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Introduction



INTECDUCTION

Agriculture is the mainstay of peoples in our :
country. Eventhough we have made big leap with respéct\
to agricultural preduction since indspendence by 1nt%&duc-
ing technologic2l innovations in the field of agricuituré,
the ecological, economic and social impact of these %odern
agriculture have coften besn ignored. The future aqricu1t~\
"ural progress in the country will depend very much oé the

adoption of agricultural technologies which will 1nc§eale

productivity without creating undesirable ecological
. J ;

impaCt. ' I :

It is no longer tglerableito consider separatély
agriculture and forestyy in the t:opicg and to managé '
forest resources as an isolated ecuayaﬁem. Hultipuréoae
foreat trec--arn an essontial cemmodity for any aociéty.
Apart*frem 1ts protective and aesthetic values, theaé
forest trees provide fuel wood, food, fodder and timbor

to the people, _ ﬁ

i ~ 1 E.‘
In India the forasted area decreased from 40%?in
1980-51 to 23% in 1981. A comparison of satellite |
pictures taken about ten yvears ago with those taken i

recently has revealed that the present forest cover of



the country may represent only 10% o§ the land srea;

substantial areas have vanished since 1950 (GOI, 1994).
The population in the country is increasing at the rate
of 25% in every 10 years, %The per capita land availéb-
{11ty declined from Q.44 ha in 1921 to 0,29 ha in 1971,
The per capita forest arca in the country is one of éhe
lowast in the world that it supports 15 Per cent of éhe
world ropulation with'only one rer cent of the forested

area of the wo;ld. - /

t
i

in ifzemla, the most dengsely populated state 1q
the country, the average aize of holding is only 0.2# ha.
The per capita forest avallability of 0.04 ha is one of
the lowest in the coun;ry. fhe pressure on the forugt-
lands -is- bound to increase with the evar increasing’
porulaticn unless alternate scurces are developed to,
mext the loecal deﬁanﬂs oh fuel wrod, raw material, timbe;,
fodder etc, One of the pfcgrussive methods auggcstoé is
toﬁgxuw-multipurpose trees of local derand in farm lénd
1£aelf, mixed with otﬁeé agricultural crers. In Ke:éla
growing of multipurpose trees is possible only on lénd
, which is: under coconut or other cash crops. Ccconut is
the most important gardcn.iand crop of Herala occupying

23.56% of the total cropped aros. Thus the coconut palm

1
W

1



iz found to be amenable to intensive crop ccrbination
with many perennilal and/or annual species in the inter-
spaces during the early and later phasesof its growth

cycle {Mellist and Krishnaji, 1976).

A multistoreyed crorping &ystem‘with coconut,
cocea, ;epﬁer and pineaprle was found succesaful in
coconut gardens. Binde (1968) cobmerved that growing of
maltipurprose trees like Eucalyptus, Subabul, Glyriciéia _
and Ailanthuq is feasible in the coconut gardens of
Kepala. Many annual crops ware found successful in
coconut gardens 6f Kera}a {amorphorhallus, cassava,
graateryam, taro). So an axperiment has been planned to
study the feasibility of growing casuarina, a2 multipurgose

tree and scme annual crops mixed with cseconut,.

in this investigaéica. casuarina has kegn selected
as the tree crop due to 1ts various advantages. The wood
of casuarina burns with great hest and has boen called
the best firewocd in the world beth as Aorestic and
industrial fusl, Also its timber is gtrocng, heavy and
very tough and it is heing widely used for houseposts,
electric poles, tcol handles, yokes etc. Eventhough
casuarina is a multipurpose tree reccnmended for agriculte

ural lands, there 1s nc scientific report awvailable on



its perfornance in coconut gardens. Thus the cbjectives

of this experiment wore to assces

(1) the feasibility of casuarin as an intercrep in
coconut gardens '

{14) the biomass production and economics of varicus
annual ccops in coconut - casuarine alleys

(114) the influence of varicus component crops on soil

productivity and on micro-meteorolouical parameters,
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2, REVIEW OF LITERATURE

Agroforeatry hae been Cefined as a suatainable land
managesent avsterm which increases the yield from the land,
conbines the production of creps (including tree crops)
and forest plants and/or animals &imultanecusly or seguent-
ially oﬁ the sare unit of land, and applies management
practices of the local population (Bene et 2l., 19771 King ond
Chandier, 1978).

According to tiarayana (1986) it is a socially,
culturally and ecclegically acceptable integrated forxrm of
iand use involving trees that Iimprove or do - not degrade
the s0il and perrit . increased and sustained preducticn of

plant and anim2l produce including wood,

The literature pertaining to the research topic is

i

reviewed in thiz section under the follewing hends.

2.1, Agroforsatry svstems and practices

2.2, Intereropping of annuals with multipurpose trees
2e3s Hixed cropping in coconut gardens

246, Casuvarina =~ its growth habit and multiple uses
2.5, Iintercropping of coconut with scasonal crops

2+5.1+ Tuber crops ard intercrops




2542« Yodfer grasses 3s intercrops
2e%:3, logumes as intercrops

2.5:4. Cereals as intercrops

2064 Cassava « groundnut intercropping
2.7 HMaize - cowpea intercropping

2:8, Fesidunl effeact of intercropping on soil

2.1. Agroforestry systens and practices

King (197€) has pointed ocut agroforestry as a

generic term which arbracas the following components.

Agrisilviculture: The conscicus and dslirerate use of
land for the concurrent production of agricultural crops

{including tree crops and forest crops).

Ellvo-pastoral systems: Land managsment systems in which
fozegts‘arg_m§gageﬂ for the production of wood as well as

for the rearing of d@masticated animals,

hgre-silvpo~pastoral syatems: Systems in which l2nd is
zmanaged for the concurrept producticn of agricultural and

forest crops and for the rearing of domesticated animnls.

Multipurpoze forest tree producticn systems: SIystens in

wihich forost tree grecles are regenernted and managed for



their ability te produce nsot only wood, but leaves and/or

fruit that are sultable for fcod and/or fcddler.

The major agroforsstry systems in the Pacific
ragicn include varicus forms of combination of tree crops
auch as coffes, coconut, cocoa, with B fixing trees such
as.casuarina, glyricidia 2nd leuczena and food crops such
As cassava, taro, sweet potato and vam (Vergara and Hair,
19555. Bear (1979) imvestigated the agroforestry practices
in the wet tropics ahd this included the use of Psjidium

guajava as a pisture shade tree, the use of Yucca elephan-

tives, Glyricidia sapiuvm apd Eryvthzina bartercana as living

fence posts and growing of Copdia allicdors for timber in
coffes and sugarcane plantations, Bourke (19968) Adesscribed
the agroforastry systen which included nurverous specles of
annual and perannial focd crors (especially bananaas),
Arabica coffee and Casuarina oligoden. It provides f£ood,

a caph crop and timber for cconstruction and fuel and also
returns on labour inputs sre vory favcurable, Watson

(1960} deacribed the intercropping of annual fodder crops
with ruﬁb@r and il palms, multistoray cropping in coconuts,

mixed cropping with food trees and the taungys system with
teak planting ind with Smelina arbopen.




O

incrder to reduce the loza of forest lard %o
agriculture, Vanalakshmi, an agroforestry project was
introeduced in Kerala for the introductiocn of pepner,

cocod and medicinal plants as intercrops in plantations

of tesk, Grevillea robusta, Bgrbax sp. and aini (Artocarpus
hirsutusl. fInitial r@ﬁﬁlti afa promising =nd an intermal
rate of 15% was anticipated. Additicnal employrent was
also generated (Nair, 1960), Nair and Sreedhoran (1586)
avaluated the stability, productivity and sustainability
of agrofeorestry homegardens in Kerale, which combine the
cultivation of tree crops, plaﬁtation crops, seasonals and
biennials in intimate mixture on the same plece of land,
Farm animals, poultsy and scretimges fisheries are also
eomponents of the system, The system is characterized by
optimum utilization of availsble resourcee of land, solar
enercy and technological inputs and efficient recycling

of farm vastes, W

2.4, intercropping of annuals with multipugg§ae trecs

Multipurpose trees grown in agricultural lands ean

ba intercroppeé-with seasonal crops. Sgveral vorkers have

reported successful intercropping of field crops under tree
spacies 14ke Fucalyptus, Subabul, Glyrieidia, Adlanthus

etc. They include crops like blackgram {(Ramachandrsn,
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1981) 7 soybean (Couto et al., 1982); safflower, sorghum,
wheat (Chaturvedi, 1983); finger millet (Sharms, 1983):
fodder grasses like Guinea.l Rhodes, Para, Kapler, ba ;';Ira
hybrid and blue panic grass (Samraj, 1977; Pant, 1986)3
cessava {Ghosh st al., 1986); cassava + groundnut or
cassava + cowpea (Chosh et al,, 1985), all under Eucalyptus
plantations. Subabul (Leucaena) has great potential for
intercropping with food crops (Magherbeo and Redhead, '!1982)'..
The reports on intercroprping under Leucaena include Crops
like maice (Kang et al., 1981; Vorinumbe, 1983), maire/
cassava (Wilson and Kang, 1981), pigecnpes, castor,
sorghum, gingelly, groundmut (Singh, 1983): hybriad na'pier
(G411 &7 ga:i:;iil_i.-_ 1965) ¢ castor, sorghum and pearl miilet
(Verkateswarlu et al., 1981): sweet potato (Swift. 1582) s
wheat {Khybri et al., 1985): tobacco and summer bajra
(Nambiar et al., 19686). Hohatkar (1987) reported a fresh
herbage yleld of 80-150 t/ha/vear from Panjicum maxim;m
intercropped in levcaena grewn for wecod preoduction and of
30-40 t from each of the two sp_eciel when leucaena wn:s
also grown for fodder production. Kakeerathurma at al,
(1985) reported minimum soll loss (0,25 t/ha) in Leucaena +
cassava while in cassava ronoculture the 30il loss wa:s

0.85% 't'/hi!.




Tomas and Gupta (1985) suggested planting of tree

. species like Cnsuarina aguisetifolia, Tamarix articulata
and Prosopis juliflora in areas whers high salinity or
high water table conditions exist separately or simalt-
anecusly. Suresh and Rai (1987) studied the inte;crgpbin&
of Casuvarina with annual crops of sorghum, cowpea and
sunflower and reported that the 4dry matter production of

the intercrcps was depressed.

2.3, Mixed crorping in cogonut gardens

Inter or mixed cropping in ccconut gardens is &ery
popular in the important coconut growing states in India.
intercropping is a aourci of subsidiary or additional
income from the coconut plantations (Pillai, 1985)., Thus
overall broductivity of land under this long aur&tion!crop

can substantially be increased (Liyanacge et al,, 1984i.

The pattern of development and arrangement of
leaves of the coconut crown is very important from thé
point of view of intercroprping. The transmission of licht
through the coconut cénopy is one cof the most'importaﬁt '
factors affecting the success of 1ntarcropp1ng.prcgra@mas.
Coconut has the advantage of having twe periods (1n1tiaily

upto 8-10 years after planting and again 20 vyears aftér
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planting upto senescence of the crop) in its 1life span
during which 1t aliows sufficient licht to ponetrate ¢o
the ground when intercropping could be practised (Nair
et al., 1974). It has been estimated that only 28% of
the land area is utilized by the coconut palm (leela and
Bhaskaran, 1978). It has been shown that the rooteone
of coconut palm is concentrated latérally to a radius of
2 m only and vertically betwessn the Jopths of 30 cm and

120 cr from the surface (Rushwah et al., 1973},

Multi-storeyed cropping represencs the most
intensive type of land managerent in <oconut areas. The
concept of multistoreved cropping is not sclely based on
the canopy orientation of component species at different
positions to tap solar energy at vertical intervals, The
root systems of the crops are also locrlized at distinct
zonea 30 ag to explore the 301l volume mere thoroughly
at various layers and columms than is possible under sole
eropping (Kair, 1978). A corbination of coconut + black
repper + cocoa + pineapple -ig a typical example of a
multiestoreyed crop corbination (Nelliat et al., 1974j
Nair and Varghese, 1976). In a crcp building, the top
floor determines the nature and type of crors that eculd
be corbined, Multi~storeyed cropping is only posgible

under irrigatsd conditions with adequate and timely



ca

19763 Kair and Varghese, 19763.

availability of inputs and other rssources, apd 1s
guitable for farrers with sufficient skill and technical

knowehow for managing cifferent crops (Kair, 1979).

A wvariety of crops have been suggested for 1n£er~
cropring 4in coconut gardens such as cassava, amcrphoph-
allius, colocasia, graater yan {Nelliat et al., 1974:.
Varghese et al., 197682 Ramanujam st al., 1964a) . ﬁ\lgo
crops like sweet potato, lesser yarm, chinese patatc.}
ginger, iurmeric. peprer, uvplsnd rainfed rice, sorghum,
fiﬁgor‘miliet. Italian millet, blackgram. green Qramé '

red gram, horse g¢ram, cowpss, groundnut, gingelly,

'foraqa CrOrs - grasses and lequm-a. pineasprle, aunfloweru

vegetnables, banasna e¢te. vwere found to be uucceslﬁully

grown in coconut gardens (Nair et al., 1974y Nalliat,

The practice of growing trees or shrubs of |

perennial nature such as coffee, papays, plantain, clove,
}

cinnamon, arecamut, mango and jack aleng with ccconu:'is

also in vogue amony coconut growsra (Pillai, 196S), |

1
|
. R

244, Casuvarinz - its g;égth habit anpd multiple uges

i

Fopularly known 4s Deaf wood Casuarina eguiseti-
folla , is exotic to mainland of India, 1t was first !

12



introduced in the Karwar Coast in 1668, Prior te that,
it had its natural vegetation in Andamass, Bangladesh
“and Burma Coast., Casuarina is a large, fast growing
evergreen tree with graceful appearanca which attains a.
height upto forty metres and dilameter upto sixty centi-
metres, It is short l;vcd. with a natural span of life

of about SO years (Troup, 1986).

According to present concapt, a faet growing

. species is one which yieldsa minimum yield of about |

10 cu m.pir hectare per annum (Dwivedi, 1960). Casuarina
equisetifolia grows fast in bhoth height and girth ané
produces more wood and has greater productivity potential

than other tree species like Acacia nelotica, Albiggia
labbe), Acacia procera, Cassia sismea, Dalbargia sissco

and Prosopis juliflora. 1In parts of the Fhilippinca.‘
Caauarina sguisetifolia has been known to cutgrow lLaucaena

leucocephala and Gmelina arborea. 1In India Casuarina

equisetifolia saplings have been measured asz growing 3

metres a year (Kulkarni and Seth, 1568).

Casuarina eguisetifolia has multiple uses in

modern life. Its value as a fuel of hich ealorific ﬁaluo



has been exploited in India for the past two decades%

It is of particular imprortance in afforesting vast |
areas of sandy Leaches and shifting sand dunes alonq:
the seacoast (NAS, 1980). The main cbjectives of )
caguarina plantaticns are fuel supply, wood belts,
stabilisation of sand dunes and aestheatics as grean
belts (i'arayana, 1986). Caguarina species is an

example of species chosen for large-sccale 1nduntria1l
plantations in India, mainly for fuel wocd (Evans, |
1982) . The calorific value of the wocd is 4950 calories
(Krishna and Ramnawam;. 1932). It burns readily, evan
wvhen green, and the ashes retain hent for a long time,
It is cften claimed to be the bast fire wood in the
world (Burkill, 1966). Casuarina wood is used for house
poats, rafters, electric poles, masts in cances, yokes

of wheels, hammey handle ete, {C5IR, 19%50).

The bark of Casusrina squisetifolia is astrinéent
and is usofullin diarrhoea and dysentry. A lotion og it
is rerorted to be oﬁficécicus in beri-beri (Burkill, .
1566) . A decoction of leaves which is used in colic and
powdered seeds ara applied as balm in headaches (CSIR,

>
’

1950},

14



Casuarina 1n‘a ussful rotation eror for improving
"peor soile of low fartility, particularly 1f grown with
protection to allow bulldeup of its H-rich litver toﬁ
enhance soil organiec matter content (Prakash and Hocﬁinq.
1986) ., It is effective in improQing the. 501l by virtue
of its vigorous root nodulation Qith,N’fixing- bmctdrta._
Fany specles of Casudrina have hacterizl nodules, the
greatest nurber of rnodules being found vhere th§ soii §H
was neutral. It 12 also roported shat poTe Cagunrin;
-peéiea £1x about 60 kg N/ha/year. A symbiotic funqda;
Phomopsis é@gnag;nag has bean rtccréedlin all orqan-; of
Casuarina, It is seeﬁ that the bpil B gradually increaces
under Casuarinz at the rate of 0.015-0,016% par year
fHuxlcy.-1981). Acéarding to Elkan (1987), thé orgaﬁanm
'reayonnible for nitrogen fixzaticn in casuarina is an .

actinomycete belonging to the genus Prankia, ,
‘R’, ‘
2,5. Intercropping of coconut with sesascnal crops

2.5.%. Zubsr crovs s intercrops |

Among the different annual intercrops of coconut
caseava is of utmost 1m§ortanc§ in the state of Kerala.
¥arar (1964) studied the extent of intercroreing in coconut

gardens and stated that in 20% of the ccconut gardens,
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gasgsava was found as an intercrop. ¥From a very recent
survey, it was reported that 4C% of the cassava area in
Trivandrum district of Kerala state 18 under the upland
coconut gardens (CTCRY, 1984). A very congervative
estimate shows that about 1,5 lakh ha of coconut garﬁhns
in Kerala are intercropped with cassava which conatlfutea
about S50% of the total area under cassava (Kannan and

Nambiar, 19767 Gopalasundsram and Nelliat, 1979).

Increase in height of cassava conseguent to

' shading was reported by Ramanujar et al. (1984b), He
also observad higher shoot weicht in cassava planted /in
the shade of coecnut garden and on the contrary, he !
observed poor tubsrisation snd yield in cassava under
the shaded situation prevailing in coconut gardens. |
Pillai et al. (1985) recorded tuber yield of cassava in
coconut stand as 4.3 t/ha compared to 35.7 t/ha in the
open. The cassava tubers had bitter taste oven after
cooking. Varghese (1976) recorded 10.51 t/ha of tapioca
intercropred in cocoenut gardens. According to Nair

(1986) the rroductivity of cassava intercropping in ;

. coconut garden ranges from 40% to 50% of the sole crop.
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The effect of intercropping cassava in coconut
gardens was Investigated by many research workers and it was
reported that there was no perceptible deleterious effect
on the productivity of coconut palﬁs. due to the above
practice, provided both crops are separately and adequately
manured (Kannan and Nambiar, 1976; Gopalasundaramand
Nelliat, 1979). Nair et al, (1974) also did not observe
any adverse effects on growth and yield of coconut,
provided both the main crop and intercrop were adequately
and separately manured. Bavappa et al. (1986) reported
an increase in the yield of coconut to the extent of
176% in a high density multispecies c¢ropping system. He
also observed a substantial increase in coconut biomass
while the biomass of other crops remained more or less
the same. Trials at CPCRI since 1972 have shown that
the female flower production, setting percentage and
Yield of coconut have not been affected adversely by

intercropping (CPCRI, 1973),

2.5.,2, Fodder grasses_as intercrops

Screening trlals conducted by Sahasranaman and
Pillai (1976) at Kasargod showed that guinea grass

(Panicum maximum) gave green fodder yield of 50 to 60 t/ha
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under coconut shade. Of the several varieties and types
of guine2 grasses available, the plants having a morej
prostrate growth habit are most suitable for coconut ‘
gardens (Weightman, 1977). In 3 trisl with guines and
hybrid napier var. Pusa giant, in coconut garden under
differsnt doses of I it was cbserved that guinea was ;
supericr to hybrid napier (Anonyrous, 1980). The shaq;
tolerance an@ high yielde of guinea grass coupled witﬁ{
drought resistance and tolerance to less fertile scils
have caused it to be used under coconuts in a number o?
countries (Plucknett, 1979). BEricksen (1577) avaluate?'i
forage ylelds of 6 grasses and 6 legures at 100, 70, 4%
and 27% day light using‘polypropylenn-netting. The mogt
shade tolerant grasscs were guinea, cori and signal, .
Sreedharan (1975) cbserved that tillsr preduction in most
crop plants will be higher under higher intensities ofﬂ
sunlight. Mullakoya {1982} obtained maxirmum nurber off
tillers in guinea grasa'undeé £ull sunlight and minimuﬁ
nunber with 75 per ceant shade. Nyhr and Saebe (i969) E
observed that in scme grass species, the crude pzctein?
and ash contents were approximately doubled b& 3hadinq:
from 10 to 15% of light intensity and serious ledging :

occured as a result of reduction in fibre content., % ﬁ

contente wers approximately doubled and Ca and Mg contents

T




were increased under shade. In case of guinea qrnagJ
‘incroéue in crude protein was noticed due to ahadinqﬁ
{Mullakoya, 1982). BSreedharan (1975) and Ramanagowdg
{1981) reportad that under shade, conditions are more

favourable for protein synthesis than in open area. .

Studies done in coconut gardens Qhawed that tﬁerﬁ
was no adverse affect on nut yield by intercropring ﬁ:
coconut with pasture provided both crops are adequatély .
fertilized and suprlied with enough moisture (Fer@ingndcz.
1973). : _ i

2,5.3. lequres as intercrops L

Tremendous pgtentialities and possibilities o%
1ntercropping with promising legunres éxint in coconué
plantations (Hair et al., 1974)}. Grain legures are ;

- potential 1qt9rcrop5 because of the relatively shorti
duration and hic¢h protein content, Crops like blackéram.
horsagram, cowpea, groundnut vere found to be succeséfully
grown in coconut gradens (Nair, 1979), Hair et al, (19?4)
recommended shade tolerant zhort Guration eroyp of puiaes

such as horaegram, blackgram, greengram etc. to he raisod
il

under coconut trees taking advantage of north east monscon
‘ I

rains. 2Zakra et al. (1966) suggested groundnut as al



suitable inteorcrop in coconut garden, Ayyangar (1942)
found that intercreopred legures increased the available
phosphorus, rotaszsium and caleium in the soil. Howaver
almost all tropical grain legumes are very sensitive to
the partin) shade existing in coconut gardens (Nair, 1979).
Artificial shade of 40=50% reduced sunlicght caused a

vield reduction of 30% compared to that in £full sunlight

for soybeans and chout 70%. for mungbeans (Vigna radiata L.)
(Catedral and lantican, 1977).

2.5.4, Corenls as intercrors

Cne of the earliest regorts cn raising riee 23 an
intercyrop in Cmcﬁnut gardens is from Nileshwar (Anonymous,
1934) =nd 1t was not very.encoﬁraging ag the grain vield
wag only 160 kg/ha, However, upland rice variety Xattamodan
was successfuly grown as an intercror in coconut garden at
Coconut Research Staticn, Pllicede and among the various
grain crops tried, rice sown in June was found to be Lest
(Ancnymous, 1942). It gave a grain yield ranging from 423
to 749 kg/ha under coconut compared with 755 to 1208 kg/ha
in the open. P411ai (1985) algo reporied succsssful inter-
eropping of rice in coconmut gardens. Martin.:(1984)chowed

that rice and maize are sultable as intercrops urder nmature
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stands of coconut, Also crops like scorghum, finger
millstff&talian millet were found to be successful |
(P11lai, 1985). Zakra et al. (1906) racommendad-maié;
asp one of the intercrops in a coconut-focod crop_intcé}
cropping trial, in which the intercrop was found to ?

- £avour coconut growth and &cvélepment. Baker (1978)
reported that intercropping oﬁ.ccr.ala with qroundnuéh
gave 27.,7% greater cash returns than sole cropping. I
Pagcual et al. (1978) showed that it was feasible to:
grow grain sorghum after low land rice in the dry ae@pon
even withﬂut-supplgmental irrigation. In field trials,
greengram, blackgr&m.cowpﬁa or redgram were grown in.
relay or eequ;ntial cropping systems with rice culti%gr
Triveni vhere the rice yields (2,3-2,5 t/ha) were ﬁné&fectad

by cropping system (Joy ot al., 1986),

246 Cassava-groundnut intercropring . !

Intercropping cassava with other short duration
crops has Leen in practice sinca the beginning of thib
century {Marcus, 1935). As cassava ies a wideiy spacJB
'croﬁ and takes about four mcnths to aftain £full canoﬁ&.
there is possibility of raising some legures as intercrops

with cassava (Mohankumar and Hriuhi, 1978). .Intercrﬁpﬁing
II
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tapicea with seascnal crops hias been preved to be the
most effective method for incrazsing the net inceme by
the use ¢f avallable licht andé nuérienta rora effectively

(Suryatna and Hardwood, 1976).

In an intercropping trial in cassava it was aéhn
that groundnut gave the most éapisfacto:y porformaned
(Singh and Yandal, 1970 Hohankumar, 1975: Mchanlusnar and
Hrishi, 1678) . Companion czoppinﬁ?gghduqted in the :%infeﬁ
uplands indicated that koth cassava anq groundnut amﬁ
ideally suited to the resource patterﬂ of the small fgrﬁqr
and that groundnut ganld be raisad as a cocmpanion crop in
thqlmarqinal lands where moncculture of caspava is the
present rule (Thomas and Nair, 1979). Trials conducted
in Kerala Agricultursl Univerzity indicatad the suit#bi;—
ity of groundnut variefies 1ike JL-2i. Polliachi-1,

Follachi-2, FSBa7=2 and TMV-2 as intercrors in cassava
. N II

(rau, 1904). .

Ekmahachal et al. (1978} reported that caspava
intercropped with two rows of qroundnug (30 % 20 ar) -
between cagsava rows was found to bz more profiéable;?hnn
the cassava monocrop and cassava intercropred with three
rows of peanuts between its rows. Favourable effects of
doukle row planting of cassava on groundnut productivﬁty

was also reporte? by Ezumah and Okigbe (1980). '




it was reported that there was no significant)-
reduction in yield of cassava when intercropped with:
groundnut (Patanoth! et al., 1977; Shesla, 1981),
Thomas and Nair (1979) reported an additional producgion
of tubsr on account of growing qz&undnut as a companion
crop. Bridgit (198%) alsc chserved an increase in t#ber
yvield of cassava whan 1ntefcrupped with groundnut. éhoala
(1991} reported that the growth of cassava was suppressed
" by legume intercropping in the early stages, but later it
recouped its vigour and growth and by the time of ha%ﬁast

no difference was parceptible.

But cantrarylto this, experimentz conducted aé
CICRZI, Trivandrum invariably showed that the yield of
cassava was reduced by growing intercrops such as grppnd‘
nut (Mohankurar, 1980s CIAT, 19627 Anilkumar, 1984).r
Prabhaksr gt al. (1979) reported that the reduction in
the yield of cassava conscquent to intercropping was éu.
to interspeciesa comretition and the resultant reduction

in tuber nurbor and weight, !

-

Kawarc and Thung (1982) were of the opinion thht
cassava could be planted in association with short durat-
ion crops without sacrificing rmuch of the yield of either

an '
crop.:%iqh yielding cassava genctypes with low vegetative
¢ il
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vigour would bring akout high cormbined ylelds of caas@va
and the associated crops. Suggestions for 1mprovinq'l
cassava productivity in mixed ¢ropping and 1ntercropp}nq
systems include the uze of late maturing cassava varieties,
reducing the ropulation of associated crop and allowing
long recovery intervals after the harvest of 1ntercr6§

(Okoli and Wilson, 1986).

L}
'

247, Maige-coygea intercropping ;

Leather (16897) was the pioneer scientist in Inaia
to ponder over the speculation that legumes micht henefit

non=-legures growing alongside them, Relwani (1970)

ényortod that leguminous crops are rich in prcteins w%ile ]
cearsal foddlers canqtituta an excellent source of ené%cy.

It hms'been obszerved that'the presence of éucculent :ced.
particularly green leguminous forages like lucerne, gprseem
and cowpea can increase the p3latability of the foaaé; and
can help to digest crude fibre present in the straw (Bingh,

1978) . _ k

Singh and Relwani (1972) €found that in asscciation
with maize, cowpea was significantly asuperior to VQlﬁet'
. N l:
bean in green matter, 4ry matter, ether axtract, Ca, Mg,* '

P and ash ylelds and was on par with velvet bean 'in crude -



protein yield. Kassam (1976) reported that cowpea, when
grown mixed with other crops wag adapted more to lowe;
licht intensity. Permeti (1569) observed that maize-cowpaa
mixtura gave higher yield than maizo-soybé;ﬁmixture under
Iidantical conditions of soil and clirmate. Morachan ;¥ al.
(1577) rerorted cowpea as the bast intercrop glving

maximur yleld,

Arthur (1971) reported that grasses yield more
vhen corpeting with legumes than when competing with each
other. It was cbsorved that maize plants grew talleg as
mutual shading incressed which in turn increased the;1§a£
stem ratio (Duncan, 1975). Ahlawat et al. (1964) recorded
1ncruaéed fo&dc; vield due to asscciation with legumes.
‘Remison {1972) found that mixtures of maize aﬁd cowp@n.
outyielded the mean yields of the pure stands. Kaae&m
(1976) reported that cowpea, when grown mixed with other
crops was adapted more to lower light intensity. Guihaev
and Ronsal (1962) observed that growth of maize was I
stimalated by sacretions from the rcots of coupeas. IAn
1ncréaae in grevwth and grewth characters of plants'in a
maize-legume intercropping systen was observed by Chand
{1577). 3In a maize-coupea mixture the yileld of each!Erop

was nearly as great as that of thelr monccrops (Anonymous,
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!
1955). Syarifudd@in et al. (1974) obtained decreased yield
cf legures which were grown as intercrors in maire buf
the high yields of malize éompeneated for the reduction in
yields of these leguses. Ahmed and Gunasena (1979)
reported that as a general rule maize yields vere lomp
what decreassd by intersrorping particularly at lower N
lavels., It was raportad that the maize + cowpes mixture
produced higher green and Jdry matter yield than mailze +
velvet bean (Singh and Relwani, 1978),

Ahred and Gunasena (1979) found that the crude
protein content of the intercrop system was much higher
than that of the maize monoOCrop. C:ude protein content
in cowrea grown with maize was higher than that grown with

sorghum (Anonymous, 1974).

Macok (1940) cbserved no b?neficial effect of .
legumes on nonflegﬁmel in 20 out of 26 experirents.
Blackman and Black (1959) found that rhysiological aéd
ocological a:pecta.-eapecially 1ight, limit the growth of
the crops in mixtures. Donald (1963) reported that inas
mixed cropping the yield of legume was depressed rore than
that of ﬁon-legumes. Sharma and Singh (1972) okserved.
that t¢he total dry matter yield of maize-cowpea in alter=-

nate rows decreased in comparison with planting of maize



alone., Agboola and Fayemi (1971) cbserved ccmpetitian
for 1light boetveen maize and legume, wherain legume was
suppressed by maize shade. Willey and Oairu (1972) found
that mixtures of fodder crops require a higher populaticn
pressure to produce their maximum yileld, o
Haizel (1974) roticed that vhen malice was inter-
cropraed with cowpea, the former was found to ke more
conpatitive Ehap-the 1atter upte the time of tagseliﬁg.
There_after coyrea was more competitive than maize. .
Meenakshi et al. (1974) rerorted no adverse effect on the
rm3ize crop when it was intercropped with cowpée. Singh
and Chand (1969) found thﬁt vields of a pure crop of baize
and maizé-lequma m;kture were mora or ‘less the same, |
Aghoola 2nd Tayemi {1970) cbeerved no surpreasion of !
Ieéﬁma Ey.ﬁaize wﬁén they were cgrowntogether and alsc

fbund-that maize Yield was not decreased by intetcrppbing.

In an intercropping sy;tem invelving a2 legune and
a non-legume, part of the H.fixed in the rcot nodule of

the legume may bacome avallable tc the non-legqume ccmpon-

<P
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ent (0 ., " ".: Falaniappsn et al., 1976; Morachan et al.,

19777 Soundararajan and Palaniappan, 1979), VYery low
rates of ¥ transfer from legumes to non-legures over '

pariods of six months to ‘two years was ckserved by thzell




(1962). He also observed that the guantity of K trans~
ferred to non-legume by Gifferent legunes varidirrespecte

tve of the cquantity fired by each legume (lenzelil, 1970).

2.8, Residual effect of intercrepuing on soll

Bavappa gt 8l. (1986) reported that there was a
build up of vhosphorus and rotassium nutrients in the
coconui and arecanut based high intensity multispecies
cropping system, Theres was improved micrebilal activity
in the cystems andlno sorious pest and disecase managoment
problems were indicated due to high denaity cropring
aysteﬁ'approach. P411a1 (2985) noted 3 reduction in soil
pii due to intercrenping. He also found a reduction in the
available nitrogen content of the zoll and rhesphorus and
. potasaglum content of the s0il were not affected much by

intercropping.

Singh and Chatter]i (1968) rerorted that nitrogen

accumulated in the soll vheraver legures ¢grow well., Skerman

(1977 racorded more nitrogen fixation in shade than in

open srea, White gt al. (1976) reported that total nitrogen

content of the soll was increacged by growing forage grasses.

Ayyangar (1542) found that intercropred lequme increased

the avallable phosphorus, potassiuvm and ealclum in the soil.



- Conclusion

Agroforestry is now receiving renewad attention
by agricultural scientists. The real increase in the
gquantity and variety of food stuffes Jue to-aqroforaséry
in addition to its role in soil rchabllitation and in
cenjunction with other land use agents are row widely
recognised, There is little doubt that in the 1nitig1
staces of a forest plantation éxilteqce. trees can be
qrown.foqethet with annual agricultural crops, There iz
also eéidenca that generally most agricultural crops:
have no adverse effoct on forest crnpg and vice vora#
{Cgte, 1967). Alsc it is seen that mixed crepping of
annual crops 18 3 more efficlent means of utilising iand
area than pure stands. It wculd appear, therefore, ghat
thera ara sufficient grounds for assuning that agri--
silviéu)tural systems might provide one of the answers
to the maximum utilisaticn of fragile ecosystenms

(Francis, 1986).



Materials and Methods



30

3, FKATERIALS MWD METHTIDS

The de=tails of the materials used and the
technicques adopied during the course of the investigat-

ion arez presented in this chapter,

3.1, Bxrsricontal site

The expreriment was conducted in the pre=bearing
coconut girdens of the Agricultural Ressrrch Station,
Fannuthy, Trichur district, The station is situated at
12° 32' N latitude and 74° 20' E longitude and at ap
altitude of 22.25 m above MSL, This area enjoys a hﬁmid:'
tropical climate with an annual rainfall of 3406 mm per _
annum, The metecrological data during the crop psriods

are rresented in Aprendix-1.

3.2. Season

The experiment wag conducted Jduring the period

May 19687 to May 1988,

3.3. S0il) characteristics

Composite soll samples from 0=15 cm depth were
drawn kefore the cormencerent of the experiment and ware
used for the determination of rhysical and chemical

properties which are c¢iven in Table 1.



Tatle 1. Fhysical and cherical prorerties of the soll bofore the exrariment
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Vethod employed

- o o U Y S R O e B A e

Hydrcreter mothod (Piper, 1942)

Core method (Fiper, 1942)

Feen-Racokowski box methoed {Xeen

Walkley and Black methcd

Alkaline psrmanganate methed
{Sukbiah and Asija, 1956)

Chlorostannous reduced rwolybdophos—
phoric blue colour methed in hydro-
chleric acid syster (Jackson, 1938)
Flame photometry neutral oormal
amzoniuve acetate extraction

Soil water suspension of 1:2.5

Farticulars Valve
Physical properties
Sand (%) 62
811t (%) 12
Clay (%) 26
Particle density 2 2.41
Bulk density (g/em™) 1,33
Enaximun water holding 34.07
capacity (%) * and Raczkowskl, 1921}
Cherical propertles
Crganic carkon (%) 1.3
{Jackson, 1958)
Avallable nitrogen (%) 0,125
Avzilable phosphoruz (ppm) 34
T
Exchangeable potissium (ppm) 135
. (Jackson, 1958)
Soil reaction (pH) 54
(tipzse, 1971)
EC (millimhos/cm) 0,07

Spil water suspensicon of 1:2.5
(Hesse, 1971}
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3.4. Cropning history

The experimental field was a three ye2r old
Laccadive ordinary coconut plantation established at the
station in the yeir 1984, Six months 013 caguarina
seedlings were planted in single row a% a spacing of
60 em in between two rows of coconut trees which had a
spacing of 7.5 ®m % 7.5 o (Fig. 1}. The planting of the
casuarina plants was deone in June 15€S, The interspacas

were left fallow previous to the experiment,

3.5. Zreatrents

A d

The treatments of the investigation were inter-

cropping of the coconut-casuarina allevys with the following

annuals.

Treztments Hotations used*
1. Cassava intercropped with groundnut T 4 GN
2, Arorchophallus feollowed by horsegram A — HG

3. Fodder mailze-cowpea mixture followad by (M4C) — C
fodder cowpea

4. Guinea grass throughout the year G

5. Fodder cowpea followed by sesamum C— 5
6. Greundnut f£ollowed by blackgram GH — BG
7. MHofan paddy followed by sesamum ‘ P—> 8
. 8, Control (without any intercrops) co

*Thege notations will be used hereafter in thia diasertat-
ion wherever rnecessary.
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Plant
population
Crop Variety Duration Spacing { thousand
B} per hectare)
1. Tapioca M4 8 months g0 x 90 ém' 11.66
(Manihot esculenta Crantz.)
2. Groundnut TMV =2 110 days 15 x 15 cm* 419.64
(Araichis hyvogaea Linn.)
3. Amorphophzllus Local 8 months 90 x 90 cm 11.66
(Amorohovhallus companulatus .
Roxb.)
4, Horsegram Locz2l 75 days 25 x 25 cm 151.07
(Dolichos biflorus Linn.)
&, Fodder maize HET.3 &0 davs 30 x 15 cm 209.82
(Zea mays Van Houtte)
6. Fodder cowraa ¥Xanakamony A0 dzys 25 .15 cm** 251.78
(Vign= unguiculata Linn.)
7. Guineagrass Mackueni Ferennial 50 x 30 om 62.95
(Panicum maximum Jacg.)
8. Sesamum ‘ Thilothama 75 days 15 x 15 em 419.64
{Sesamum indicum Linn.)
9. Blackgram T, \ 30 days 25 x 15 am 251.78
(Vigra mungo Linn.) g -
10. Medan paddy ] Suva rnamodan 115 days 20 x 15 ¢cm 314,73

{(Crvza sativa Linn.)

S S W —— S —— T e . e S D i i o T S e, g e B o ke B A T T B g e W T B S T G S S e M M T - — e Gt ST e S T A A - ——

* 30 x 20 cm, when intercrorped with tapioca (plant population in thousand/ha - 157.37)
** 30 x 15 cm, when grown with fodder maize {(plant population in thousand/ha - 209.82)

£e
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Tre alley cropping pattern is illustrated im '
PiQC 20 ‘ )

Zhe exﬁariment wag laid out in RED, rnplicataé
thrice. Each experimental plot thus had a coconut ﬁ;iﬁ
in the centre and casuarina plants on the two aldaz.:ih
The gross mire 6f the plot was 7.5 m x 7.5 me The d%taila
on varieties, ﬁurationf?%lnnt pepulation are given i@
Table 3, | ‘ :

3.6. Cultura) operations

The cultural practicas and wanurial practices
recomrendad for the state (XAU, 1986) were followed with

respect to the main crop as well as the alley crops.
. il
||

3¢6.1. Tagioca intercrorred with groundnut . i

Single toapicca setts were planted on =0il mounds

formed at a spacinq'of 80 x 90 om. Croundnu: seeds w?ra
sown at a spacing of 30 » 20 om, in the 1nternpacé ﬁétween
‘tapiocé. iwo rows of groundnut were planted Letween éﬁe
rows of tapicca, Cattle manure wase applied at the ra:te'

of 12.5 t/ha during lana_preparatiun.‘ The bagal fe;g#lizer
dose 50:100:80 kg ﬁ. Py0cs K 0/ha was broadcast unifqrmly
in the field. One month after sowing, a fertilizer mixture
" eentaining 20 kg POy and K,0 and 10 kg N/ha was givéﬁ to



the intercrep, groundnut and earthing up was done, All
the excess shoots on tapicca plantg ware removed aftér
retaiﬁing two shoote in oprosite direction. At the tire
of harvest of groundnut the haulmas were 1ncorpora£nd{into
the =201l 2long with 2 top dressing of SC kg each of é and
K 0O per hectare for taploea, Croundnut was harveateé 110

days after planting and the taploca after 240 daye. |

3.6.2. Amogehoghallus followed by horsegram

Amorphophallus was planéod in pite of size ﬁ
€60 x 6C x 45 cm at a spacing of 90 om apart. 7Two kilogramsof
cattle manure was mixed with the tep scil of each pinand
the pits wera refilied. Cutpieces of corrm weighing qﬁo kg
each were planted in theée.pits. Before planting, the
corm pﬁocns were dipped in cowdung and dried under sﬂade.
The pits vere nmulched with dry leaves imrediately after
planting. ?qgrty five days after planting 40:60:50 kg
each H, F2°5'-K2°/hﬂ ware applied along with inte:culyivat-
ion and weeding. The second dose of fertiliser, 40 kg H
and 50 kg Kzo)ha ware applied one month after the fiﬁ;t
applicaticn along.with sacond weeding and earthing up.

The crop was harvested after 8 menths, !

After the harvest of amcrphophailus, the land was

prepared for sowing horsegram sesds. P was sprlied at the



rate of 25 kg/ha, The seeds were dibbled in rows spaced

at 25 cm. The crop was harvested after 75 days. The

haulm of horsegram was incorporated into the soil. |

|I
3.6.3. Fodder majze-cowres mixture_ followad by fodder
coupea | !

Fodder maize seeds were dibbled on beds at a
spacing of 30 % 15 ¢m, In betwsen rows of maize, cowpea
seeds wore sown 15 cm apart. Fam yoard manure was'aép!iad
at the rate of 10 t/ha during lané preparaticon. A b#eﬁl
dressing of H, P,0. and xzo at the rate of 25:60:130 ég/hn
and top‘drassing of H, Paos and KZQ at the rate of Iéba

60:40 kg/ha respectively were given, Fodder cowpea and

fodder maire vwere harvested after 80 Jdays. ' f ! .

|
Tre land was ploughed and levelled and fodder couwrea
ueeﬁa‘weraldibbled at a spacing of 2% x 15 cm, Bakai
dressing of §, P,0¢ and K0 at the rate of 25160130 kg/ha
resractively was done. The erop was harvested ufteripo

days and the yield was recorded.

3.6.4. Gui'.}eﬂ grﬂas

Afﬁe; ploughing and levalling, 10 cm wide and

|
20 cn deep trenches were made at a spacing of 50 cm, | These

I
i
il
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ware refilled with farm yard manure at the rate of 10 t/ha
and P,0g 2nd K 0 at the rate of S0 kg each along wité

the top soil. The trenches were reformed to ridges of

15 cm height on which the grass slips were planted at a
spacing of 30 ¢m, First cutﬁinq of the crop was taken
after 45 days. Ammonium sulphate at the rate of 1oo!ig
N/ha was applied after the firat cutting, Another d@ae
of KB (100 kg/ha) was given during the north east monqbon
period (80 days after planting). A total of six cultings

were taken from this crop.

3;6.5. Fedder cowpea followed by sesamum

The land was ploughed'and levelled, The cowrea
seeds were dibbled at a spacing of 25 X 15 cm, Basal
dreaaing of R, Pzes and KQO at the ratc of 25:60:30 kg/ha
was applied. The crop w2g cut after sa days and yield

recorded,

After the hérvest of fodder cowpsa, the land wés
again ploughed and lovelled. The sesamum seads were L
broadcast evenly after mixing with sand 2-3 times its
volﬁme. A fertilizer dosze Of 30:15:30 kg/ha of N, 9205 ar
K0} rédpectively | were given at the time of sowing. .

Thinning of the crop was done in order to give a spacﬁng

~



of 15-28 &m between planta. The crop was hirvested |

after 75 days.

3646, Groundnut followed by blackgram |

The =so0il was ploughed to fine tilth and cattlﬁ
manure was applied at the rate of 2 t/ha. A feptili%er
dcge of 10:75:75 kg N, ons and Kzo Ter hectare raspégt-
ively was also applied an? groundnut segds vere dibbled -
at a spacing of 15 x 15 cm. Lime was applied at tﬁefrate
of 1000 kg/ha 30 days after planting. The lime was |
inccrporated in to the soil by :aking. Croundnut wa;

harvested 110 days after planting. |

Aftar the harvest of groundmt, the land was
ploughad an? levelled and the blackgram secds were sovn
at a spacing of 25 x 15 cm. 10 kg H/hﬁ, 30 kg each of
ons and Eﬁo/ha wers applied zt the time of ploﬁqhiné.
10 ¥g N/ha was given as top dressing at two equal do;?l
in the 15th day and 30th day after sowing, The‘cropl;as

harvested 90 days after scwing.

3.6.7. Modap paddv followed by sessmum

At the time of preparation of land farm yard

manure was applied ai the rate of & t/ha. The paédy'pn@dl

'
3
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vere dibbled sc as to geat a syaciné of 20 » 18 em. Thae
reconnended K fertilizer (60 kg/ha) was aprlied in three
equal split doses - first 2s basal dresasing, second at
tillering stage and third at panicle initiation stage.

The entire P and K fertilizer was arplied basally (30 kg/ha
each) . The crop was harvested when 80% of the panicles

turned vellow and the vield recorded,

After the harvest of the paddy the land was
ploughed to fine tilth and cattle manure was applied at
the rate of § t/ha, Sesamun seeds wera £0wn and managed

a8 explain=d earlier.

3,7, Chservations on growth and vield

3.7.1. Crowth characters of ccconut and ¢asuaring

307- 1.1, Helalht anﬁ_girth

The height, girth (at a height of 10 cm from the
a monthly mbexval
groeund level) of coconut and casuarina were reccrded from
the beginning to the ernd of the experiment. The number
of leaves per coconut tree and the canopy spread of

casuarinn crees wern 2liso recorded.

3,7.1.2. Volume ané fuel wood productivity of casuarina

The tree volume was calculated by employing the

formla,




vhere V = Volume in cum K }
BY é basnal area in mz
h = height in m

F.f = form factor which was taken s 6.9

The fuel wocd yproductivity in t/ha was foundlout by
dividing the volure in cum by a factor 2 (Reckqaqelr
and Bentley, 19€5).

J3.7.2. Growth characters of the intercrocs
3.7.2.14 Taplocs . -

in each plot & plants ware selscted at rarndcm for

recording the following observations.

a. Hoight of plants: The height of plants in cm was .
recorded at 60, 120, 180 and 240 days after planting.
The heights of the plants vwere taken from the kottom
of the gprout to the tip of the leaves. The average
heicht of plant was worked out from the height of:thc

five sample plants,

k. Numbeé of leavest The numlter of leaves were ruccrdéd
at two months, four months, six months after planting
and at harvest, The numbker of functional leaves and

the number of leaves that had fallen were also recorded, -



C.

a.

&,

£.
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Yield: The waight of clean tubers was recorded at

the time of harvest and expreszsed as t/ha.

Hurber of tubers: Thn‘total nurber of tubers per}

plant was recorded at harvest,

Length of tubers: The length of‘all the tubers of a

plant was measured and the average value recorded 'in cm.

Girth of tubers: The girth at the centre of all the
tubers from a plant was msazsured and the average Galua

recorded in ¢m,.

3:7e2.2, Gro\igdnut .

Be

Height of plants: The plant height was measured from

- the base to the growing tip at 30, 60, 90 days after

Ce

e

sowing and at harvest and was expresszed in c=,

umber of branches: The number of brarches produced
by the observational plants was counted at 30, 60, 90

DAS and at harvest. |

Total nutber of nodules: Total number of nodules per
plané vere counted at 30, 60, 90 PA\S and at harvest.
Planta for destruvetive sampling wvere used for the
nodule count. . | i
Date of flowsring: The date on which. 50 per cent of

the plants in the plot had flowered was taken as the

date cf “lowerinq.
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&, Yield of prods: The pods harvested from each plot’
vers sun dried to the desired moisture leval for
safe storage. The weight of unshelled poda was

taken an? the yield expressed in kg/ha.

f. Yield of haulm: The haulsm obtalined from each plof
was sun dried and total weicht was recorded, Yield

was expressed in kg/ha.

¢« Burber of pods per plant: Average nunbar of rpods:
per plant was worked out by counting the total number

of rods from the obgervation plants,

h. Height of pods per plant: Average veicht of poda}par

plant was calculated from the total weight of all the

pocds from the orservation plants.

1. Kuridred seed weight: From each plot, 100 dry seede

vere taken at randem and their weicght recorded.

3.7 .2 . 3. »‘\Erﬂmh_g_phallug

2., Helghtt The height ¢of the plant was measured frcﬁ
the ground level to the point of forking at 2 months '
interval. The avnragé height per plant wis uorkeé out
and, recorded in cm, _

b. Girth: Girth at the base of the stem was racorﬂod_for

5 plants at 2 months interval and the average value

worked cut and presented in «m,
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¢, Yield: The corms were Cleaned after harvest and

3.7.2.4. Horsegram

a. Height: leight of plants ware recorded for 10 plants

b,

Ce

£.

their weight was recorded and.pronentsé in t/ha;

and the average value psr plant was worked 6ut at the

tire of harvest. o ‘

Hurber of branches: The numboer of branches vere -
counted for 10 plants &nd the average nurber of

branches rer plant was recorded. -

Nurber of pods: The total nurber of pods per plan%
was counted for 10 plants and the average value per

plant was worked out,. |

Number cf secds per podz- Fods wver= taken at randow

and the total number of seeds in each pod were récBrﬂed
and the average nurbar of seeds per j0d was worked out,
Yield of grain: The grain yileld per plot was recorded

at the tire of harvest. The psr hectars yield was

worked cut from this;

Yield of haulm: The fresh yleld of hauln at harvest

was recorded and expressed in kg/ha.



3.7+2.5. Foddey maize

a, lant height: The height was recorded from each p;ot

at 20, 40 and GC days {(at harvast) after planting.;
The heicht from the bage of the plant to the t1p~o#
|

the growing point was measured in ten cbservation .

" plante and the rmean worked cut,

b. Nunber of leaves: The total number of leaves in the

observation plants of maize was recorded on 20th déy.
|

40th day and 60th day (at harvest) and the rean

mmber per plant was worked out.

C, fenfegteam ratio: The samples taken for dry matter
estimation at harvest were separated inte leaf ard

sten and the ratio was recorded,

4, Green fodder yield: The green fodder vield of maize
|

frem each plot was recorded and expressed in t/ha,

. N .=||

3.7.2.6. Fodder cowpea

a. Helight of plant: The height from the hase of the

plant to the tip of the growing point was measured’

5
on the ten obkservaticn plants at three stages of

growth vis,, 20th day, 40th day and 60th day (harvest)

after sowing. The mean height of the plapnts was \

worked out and recorded.

44
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b, Nunber of lesves: The mean numbar of leaves per
rlant was worked out from the totzl nurber of leaves
in the c¢bservation planta, This waas recorded on the

20th day, 40¢th day and 60th day after sowing,

C. Green fodder yield: The green fodder yield of the

crop frem each plot was recorded and expressed in ¢/ha.

3.7.2,7. Guinéa_graus

a, Helght of plants: The height of the plants wan
recorded prior to each cutting. The height was
measured from the base of the plant to the tip of the
longest leaf.

P. Tiller count: The number of tillers were ccunted

prior to each harvest and recorded.

C. Lezf-gter ratio: The samples taken for dry mattier
estimation were separated into leaves and stem. Thelr

waight was recorded and the ratio calculated,.

d. Green foddsr yleld: The green fodder yield from each
plot was recorded immediately after each harvest, A
total of six cuttings were taken at 45 days intervalas

and the ylelds were expressed in t/ha,
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3a7e248, Sesamunm

A,

Height of plants: The height of the plants was |
reasured on ten observation plants at the tire of
harvest and the mean worked out, The height uwas

measurad f£rcm the base of the plants to the tip of,

. the growing polnt,

b,

Ce

d.

f.

Number of branches: ZTotal murber of branches of the
observation rlants were noted and the average value

recorded, , |

Rumber of days to flowering: The number of days taken

for 50 per cant qf the plants to flower was recorded.

Nurker of pods per plant: The total number of pods
frem the observation plants was counted and the

average worked out.

Seed yield: The peds harvested from each plot were
sun dried, threshad, winncwed, cleaned and the weight

of seeds was recorded and expressed in kg/ha, '

Nurker of seeds per pod: Twenty pods were selected
at random from the obaegvntion plants, the total

nurber of geede counted and the average worked cut.

Thousand seed weightt From each plot, thousand dry

secds were taken at random and their weight recorded

in grams, o



|
3.7.2.9. Blackgram V-

Ter: plants were taken at random after climinaéiﬁg
r .
the border rows and all the bicmetric observations w#ru

recorded from thesa plants at 30 days interval, |

a, Plant height: From the observaticon plants markedh
for biometric observations, the height of the plafit was
rmeasured from the base of the plant_td the growiné tip

and the averige worked out and expressed in cm.
f
b. Nurbar of branches: The average number of branch@t

' per plant was worked cut by counting the number of

branches cn the cbeervation plants, §

c. Kurber of pcds per plast: The total nurber of pods
froem the observation plants was counted and the

average worked out. ' | ' -

d. Nurber of seeds per pods Twenty pods were selected at
randem f£rom the observation plants, the total numﬂar

of seeds counted and the average worked out,

o. Yield of graini The pods harvested from each ploﬁ
vere sun dried, threshad, winnowed, cleaned and wéight
of clesn sseds was recorded. Yield was expresssd in

kg/ha,
|
:
I

b7
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£, Yield of haulmt Stover cbtained €from each plot was

sun dried, toital weight recorded 3nd vield expreaped

in kg/ha.

3,7.2.10, Modan paddy

Qe

L=

fa

Hedght cof plant: The plant height‘wns recorded on
the day of harvest. Heicht of plant was measured in
centimetrzs frocm the bottom of the culm to the tip of

the earhead,

Bumber of tillers: The tetel numbexr of tillers wais
counted@ from 10 hills at harvest and the average was

expressed as nurbar of tillers per hill,

43

Productive tillars: A¢ harvest, the nurbzyr of prcductive

tillers was counted from 10 hills ind their average

expressed as pumber of productive tillers per hill,

Percentage of productive tillers: From the totnl
nurber of tillers and numbsr of productive tillers,

rporeentage of productive tillers was calculated,

Length of panicle: The length from the neck to the

tip of the panicle was moasured and expresszsed in cm.

Kumber of ¢grains per panicle: The nurber of filled

gralns per panicle in each plot was reccrded,




)

g. Yelight of thousand grains: Thousand grains vere
counted from the cleaned produce from each plot and

the weight recorded in g.

h. Grain yield: The grain harvested from each net plot
) wal-dfied} cleansd, winnowed and weighed and expressed

in kg/ha at 14X moisture level,

i, Straw yield: The atraw Zrom each net plot was dried

under sun and the weight recorded in kg/ha.

"3e7.2.11. Bicmass Eroduct;bg'hg the intercrors

Plante were solected at randcm at the time of
harveat and the samples were dried in the oven. Frcm the
oven &ry weights of these samples, total Adry matter (biomass)
production in kg per hectare was worked out, The per day --
biomass productivity was also worked out by dividing the
total biomass production by the duration (in days) of the

cropping systenm,

d.8. Plant agalgsisv
3.8.1., Crude rrotein xigid from_ the intercrops

Crude protein yield of the intercrops was calculated

frem the biomass production and the crude yrotein content




cf the intercrops. The crude protein content was
y

estimited by rultiplying the N percentage with 6,25
(AcaC, 1950).

34842, Nutrient urtake

The plant samples were dried in an oven at 70°C
and ground to fine rowder. 7Total mitrogan content was
estimated by microkjeldahl rméthod (Jackson, 1958} and
expreased as percentage, The phosphorus conternt wau:
estimated colorimetrically by the vanado-molybdate method
{Jackson, 1558). The rotassium content was doterrined
using a flame photcmeter and expressed ag percentage
{Inckson, 1958).' The calcium and magnesiurm content in
plant digasts were estimated by atcmic abscrytion |
spectrorhotometyy (Jackson, 19%8), -

The total uptake of N, P and K was worked out

from the nutrient content and dry matter production. '

3.9, S0il Analyais

The physical and chemical properties of the scil

were studied before and after the experiment, '



3.9-1. FhESical Eroszartiﬁﬂ

a. Bulk density and particle density:

The conventional core method (Piper, 1942) was
used for determining the bulk density and particle densmity

f the =04l prior to and after the experiment.
b. Maximum water holding capacity:

This chysical congtant of the scil was determined
using Xeen Raczkowskl box before and aftor the expesriment

(Xeen and Raczkowski, 1921),
¢. PVercentage of pore spaces

Using Raczkowakld box, the percentage of nore space

for the scil was determined before and after the crops.

3.9:.2. Chermical propertios

Composite 20ll samples were ¢aken from each plot
pricr to the experiment and anfter the harvest of the
crops. Oamples were taken at 0~15 cm depnth. The scil
sanples were then alr dried and passed through 'a 2 mm

pieve,



-a., Crganic carbons

¥ialkley and Black method (Jackson, 1958) was used
for the determination of organic carbon content of th?

soll, !

’

b. Available nitrogens

The dﬁkalin& permancganate method was used for
determining the available nitrogen content of the ;oil

{Bubbiah and Asija, 1956).
t

c. Available rhosphorus:

Available phdapho:ua contené of the s0il was
d.tezmin?d colorimetrically using Bray I extractant and
molybdophoric acid method in hydrochloric acid systnﬁ
{(Jackmon, 19%8), '

'
L4
I

4., Exchangeable potagsiums

" The exchangeable potassium content was determined
flame photometrically, uveing neutral rormal ammonium .

acetate extract (Jackson, 1956).

e. Exchangzable calcium:

Exchangeable calcium content of the soil was
determined by atcmic absorptiocn spectrophotometry using

neutral normal amsonium acestate extract (Jaékson. 1088).

5
o2
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£, Exchongsable magnesiums :

Exchangeable magnesium content of the scil was
estimated by atcmic absorpticn spectro photometry using

neutral norral armonium acetate extract (Jackson, 1988).

G. Available sulphurs

Available sulrhur content of the sci) was deter-

mined by turbidimetry (Jackson, 19%8).

h, piis
. :I .
The pH ¢f the s0il was determined in a 1t2,%5

soil-water suspension using a pH meter.

i, Electrical conductivity (,.C.)

The E.C. of soil was determined in a 1:2.5 soil-
water suspsnsicn after allowing the scil particles té
settle down. Tha‘:eadings'ware'taken in supernatent .

1iquid using a conductivity bridge.

3410, Root disepibution of casuarina

Distribution of roots of casvarina at different
lateral distances from the ttﬁentrunk viz., 0 to 20 cﬁ,
40 cm, 60 em, 80 cm, 100 cm, 120 cm, 140 cm, 160 cm, :18(} cmy
200 cm, 220 cm, 240 cm, 260 cm, 260 em and soil depths




viz., 10 cm, 20 ¢n, 30 cm, 40 em, 80 on were studied
using root excavation msthod (4thul Chandra and Yama-
dagni, 1983). The nurber of root tips ceceuring in
300cm2 at these varicus distances were counted and was
later expreéaed as pzreentage over the total nunker of

rcot tips recorded,

3.31. Econonics

The econcmics of cultlivation of the different
annuals in cecconut -~ cagsuiarina alleys were ealeculated,
Cost«lenefit ratios were also woerked ouvt for the different

cropping systems.

3.12, Hilero-meteorcloaical observations

The 4nfluence of the different coryonent crops on
the s0il tepmperature and relative humidity at 30 om, 60 com,

120 cm and 180 cm heights were reccrded pericdically.

3.12.1, Spil_temperature

Eoil thermometers (5 em) were installed during
depterker, 1987 in 21l the treatments in one of the repli-
cations at randomly selected locaticn. Spil temparatures
were recorded twice a day at 7.25 A¥ and 2.25 P¥ at weekly

intervals,

by




3,12.2, Relative humidity

Whirling paychrometer readings vere token at ;
heights of 30 om, 60 cm, 120 om and 1680 em from all fhe
" plotz in which poil thermometers were installed, Th;s
w3 also taken twice a day at 7,25 am and 2,25 pm atL
weekly intervals. The maximum and mindwmum temporatu%ta
£roem the whirling psychroreters were noted and rqlut%vc
humidity calculated, |

1
|

3.13. Statistical anslysis

The data racsrded were statiatically analysed by

analysis of variance technique (Fanse and Sukhatme, ip?&).



Results and Discussion



4., REBULLS AKD DISCUSSICN

The results cobtained in the rregent experiment
to avaluate the biomass productivity and influence of
intercrors: in coconut-casuarina alleys are presented and

discussed in thie chapter under the follewing heads.

4.1. Performince of the ccmponent crors in the coconut~
C casuarina slleys

4.1.1. Growth and yield attributes
4.1.2, Total bilomams productivity
4.1,3. Plant analysis and urtake studies

4,1.4. Influence on rhyanical and chemical proverties of
scil

4.1.5. Econcmics of the differsnt cropping systems under
cceonut-cigulrina slleys

4.2 Growth 2nd root distribution pattern of casuarina
de3e Growth of coconut
4.4, Influence on micro-mateorclosical parareters

§.,4,1. Eoll temperature

4.4.2. Relative hurmidity

06



4.1, Perfcrmnnce of the comronent crops in the coconut-

caguarina nlleys

4,1,1. Growth and vield attributes

4.1,1.1. Tapiceca

The plant height of tapioca intercropped in coconut-
casvarina alleys increased from 65 om at 60 DAP to 248 om
at 240 DAP (Table 3). Tha nurber of lesves increansed from
3% to 225 during this poriocd. The plants in the cogonut-
casuarina alleys vwere relatively taller and the nurber of
leaves were less compared to the sole crop data reported by
Pridgit (1985) for the same variety. The average nurber of
tubers observad rer plant was 5, This is much less than
the marker of tubers generally cbserved for this variety
under sole crop situation. In an enrlier expsriment in
this location with the szame variety, Bridgit (1665) had
cbserved nine tubers rer plant for the sole crop. Thé
length of the tuber was ccmparable with those of the sole
crop data, but the girth of the tubers was lewer. Tha tuber.
yield of 10.3 t/ha recorded for the nl]e? cropped taploca
was much lower then the rerorted scle creop vield of this
variety. DBridgit (19858} recorded a sole crcp yield of

19.6 t/ha and Bindu (1988) rarorted a gole crop vield of-
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Table 3. Biometric ckservations on taploca intercropred
with groundnut in the coconut-casuvarina alleys
(T + Gu)

Days after planting

Gm%gth/yialﬁ . R e O ) A2 S O e R a0 e B e el A A A G B -y e ko
ateributes 240 -
60 120 180 {at harvest)
Plant hei¢ht (em) 65 125 187 248
Nurber of leavea 35,44 78,62 155.€6 224 .88
Nurker cf tubers/ '
Length of tuber (com) 23.86
Girth of tuber {(com) 10.30
Tuber yield (t/ha) 10,30

R - T W SR e G e D S S W e G R S A T T G O . S T G e O e G A D e e o al e




1,64 t/ha, The decrease in yield in the intercropred
situztion was to the extent of 45 percentage. It can be
deduced frcm the data that the yiqld reduction in alley
crerped taploca was mainly cdue to reduction in number of
tubers, This can be attributed tc the reduction in
rhotosynthesis follcwing the decrease in lexves which is
the assimilating surface. Similar reduction in vield due
to shaded ccnditions had been raported by Ramanujam et al.

L

(ige4a) alsc.

4.1.1.2. Groundnut

The halcht of groundnut intercropred in coconut-
casunrina alleys increas=2d from 25 cm at 30 DAP to §7 cm
at 110 DAY (Table 4),. The pattern of increrent in height
of groundnut intercreopred with tapiocca in these alleys
was comparable with that of the groundnut grown alone in
the alleys, The mumber of branches was relatively less
wvhen groundnmut was grown rixed with tapicca in the tree
crop alleys. The number of nodules per plant incransed
frem 9 to 34 depending on the stage of growth of the plant,
Tﬁe maximum nurcker of nodules per plant was recorded at
60 DAP, There was no perceptible difference between the
two cropping systems with resrect to the number of nodules

preoduced by groundnut.
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Table 4. Biometric ohservations on groundnut sole ¢ropred (Gh)
and mixed cropred with tapioca (T+GN) in coconut -
casuvarina alleys

4a, Crowth attributes

2 Chy A W A A T Ry N RS e O e W A e G A AN o I A e e s wel ik g S ks SR PER A G AR KSR D A R e S D N A S e IR S A N

Growth
attributes

Plant height(cm)

Xumkaer of
branches/plant

Total nurber of
nodules/plant

Days after planting

i S A3 e ek Sl gy g v S Sy A Y R A S oo A O Y Ngh D O e B D - - -y -

a0 €0 290 110

P ek s e WA U gl G MR R D G S DR WD A e e £ S ke Wl e O G G P e S A Al Cge S TS W

GN T+GN GH T+GH CGN  T4GK  ON  T+GH

e A S S S T A P S A e w2 D DD R S T G P e Ol e G W S T ope WD T D Gah O G S

24.74 23,8 30.42 55.27 86.80 85,71 68,30 87,42

287 2429 4,08 3,57 4,11 3,60 4,11 3,81

9,12 8,77 36.51 35,12 19,06 18,70 17.40 17.69

- L - G S e AP B 3 S e e s D A G RS S L L

4b, Yield attributes

D A LT e B

- - A A o Y W R A o o A W e A dk e W

ield attributes GR T4+CH

Days to 507 flowering (DA5) 17.77 17.0

Daye tb maturity (DAS) 207,33 . 107.67
Yield of rods (kg/ha) 2541,68 815,00
Yield of haulm (kg/ha) 3131.26 1341.00
Ho. of rods/plant 15.6€ D39
Yiedght of peds (g/plant) 4,16 2,93

100 seed waeicht kg) 36.69 31,06
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The nurker of days to flowering nd the days to
maturity of groundnut 4id not vary in the two cropping
systers. The yield of pods and haulm of groundnut was
low whan it was intercropred with tapioea as compared to
the groundnut grown alone in coconut-casuarina alleys.

The yield recorded in the former case was only $15 kg/ha
whereas in the latter, 1t was 2542 kg/ha. Similar trend
was observed with respect to other biometric observations
like numbar of pods rer plant, weicht of rods per plant
and hundred geed weicht. So it 45 evident that ¢the yleld
reduction cbgerved when grbunﬂnut iz grown with tapioca

in the tree crop alleys ias contributed by the reduction
of the different yleld attributes._ 7his yleld reduction
observed vhen groundnut and cagsava are intercropped in
the tree alleys may be due to0 the cunulative effect of the
shade from the trees and taploca. Competition for soil
factors offered by the trees and taploca zlszo might have
reduced groundnut yield. Yield reduction in groundmut

due to shade was reported by CGeorge (19582) and the reduct-
lon subsequent to intercrorping in tnplocs was reported

by Bridgit (19e5),



QQ1.1.3. MO!E!QE!&II\J‘ |

The plant height of amorphophsallus intercropred in
coconut = casuvarina alleys (Table 5) increased from Ggfcm
at 60 DAP to 60 cm at 120 DAP, The girth of the pscgdbatcm
increasad_frcm 15,2 em at 60 DAP to 20,0 cm at 120 AP
The planés weare relatively taller and the girth of the
stem was higher as compared to those of the sole crop data
" reported by Bindu (1988) for the same variety at the same
location. The corm yleld of 38.2 t/ha racorded for inter- |
cropped amorphophallus was comparatively low as compared

, : (Bndu 1988) .
to the rsported scle crop yleld of 40,5 t/hag_ Similar
reduction in the yleld of amorphophallus have been reported
whén it was intercropred in coconut~-eucalyptus, coconute
subsbul and ccconut-glyricidia alleys (Bindu, 1969). ?hin
yield reduction may probably be duve to the campetftion:

cffered by the alley crops, for light, moisture and nutrients.

4.1.1.4, Horsegram

The data on the biometric observations of horsagram
is presented in Table 6. There was a slight reduction in
the vegetative as well au’yield attributes vhen thias crop
was qrown 1n coconut-casuarina alloys compared to the sole

crop data. While the yield of nlley cropped hornegram was



Tnble %, Diorxetric cbservations on amcrphophallus (A)
Intercropraed in coconut «~ casuarina zlleys

attributas 80 120 240 '
{at harvest)
Plant height (em) 49,16 59.50
irth {(cm) 15.24 20,00
Tuber yield (t/hz) 38,18

G S O R W G e e b D e AR D D G A S S S B Mk 4 S S i 1 e A R S I i S e A S S ok Y ST R WA O

Table 6. Dlometric observations on horsegram grewﬁ after
accrphophallus (A—>HG) in coconut - casuarina

alleyo

Chazecter o vVale
Plant hoight (em) a:t: harvest 52,63 |
Numbaer of branchaﬁ/?lant at harvesg : 2437
Number of pods/plant it harvest 18.67
Hurber of seads/pod at hagvest : 6,13
Grain yield (kg/hal 593,50
Haulm yield (kg/ha) 1962.68

P e S e WL m Sl diy B B G A A G5 e g S W aur 0 KD B P VPR S S S G 80 AP Gl - U O VR WS D O W g S D ekl COF SR W A S W AR O o A B
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594 kg/ha, that of sole crop reported by Swadija (19e4) was
around 754 kg/ha. [Hcwever the yield of the alley c¢ropped
horsegram was much higher than the average yleld of 40?
kg/ha reported for this crop for Kerala State (Anon, 1980), -

4.1.1.5, Fodder maize

The mean values on plant haight, nurber cf leaves,
leaf stem ratic and green matter vield of fodder maizoJ
intercropped with cowprea in coconut - casuvarina alleysiara
given in Tsble 7. The plant height of 83 cz at 20 DAP'
increased to 280 cm at 60 DAP, while the numker of leaves
increased from 6 to 1%, The leaf stem ratic at harvost was
0.72 and the green fodder yield was 358 t/ha. The hei§h£ of‘
the plant, the nurber of leaves, the lesf atem ratic snd the
fodder yield recorded by fodder maize in fodder reaize +
cowpea mixture were relativaly higher than that reportéd
by Geoxge (1981). The green fodder yield of maire reported
in fodder maize + cowpen mixture intercropred in cocnnﬁt
garden was 12,15 t/ha (Gsorge, 1981). Incrensed fodder
vield due to aasociation‘with legures have b?en rnportéd
by many workers (Ahlawat et al., 15647 .  'Arthur, 1951:
&4ngh end Relwani, 1978). The increased fodder yield of

malize cbserved in coconut = casuarina alleys than in

£l
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Table 7. Eilomatric cbsarvations on fedder malze inter-
cropred with cewpea {(14C) in coconut - casuarina
alleys

Crowth/yield atiributes Days after planting

e e O e Sn wn fe S A v i ol & S e G ae w45 G VS ab =

20 40 &0
Plant height (cm) 2,80 208.45 279.53
Eumber of leavesn 5671 8,67 15,27
leaf-stem ratio at harvest : 0.72

Green fodder yield (t/ha) 38.0

A Ak WD G G O B e I T A S S S AN o B Bok SR A D S AL S TS SRS A o A A S S G . - -

Table 8, Bloretric cbserv:tions on fodder cowpea scle
cropred (C), mixed cropped with maize (H+C) and
grown after majze~cowpes mixture (M+C—>C) in
coconut - casuarina alleys

TTTTT T TTPlant hedght (cm) | Rurber of leaves  greon
Cropping Days after sowing f:i?;r
20 40 60 20 40 €0 (t/ha)
{at . (at
o harvest) harvest)
C 31,10 82,25 183.87 4.55 7.85 15.4% 27.13
Mae4C 25.64 55,69 123,58 3.62 6,38 12,62 4,59

P+C—>C 29,97 73.¢ 135,69 3,77 6,62 13,83 12.060

e s P D S A g ey . VI Sy S T e W W RS e S e e A S0 A G D 0 S GO N N . K- A S G A o S o A R e S v



coconut gardenz reveals the fact that casuarins does not
have any adverse effect on the maize crop and that it
favours the maize crop considerably to produce a higher

yvielad,

4.1-1-6. FOﬂdGE CoWpsaa

The plant height of fodder cowpea grown in the

ceconut=casuaring alleys incressed from 31 cm at 20 DAS

to 154 em _at 60 DAS (Table 8), The incresse in the plant
height of fodder cowrea grown mixed with fodder malze in
the alleys was only frem 26 om to 124 cm and of that grown
after this mixture was from 3C ¢m to 136 cm. From these

it s evident that the cowprea plints were depru;sed vhen
grovwn mixed with fodder maoize., The same trand was cbaerved

with regard to the nunber of leaves 2lsc.

The hichest vield of green fodder was cbtained when
cowrea wag grown alone in the coconut-~casuarina alleys
{27 t/ha). This was considercbly hicher than the fodder
vield of ccupea grown mixed with maize (4.% t/ha) and
that grown after this mixture (12 t/ha), Thus it can be
seen that maize had exerted an adverse effect not only on

the ccrpanion crop of cowpea, but 1lso on the succeeding
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crop. The adverse effect may be due to the cumulative
effect 0f cocopetition fer light, nutrients and moisture
among the component crops. Agbecla and Fayemi (1971)
and Syarifuddin st al. (1974) also obtained decrensed

yvields of legumes when grown with malze.

4.1.1.7, Guinea grass

The data on bilometric observations o2 guinea grass
grown in coconute-casuarina alleys are presented in Table 9.
The plant height talen just before each cutiing was found
to range from 48 om éo 185 cm. These values are higher
than the values obéervnﬁ for guinea grass grown in the
open (Chandini, 1920). Howevor, not much difference was
observed between 2lley cropred and sole cropred guineagrass
with respect to the number of tillers snd leaf-stem ratic.
The mean green fodder vield of the 2alley cropred guineagrass
(13 t/ha) was found to be much higher than the mean yield
of 7 t/ha observed for sole cropred guineagrass (Chandini,
1960}, The increnae 4in yield may be due to the fact that
the alley cropped fodder was taller than the sole cropped
one. Such successful intercropping of annual fodder crops
with rubter, oilpaim, oucalystus etc. hive been reported

by many workers (Samraj, 1977; Fant, 1580},



Taole 9, Bilometric observations on guiresgrass (G) intercrorped in coconut -
cigearin2 alleys
Cuttings

Chservations 1 2 3 4 c 6

(45 (90 (135 (160 (225 (270
DAR) DAP) CAP) DAR) IL‘P—:?}_ DAr

L s e w0 I Y S O — I8 0D Wy

[y - Wiy ol e . 0y T e -

Plant height (cm) 185,87 167.82 176.37 48.74 75.48 170.74 137.50 .
Tiller count 773 Q.83 14,32 16,63 15,71 15.61 13,14
Lexf stem ratio 1,15 1,71 2,14 2.24 2,29 2,23 1.96
Green matter yleld (t/ha) 24,22 13,51 17,40 G4.56 6,35 9,88 12.65

Table 10. Uijometric observations on sesanum {(S) grown after fedder cowpea (C—>35) and
wodan paddy (F=>8) in coconut - casuarina alleys

e A AR A G K e W gl D G B AV W L R A A R A ATY AT e G A SR S G e TN S i O e A N e M I W D -

flant Rumber lNurber Husker HNumber ¥umber tiurber Seed 1000
Cropring height ct oi days of days of of of rods yield sced
system {am) branches to flowe to mate locules seeds per kg/ha) wai?ht
(at (at ering urity ver pod per plant {g
harvest) harvest} (D\S) (D13) plant '
C—>8 84 .87 2.47 30.83 75.23 4 55.67 11.41 302.54 2.81
P25 BG.E83 2.77 3C.57 75.07 4 S4.52 17.40 364.35 2,681

P s A oigts oI P wfe. W W P R G A e W S dfer ol - - - e - e W AR S - S Y WS G S A G S AR
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4.,1.,1,.8, 809_85-:5%! I

The ¢3ta cn biometric observations of gesamum
preceded by fodder cowpea and modnn paddy are prasentcé
15 Table 10. The helght ¢f sesamum grown after feddc;:
cowpen was lower than that growhn after mcdan paddy in
coconut~¢casuarina alleys. Thorb was no perceptible
difference betueen the nurber of branches, nunber of days
to flowering and maturity_and nurber of seodp rer pod,

The nurber of pods per plant (11.4) was comparatively low
in the sesamum crcp raised after fodder cowrea, The
higher sead yield thus obtained in the sesamum crop raised
after modon paddy may be contributed by the 1ncroanad.;
plant height and number of pods peé plant. Théugh thct
yield of segamus grown in the cceonut-casuarina alleyn\
succeeding paddy as vell ns fcddsr cowpea (364.and 302
kg/ha) was found to be slightly leas than the sole cro#
vield of scsamum (416 kg/ha) - as reported by Geetha (19é4),
it is hiqhér than the averags vield rerorted for this érop
" in Kerala (Thakur, 1960). |

4,1.1.9, Bllckgram
The data'on the bioretric cbservaticns of blackgrsm

grown after groundnut in coconut«casuarina alleys are



Table 11. Blometric observations on hlackgram grown after groungnut{&I—>EG)
in coconut -~ casuarina alleys

Characters ) e BServations e
e o__ 30 D2 90 DAE (at harvegt)
Plant height (cm) 19,42 68.77
Rurter of branches/plant 0.43 2.23
Nurbher of pods/plant - - 19,20
Humbay of seede/pod . B85
Grain yield (kg/ha) . o - ' 450.00
Haulm yvield (kg/hal , - L 9€5.26

- gl A e - i i A A -~ R e L] A W S . G - L b e Y S g T
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Table 12, Biometric okbservaticns on modan paddy (P) intercropped in coconut - casuarina

alleys
Croppin Plant Number ﬁ;aﬁuctive rercoentage “ength Hurbher 31000 Grain Straw
. 5525 g height of tillers of produ- of of agrain {ield yield
-SY (cm tiliers/ (tlc./hill) ctive ranicle grains/ welght {(kg/hal) (kg/ha)l
hill tillers {cm) panicle (g}
F—>8& ) 123,91 8,06 6,99 BE .68 24,25 02,18 20,50 147%,.55 3111,.07

- - -t e | o e s W Ak -l . S P e - —— - e iy dn N -
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presented in Table 11. The plant height Increased from

19 cm at 30 DAS to 69 cm at harvest. This is much higher
(23 cm) than that reported for the sole crop (Syriac, 1983),
However the?e was not much differerce with respact to the
nurber of branches, The grain yield of the alley cropped
blackgram (450 kg/ha) was slichtly less than the scle crop
vield (580 kg/ha) rerorted by Syriac (1983). The feasib-
1lity of blackgram as an alley crop in eucalyptus and
subabul weres reported by Ramachandran (1981) and Frasad

apnd Verma (1985).

4 51 .1 aiO. I"»odan Eadd!

The ¢grain yield of medan p2addy grown in the ccconut-
‘ casuarina slleys (Table 12) was rather low (1476 ko/ha)
cdmpared to the pure crop yvield (3440 kg/ha) of the sare
vaéiety (RARS, 1977). However the yield of the alley
cropped paddy is comparable to that (1646 kg/ha) growm
alone im ccconut gardens (Nelliat and Bhat, 1979). This
indicates that casuarina has no . adverse effect on the

growth of paddy.

4.,1.,2. Totsal bicmass nroductivity

The dry matter produced by the component annual
crops in different intercropping systems is gilven in
Table 13 and depicted in Fig. 3.

7]



Table 13. Biomasa productivity and per day bilcmase product-
fvity (at the time of harvest) of the different
cropping eystens Iin coconut - casuarina alleys

i e STl 0 S e Oy S Y A SR P OF R fi - et 2 - -

Cropping Duration Bilomass production Total Par day

system of the of component crops biomams biomass
cropping (kg/ha} (kg/ha) productivity
aystem ' {kg/ha)
{days)
T & GN 380 z 10,652 44,839 32,97
G 880
N A 13,001
A— HG .
330 e 1,537 14,538 44.0%
M ,737.%
(with C)
(MeC)—C iao C 559,87 11,978 6e, %4
(with M)
C 1,680
G 270 G 12,524 12,824 46,38
c 2,912 |
C—>8 138 3,138 23.24
5 226
GH 2,212
GN— BG 200 2,527 12.64
EBG 31%
P 3,276
¥—>8 190 3,580 18,68
S 273
co (0.08) . 2,690.83 NS

SEmi . £73.20 40.65
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BIOMAGS PRODLETIVITY (kaq /o)

FIG, & BPIOMASS PROPUCTIVITY OF THE D\FFERENT CROPRING SYSTENMS
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Among the different cropping systems in cocorut-

casuvarina alleys, highest bicmass production was recorded

. frem the cropping system where amorphophallus was succeeded
by horsegram (A — HG), This was followed by guineagrass
grown throughout (G) and fodder majze + cowpea mixture
succeeded by fodder ccwrea (M + C-a-C); Theugh theze were
at par, the A —> S cropping system was significantly
superior to 2ll other cropping syatems. The taploca-~
groundnut mixture ( T + GN) also gave fairly goocd bicmass
vield and was on par with M + C—C and G, It was =21s0 .
okscrved that all theese four cropping systems were signifi-
cantly supsrlor o cowpsa-gesamum, groundnut-blacqumm'ﬁnd
paddy~sagamum cropping cystems., While the bicmass product-

ion of the latter ranged from 2500 to 35C0 kg/ha only that

of former ranged from 11,000 to 14,500 kg/na.

The highest Ary matterlyield produced by the A HO
cropping system may be attributed to the ghade toleranF
chﬂrﬁcter ef’th& crops (Nelliat and Krighnaji, 1976;
Varghese, 1976and Fillal et al., 1985). The poor biomias
preduction of fodder cowpea-sesamum, qroundnut-blacﬁgrém
and paddy-sesanum cropping systems should be expected as
these crops wara less vigorous in their qrn%th habits,

The high bicmaas yield of tapleca + groundnut croﬁping



syatem is due to the fact that tuber cropys are ncrmally
less affected by the shady ccrnditions than the grain crops
(Kair, 1979). bBPridgit (1985) cbservaed an increase in
tuber vield of cassava when intercropred with coconut.
The tapioca + groundnut intercropping system 3is often
beneficial for cassava. Thomess and Nair (1979) observed
an additional tuber yield of 486 kg/ha on account of
growing groundnut as-a companion crop. <The biomass
prcduction of fodﬁnr rmaize + cowpea - foddar cowpea was
found to b= on par with the tapicea + groundnut cropping
syatem. An increase in the fcdder vield of malze consaguent
to intercropping of ccwped were alse rerorted by Chauhan
et al., 1971y Remison, 1978 and Chavhan and Bungarwal,
1980. In such a crop cormbinztion, grovth of maize might
have heen stimulated by thes root secretions of cowpea
{Guljaev and Konsal, 1%62). The dry mafter producticn of
guineagrass which corresronds to a green fodder vield of
76 t/ha is in accordance with that (50-60 t/ha) obtained
under coconut shade by Sshasranaman and FPillai {1978),
The high yield of guineagrass may te attributed to shade

tolerant nature of the crop (Flucknett, 1979).

Crie of the factors which was not taken into

conalderztion in calculating the total bicmass productivity

74




was the Aduration of the cropping system. The cropping
systems vwhich yielded a higher bicmass had 3 longer durat-
ion ranging from 270 to 350 days. Hovever, an exception

in this respect is the fodder malze-ccuwrea mixture followed
by fodder ecwpea which recorded a high bicmass within a
duration of 180 days. Hence this had the highest per day
biomass productivity of 66.54 kg/ha/day (Table 13). Though
amorphophallus-horsegrsm and guineagrass zlone grown in

the cocomut-casuaring alleys gave comparable values (44

and 46 kg/ha/day) of per day biomass productivity the
tapioca 4+ groundnut mixtures was rather rcor in thia‘respect.
Also, the parformance of cowpea-gesamum Cropping system was
much better from this angle than groundnut-blackgram and

paddy-sesamun cropring systems.

4.1.3. Plant analvsis and uptake studies

4.1.3.1. Tgtrl crude protein yield from different intsrcrops

The crude protein content and the prptein vield of
the intercrops as well as for the cropping systems are given
in Table 14 and iliustrated in Fié. 4. Uhile the protein
content varied from 1.,2% to 16.,6%, the protein yield ranged

from 385 kg/ha to 1955 kg/ha.
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Table 14. Crude protein yield cof the different crcpping systems the coconut-casuarina alleys

T e M A AP A e E g G TR CED S D S e s S A e S -

Crude protein

content of

Cropping Component

tha whole - e e e
system crops plant Por cocmrponent
%) crops
T B.37 1505 ,16
1. T + GH
GH 12.62 158,16
A 1,18 1769.54
2, A—> HG
B B.62 £40,.34
3. (m+C)> € ‘Wigh € 14 .65 BT E0
(with M)
c 14.65 242,91
4. G | G 11,37 1425,25
c 14.65 436,81
. C
5. =8 s 16456 70.11
oN 12.62 410,14
6. G — -G G 14.50 65.69
. P 750 300,66
7. ¥ >S5 s 16.56 84,15
Ch (G.08)
SEmﬁ
v

i S G Y e - s e Y N A U -4 T O i W e 4 (e P AR e A My S W SR WS S O P A I A e T S S W afe D A el Y Y

Crude protein vield (kg/ha)

Wl 0

Total for cropping

eystem

- g - e Gt

1743.32

1955.16

1169.76

1425.25

S06.93

455,68

3e4.82

363,11
117.23
18.70

I



CRUDE PROTEIN YIELD (kg/ l-m)

1TSO

{500 __{

1250

1000 —

so _ |

500

o
&S
|
|

il W it
Aasng (MrSec a
CROPPING SYSTEMS

FIG. 4. CRUDE PROTEIN YVIELD OF THE DIFFERENT CROPPING SYSTEMS IN
THE CoOcCahlT - CASUARINA ALLEYS




/7

. Faiply high protein vields waere recorded by
arorphophallus-horsegran, toploca + groundnut, gulneagrass
and fodder malza + cowpeld-fodder ccwnex Cropping systems,
Howvever the protein ylelds were rather lew for the cowpaae
pesamun, groundnut-hlackgram and paddy-sesamum cropping
aystems, Thus it can be scen that there ars two dirscinct
groups of cropping systems with respeact to the tot2l protein
vield., 7The protein yield of the former group roanged from

1180 to 1980 kg/ha and that of latter group ranged from
380 to 500 kg/ha, The main reason for such a large differ-~
ence hetween these two groups 18 the variastion in the
protein content of the component crops 2s well 23 in the

total bicrass produetion.

The highest protein yield was obtained from an
ancephophallus-horsegram cropping systen. Though armorphos.
rhallus had the least crude rrotein content, this was vary
well compensated by the relatively high protein content of
horsegram which succeeded amorphophallus. ANAlzo, this crop
combination had the highest bilcomass preducticn. Though the
protein vield of this cropping syster was on pa2r with tha
taploca + groundnut cropping asysten, it was significantly
superior to that of all other cropping systens. The tapicca

+ groundput mixture had the kenelit of a fairly high protein
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content of the component crops and a relatively high
blomass production. The guineagrass grown in the alley
aleoe recorded a high protsin yield which was on par with
that of tapicea + groundmut cropping system. The gulnea-
griss wicht have baen beneflitied by the shaded condition.
Pullakoya (1982) observed an increase in crude protein
content of guineagrass Jdue to shading. M¢cording o
Sraedharan (1975) and Ramanagowda (1981) shaded conditicns
Bre wmoyre favcufable for protein synthesis in guineagta;s.
The ;zuteiﬁ.yi§ld of guineagrassg was on par with that of
fodder malce + cowpea - fodder Cowpea cropping system.
This must bé expected és the courea in thie cropping
syetem ¢3n serve as 3 rich source of protein, This 15-1n
confirmity with éhe,ﬂind;ng oflﬁhmad an@ Gunazena {(1979)
who alse observed incrasaged protein yield when maize was
intercropred with & legume compared to the sole crop of
maize. Thore are zlso reports that sheded conditions can
favour hicgher nitrogen fiuation {(Skeyman, 1977). Thins
ccould be the rasson for the better porformance of this
cropping system in the coconut-casuarinz alleya. The poor
rroetein yield of cowpsae-gesamumn, groundnut-blackgram and
paddy-zasamum despite the fact that these vere f&it;y rich
in protein content can be attributed to the poor blomass

vields,
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1,3.2. Uptake of natrients

The urtake of nitrogen, phesphorus and potassium by
the Aifferent erorping systems are given in Table 15 and
Pig. 5. The uptake of nitrogen (2&4 kg/ha), phosphorus
(9 kg/hal and potassium (81 ¥g/ha) of the alley cropped
ropivea was higher than the reported sole crop uptaoke of
nltrogen (101 kg/ha), phosphorus (7 kg/hal)l and potassiom
(65 xg/ha) (hshokan, 1986}, This higher uptake may be
consequent tc the highar vegetative growth of the alley
cropped plant under gshaded conditions. Uptake of nitrogen,
phoaphorus‘and pﬁtaéaium bg groundnut when intercrappeé
with tmpiocé in coconut « caswarina alleys (?able 1s) was
leas than the valﬁés recorded for groundmit grown with.
tapioca in the cpen (Bridgit, 1985). The uptake of alley
cropred gzuunénuﬁ was ales less thap the groundnut grovn
alone in the cceonut gardens (Caorge, 1982). This low
uptake of the alley coropped groundnut could probably be
due t¢ the poor growth of groundnut under the ghaded
cénditicns. Theiuptake of nitrogen {283 kg/ha) snd
phosphorus (16 kg/ha) by hmﬂrphophallus intercropped in
coconut * casuaring alleys vere higher than the svle crop
uttake of 108 and 11.8 kg/ha as repcrtad Ly Amhokan (198&3.

However the potassium uptake (64 kg/ha) was 1ess than the
the acle crop uptake of 109 kg/ha (Ashokan, 19€6).




Table 15. Rutrient uptake at the time of harvest by the different cropping
systems in the ccconut - casvarina alleys

Aty - - e - - W o S0 g dis i RS S S A S S S S A U D A ST SRS T3

Hutrisnt uptake (kg/ha)

-ﬂ—--‘-——-o---nq—-----—--‘----—‘_ﬁ---\--q---rwh—-—--—-— o

Cropring -  Componemt ~ _ TOF comboment crops - Total for cropeing systeo
Eystem crops N o ® " P R
1. T + GN : 233.59 8,35 £0.61 271.36  10.26 93,27
aN 17.77 1.7 12,66 |
| A 283,15  15.69 64.19
o A= NG : . . . . 4.
2. A e cata  ates E-20 312,85  19.73  £4.48
M 134.37 12,66 B4.72
c
3. @uo)> ¢ (WiEtR O 12.67 0.5  5.59 1£7.08  17.13 105.43
(with ¥)
c 39.83 3,52 15.12
4. G G 227.93  28.81 146.53 227.93  28.61 146.53
c 69.85  6.41 29,12
5. C—> S S Jeoe S 2.2 76.02 11.51 31,53
! GH 44,69  4.31 31.85
“1 L L ] . .
6. GNi— BG o8 387 g 3% 52,00  5.16 36.23
7. 7> 5 v 33.20  5.45  €5.87 39.12 12,13 68.77
s 5.92  6.71  2.90
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The uptake of nitrogen, phespheorus and potagsium
by fodder malze intercropped with fodder cowpea 1n coconut
+ easuarina alleys wera considarably hicher than those
recorded by the fodder malze crop intercroprad with fodder
cowpea in coeconut gardens (George, 1981). The higher
uptake of nutrients may be dua to the higher dry magter
(9.7 t/ha) production of the crop in coconut + casuarina
alleys consared to that ¢htained in coconut gardens
(4.63 %/ha). Thue the higher dry matber production |
establishes its success as an intererey @ in coconut +
casuarina alleys. The uptake of nutrients by the fodder
cowpea grown in coconut-Casuarini allioyes was higbar than
the uptake of foddor cowpsa In the Zodder maize + cowpea
mixture and that raised aftar the fodder maize + ccwpeé
mixture. The lowest uptake was by tha cowpes raissd in
combination with fodder maize in the coconut + casvarina
alleys. These differsnces in uptake can befustified by
the ddf{ferences in the biomase production of the crop in
the different cropping systems. The lower uptake of '
nutrients by the fodder cowpes in ccnjunction with fodder
malee crop shows the depression effect of fodder maize on
fodder cowpst. This conclusion ia in accordance with the
results reported by Agboola and Fayemi (1971) angd Syari~
fuddin gt al. (19742),
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The nutrvient uptake of alley crcopysd quineagrass
was highor thap the sole crep uptake reported by Pillad
{1986) which could be attributed to the higher Ary matter
production by the allaey crop. Zhe uptake of nutrients by
the sosamum crop ralged after fodder cowpe2 crep was lower
than that by the same crop raised afiter medan paddy. A
gimilar pattern was sesn in the production of Ary mattoer
alpo. The nutrlent upteke of blackgram intercropped in
goconut + camuerina alleys was rather low compared to that

grown Alone in coconut gardena (Ceorge, 1982).

A comparison cn the nutriant uptake by the different
cropping systems revaalsthat though the nitrcgen uptake
vas highest for the amcrphophalluas-horszgram croeoning
syetem, the uptake of rhogphorus and notassiun were highest
by the gquinsagrams. The lowest nitrogen uptake was racorded
by paddy-gesamum cropping system, lowast phosphorus uptske
by groundnut-blackgram cropping system and lowest potassium
uptake by coupea-sesamun cropping system, In genaral, the
nutrient uptake by cowpea-sesamum, groundnut-blackgram,
raddy-sasanunm cropping systenms were lower than that of
tapiocs + groundnut, amorghophallus-horgegram, fodder maize
+ cowpaa - fodder cowjea and guineagrass, This can he
attributed to the lowar dry matter yYield of the former

corpared to the latter,
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4,14, Influence on physical and chemicnl properties of soil

4.1o4.1s FPhysical properties of s0id

There was 1o significant difference in the bulk
density, particle density and maximum water holding ¢apacity
of the soili, estimated before mnd after the experiment
{Teble fgi. Thus thers wag ne variaticn in the soil rhysical

rrererties due to alley cropping of the differant intercrors.

4.1.4.2. Chemica) properties of soil

4.,1,4.2.1, Croganie carbon content of the soil

Tre mean values of the organic carbon content of the
2011 estinzted before and after the experiment are given in

Tﬂble 1‘_70

The different cropping systems had no signifiecant
influence on the organic carbon content of the soil. However,
certain cropping systems renderad the soil slightly richer
in orgsnic carbon content vhen compared to the ‘pre-experi-
mental values. Such cropping systems were amorrhophallus =
horsegram, fodder rmajze + cowrea - fodder cowpea, fodder
cowpea - sesamum, groundnut - blackgrar and paddy - sesamum,
While the organic carbon content of all thesze plots increased,
a decrease was notliced in the control plots of coconute

casuirina alleys where intercrors were not taken. The




Tabl@ 16 .

Physieal propertics of soil as 1n£1x.enced by different cropping systems in
ccconut = cagusrina alleys

o TR T Maximem
Cropping Bulk density Farticle water holdin Percentage of
system g/ece Censity capacity(% pore space
TR AT T T T
T + ON 1.33 1,32 2,42 2,45 34.61 34,63 48.33 48.30
A HG 1.35 1.36  2.40 2,43  33.90 34,01 48.26 48,31
{MeC)— C 1,31 1.30  2.39  2.40 24,20 | 34,27 £7.9% 48,01
G 1.30 '_1.31 12,43 '2,45, 34.80  34.98 4B.58 . 48.53
C—>8&- 1.32 1.33 2.42 2,42 33.41 34,00 498,27 42,30
Gli— EG 1.32 1432  Z.40  2.39 33.80 34.10 48.39 48,35
P38 1,30 1.31 2.45 2,43 3¢.90 34.95 48.74 48.59
co 1.3¢ 1.33 2,40 2.41 33,00 32,88 48.30 48.20

TS Hefore the experirment
*% o After the experiment

P8




Table 17. OUrganic carbon, available nitrogen, vhosphorus and potassivm content of the soil
as influvenced by the croppring systems in coconut - casuarine alleys

/
R - — - - e S eGP AL U e G A T S N, S0l o R e A W i DR D ol D

S ca wa-tah Co- i, TRy e T ST A

CGrganie carbon  Available nitrogen Available pbcsphcrus Exchangeahle potassium

Cropring () {s) (zpm) (prm)
system - - - —————n - - - . e 0 s o e PO
» k-1 3 '3 LR L 4 LX"E * %
1. ¢ + C8 1.2  l.1ig 012 012 32,64 20,10 162 163
2. A=> HG 1,41 1.43 G.14 0414 40,71 35,66 175 241
3, (maC)>C 1.10 1.48 Oel1 0.1% ' 38.51 31.29 74 112
4. C 1.19 .98 0,12 0,09 39.75 42.68 148 18
5. €= &5 1.29 1.50 0013 0a20 13,54 44,50 147 230
6. GE—EG 1,28 1.7% Da13 0.17 ,34 .87 45.14 130 134
7. P—>8 1,14 1.29 0.11 Del3 35,44 36,78 136 126
8. CC 1.39  1.13 0.14 C.ll 32.99 44,15 111 114
SEmi 0.12 Lel3 Ce01 0,01 3.88 3.63 10,90 44,66
CD (G.G5) HE e 38 MS 0.04 311,77 11,0 33.10 135,30

* = Before the experiment
*% w Aftar the expericent
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cropping systemsvwhich led to  decrease in the organié
carbon content ware taploca + groundnut mixture and
guineagrass grown alone in the coconut-casuarina allcgn.
It was only in the gulneagrass plots, the corganic c¢arbon,
content of the soil was found to be less than the control

plots,

4.1.,4.2.2, Available nitrogen content of the soil

The influence of different cropping systems on the
availlable nitrogen content of the scil was very similar to
that of organic carﬁon (Table 17)+ Though there were no
liqnificant'diffcrnnces. all the cropping systems oxcobtinq
'tapioca + groundnut and guiheagrasa left the so0il slightly
richer.in nitrcgsn content. At the same time, in the
control ploél'of coconut-casuarina alleys; vhere no inter-
crops were token, a decrease in soill nitrogen content was
recorded, This clearly indicatas that a high density
' crbpping‘lysttm with the inclusion of a legume crop will
enrich the £oll instead of depleting it. Several uorkérs
have also rerorted an increase in the nitrogen content of
the soil subsequent to growing legume crops (Nair et al.,
1979; Gir! and De, 1979).




4,1.4,2.3, Available thoasvhorus content of the soil

The different cropping systems had a significant
influence on the available phosphorug content of the scil.
Unlike in the camse of crginic carbon and available nitrogen,
there was & decrense in the phosphorus content subsequent
to tapicea + groundnut, amorphophallus-horssgram and
fodder majize + ccwpea - fodder cowpea cropring systerms
(Table 17). The residual rhosghorus content in the plots
was also considerably less than that of control plot.
tipwevar the rest of the cropnping systers left the soil
richer in available rhosphorus centent., In ihe control
plot also, where no intercrop was tnken, an increxse in
the avellable rhosphorus content of the aoll was racorded.
Also it is interesting to note that while the quineagrass
rendered the soil rcorer with raspect to alrmost all other
natrients, it registered a favourable effect on the available
phosphorus content, This is in confirmity with the finding
of Singh et al. (1977) who also chserved an incrense in 3
content following long term cultivation of fodder grasses.
The increzse in the available phosphorus cocntent could be
due to the conversion of unavnilable form of phosphorus
to available forms. Scwe of the legumes have been claimed

to have this property (Rahein, 196€8).
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d4.1.4.2.4, Exchangeahle potassiuwr content of the scil

The influence of the dlfferent cropping asystems on
axchangeable potassium was very similar F@ that of organic
carbon and avellable nitrogen content. There was an
increzse in the exchangeable potassium content follcwing
31l the cropping systens except guineagrass and paddy-
sesamum cropeing svetems {Table 179. The highest increase
in the exchangeable potassiun content was recorded by
fodder cowpea-sesamun cronning system. Algo the exchangeable
potassivn content was higher than the control plot subsegquant
to the diffierent cropping systems excsnt guiheagrass. Thus
it can be seen that the alley c¢ropplug systems including
Giffarent fméd crope and legurmes rander the s0il richer

in exchangenble rotassium instead of deplating it.

4.1.4.2.8. Exchangeable calciun, magnesivm snd sulphur
gontent of the seil

Théf%%%ﬁighce of the crorping systexz on the
sacondary nutrients, cilelun, magnesivm and sulphur are
given in Table 1@, With resrect to exchangeable calcium
while all tﬁm cxnpping’systema had 2 £avourable influence,
tapioca + groundmut and guineagrass crovping systems

rezulted in 2 decreass. The decrease in cnlcium content



Table 18,

Exchangeable calcium, exchzngeable magnesium and available sulrhur content of
the £oil as influenced by the cropping systerxs in ccconut - casuarina alleys

;;;;;;ng“ T fggsiuf cont;;t {;;;;' Magne;;um CO;:;nt {(prm) 551phur co;;;;;“z;;;;
system TTTTTTTTRe T T TN T T T e T TR o
1. T + GN 425 416 7 . 88 . 21,1 18.1
2. A—> KO 464 746 108 . 258 19 .6 32,5
3. (84C) > € 244 531 68 . o5 . 16.6 25.4
4. G 662 530 87 . a7 . 21,2 15.8
5, C—>8 224 686 187 291 19,9 16.5
6. GE— b6 337 600 302 154 25,3 21.3
7. F—> 5 517 826 304 227 26,8 11.8
8. Co 269 339 380 . 301 . 32.6 20.5
SEmi 55 .74 97.29 45,57 44,16 1.96 3.54
CD (0.05) 169.10 ®S 138.24 133.55 5.74 10.75

o, - Eefors the experiment
ed - - ALfter the experiment
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£0llowing taploca + greundnut Cropping system can be ;
attributed to the high ¢alcium requirexent of groundnut
(Walker, 1975). In the case of soil magnesium content.,
while tapicoa ¢+ groundnut, amorshophallus-horsegram, !
fodder malze + cowpea-fodder cuouwpea, fodder cawpen~le§?mum
cropping systems led to an incrsase, the qraundnutnblaék-
gram and paddy-segsmun Cropping systens ragistered a |
decranse. In the control plots alse there wag a éccrqﬁaa
in theﬁmQQnasium content., There was‘a slight xﬁductio§
in the available sulphur content of the soll sublequeﬁt

to most of the cropping systems., A aimilar reduction was

o«
' I

neticed dn the control plot also,

in general it can be stated tﬁat alrost all the;
cropping systens tried in the énconut-cauuarina alleysL
with the exception of cuineagrass lef %o an increase in .
primary anﬂ-aacsndary nutrient contents of the scoil, ﬁ&aa
in most of the casen, the nutrient contentsof the soiléin
the cropred plots were higher than the control plot where
no intercrops were taken. This indicates that & high f
density cropping system can not only increase tha net |
returns but 218c can repder the soil richer in nutrian#a.
if preper crop combinationsaze selected. The slight i

depleticn of nutrients follcwing the cultivation of



guineagrass can be attributed to the crop rewmoval of
nutrients by repeated cuttings. In the pregsent study,
a8 many as six cuttings wera’taknn in an yeyr. The
declineg in a0il putrient content following fodder culti-

vation haa Eean reporied by Singh et al. (1377 alsc.

dele5. Ecgpomics of the diffevent cropring sysiemsunder
cgeonut, - caguarina allevs

The ¢datalls of the ccat of preduction of different
Intercrops are ¢given in Aprendirx IIT and the abstract of
the economics 1s pregsented in Table 19. Economically,

all the cropping systems vere seen to be viable,

Amenyg the Aifferent comporent erops, amorphophallus
recorded the highest met return (85.21,100/-) followad by
fodder mnize (M.13,000/-), groundnut grown alone (8,9,500/-)
and cowpea (&,5,500/«). The net return of the other inter-
crops ranged from B82.200/~ to %.5.000/»,eﬁcmpt for cowrea
grown with maize which recorded o net loss. With raspact
to the Lenefit-cost ratlo, fodder maize rocorded the

highest wvalus and the lenst by cowpea grown with maize.

When the differsnt cropping eystems were considared

a8 a whole, thare were significant Adifferencas with respact



Table 19. Eccnomics of the different cro;ping systems in coconut~casuarina alleys

O S S i AT RS T ) T A - Y T - - -

For the cumpanont crops

Total for the crorping system

g;gggéng Grnls Het Eanefig ﬁfter lcgarithm;c t:anufaxmation_v :
' return raturn cost - Benefit
(2s.) (8s.) ratio Croas returmm Ket return cost
' (&s.) (e=.) ratic
| ‘ 7 15.00_0 © 4,964 1.4 .339 3,980 1.3
: A 57,270 - 21,106 1,58 4.772 4.319
2. A _EG HG 2:077 ’471 1.29 (59,347} {21,583) 1.56
( B é 19,475 13,016 2,01 -
' with C . :
o ! 4.400 4,054
3. (mC)>C o ) 1,606 -~377 0.8 (25,261) (12,873) 1.80
N T 4,200 234 1.06
= " 4,180 3.218
4. G .G 15,164 2,096 1.16 (15,184) (2.096) 1.16
‘ c 9,495 5,529 2.3% 4.426 3,761
Se E—>5 8 4.538 962 1.26 (12,033) (6,491) 1.86
, GH 17,791 9,506 2.14. 4.426 4.044
6o W —=>EBG  pg 9,000 1,804 1.25 (26,751) (11,313) 1.73
p 3,884 173 1,05 3,698 3.248
Te P25 S 5,465 1,889 1.53 (9,34%) (2,062) 1.28
SEm+ ' 0.12 0,13 0.11
e (oLes)y T T T T T e T T T T T T g.3e " 041 0.38

* The values given in brackets show the actual figures

cb




to gross incore, net income and benefit-cost ratio., The
range of profit varied from &,2,062/- to %.21,583/= ht{year.
The maximum net return wag observed in amorphophallus ;
horsegram cropping system =nd the minimum in paddy - c{ummna
cropping system. Theugh the gross incore Cerived from
anorphophallus - horsegram crepping system was on par ﬁith
groundnut - blackgrem cropping system, the former wae signi-
ficantly suprerior to all the cther crorping systems. All
the other cropring systens except paddy - sesamum crorping
syster viere at par. The paddy -~ sesamum cropping uyetém

yvielée? the ieaat gross income,

The highast neﬁ income was also derived from
arorphorhallus - horsegram cropping system which was on par
wiéh fodder nm2aize + Covwpea - fodder cowpea and qroundnﬁt -
blackgrem ¢ropping systoma, The lesst net income was i
obtained from guineagrass ¢ropred plots, With respect:to

benefit-cont ratio, significant differences did not exist

among fodder cowpean - sesamum, fodder raize + cowpea - fodder

cowpea, groundnmut - blackgram and amorvhophallus - hor&ogram
crcppiné systems, Guineagrass recorded the least benefite
cost ratio of 1,16, Though the amorphorhallus - horsegram
gave highest gross as well 3s net incoio. its benefit~-cost

ratic was nct markedly surerior to others. This was mainly

73

93




94

dua to the hich cost of planting material and a fairly

high labour input (Appendix IXI). Iimilarly in the cagze

of guineagrass alao, despite 2 high yross return, it
recorded rather low pet incoma as well as benefit-cost

ratic. This alpo was due to the high cost of planting
materisl and the relatively higher lakour input, The
crorping system which recorded fairly high gross income,

net incora as well ag benefit-cost raqios were arorphophalius
- horsegram, groundnut - blackgranm and fodder maize +

cowrea « fodder cowrpan.

4.2, Growth and root distribution pattern of casuarina

4261, Growth of casunrina

The growth pattern of casuarins (Three year cld)
was studied by observing the increasa in plant height,
canopy spread and girth at & height of 10 cms from the
ground level. The mean values of those are given in Teble 20,
The height, canopy spread »nd girth of casuarina have been
found to follow a linear growth pattern over time 2nd the
following regression equations were found to be of good
T4t to the data (Fig. 6).

¥ = 236,76 + 18,03 x (R? = 0.998) for the height
Y = 182,10 + 3,39 x (Rz = 0,96) feor canopy spread
Y ®  6.85 + 0.73 x (R® = 0,999) for the girth of the trecs



Table 20. G&Growth characters of casuarina intercropped in coconut =lleys

.

Month ' Helcht Girth at a Canopy spread
~ B Efm) heighﬁcgﬁ 10 cm ¥§m? ' R
May 1987 253 7.5 185
June 278 843 167
July . \ 293 9.0 189
August _ 308 9.8 193
Senterber 31e 10.5 197
Cetober 341 11.2 207
Noveirher 362 12.6 209
Lecexber 380 12.7 212
January 1988 399 13.4 214
Fabruary 417 14.1 216
March ' 436 14.9 218
April ; . 458 . 15.6 220

May i 472 16,3 222

- T Ay S el e e - s - A - o
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The monthly growth rate of casuarina treas was
estimated to ba 1B.03 cm for height, 3.39 on” for canopy
spread snd 0,73 ¢ for girth, 7%he ohserved and estimated
values are plotted in the Fig, € and the lines obtained

are those fit for the above given regression ecuations.

According to Evans (1982) a fast growing species
is one which haa a heighkt increisent of not leas than 69 cm/
annmume. in the present study, the.increase in the heioht
of easuarina planted in coconut garden was about 219 cm.
The mean girth alsc recorded an increase from 7.5 em to
16.2 ¢m during this peried. These walues are conpzrable
to thoase reported by other workers for ssle crop of
casuarina. The mean girth xnd helcht of a 2~-2% year old
casuarina was reported to b2 8,57 cm and 330 ¢m respectively
{alpage, 1974). The growth rate of caguarina in the
present study was found to ke just akove 2 m/year. Growth
of caguerina tree at the rate of 2«3 n/year has heen
rerorted from other countries like Malaysia.ﬁnd rhilippines
(Falpage, 1974}, BSuch sz £ast rata of growth can give a
fairly socd yield of fus! wood. The current annual volure
increcent of casuarina in this exreriment was 00,0079 cun/

tree and the sane wvhich was vorked out for an hectars was



apound 21,38 cum rer annus. Sccording to the present
goncent, a fast grown species ;a one which gives a
minimur yield of 10 cum/ha/annum (Dwivedi, 1960). The
yield of casvarina obtained in this experiment claarlg-
reveals the fast growing nature of it in coconut allay;

also,

The yield of fuel wood of casuarina was worked out
and was found to be around 10,7 t/ha/annum, the value of
which comes to sbout %.4,200/-. A fuel weod yield of |
7$=-2G0 t/ha has been reported for casuarina on a rotation
of 7«10 years in Mslaysia (NAS, 1980}, 1In the praaentﬁ-
experizent the interciopped casuarina can generste e fuel
. wood yield of around 85 t (worth ﬁ.34.006/—) for a rotgtion
pericd of 6 years. Thus 1t can be seen that casuvarina)
can be successfully intercropped in cococnut gardens and
raiging fcod crops in cocomit - casunriﬁa alleys does ;
not bring about any re¢uction in the fuél wood yield of
casuarins., Casunrina alsopossesésithe added advantage "-‘Ithmt
it con enrich the soil nitrogen by way of niﬁruden fixétion
and organic mattar content by litter derosition (FPrakash
and Hocking, 198€6). Ancother advantage of casusrina is.
the fairly larga srount of golar radiation which infiltrates

through its canopy which infact may be one of the main,




reasons for the zueccess of the component Crops grown in
the coconut -~ casuarina alleys. However scme reduction

in the yield of alley crops was cbserved compared €o the
role crocp yield. Any such reduction ean varxy well be
cempenaated by the fuel weed yield generated by the
cascarina. From the écanamic reint of view also, these
cropping systems are viable as is evident from the gross
and net returns. The goll analysiz studies also ravesd
that these dense cropping zystoms leave the scild richer in
most of the nutrienta'than the control plota where no

intercrors ar® grown.

44224 Bool digtribution of cagnarina

The latersl ag well as the vertical spread of the
raots were studied and the data are presonted in Table 21,
and illustrated in Fig. 7. The rocts of casuarina were
found to extend upto a lateral dist:inee of 260 cm. In
the top 30 ¢m tho highest concentration of the roots was
cbserved to be at 8 lateral distance of 80-220 crm, The
lateral sproad decressed with incrense in depth. Almost
T% of the roots were concentrated In the top éG cm. The
parcentage of root distribugi@n 2t 40 -om and B0 ¢m depth
wore only 14 and 12, respectively., The root e#cavatign could

. not be exterded beyond 50 ¢z depth becouse of the hard and

rocky nature of the land,



Table 21. Root Gistributicn of casuvarina intercropred in coconut allays ()

e S D S Sy B G AT, S W e vk Py ol b P e . mm G e A v TN e ol il W -——— - S W G TS R SR A0 W Wl s il O S A Sy i Gk i it A A 2y - e

a:teral dintances (cw)

Qepth I — remccneaee  Total
(cm) 20 40 60 80 100 120 140 160 1&0 200 220 240 260 280
10 1406 1,76 1441 23,17 3.87 3.17 3.17 0.70 3.52 3.52 2.52 1,76.1.06 0.35 31,34
20 1,06 1,06 1.06 2,11 1,41 2431 2.46 1,41 1.76 2.82 2,52 1.41 0.35 -  21.82
a0 2011 0,35 =~ 3,17 1441 2.11 3,52 1.06 0.35 2.46 2.46 1.41 - - 20 .41
40 1.41 0.70 1.06 2,11 1.76 2.46 1.76 0.35 0.70 0470 - = 0,70 0.35 14.06
50 2.11 0.70 0 70 1,76 1.481 2.82 1.41 035 0470 0,35 =~ - = = 12,31

Total TaT5 457 4,23 12,32 9.86 12.67 12.32 3,87 7.03 9.85 B,1 4.58 2,11 0.7 99.96

A Rl plak i P e e G e Al eyl s i g e M S D TS e G U G S S S i A A S R AP WO B P e M ST N P A Y-S S N WO War G W ey Vi A At S ol aifie S WO W) g BE S - o T U P g S A, ey

66

2



LATE. RAL DISTANCES (<m )

260 220 {80 i40 to0 S0 20 20 &0 oo 440 180 229 260
. o .
ISRV N N N N TN N N N S N NN W N TN S S S S MO
.: o: ..- o oo b+ ..l . L r 1O —? . 1] - ..o . : ve oo o oo oo - °
dJ
\J
g
[ ] - ﬂ - [ ]
e a9 o8 (1] L] ™ L 1) [ ] - . 20 {J e L] L] ap L] [ L] o o L] ae L
4
a
r—
L
a
s ' S e . oo s m——é LTS ae . e oo we o .
J )
r
£
u
?
. ve T as s . . e 1 - o . . ae . s . » .
[ . o L4 1] L] 'Y we S50l __  eo ™ . »e . e ] .

F1G, 7. Roov

BEAcH DoT C.) REPRESENTS ONE PERCERTAGE. oF ROOT

DISTRIBUOTION PATTERN OF CASVBLARWA




As the rootg of casuarina are mainly ccncentratm&
at 0-30 om depth the root Jevel competition with coconut
will be limited as the roots of ¢oconut palmare mzinly
distributed through 2 depth of 30-120 com {Xushwah et 2l.,

1973).

4,3, Growth_of cecconut

The incresent in the height, girth and the nusber
of leaves of coconut trees are presented in Teble 22. In
goneral, the growth of the coconut trees wac slow wheré
thers was no intercropping. All the cropping systershad
a faveourable influence on the helght of cgconut, The
influcnce of taploca + groundnut, fodder maize + cowpen -
fodder cowpea, guinesngress and groundnmut - blackgram
cropping svstems ware significantly surerior to the other
- cropping systems with respmct to the height of coconut,
The increment in the girth of the ceconut trzes war found
to ke higher in all the crnpﬁimg cyatens compared to the
control plot whare no intercrops were grocwn. The different
cropping systems had a favourable influence on the nunhey
of leaves of coconut trees also, Thus it can he ssen that
growing of the different intercrops in the coogsnut -~
casuarina alieya infact had a favourable influence on the

base crop of coceconut. Bavappa gt al. (19086) had observed
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Table 22.

Incremant in the growth characters of eoconut
as influenced by the different cropping systems

/@
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a substantial increzse in coconut bilomass producticn |
following intercropping, while the bicmass of the 1nte%-
crors remained the same, Improved coconut ylelds dus #u
intercrorring have heen repartad by many other worgkers
alse (Sahasranaman, 19643 Kotalawala, 1968: Kuttappan,j
1971)._ The incrasse in the growth of cogconut £ollawin§
intercrovping may ke due to the indirect effect of
fortilisers and cultural éperatiens done on the'intercgdps
(Nair ot ad., 1974),

4.4, Influence on micro~ioteorological paramstera

§.4.1, Soi} tamgegatﬁgg

The scil tepperatures as influenced by the diffcrent
cropping systems for the pariod 30th Eeptemhor, 19&7 to
14th January, 1928 in the coconut - casuarina alleys 2re
given {n Table 23 and 1llustrated in Fig. 8 (weekly changes

are presented in Ag@anﬁixfﬁﬁ). '

Raiiing the intercrops in the coconut -~ casuariﬁa
2lleys decreasad the 20il temperature considerably. Tﬁis
4l fference was rost noticeable in the case of mﬂternook
8ci) temperature, The intercrops begause ¢of their canépy
were éble'tc intercept large part of the Insolation and

prevent heating up of the &0ll. Though the nofming woil




Table 23. Average scil terperature and ralative humidicy
for the periocd 30th Septerbar 1587 to 14th
January 1988 28 influenced by ths onnual Crops
intercropped in coconut -~ caguarina alleys

A A W ST e (D A o 5 e R e g by e W e i U A A i A S Y DL Y T AN A TR W i I S A Gy PO A Sk T £ A0 W b e S Y A e A

Soil temparature (*C) Relative humidity (%)

Cropping e e e e oz
ayotem 7.25 am  2.25 pm 7.25 am 2425 pm
T 24,8 33.6 . 90,1 67.8
Ao 1O 25,3 31,2 $1.6 66.3
c ~ 25.8 33.1 92,1 74.3
G 26.1 30.6 92.9 67.6
s 25,1 33,5 9441 68.3
BG 28,2 31.0 89 .6 65.5
8 25.0 32,3 94.5 68.9

Co 25.8 24,1 90.1 61.8
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temporature was relatively higher in guineagrass plots,
it had tha least afterncon spil temparature. All the
crcpped plois had a lower afterncon &0il temperature than

the contrel vwhers no intercrops wers growne

The results obhtaeined are found to suppert the
chservation that the maximunm day temparature was always
higher in the opren area and lowest within the crop combi-
natien (Balakrishnan et 2l., 1876). Thus shading and
reduced alr temperature in the crop conbination cauee
considersbla reducticon in the rate of evéporaticn in the
ecoclimate of crop combination (Nailr and Balakrishnan,

1971 .

feto2. Relative humidity

The average relstive humidity values noted in the
dl fferant cropping systems in the cooconut - casuarinas
alleys during the period 30th Septerber, 1987 o 14%h
Jgnuary, 1488 are given in Table 23 and 1llustrsted in
Fig. ‘9. The waekly Whirling Fsychrometer readings are
given in Aprendix V iﬁanﬂ the relative humidity valuass are

given in Appendix VI[ .

< the morning hours, though thore was no remarkable

differsnce in relative humidity recorded under diffarent

104*%



SO BES RO 200 S evsndd 2ttt dasany
S440 08000 GssBessdeasdands

7.25 AM
2.25 PW

SASBSSE S50k S0 450 TS GESS S PSAP S0 NPV 00 Mw 44 b
[k L I X1 ...-III.......'....!..I...'l‘.......
. g P - - =

SGOMESSIS QBN PALBOBGINRNIP R EDASITEI LGNS
S0 0040 M40 PSSR BARE 40 040D 04 S0 ad dea

BG

S g8 e e stk Sess 008 40000 S0E B4 S TS 4S5 NI SRR S S

O...t.‘.-culuo .0..- Ll e L O I T L L L L
27 s TR s o Werait 3 B

CIXIIT LY LI NI RTLIE YR L LTIl R RIS L LY ]
.8 '....'ﬂ....l. -oess 88 .:..... .". L] ...l..l..

PSS BN ST NEININE TS SV SAN MG A1 V0 ERRNESE DO IIR NS ER MG MOREE Saad P
.8 ’.I.Iﬂ.................."I........i.l'll“..l..l....
—— " Ferl T o

e el g 008404 AT F000 FOPA 0 S 340 QPP $h M LAV SN 400§

LA g T IITL 111 . ]

75
TQ

ﬁo\av ALIQIWIIH FHA AN TS

55

B0 __|

a

CSROPPING BYETEMSE

INFLURNCRED ?Y THE D(IFFERENT

FiIG, 92 RELATIVE HUMIPITY AS

IN THE COCONUT - CABRUARINA ALLEKYS

COMPONENT CROPS




109

cropring systemg, alrost all the intercropped plots had
“a higher relative humidity than the control plot. There
wnas considerable difference in the ralative humidity
recorded during the afterncon. All the intercropred plots
had a much higher relative humidity than ¢the control plot,
Kaiz and Balakrishnan (1977) observed that variation in
relative hunidity was nuch less and the ecoclimate was
much mora hgmid in crop corbinations than in the open

arei,

Thege micreclimatic difforences under differant
crapping systems may influsnce the productivity of the
systems which regsuire detailed investication. It ir likely'
that the higher relative hunidity ind lower oolil tempsraturs
can raduce ﬁhg evapo=transpiraticon derand of the crorring

gystern and thus ean inorease the water use efficiency.



Summary



SUFMARY

An investigation wag cenducted at College of
Horticulture, Vellanikkara during 1987-88 on the bicmase
productivicy of different annual crops under coconut =
casuaring alleys. The experirent was laid out 4in RBD
and replicated 3 times. The resulte of the exrperiments

are surparised Ielowt

The height increment ¢f alley cropred taplccea was
higher than the sole crop vhen it was intercropred in
cecconut ~ caguarinz slleys, The pattern of irncrement in
the height of groundnut growp slong with tapioca in these
alleys was: comparable with that of groundnut grown alone
in the alleys. The crop of amorphophallus was relatively
talleyr and the girth ¢f the stem hicher in coconut -
casuarina 2lleys when compared to sole crop. 7The height
increment of fodder maize in fodder maize + cowpen mixture
wan higﬁer when it was intercropped in coconut - casuarina
alleys. Tha plant height of fodder cowpea was depressed
when grown mixed with fodder maize., The plant hejght
observed immedietely kefcre each cutting of guineagrass

was fouvngd to be more in cocconut ~ casuarina alleys.

The height of smesamum grown after cowpea was lower

as compared t¢ the height ¢f sesamum grown after modan
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paddy in coconut - casuariny allevs. The plant heighg of
blackgrar in coconut - casuarina alleys was higher'thap
the sole crop. :
The yield of tapioca decragled.when it was grown
in coconut - casuarina alleys. The yield of groundnutl
~grown mixed with tapﬁééa was lower than the groundnut krown
alone in the coconut - casuarina alleys. The corm yieéd of
amorphophallus decreased in coconut - Casuarina alleys.
Fairly high foldder vields of naize (mixed with cowpea)ﬁand
guineagrass were observed when grown in coconut - caauérina
alleys. Eespamum crop yielded more when raised after mbdan
paddy in coconut - casuarina alleys. A decrsase in the
vield of blackgram wﬁa noticed when it was grown in coconut
= casunrina alleys compared to sole crop yield. The yleld

of modnan paddy was rather low in coconut -~ casuarina alleys.

The highest dry matter yleld was produced by the
arorphorhallus -« horsegram cropping system and ihe lowast

by‘the groundnut « hlackgram cropping systen.

| Arong the different cropping systerns, nmoryhophﬁllus
« horsegram cropping system yielded the maximum crude
protein and paddy - sesamum cropping system, the minimum,

The nitrogen uﬁtak& was highest for amorphophal%us

- horsegranm cropring system and phosphorus and potansi#m
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uptake were higheot for quin;agraas {throughout) cropping
syaters, The lowest uptake of nitrogen was by paddy -
aesamum; rhesphorus b# grcundnut - blackgram cropping
system and lowest potasslum uptake was by cowpea = msesamum

cropping system,

The goil physical prorerties like bulk density,
particle density and maximum waiter holding capacity wvere

not influenced by the different cropping systems.

The highest net income (8&,21,583/-) wns cbtainad
from amerphophallius - horsegram cropping syster in coconut
- casuarina alleys and the lovest (%,2,062/~) from paddy =-
Sesamum croﬁping system in ccconut - casuarina alle?se
Fodder covwras grown with fodder malze proved to be unecono-

mical with 2 banefit cost ratio of 4.21.

“ linear growth pattern over time was observed with
respect to leight, canopy spread and girth of c2suarina
grewrn in cocenut alleys. The current annual volure incre-
went of casunrina was chserved to te 21,38 cum/ha/annum
vhich can generate a fuel wocd yleld of 10,7 t/ha/anmxn,
¥ost of the roots of casuarina were corcentrated in the
upper 30 cm of the soil and upte a lateral distance of

240 om from the base of the tree.
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The growth of coconut trees was found to ba slcw

where there was no lntercroyping.

Intercropping in coconut « casuarina alleys

g
decressed the soil temperature considerably. The relative
humidity at different heights within the cancpy 1ncrea§ed

due to intercropping in coconut - casuarina alleys. .

The rasults indicats that inte:c:oﬁping in coconut
~ ¢casuarina alleys can be auécoaafully conducted., The;
cropping systems which recorﬁod fairly high biomass producte
ion were amorrhorhallus - horsegram, guineagracs, fodder
maize + cowpea - fodder cowpea, taploca + groundrut.
SImilérly falrly high gross income, net income and kenefit
cost ratios were derived from smorphophallus - horsegrim,
fodder maize + cowpea - foddir cowpes'and groundnut -~ L
blackgram cropping systemi. It was 2ls0 observed that' the
Al €feront écmpcnent crors grown in the alleys 4id not 1
adversely affoct tha growth of Tboth theftree species,
coconut and casuarina.. The root distribution pattern‘§£
the casuarina tree indicates that the chances for 1nt¥r%
specific competition with cocontt for nutrients and wa%qr

are limited. | '.
I\

Casuarinag al;o possesses the added advantage t:hatl‘ it
cen enrich the scil by way of nitrogen fixation and imﬁrcve

organic matter content by litter derosition. The slight



reducticn okserved in the yield of the cormronent crors
¢an be conpensated by the fuel woed geoneration of
casuarina to the tune of 10-11 t/ha/annum,. It was 2180
seen that most of these high density cropping systens
involving legunes left the scil richer with respect to

most of the nutrients.
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Appendix I

Meteorologiczl observations of the period from 19987 Kay to
1988 May

A S £ gt P G A A SN S A O A g (D M e . R S B B A S L O NS A A et €N U O - < O it S e W O S B S S Sal S it WA A

Temperatura (°C) Mean RH Rainfall Meon

0 o 0 e ) (it} sunshine

Maximum Hinimum : hours
May 1987 36.1 24,7 66 9%,0 9.0
June 30.7 23.7 83 837.7 4.2
July 30,3 23,5 ge 336,5 5,7
Apgust 2946 23,5 87 388,.4 3.7
September 31,5 23,9 79 174.0 7.4
Cetober 31,9 22,9 79 280.4 6.2
Hoverber 31,6 22,8 77 224 .4 67
Decerber 31.6 23,3 © 90 64.6 £.1
January 1988 32.4 22,0 86 0 10.4
February 3.8 23.1 56 7.8 10.0
Mareh . 3547 24 .4 67 37.9 9.1
April 34,1 24,3 70 i45.4 8.8

May | 33,7  25.4 76 242.6 6.2
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Apcendix I3

Hitregen, phosphorus, potassiuvm, calelum and magnesivn content (at the time of
harvest! of the different intercreops alley cropped in coconut - casuarina alleys

;;;;;;;;;--— B ﬁi?é?ge;_*—;;;%égg;;;--;;gfg?ium Ca%g%um '"'§§§%§%§§;f
Tapioca i.34 C.EQ 0.76 0.46 Le25
Groundnut 2,02 D.19 1.44 Celd 0.76
Arporphephallusg 0.19 0.76 1.48 0.01 1.30
Horsegram 2,02 0.25 1,32 1,17 0.24
Fodder maize 1.38 G123 0.87 0.34 Ca.28
Fodder cowpea ' 2.32 C.20 C.26 0.70 0.61
Guineagrass 1.82 0e23 1,17 C.32 Ce48
Sesamym 2.65 0633 De75 0.79 - 0l69
Blackgram 2.32 0.27 1.39 0.73 047

Paddy 1.2 0.1¢6 2.05 0,70 Qe22
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Appendix II1 !
Cost of cultivation of different crops intercrnpred in coconut + casuarina alleys

Cost of Cost of Labour Total Yield Cost/unit Trtal Net Benefit
Crers seed fertili- charges exprenses (t/h4) (8. /¥a)  income  dincome cost
{r-.) zer (8s.) {rs,) (pe.} fo-0) (r.) ratio
Tapiaaa 600 1259 8177 10036 10 j.8n 15000 1964 1.49
Greounrinut 600 151" 4800 5551 0n,91% 15.00 13725 f174 1 2.47
{with tapioea)
Amorphophallus 24000 727 11437 36164 in_ 18 1.580 57270 21106 1.58
Hersegram 75 100 1600 1775 0.59 3,50 2077 302 1.17
Fedder majze 200 532 4859 8050 38,95 0.50 19475 11416 ll2.41
Fodder cowpea 140 243 1600 1983 4.59 0.35 1606 =377 0.P1
{mixture)
Feodder cownea 28an 486 3200 3966 12 0.35% 1200 234 1.06
(rore}
Guineagrass 6250 379 6459 13088 75.92 0.20 15184 2096 1.16
Fodder cowpea 280 486 3200 3966 27.13 0.35 9495 5529 2.3?
(pure)
Sesamum 60 316 . 3200 . 3576 0.30 15.00 45238 962 1.26
Groundnut 1200 623 6459 azn2 2.54 7.00 17791 9509 2.14
{(pure)
Rlackrram 400 337 6459 7196 0.45 20.00 9000 1204 1.25
Faddy 160 351 3200 T 3711 1.48 2.00 2951
{arain)
3.11 0.30 933
(straw) = —eoen-
3Rg4 173 1.08

Sesamum 60 216 3200 3576 .36 15.00 5465 189 | 1,53



Aprendix IV
Weskly scil temperature for the pericd 30th Septermber 1987 to 14th January 1968 as influenced by
ths anmial crops grown in coconut - casuarina alleys

Amorphow Fodder CGuirea-
Tapioca phallus ‘cowpsz grass Sesamum Blackgram Sesamue Control

Te28 26425 Tu25 2425 7425 2,25 7.25 5.25 725 2.2; 7025 2625 725 2.25 7.25 2.25
am pai am pm° am pm am pm %M DM am Pm  am LN am pm

fr— Jrop—

30th Sept. 1987 25.0 29.5 25.5 30e85 - = =.25,530,0 < = e = = = 26.0 34,0
8th Oct. 1987 26,0 20,5 26,0 28,0 = = 28,0 30,0 = = = = = = 26.0 34,5
15th Oct. 1987  25.5 29,5 26.0 30.5 - = 25,530,0 = = = = « = 27.0 23.0
2204 OCt. 1987 25,5 27.5 25.5 28.5 = = 27.5 30,0 = = = = = = 27,0 32,0
29th Oct, 1957  24.5 26,0 26.0 28.5 26.5 31,5 25.5 29.0 26.5 33.5 27.0 37.0 = = 26.5 32.5

5th Nov, 1987 26,0 35:0 26,0 3245 26,5 33,5 27.0 29.C 26.5 34.5 27.0 37.0 - - 26,5 32,5
12th Nev, 1987 25.0 33.0 25,0 30,0 25.%5 32.0 2645 31,0 25.0 30,5 25.0 31.5 - - 25,5 32.5
) {Horsegram)

19th Nev. 1987 24.5 30,5 24.0 29.0 24.5 31.0 25,0 31,0 285.0 31,0 24.5 25.0 24.5 30.5 25.5 32,5
25th Hov, 1987 24.5 35,5 25.0 34.5 25.5 35.0 26.0 32.0 25,0 36.0 .25.0 29.C 25.0 31.0 25,5 35.0
3rd Dec. 1987 2640 34,5 26,0 33,5 25.5 33.0 27,0 31,0 25.5 34.5 25,5 29,5 25.5 231.0 2545 32.5
10th Dac. 1987 24,0 34,0 25.0 23.5 25.5 33.0 25,5 31.5 25,0 35.0 24.5 28.5 24.5 31.5 25.0 36,5
17th Dec. 1987 24.5 39.0 24,0 35.0 24.5 35,0 25,5 31.0 24.5 33.0 24,5 28,0 25.0 35,0 25,5 36.0
24th Dec, 1587 25,0 34.0 26,0 32,5 25.5 32.0 26,0 32,0 25.5 32.0 25,5 30.0 25.5 31.0 25,5 32.0
dist Dec, 1987 24.0 37,5 24,0 33,5 25.0 33,5 25.0 31,5 23.5 34,5 23,5 24.0 26,0 25,0 25,0 37.5
7th Jan. 1988 24.0 40,0 24,5 35,0 25.5 35,0 25,5 31,5 24.0 36.5 24.0 24,0 25,0 36.0 24.5 38.0
24th Jan. 1988 225 41,0 27.0 34,5 26,5 33,0 26.5 31.0 25,0 31,5 26.0 34.5 2640 38.0 26.0 34,5

Mean ] 2448 33,6 25.3 31.2 25.5 33.1 26.1 -30.6 25.1 33.5 25.2 31.0.25.0 32,3 25.8 34,1

A ay—— -y - -
-




Appendix V

Whirling fsychrometer readings at weekly intervsls during the period .320th Septeckter 1927 to 14th
Januzry 1968 as influenced by the annuil crors grown in coconut - casuarina alleys

e - T g S A S Gy A Ay W g S G T D . A S S R e - a~— - S e A £ - ——

Hedght A6th Sept. 1967 8th Cct., 1987 " 15¢h Cet, 1987 22nd Oct. 1987
At whiche=— i, : : : - - —— - ————— - e
reading 7.25am 2.25pm 7252 . 2425pm 7.25 am . 2,25pm . 7 +.25am 2.25pm
takﬂn - — - b - Ly e T —-——— - G .
{irn feat) WB D whb DB wB o)t} “WB DB - ¥WB - DB - WE DI wWEB DB - WB DH
_ 1 25.0 26,0 28,6 32,0 25,0 25.5 26.5 30.0  25.0 25.0 29.0 32.5 24.5 25.0 27.€ 31.0
Tapieca 2 25.5 26,0 26,5 305 2805 25,0 2640 20.5 25.0 28,0 28,0 32,0 24,5 25.0 26,0 30,5
‘ 4 25.0 2640 27.0 30e5 25.0 25,0 2645 29.5 - 25.0 25.0 28,0 32,0 24.0 24,5 - 26.C 30,5
6 26,0 2645 2740 30.5 25.5 26.5 26.5 29.5 25,0 25.0 28,0 32,0 24,0 25.0 26.0 30.5
J .
| 25,9 26.0 2B.0 32,5 245 25.0 26,0 30,0 : 25,0 25.0 30.0 32.5 24.5 25.5 27,0 30.0
Amorphopha- 2 28,0 25.5 28,0 33.0 24.5 25.0 27.0 30.0 24,5 24.5 28.5 32,5 24.5 25.5 27.5 30.0
1lus 4 25.0 26.5 28,0 32.5 25.0 25.5 26,5 30.0. 24.5 24.5 28.5 33.0 24.5 25.5 27.0 30.0
L .6 24.5 25.5 28,0 32.0 25.0 25.5 26,0 20.0 24.5 24,5 28.0 33.0 24,5 25.5 26,5 30.0
, 1 25.0 26.5 27.5 32,0 25.5 26.0 26.5 30,5 25.5 25.5 29.5 33,0 24.0 25.0. 27.5 30.5
Guines- 2 2645 27.0 29.5 33.0 25.0 25.0 27.0 30.5 25.0 25,0 28,0 32,5 24,0 25,0 26,5 31.0
gras 6 25.5 2640 28.0 32,5 24.5 25.0 26.5 30.0 24,5 24.5 28,0 22,5 24.5 25,0, 28.0 30.5
1 25,0 26e0 2740 30.0 25.0 26,0 2645 29.5 25.0 25.0 30.5 31.5 24,5 25,5 27.0 30.5
Control 2 25.0 2640 26,0 30,0 25.0 26.0 26.0 29.5 25.0 25,0 28,5 31.5 24,5 25.5 26.0 30.0
4 25.5 26.5 26,5 30,0 24.5 26,0 26.0 25.0 25.0 25.0 28.0 32.0 24,5 25.5 25.5 30.0
- 6

2540 26,5 27.0 29.C 25.0 26.C 26,0 29,0 24.5 24.5 28,0 32,0 24,5 25.5 25.5 30.0

A ol S e A S S T A e v W e o w0 S - A S B fe. S il Tl g e S D e S o s e B e S e sy A S o - O g . S S A S Y T S ey S oS £ W A W S S -

WB ~ Wet buld recding . Contd.
0B - Dry bulb reading




Height 29th Oct. 1987 Sth Nov, 19°7 12th Ncv. 1987 19th Nov. 1987 26th Nov. 1987
AL e m e e e r e e e | e e e mEE T —————— ————— e e = o —
which 7.25%ar 2.25em 7.25am 2.25pm 7.25am 2.25pm 7.25am 2.25mm "7.25ar 2.25pm
readingree=——=mmm  crmmr——me mrrm b m—e mmmmmcmam e mmmm R e mm = e ———— m—————— s e ———
taken WBE DB WB DB WB DB WB DB WB DB WB DB WB DB WB DB WE DB WE DB
{(in feet)
1 25,0 25.5 27.0 28.5 25.5 27.0 28.5 32,5 24.0 24.5 27.0 28,0 24.0 24.0 26,0 28.5 23,5 24,5 27.0 31,5
Papioca 2 24,5 25.5 26,0 29.0 2%5.5 27.0 27.5 32,0 23.5 24,5 26.5 27,0 23,5 24.0 25,0 28.5 23,0 25.0 26.C 31.5
; 4 25,0 25.5 26,5 29.0 25,5 27.0 27.0 32.C 23.5 24.0 2€.5 27.0 23,5 24,0 25.5 20,5 23.0 25.0 26.C 31.%
& 25,0 25.5 27,0 29.5 26.0 27.0 7.0 32,0 23,5 24,0 26.5 27.5 23.5 24,0 25.5 28.5 23.0 25.0 25,% 31.5
Horsegram
1 25.0 25.0 27.5 31.0 25.5 26.0 28.0 32.0 25.0 27,0 27.5 30.5 24.5 25.0 27.0 29.5 24.0 25.0 27.5 31,5
Amorpho- 2 25.0 25.0 26.0 37,5 25.5 26.0 27.0 32.0 24.5 25,0 26.5 31,5 24.0 24.5 26.0 29.0 23,5 25.0 26.5 31.5
phallus 4 25.0 25,0 27.0 30.5 25.5 26.0 26.5 32,5 24.5 25.5 25,5 32.0 24,0 2¢.5 26,0 29.0 23,5 25.0 26.0 31.0
6 25,0 25,0 27.0 31.0 25.5 26.0 26,0 32.5 25,0 25,5 25,5 31,5 23,5 24.5 25,5 20,0 23,0 24.5 26,0 31.0
1 25.0 26.0 27.0 31.0 26.0 26,0 29.0 32,5 25,0 26.0 28,0 28,5 23,5 24.0 26,0 28.0 23.0 25.0 27.5 32.0
Fodder 2 25,0 25.0 26.0 30.0 26.0 26,0 28.0 32.5 25,0 27.0 27.5 30.5 23.5 24.0 .25.5 28.0 23,0 25,0 27.0 32.0
“owpea 4 25.0 25.¢ "26.0 30.0 26.0 26,0 28.5 33,0 25.0 27.5 2.0 31,5 23.0 24,0 25,0 28,0 23.0 25,0 26.0 31.5
6 24,5 25.0 25.5 30.0 26.0 26,0 28.0 33,0 25.0 27.5 28.0 32.0 23.0 24.0 24.5 28.0 23.0 25.0 26.0 31.5
1 25.5 25.% 27.5 29.5 26.0 26,0 28.C 33,0 25.0 25,0 25.5 26.5 23.5 24,0 26.5 28.5 23.0 24.5 28.0 32.0
uinea- 2 25,0.25.5 27.% 30.0 26.0 26,0 22.C 32,5 24,5 25.0 25.0 25.0 23,5 24,0 25,0 2B.5 23.0 24.5 26.0 32.0
yrass 4 25,0 25.¢ 2&.% 30.5 25.% 25,5 27.0 32,5 25,5 25,5 25,0 26.0 23.5 24.0 25,5 28.5 23,5 24,5 26.0 32.0
: 6 25,0 25.0 26.0 31.0 25.% 25,5 27.0 32.5 24,5 24,5 25.0 27.5 23.5 24.C 25,0 202.5 23,5 24,5 26.0 32.0
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Appendix V. Continued

Height 29th Cet. 1987 5th Nov, 1987 12th Newv. 1987 19th Nov. 1927 26th Npov. 1987

AT WNiCh mm e e e e et e ———e ;. ————————————
reading 7.25%am 2,.25pm 7.25am 2.25pm 7.25am 2.25pm 7.25am 2.25pm 7.25am 2.25pm
taKeN | cm e e e me e mm et e cmt et et m e ———_ e —————— —— i ————————
(in feet) WB DB WB DB WB DB WB DB WB DB ‘WB DB WB DB wB _DB WB DB WB DB

Sesamum
26.0 26.0 28.0 33.0 25.5 26.0 26.5 31.5 24.0 25.0 26.0 30,5 23,0 24.0 25.0 27.% 23,0 2&4.% 26.0 31,5

1 2€.0 26.0 22.5 33,0 26,0 26.0 28.5 33.0 25.0 25.0 27.5 29.0 24.5 25.0 26.5 29.0 23.5 25.0 22.0 31.0

81ackeram 2 25,5 26.0 27.0 32.5 25.5% 26,0 27.0 32.5 25.0 26.C 27.5 20.0 24.0 24,5 2€.0 28.5 22,0 24,5 26.0.31.0
sRekora 4 25.5 26.0 26.5 32,0 25,5 26.0 26.% 32.0 24.5 26.° 26.5 28.0 23.5 24,0 25.5 29,5 23.0 24,5 26.C 31.0
& 25,5 26.C 27.0 32.0 25.5 26.0 27.0 32.0 24.5 2€.0 26.5 29.0 23.5 24.0 25.0 28.0 23.0 24.5 26.C 31.0

1 - - - - - - - - - - - - 24,0 25.0 27.0 31.5 24.0 25.0 27.0C 31.5

2 - - - - - - - - - - - - 23,5 25,0 26.0 31.0 23.% 25,0 26.0 31.0

Ses amum 4 - - - - - - - - - - - - . 23.5 25.0 26.0 31.0 23.5 25.0 26.0 31.0
6 - - - - - - - - - - - - 23.0 25.0 25.% 31.0 23,0 25,0 25.% 31.0

1 26.0 26.5 30,0 31.5 26.0 26.5 30.0 31.S5 25,0 26.8 20,3 30.5 23.5 24,0 92&,% 2.0 21,5 38,8 22.7 31.5

Contro 2 25.% 26.5 2B8.0 31.5 25.% 26,5 22.0 31.5 25,5 26.5 20,5 30.5 23.5 24.0 3=,% 2.0 23.0 26.0 24.0 31.5
REreS 4 23,5 26,5 27.5 32.0 25.% 26.5 27.5 32,0 28,5 26,5 29,5 31,8 22,5 24,0 2.0 20,0 23,0 2.0 26,0 31.5

A 28,3 26.5 27.0 31,C 25,5 26.% 27.0 31.0 25.5 26,5 29.0 31,0 23.5 24.5 28,7 2e.0 23,0 28,7 26,0 318




Aprpendix V.

Continued

Height
at which
reading

taken

(in feet)

10th Dec.

1987

-

17th Dec.

1987

- o

24th Dec.

19e7

——

- —

31st Dec,

1987

- S —— - -

S L 0 e R S G g e S P D S S S o by o Y o U e e S b e G WAL e S S e o T v R e e S S A A o e T S A e o o e o e P o e e S g St e e e i

Horgecram

Fodder
cowpesa

Guinea-
grass

24,0

24.5

24,5
24,0

24,5°

24.5

24,0
24.5

24.5
24.5
24,5

24.5

25.5

S o

L Loy Lt
[ SIS I

32.0
32.0
3z2.0
22,0

32,5
32,5
33.C
33.0

:\\
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1Cth Dec,

lee7

17th Dec.

107

31st Dec.

1eF7

- —_— - e ——— T —— -t — e B ——— . A W] g S A R P e N o RS e P e e e e ——
P ——— . = T —— i e T ey g —— T —— [ p— -

Eeicht 3rd Dec
2t which

reading 7.253w

Taken W me-meem-—-

(in feet) WE DE

1 24.5 25.0

2 24,5 25.0

esapur 4 24,5 25.0

£ 24,5 25.C

1 24,5 25.0

- 2 24,5 24,8

lackgrar 4 24,8 24,°C

£ 24 .5 24 .5

1 24.5 25.0

esamum 2 24.5 24.5

4 24,5 24.5

6 24.5 24.5

1 24,5 25,5

ontro? 2 24,0 25,0

- 4 24,0 25.0

(3 24,0 25,0

25.0

22.0

24.5

- 31.0

31.0
30.%5
30,5
30.%

31.0
31,0

30.5

22.5

24.0

23.5

23.5
23.5

24.0

22.0 30.0

i S S e e T S e - e A B T o e A e e B e e S T v o B M T e Y S — e W T S g S e o e T T RS A e e e e -




Contrdl

wB

26.0
24,5
22.0
22,0

22.0
21.0
21,0
2045

27.5
25,0
24,5

DB

32.0
32.0,
32.0'
32,0

23,0
23.0
22,5
2245

24.0
33.0
3340

Aprendix V. Continued
Helght Fedder Guinez-
at which Tapicca Horsegram cowpea grass Seaamurm  Blackgram  Sesamun
taken WB DB Wl B wB 0B B OB Wy ng HB DB WwEB f3)%]
(in fest) :
.25 am 1 19,0 23,0 19,5 23,0 19,0 23,0 19,0 22,5 19.5 23,0 19.5 23,5 19.0 23.0
7€h Jan 2 18.,5 23,0 19,0 2340 18,5 23,0 18,5 22.5 19.0 23.0 19,0 23.C 18,5 23,0
1088 ® 4 1845 23,0 18,5 23.0 18,5 23.0 18.5 22.5 18,5 22.5 18,5 23.0 18,5 23,0
6 18,0 23,0 18,5 23.0 16,0 23.0 18,5 22,5 18.0 22.5 18,5 23,0 18.,% 23.0
2.25 pm 1 24.5 32,5 24.5 32.5 23.0 32.5 24.0 32.5 24,5 33.0 24.0 32,0 22.5 32.0
7;5 Jan 2 22.5 32,0 24.0 33,0 22,5 32.5 23,0 32,5 23,0 33.0 23.0 32.0 22,0 32,0
1988 * 4 2260 32,0 23,85 33,0 22,5 32,5 22.5 32.5 22.5 33,0 22.0 22,0 22.0 32.0
6 21,0 32,0 23,0 33.0 22,0 32,5 22.%5 32.5 22.0 32.5 22.0 32,0 22,0 32.0
2.25 am i 21.5 23.5 21.0 23.0 21,0 22.% 21,5 23.0 21.% 22.5 21,5 23.0 21.0 22.5
1;th Jan e 21,0 23,0 21,0 22,5 21,0 22,5 21,0 23,0 21,5 22.5 21.0 23,0 21.0 22,5
1988 4 2140 2340 20,5 225 2065 22,5 21,0 23,0 21,0 22.5 21,0 22,5 21,0 22.5
€ 210 23,0 20,5 22.5 20,9 22.5 20,5 22,5 20.5 22.5 20,5 22,5 21,0 22.5
T - . |3
2,25 1 27.0 3540 27.5 34.5 26,5 34,0 26,9 3.0 26,5 34,5 27.0 330 Z6.%T M0
Iz*h gfn 2 26,0 350 25,5 34.0 25.0 34.0 25,0 35.0 25,0 34.5 25,5 330 25,0 34,0
19@8 s 4 26,0 35.5 24.5 34,0 24,5 33.5 24.5 3%.0 25.0 34.5 24.5 33.5 24.5 34.0
6 25,5 35,0 24,5 34.0 24.5 33,5 24,0 35,0 25.0 25,0 24.0 33,5 24,0 33.5

Tl R - R ) TP e ARGl tu G W W
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Aprendix VI

Relative humidity values (%) for the pericd 30th Septerber 1987 to 14th January 198 as influen-
ced by the anrnual crops grown in coconut - casuarina alleys

- T B Sl e e S e AP e B i S W W S R - g I M e e A R D S S S W W S o e U Pl i S dpr e - Tt o

Heig:t 30¢h Eept. 1587 = 8th Oct. 1987 i5th Cert. 1987 22nc Cet. 1987
at W, 1Ch v . I E  Cro s e e - = o= . - P =T e g - -
resding 7.25 am 2 25 pm  7.25 am 2, 25 pm 7 .25 am 2,25 TN . 7.25 am 24,25 pm
taken L . . ) .
{in feat)
1 160 74 96 76 100 . 77 . 9% 13
R 2 o6 73 96 7 . 100 . 74 96 70
Taploca . 4 ‘%6 © % = %2 1 160 . 74 96 70
: 6 o8 76 52 79 100 74 92 70
1 ' 92 71 &g 76 100 . 77 92 gg
2 o5 69 96 70 300 . 7% . 92
Thorphopha- 88 00N 96 76 . 100 . . %2 . 19
6 92 74 96 73 100 65 02 76
1 89 71 9 73 100 | 77 . 92 79
2 96 77 56 76 100 71 92 70
Gureagrass a 92 7 96 76 100 68 96 76
& 56 71 96 76 100 7 56 83
1 92 79 92 79 100 93 92 76
2 92 73 92 76 200 80 92 73
Control 4 92 76 8o 79 100 74 92 70
6 89 86 92 79 100 74 92 70

T O A S A S e S5 el S A B S . R ol Wi Y A A IO A N W S S ey e -y s g - — - o - — 1] -~ 4



Aprendix VI, Continued

-

eight o 29thHov.1987 Sth Nov. 1987 12th Nov.1987 19thNov.1987 26th Nov.1967
gg;ﬂi“g 7.25am 2.25pm  T.2%am 2.25pm  7.25am 2.25pm  7.25am 2.25pm  7.25em 2.25pm
) {in feet)"

1 96 £9 B89 74 96 93 100 ez 92 71

92 79 8 71 o2 96 96 75 a4 65

Taploca < 96 82 89 8 96 985 95 79 o4 65
6 96 82 85 68 96 92 96 79 64 62
HORSEGRAM EGRSEGRAR IRSEGRAM

1 100 27 96 2% 86 79 96 82 92 74

2 100 70 96 68 96 68 96 76 g 66

rorETo- & 106 75 9% 63 62 60 %6 79 g8 67
y e 100 73 86 60 g6 62 92 76 ee 67
1 o2 73 106 77 92 96 o6 78 e4 71

Fodder 2 100 73 100 7 85 79 06 82 e 68
cowpen 1 100 73 100 71 B2 77 92 75 84 65
& 56 70 100 69 €2 74 92 75 84 €5

1 100 86 100 €9 100 92 96 86 8 74

2 96 63 100 71 96 100 o6 75 P 62

Cuineagrass ‘ 160 73 100 65 100 92 96 79 92 62
& 160 67 100 69 100 62 96 75 92 62




appendix Vi, Continussd

o Tl VLI g el G i W S T VN S R W Sl e e ol - . e S A - o e S S e S Sk T S Y W A YA A R G S i S S S S S S S SN S S e S g i A GO N R SR WP N AR e aum

Lelgnt , 20th Oct. 1967 S5th Nov. 1987 12th Lov.1S87 19th Nov, 1967 26th Nov, 1987
e oing 7.25am 2.25pm  7.253m 2.25pm  7.25am 2. 25pm  7.25am 2.25pm  7.252m 2.25pm
eeeemcememnantin_feet) - :
1 100 77 06 77 96 73 96 82 08 71
Cosamum 2 100 71 96 68 06 70 9¢ 78 a4 €2
G 4 100 7 o6 62 02 67 92 70 64 62
& 100 69 96 68 a2 2 . 9z . &2 e 65
1 1¢0 7T 100 71 100 . 96 . 26 82 o8 £0
N 2 %6 65 96 G5 92 96 o6 B2 € 67
Blackgram 4 96 65 96 . €5 88 89 %6 70 g 67
¢ %6 €8 96 68 60 £9 %6 75 88 67
1 - - - - - - e2 - 71 . 92 7
- z - - - - - - €8 67 g8 &
Sesamum 4 - - - - - - 80 67 B8 67
1 96 90 96 90 &9 93 96 £5 s 27
2 92 77 92 77 92 93 9 €2 £4 65
C
entrcl ¢ 02 71 92 = 92 o8 96 78 ed 65
6

92 73 92 73 g2 86 92 78 g 65

Y e AR S e G O W S B o S P s o e, s Sl G o e W e W e et Sl e (e e e v e e o . S A (U g, S A £ e N Y S M A S A A A SRS - W Y W - o -




Appendix VI,

Continved

o Ol S RN A D S S SR G A I T .

laight

2t which 3rd Dec, 1987 10th Dec.1987 17th Dec. 1987 24th Dec,1567
re2ding g _o5am 2.25pm  T.258m 2.25pm  T.25am 2,.25pm  7.25am 2.25pm

taken
(in feet)

- A T2 W~

Taploca

Horsegram

Fodder cowpea

Guineagraass

Do = o D 4

[+ 0 W N

e b

A . P - A

100
160
100

96

96
96
100
96

96
965
92
S&

96
100
100
100

A, A e . s . S (A S-S P A

68
313
€65
62

68
€5
ce
64

92 73
92 67
92 €67
88 67
92 77
92 76
88 73
8a 70
92 73
88 67
8 67
92 67
92 77
92 77
S2 67
92 67

92
92
92
92

3] 4)
160
1c0
100

100
100
100
10

W A A ol e e ek .

92
92
92
92

100
100
100
100

56
96
B2
92

100
100
100
100

€5
€2
64
59

66
63
62
&0

€8
65
€5
&S

77
74
66
€3

3lst_Dec. 1987

7.25am 2.25pm




Appendix VI,

Continuad

S s abb e

Peight 3rd Dec. 1987 10th Dec, 1587 17th Dm‘:.lge? 24th Dec. 1987 31st Dac. 198’7

at which.o..

reading 9,2%xm 2, 25pm 7.25%am 2,25pm  7.25am 2.25pm 7.25am 2.25pm 7.25&5 2 ZSpm

taken
(in feet)
1 96
Sesamum i gg
6 98
i o6
Blackgram f igg
& 160
1 96
Sssamum f igg
6 180
1 92
Control i g%
6 92

68
68
€5
62

70
67
87
64

92
92
92
8

92
92
e
92

96

92
92
92

24
88
8B
88

62
7
54

S8
55
S8
52

57
£4
S4
S4

€2
54
S4
57

73 76
62 72
€5 72
€2 72
€9 76
€3 72
63 72
62 72
65 72
€2 72
62 69
59 69
80 24
64 69
64 63
62 72




Aprendix VI, Continued

) s T

Haight at Fodder Guinea-

which Tapicca Horsegram cowpea grass Sesamum Blackgram Sesapum Control
reading .
taken
7.25 am 31 69 72 69 72 72 69 &9 72
2th Jan. 2 55 69 65 68 69 69 65 65
1988 ' 4 (13 65 &5 68 6B 65 65 &8
6 62 €5 62 68 65 65 65 62
1 52 5 ¥ 44 495 50 51 44 &2
2:25 mm 2 & 47 42 44 4z a6 41 5¢
1080 4 41 45 42 42 40 41 41 41
6 37 &2 40 42 40 41 41 41
7.95 sm 1 e 04 ea 88 92 g 68 92
13¢R Jan. 2 es g2 ag o4 92 84 88 esd
1988 4 8¢ o4 84 8¢ - €8 86 es es
1) 84 24 2 g4 84 84 g8 24
1 54 59 56 1] S4 63 SE 61
f;‘zg an. 2 49 51 48 44 46 55 45 £2
1088 N < 47 45 48 £3 46 48 46 S0
€ 47 45 48 40 44 45 45 S0

!
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Appendix VII

a, ANOVA for the total biomass productivity per day biomass
productivity 2nd crude protein vield of tha different
cropring systens in coconut - ¢asuarina alleya

A QS gy B Al ST S S0 A Ga - - B 0 - S S Ol O e e

¥ean squares

Bourc. df - - B e L -~ . -
} Biomaas Per day bicmass Crude protein
preductivity productivity vield
Replicaticn 2 15@238;.2 €0,.48 23026.10

Treatment 6 B81446784.0 1057.67 1266743,66

Error 12 2287430.0 404,65 41653,50
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b. ANOVA for the organic carben, available nitrogen, available
phosphorus and exchangeable potassium contentscf the solil

Mean sqQquarss

Source 42 organic  Available Available Exchangeable
carbon nitrogen phosphorus  potassium
L —ti' | L 34 * :'& * 1.3

Replicaticn 2 0,016 0.004 0.000 0,000 130,86 0.1C 19,02 2328.13

W - e At AR OO K ate e am 0 d

Treatrent 7 0,037 0.329 0,000 0,003 232,16 224.87 2960.40 10102.50
Error 14 0,046 0,048 0,000 0,000 45.14 39,49 356.44 5567.72

* - Before the exreriment
t¥ . After the expariment

C. ANCVA for the exchangeable e¢alcium, exchange=ble magnesium and
available aulrhur contents of the zoil

T I e - i b

Mean sguares

Source af . Exchangeable Excﬂang;ablc Availablo-

calcium magnesium sulphur

o8y Chean - - - i [ = £ N e O Sy

Replication 2 2358,50 4919.00 15022,19 9445.87 27.16 52,97
Treatment 7  70532.96 32249.3¢ 46291,71 25472.42 77.22 123.41

Error 14 9322,02 28393.96  6229.B0 5849.77 10,75 37.64

* - Before the experiment -
w& . After the experirent




d. ARCVA for the economics of the different cropping systems
in coconut -~ caguarina alleys

L4 N e SRS T - ek S S e i U g S SN AN 4 S AED P e U S S D e Y SO - -y e -

h Mean squares

Groas income Net income PBenafit cost
ratio
Replication 2 0.03% 0.052 0.05%
Tramtment & 00325 0.517 0.21%
Error 12 . 0,042 0,083 0.038

- o slie e @i ol A app G my S0 2 . A0 - L - iy e S g ey G B S g P

e, ANNCVA for the bionotric observationa on coconut

i - Sy S0 Gt I A S e i A i iy ) T s e S - - -

Hean sQuarea

Height Girth Rumber of
leaves
Replication 2 18722.38 4,17 7.63
Treatment 7 1146%5.81 26,90 9.85

Error 14 ' 5757.47 - 14,02 3,82
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ABSTRACT .

H
"

An experiment was conducted in the pre-bearing f
coconut gardens of Agriéultural Research Station, Mannﬁfhy
during the period from May 1987 to May 1988 to assess the
biomass productivity of different intercrops grown in p
coconut - ¢asuarina alleys and théir effect oﬁ the éroéth

of tree components and on the micro-meteorological par#—

meters. -
The different cropping systems tried in céconutf—
casuarina alleys were tapioca + groundnut, amorphophal#us
-~ horsegram, fodder maize + cowpea - fodder cowpea, guinea-
grass (throughout), fodder cowpea -’sesamum, groundnut;-
blackgram, modan paddy - sesamum and control (without ény
intércrops). The experiment was laid out in randomiseé
. N i

block design in plots of size 7.5 x 7.5 m and replicated
i

thrice. ‘ ;

The plant height of all the crops excerting tha%
of fodder cowpea and sesamum showed an increase when grown
in coconut -~ casuarina alleys. The yields of tapioca,:
groundnut (grown mixed with tapioca), amorphophallus, I
blackgram and paddy were rather low in coconut - éasua;ina
alleys compared to sole crop yields. Fairly high foddér

vields of maize (mixed with cowpea) and guineagrass (. .



were obtained when grown in coconut - casuarina alleys.
Regarding the total biomass production of different
cropping systems, amorphophallus - horsegram cropping
system recorded the highest and groundnuﬁ - blackgram

cropping system yvielded the lowest.

The soil physical properties like bulk density,
particle density, maximum water holding capacity were not
influenced by the different cropping systems. It was
seen that most of the croﬁping systems except that involv-
ing guineagrass left the soil richer with resﬁect to
org®nic carbon content and most of the primary and secondary
nutrients. The cropping system which recorded fairly high
gross income, net income and benefit-cost ratics were
amorphophallus -~ horsegram, fodder maize + cowpea - fodder
cowpea and groundnut - blackgram. The different component
crops grown in the alleys had no adverse effect on coconut
or casuarina. Casuarina which was intercropped with coconut
was found to be capable of generating a fuel wood yield of

10-11 t/ha/annum.



