 1) control with
no fertilizer and 2), 3) and 4) with multiples of 70 N, 60 P205
and 120 K20 kg/ha respectively for turmeric and 1) control with
ao fertilizers and P, 3P and 4) with 70 N, 50 P205 and 70 X20
kg/ha respectively for sweet potato



The sole arops required for this experiment were raised
in the open field adjacent to the intercropping mcpermr.
under replicated plots to compare them with the intercropping
system,

The salient features of these experiments coupled with
highlights of research results obtained are presented further,

1, Light intercepted by arecanut ranged from 35.4 to 40.1
103 1ux under the four varied plant densities, Narrower
spacing of 1.8m x 3.6m intercepted 41.9% and 39.4% of light
while the wider spacing intercepted 36.2% and 34.1%. Thus
narrower spaaing utilized more light and allowed 58% to 61% of
incident light to pass through the arecanut CAanopy compare to
64% to 66% of light passed through by wider spacings.

2. Turmeric as an intarcrop received around 37,000 lux under
the spacing of 1.8m x 3.6m and 2.7m x 2,7 and around 47,000 lux
in the wider spacings, The lignt interception by this inter-
arop ranged from 75% under narrower spacing to 64X under the
wider spacing, Similarly sweot potato intercepted 78% to 73%
of the incident light.

3., The effects of planting densities of arecanut on total
light interception were not distinct., It was estimated that
the intercropping system of arecanut turmeric intercepted 78%
of incident light while arecanut sweet potato intercepted 83%

and the arecan:t cowpea intercepted 75%.



4, Growth attributes of intercrops were not greatly influe-
nged by either plant densities of arecanut or by intercropping
intensities, However, it was observed that wider spacings
encouraged better tillers/hranch production in interqrops. In
2.7m x 2,7m spacing, sweet potato produced 174 leaves at 60%
intercropring intensity and cowpea produced 287 leaves/plant.
Leaf area of turmeric increased with increased intercropping
intensity. In sweet potato, 40% interarooping intensity at
wider spacing produced higher leaf area 2435 and 2.44 m2/0,25 m’,
niomass production was higher at 1.8m X 3.6m at 60% intercropp-
ing intensity in turmeric, while wider spacing at 60% interarope
ping intensity was ideal for high biomass production in sweet
potato,

LY

5, Intercrops hehaved differcntly in yield attributes in rese
ponse to plant densities of arecanut and intercropping intensi~
ties. In turmeric, volume and waight of tubers and yield incre=
ased with narrower spacings while in sweet potato wider spacings
were optimum in enhancing yield attributes and yields, Turmeric
and sweet potato responded to 60% intensity (5228 kg/ha and 4549
kg/ha compared to 3764 kg/ha and 3743 kg/ha at 40% respectively).
Cowpea yielded better with wider spacings but had a higher test
weight at 40% intercropning intensity.

6, The gross income realised in the arecanut curmeric inter-
cropping was B.4,498/ha compared to sweet potato=cowpea inter-
aropping with B.3,930/ha, Planting densities did not hring



significant variation in gross i{ncoma which ranged from Rf.4,303
under narrew spacing to M,3,916 in wider spacing, Increased
intensity increased the gross income from intercrops, A maximum
income of 1.4,770 was M:L!ﬁ at 60% intercropping intensity.

7. The girth of the palm, where swoet potato was grown was
higher (53.3 om) than when turmeric was grown (48.5 am), The
internodal length was not affected by any of the treatments,
Bunch produgtion showed an increasing éjqnd with the inaroasing /
in spacings of arecanut in the post experimental period, Wider
spacings of 2,7m x 3.6m and 3.6m X 3.6m significantly increased
the number of nuts/palm (807 and 877 nuts) over the other two
lower spacings (523 and 655 nuts), Intercropping with turmeric
produced 932 nuts while sweet potato-cowped intercropning proe
vided 764 nuts.

8. Pre-experimental data indicated high yields of 147 to 157
q/ba of arecanut with the first three spacings compared to 98
q/ha with the wider spacigg Of 3.6m x 3.6me. puring the experie
mental period, the first two lower spacings gave 188 and 186
q/ha compared to 162 and 168 q/ha with wider spacings. Nearly
18 to 20% increase was observed in the arecanut production bete
ween pre and post axperimental period under various arecanmut
spacings., Intercrop ing intensities did not change the yields,
These results indicated that though growth attributes were
marginally influenced by plant densities and intercropping inten-
sities, the ylelds of arecanut were reduced with wider spacings.



A spacing of 1.,8m x 3.6m with a population 1543 plants/ha pro-
viding a rectangular plant geometry with turmeric as intercrop
and under 40% intensity of intercrop apreared to be optimum for
maximising productivity in arecanut in the intercropping system,

9% In pure stands of a.rmnut, the results revealed that there
were yield reductions from 19331 kg/ha with 1.8m x 3.6m (1543
plants/ha) to 9836 kg/ha in 3.6m x 3,6m (771 plants/ha)., In
the intercropping system also increased spacing reduced the
yields of arecanut from 19905 kg/ha to 12802 kg/ha, Compared
to the reductions seen in the pure stands of arecanut, the
reduction of arecanut yields under intercropning were minimal,
These results indicated that with a change in planting dansie
ties/plant space geometry against the conventional spacing of
2,7m x 2,7m with a square shape, the spacing of 1l.8m x 3.6m with
a = rectangular shape of planting geometry allowed for a longer
part of the day a graaw proportion of incident light to pass
through the arecanut canopy from the NortheSouth direction.

This made the utilization of inter floor spaces under this narrow
spacing with high plant density to be optimum. This spacing
geometry also provided high incomes of %,32,867 and h.39,124/ha
in pure and intercropped arecanut,respectively,

10, Land resources utilization was optimum under Arecanutsture
meric intercropping system which gave nearly two to three times
the income that obtained from araecanut-sweat potato-cowpoa intere
aropping systom,



C, 819 <<l
11. The orop intensity index increased from 0,70 and 0.64 in
the sole arops of turmeric and sweet potato=Ccowpea rotation
£o 1.28 to 1,29 in the respactive intercropping systems in
arecanut indicating better utilization of land resources under

intercropping systems, These intercropping systems had an LER
of about 1.24.

12. A narrow spacing of 1.6m x 3,6m resulted in a saving on the
cost of labour by about B,828/ha/yr in the pure stand of arecanut
while in the interaropping system with turmeric there was a Save
ing of u.z.no/mw;muar trend was observed in arecanut
and sweet potatowgowpea combination, Wider spacing incurred
heavy lossea not only by way of additional labour requirement
but also by lower yield and income, In the fertilizer experi-
ment there was a saving on the cost of labour by about e 240

and B3,300/ha/yr in tho two intercropping systems,

13. The growth patterns of the intercrops as influenced by
fertilizer levels indicated a maximum production of 14 to 17
leaves in turmeric under varied fertilizer levels by about 120
days while sweet potato produced maximum laves and hranches by
about 60 days only with the highest lavel producing 333 leaves
per plant, On an average of two years, in turmeric, tne first
and decond levels of faertilizers produced aignificantly higher
number of leaves over the control, The LAR and tiller producss
tion were high in intercrop turmeric (4,6) at 140 N, 120 P205
and 240 K20 kg/ha, The pattern of biomass production varied



between sole and intercrops of turmeric. sole crop reached high
values of 175 q/m® by 120 days, Intercrop took 150 to 180 days
to reach peak values of biomass production under varied fertilie
ger treatments, In contrast, swaet potato had high values of
biomass production by about 90 days only., Intercrop turmeric
produced increased biomass with the increase in levels of ferti-
lizers ranging from 8713 kg/ha to 9206 kg/ha, Sole cmp also
produced the same, In general, growth attributes inclusive of
NAR, RIGR and biomass production were gavourably increased with
WS.szosaMImmkqﬂaoratemangmdosem

case of turmeric,

14, In sweet potato growth attributes of branching, number of
leaves, leaf area, LAR, NAR, ROR and RLOR weré not oonsistently
{nfluenced by fertilizer levels. In sole mm orop, branching was
good at 70 N, S0 P205 and 70 K20 kg/ha and functiona|leaves,
Jeag area and shoot weight of 754 q/ha, at tho next level, 30le
arop expressed growth attributes better than intercrope. T™he
NAR and RLGR valmmohithytmmmeummaola
crop than in intercrops The mean biomass production for inter
and sole crops under varied £ww1m levels ranged f£rom 13760
to 16093 kg/ha and 26553 to 29260 kg/ha respectivelys

15, Both turmeric and sweet potato did not respond to fartilie
gation in respect of the number of tubers produced, Tubsrisa=
tion in intercrop turmeric was good at the first two levels.

The welght of tubers in the intercrop sweet potato was adversely



agfectod (0.36 kg/plant) than when it was taken as a sole
erop (2,62 kg/plant}, Fertilizer lovel of 140 N, 100 P205
and 140 K20 kg/ha was jood for all these yield attributes in
this crop.

16, The tuber to shoot weight ratio .1.n‘ sweat potato trémende
ously increased in the intercrop (134l) compared to sole crop
(1334) indicating that sweet potato exhibited high tendency to
putforth a greater amount of vegetative growth than reproduce
tive growth under an intercropping situation, fertilizers also
favoured vegetative growth rather than reproductive growth as
seen from the fact that this ratio was increased from 1113 in
the control to 1354 at the highest level of fertiliaer,

17, The yield of intercrop turmeric was not ;.nfluenmd by fer=
tilizer in the first year while the lower doses were favourable
in the second year, The yields of sole crop too were favourahle
under lower levels of fertilizers with control giving maximum
yields in the second year and the average of two ymré. The
mean ylelds ranged from 2437 kg/ha in intercrop to 8500 kg/ha

in sole crop of turmeric with no fertilizers. These were found
to decline to 2317 kg/ha and 5900 kg/ha with the highest level

of fertilizers.

Tntercrop sweet potato was adversely affected by fortili-
zers with ylelds decreasing from 4086 kg/ha with no fertilizers
to 1331 to 1239 kg/ha with fertilizer levels tried, 3Sole crop



had no definite response to fartilizers with yields ranging
from 14782 to 18082 kg/ha,

18, Cowpea grown after sweet potato in the intercropping system
was not influenced by residual effect of fertilizers applied

to the previous intercrop. Intercrop cowpea yielded 1438 kg/ha
while sole crop 2169 kg/ha irrespective of residual fertiliger
lavels, Pod weight and 1000 grain weight were also not influe-
nced by fertilizer levals indicating that nutrients available
were exhausted by the previous c¢rop itself,

19. The plant nutrition aspects revealed that there appeared
to be an imbalance in the uptake and accumulation of nutrients
in the intercrops with the levels of fermi;crs tried, A higher
proportion of magnesium content and lower proportion of phose
phorus was found to result in luxurious vegetative growth espo-
clally of sweet potato resulting in poor expression of yleld
attributes, This lead to an unfavourable response by both the
intercrops for the high levels of fertilizers tried,

20. The growth attributes of height and girth and internocdal
length of arecanut palm were marginally influenced by fertilie
zers, Increasing levels of fertilizer showed a tendency of
increased heights from 6,4 to 7,4 metres, A girth of about

48 om was observed with the highest level of fertilizer compe
ared to 44 to 45 om in control,

21. Bunch production increased from prew-axperimental period



to experimental period from 3.1 to 4.1 and 2.7 %0 3.9 in the
turmeric and sweet potatoscowpea intercronped plots respactively,
indicating the beneficial role of fertilizer levels, Highest
dose of fertiliser benefitted the post experimental period also,
Fertilization to turmeric effected in producing 1224 nuts while
swest potato effected in producing 1870 nuta, A dose of 70 N,
60 P20s and 120 K20 kg/ha was optimum for turmeric in this rese
pect,

22, Pure qrop of arecanut produced an yield of 18506 kg/ha,
Arecanut under turmeric intercrop without fertilizers produced
19239 kg/ha, Fertilizer levels enhanced yields from 26087 kg/ha
to 30570 kg/ha, A dose of 70 N, 60 P205 and 120 K20 kg/ha proe
vided highest yield hoth in experimental and post experimental
period, Fertilization to sweet potato did not have any influee
noe on the yield of the main carop,

23. The income obtained from the produce of the main crop of
arecanut alone was higher at m.‘44.“124/m in the arecanut !:nt-
meric intercropping system than with the arecanut sweet potatoe
cowpea intercropping which gave an inoome of R,34,491/ha, Maxie
mization of income to M,50,977/ha from arecanut was found when
turmeric was fertilized at 70 N, 60 v205 and 120 K20 kg/ha,

24, Income from intercrop t ic indicated that a negligible

range from B.:‘.S?‘/ta to A were realised with varied

fortilizer levels whereas sole crop of turmeric provided is,8,500
aven without fertilizers, Higher levels of fertilizers had a



negative effeact on the income of turmeric. Income from sweet
potatoe=cowpea rotation either as an interqrop or as a sole

arop increased by two times to that of curmeric. Highest

income of 18.,6,378/ha was realised even without fertilizers.
Fertilizers at the first level brought the income from this
combination under intercropping to i 4,455/ha, Income from

sole crop in this combination ranged from M.11,758 to M.14,081/ha
under different fertility levels, High incomes of intercrop
arecanut sweet potato=cowpea as against the one of arecanut
turmeric was found to be not as an outoome of the performance

of sweet potato but as a result of marked sharp decline in market
prices for the turmeric produce and marked inocome for the prige

of cowpea,

-

25, A clear of picture of advantage of the intercropping sys- /
tem was seen with arecanut turmeric intercropping providing
15,46,546/ha compared to B.39,491/ha roceived from arecanut xm
sweet potato-cowpea intercropping system. Fertilizer dose of
70 N, 60 P205 and 120 K20 kg/ha for the former system was found
to maximise the income to B 53,260/ha, This dose could be reg-
arded as optimum for fertilization to interarop of turmeric in
maximising growth and yield of components qarops and the gross 3
income of entire intercropning system.

26, A comparison of economic yields of sole and intercrops in
arecanut on an equal area basis indicated that irrespective of
fartilizer levels the sole orops of turmeric (6566 kg/ha) sweet
potato (17069 kg/ha) cowpea (2166 kg/ha) yielded higher compared



to their respective intercrops (2445, 1970 and 1439 kg/ha) .
The reduction in the yield in the intercrops was maximum in
sweet potato with 88% and minimum with cowpea with 33%. Ture
meric recorded 62% reduction in yield when grown as intercrop
compared to sole crop on an equal area basis, Boonomic yields
were high in the arecanut turmeric intercropping system which
provided 44,124 kg/ha, This yield was 26X higher over the
combined yieclds of the respective combination of sole crops.
Arecanut sweet potato=-cowpea intercropping provided only a
marginal (5%) yield advantage over the respective sole crops.

27. The narrow spacing of 1.8m x 3.6m had a cost benefit
ratio of 2,5 in turmeric and 2,3 in sweset POtato-COWPea COme
bination as intercrops in contrast to cost benefit ratio of
8.97 and 31.89 as sole erop respectively.

28, From these studies it could be conoluded that it is
highly advantageous to take an intercrop of turmeric in areca-
nut. An intercropping intensity of 40% with a fertilizer sahm
edule of 70 N, 60 P205 and 120 K20 kg/ha having a plant popu=
lation of 1543 areca 'palm/ha with a parrow spacing of 1.8m x
3.6m providing a rectangular geometry is beneficial to the

farmer,
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