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INTRORUCTICH

The natural forests in many countries are dwindling
at an alarming rate as a result of deforesteticn, threst-
ening the very existence of our ecosystem. In India, the
foreated area decreased from 40% in 19850-51 to 26.68% in
1086-87, The necessity to feed the exploding population
and to supply rew materisls of zll kinds brings in further
presgure on land, limiting the scope of preserving the
natural forests. S0 to feed and sustain the growing
population with minimun disturbance to tha.ecnsyatam it
is necessary to develop farming systems which will sustain
the natural resources. !Nultiple cropping with differant
tree components and annual food crops 12 the nost viable
and adaptive land use system which will be koth productive

and protective.

I Kerala because of the high density of populaticn,
the size of farm holding i1s very smsll, ranging from 0.02 ha
to 1.00 has Coconut palm, the important component of most
of the gardenland holdings due to its peculiar growth
pattern permits the growing of wany perennilal a2nd/or
annual species in the interaspace during the early and

later phase of its growth cycle (Nelliat gnd Krishnaji, 1976).



A multistoreyed cropping system with coconut, cocoa,

reprer and pineapple were also suggested for intensifli-
cation of cropping in these regions (Nelliat et al., 1974),
Planting of multipurpose forest trees in farm lands are
suggested to lessen our dependence on natural forests for
thé supply of raw materials, fuel wood, timber etc. In
Korala.‘such cropping systems are rossible only on lands
which are already under coconut or in lands which can be
vrofitably put undar cccﬁnut or other cash Crops. Eucaly~

ptus (Eucslyptus tersticornis), Subabul (lLsucaena leucoce-

phala (Lamk) de Wot, Glyricidia (Glyricidia maculatas) and
Ailanthus (Ailanthus tryphysa) (Roxb) are promising, fast
g:owiné multipurpose tropical tree species suited to the
agrﬁclimatic conditions of tﬁe Stater the former two
yielding fuel Wood £nd/or raw material and the latter two
yielding fuellwood, fodder and gresn manure. As a sustain-
gble crorping system for the State, the feasibility of
growing coconut with these multipurpose tropical tree

crops end some annual food crops were investigated, Thus

the objectives of the gxperiments were tc aszass

(1) the performance of various tuber crops under coconut =

multipurpose tropical tree alleys



{11) ¢the influence of thc alley crops on the treo

components

(114) the changes in microclimatic conditions due to alley

cropping

(iv) the changes in chemicel and physical properties of

201l as influencad by alley cropping.
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REVIEYW COF LITERALURE

Agroforestry, daliberate growing of annual field
crops with woody rerennialg in mixtures is considered as
a sustainsble agricultural system. Alley cropping is

one of the methods of'agroforestry.

The term alley cropping was suggested by tilscn

and Kang (1981) to describa a cropping system in which
especially food crops are grown in alleys formed by treecs
or shrubs established mainly to hasten moil fertility
rastoration and enhance soll procucrivity. Alley cropping
may be regarded as an organised form of bush £sllow in
which selected species are plantad in organised patterns,
designed to facilitate crop growth and easy crop management

systens based on nutrient cycling by plants.

Several multipurpose tree speciaes are being
popularised in our country. Arong these, eucalyptus,
subabul, glyficidia and ailanthus are important in Xerala.
Literature on the suitability and performance of these
treecs in Kerala, - their feaxaibility in coconut gardens and

alley cropping are very limited., The available information
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on the feasibility of these tree species in different
agroforestry systems and the alley cropping practices

are reviewed in this section.

2e.1. Bucasiyptus baped - alley cropping

2.1.1, Performance of eucalyptus

Bucalyptus like tropiczl pines, subabul and

mesquite (Proszopis juliflora) has attracted considerable

attention in Indian forestry, Although its first
introduction dates back to 1843, reqular plantations
cormenced from 1956 conly. Since then various eucalyptus
species have heen tried gsll over the country. &As a fast
growing species with light crown, eucalyptus hybrid

(Bucalyptus teretecornis) found its place in social or

agroforestry systems of land managemant (Gupta, 1986).
Eucalyptus has been planted by the farmsrs on ﬁunds. along
field boundaries in rows, along water channels and in eompact
blocks in agricultural fields with variable spacings (Mathur
et al., 1988). Singh, et al. (1983) observed that eucalyptus
is adapted to heavy solls and the growth rate on light =o0il is
very slow compared to heavy zoils. In a young eucalyptus hybrid



age
plantation of ege 5 years George (1986) estimated a total

bicingss production of 68344 kg ha~l. The productivity of

lﬁyuar’1.

pon-ghotosynthetic biomass was 12,935 kg ha™
Arong the various nutrients the uptsoke was maximum for N

and Ca arnd the maximum retenticn was for P and Ca.

2.1,2, Influence of eucalyptus on scll fertility

There is =n apprahension all over the country that
eucalyptus plantations, especially aos monoculturas will
daplete the soil. kushalappa {1986) cbserved a general
incremant inlmoisture status, pH, organic carbon, phosphorus
gnd potasniﬁm contant of the scil cultivated with eucalyptus.
2inghal (19€6) from Uttar Pradesh State roported that the
quantity of organic matter humified was more under
eucalyptus. Since the ﬁﬁmification rate was faster in the
case of eucalypéus, the chances of lcoass of organic matter
was algo considerably reduced. Scni et pl. (198%5) observed
that the infiltration rate of the scll was highest in’
eucalyptus plentaticna. Infiltraticn capacities under
different vegatal covers vere found to be positively
correlsted with 30i) porosity and negatively with bulk
density.



2.1.2, Performance of alley crops

2.1.2.1. Cereals

The feeling that nothing grows under cucalyptus is
not correet and this depends upon how closely and widely
treas are planted (Shegma, 1983). o reported that some
farmers in Kolar, spzce out eucalyptus and Iintercrop
fingermillet for 1-3 years. Intercropping of 2 vear old
eucalyptus planted st 4.3 x 4.3 m spacing with vheat vwas
reported from Pakistan. it was reported that the grain
yields o%f wheat Qo not differ when grown £0-120 cn away

from the base of the traes.

Bucalyptus are being planted with agricultursl crops
on field boundaries o8 effective wind breaks. EILffects of
eucalyptus along with neem (Agadirachta indiea) and acacia
(Acacia nilotica) on safflover and sorghum haée shown that
these two species do not affect the growth znd yleld of
alley crops. Though the highest grain yield (510 kg ha™1)
of sorghum was reccrdﬁd when grown withouf traees, 1t uzs
followed by eucalyptus (420 kg ha™l), neem (347 kg ha™1)

and acacia (286 kg2) (Chaturvedi, 1983).



2.1.2°ﬁ. Pulses and oilseeds

At Coimbatore the shade tolerance of 1l genotypes
of bléckgfam raised within a stand of two year old

Buealyptus tereticornis, planted at a spacingof 1 2 1 m

was otudied by Remachandran (1581). He observed two
genotypes (JLU S5-1) and (No.55) which performed well
under shadéf#é;e suited for growing under eucalyptus.
Couto et sl. (1982) studied intereropping of soybean in

Eucalvptus grandig in Southern Braszil. They observed

that =oybean planted along with seedling eucalyptus
recorded grain ylelds ranging from 1.533 to 2.499 t ha™*
which was similar to the yield nﬁrmally obtained in the
region for a =sole crop of soybean. Thé soybean also

mupressed the weeds in all the treatments.

2.1.2.3, Fodder grasses

Pant {(1980) has rerorted the successful cultivation
of several species of fodldder grasses (guinea, rhodes,
para, nepler, bajra hybrid and blue pznic grasaes) under

eucalyptus by a farmer in Gujarat. Eucalvptus globulus

in Hilgiris hills similarly permits the growth of shade



loving gragses during the first five years (Samraj, 1977).
Sud et gl. (1986) found that fammers can have en additional
income of E2,2500 per hactare in a ysasr f£rom the second
year of planting eucalyptus by growing an intercrop of
bhabber grass (Eulaliopsis binata)s The bhebbar grasses

did not affect the yield of eucalyptus as it occupled a
differant layer of goil.. It reduced run off and sediment

losses during monsoon perlode

2:1.2.4. Tuber crops

Ghosh et gl. (1985) cbserved that intercrops like
cassava, cassava + groundnut or cassava + cowpea increased
the height and girth of eucalyptus. It was noted that the
total bicmass production of cassava was minimum under
eucalyptus. The uptake. of nutrients in cassava was

minimum when grown in asscciation with eucalyptus,

2.1.3. Compatitive effecta of eucalyptus on interecrops

Wheat when grown with Eucalyptus tereticornis has
shovn normal yield in the first year (2900 kg ha~1),
tHowever, the intercrop £alled in the third yezr possibly
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due to the increase in root cnd crown cover ci euceslyptus
resuléing in competition for roisture, nutrients and

light (Chaturvedi, 1983)., CSherva gt al. (1991} opined
that root competitiocn can be controlled by Adigging
trenches in bestween tree lines and agricultural crops and
normal yields can bs obtained. Adverce effect cof the
main crop of sucalyptus on ralze grown ag intercrcp has
also been reported from DBrazil, Suresh and Rai (1587)
reported thot the ggrminétion, reot length ond drymatter
production of sorghum, covwpea and sunflower ware depressed
vhen malched with dry leaves of asucalyptus or irrigated
with aquecus leaf extracits protbzbly due to allelopathic
affect. Sorghum proved most susceptible to these
influences. Basu et al. (1987) conducted an experiment

to £ind out whether the low production of potato and the
deleteriocus affect on the growth of wheat growing in plots

just adjscent or nesr to EZucalyctus tereticornis were due

to competition for water, nutrient availability or due to
the vossibilicy of scema slleleochemical released by thg
litter =ccumulated nearby. The investigetion revealed
that the low production was due to chemical messengers

(allelochemicals) as all other factors assessed ware found
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to be favourable., Nembiar st al. (1986) found that

Bucalyptus tereticornis planted in field boundary hed

adverse effect on yleld of agricultural crops like tobacco
and summer bajra. Eventhough thera was not much effect
of the trees on the yield of agricultural crops during
the first year, eucalyptus caused 7,2% and 21% raduction
in vield of tobacco and summer bajra respectively during
the sccond year. A study conducted by Khybri et al.
(1985) showed that eucalyptus had greater effect in
depressing the yield‘of rainfed crops of kharif upland
paddy and Rabl vheat.

From the foregoing review it is evident that a
variety of ceresls, pulses, ollseeds and folder grasses
can be successfully ralised as intercrors in encalyptus
alleys. Competitive effects of eucalyptus in these
cropping systems are rerorted. Considering the potential
for expansion of eucalyptus cultivation in the country
identification of popular food crops suited for alley

cropping in eucalyptus needs priority in research.
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2.2. Subabul based -~ alley crorping
262,11+ Performance of subkabul

Leucaena {(leucaens leucocephala Larkde Wit) commonly
known as ‘subsbul' in India ik = tropical evergreen
mroeoid leguminous tree, - It was introduced to gaillippines
from the native Central America by Spanish travellers having
business connecticns in the colonies of Céntral'Amqgica and
South East Asia in 16th century. Later it spread to other
South Asian Countries including India (Balasundaram and
Moharmed Ali, 1987).

Subabul in recent times gained irportance, particularly
in developing count;igs bacaugze of 1ts fast rate of growth,
rossibliity of closer plantings, abundant biémalu production,
prnduction of small timber and fual wood and above all,
pﬁoduction of protein rich fodder. This leguminous tree
fixas simospheric X and improves soll fertility also (HAS,
1977 and Torres, 1983),

3

The wocd yield of the tree is upto 40 to 50 m hn'1

year’l. When regularly mowed largs ¢guantities of £oliage,
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1 1

68 t drymatter ha ~ yenr — rich in proteins (25-30X) are
‘Obtained. Inspite of its hich nutritive value; subabul
feeding is a controversizl issus because of the presence of
mirosine. (P-Iﬁva-hyﬁrpxyqa-oxopyriﬂyl)-DC-aminoprcpionic
acid) alnon-protein aminoacld, which can have celeterious
‘-ffectu on animéla (3a§de. 1987) . Mimosine causes
epllation, woighé loss and ill1 health in non-ruminants
liﬁelhorses.'pigl{ rabbits and poultry when #@d at levals
ab$vc 7.5% (dry wmatter) of dleﬁ. Hoveaver, ruminants in
rost of the Sough Fast Asian Countriss have stemach micro-
organisms that render mimosine harmless (Balasundaram and

Hoharmed All, 1987).

Subabul's root reach deep, far and wide for nutrients
and water., This allcws the plant to tolerate a wide array
of s0ll conditions. It thrives in solis with varying
levels of rccks, clays and Coral. Subabul grows well only
in neutral to alkaline solil, growing best a2t pH 6 to 8
{Balasundaram and Mohammed Ali, 1987). Subabul is the
most widely studied spacles for hedgerow intercropping
{alley cropping) practica. Experimental data indicate
- that it can vield over 200 kg of B for arplication to

alleys where annual crops are planted (Ssekabembe, 1985).
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The expariments conducted by Prasad gg,gg. {1584¢) at

Chottanagpur revealed that greesn fodder yiaeld c¢f 550 q ha"l

i 1 year’l

year™ "~ and dry mattor yield of 175.5 q ha” can be
obtained frcm subabul, ' Agrawal et al, (1985} rerorted
that it is an excellent fodder tree and the leaves contain

27 to 3¢ per cent crotelin,

2,2.2, Influence of svbabul on soil fertility

Subabul improves soll fertility by atmospheric N
£ixation (Hogberg and Kvanstrom, 1982). All the ten
specias of suhnbul afe reported to nodulate readily and
annial ¥ accumilation rate=s of 600 kg ha"l

1t ha~}

and as high as
are on record but the annual ¥ fixation has not

been deternined with pracision (ifalliday and Somesegaran,
1982}, It wos found that the tap root syatem of subabul

panetrates even hard rocks. It fixes 500 to 550 kg

atmospheric N ha"1 3

vear " and improves the fertility of
barren land (Agrawal et al., 1985), N fixation studies
were carried out in 4 tree specics under pot culture
conditions, Maximum plant height, nodule bilomass and
nitrogenase activity were noticed in case of subabul

followed by Albizla, Acacia and Dalbergla (Pokhriyal et al.,



1987). The studies conducted by Agrawal at al. (1985)
roevealed that aggressive tap root system of subabul fixes

1 1 and improves

500 to 580 kg of atmospheric N ha™* year™
zo0ll fertillity of barren land. This may increase the

yield of crops grown in farm to the extent of 50%.
24243, Subsbul based - intercropping systems

$ubabﬁ1 has great potential for intercropping with
food crops (Maghewbe and Redhead, 1982). lany cercals,
pulsaé, 0ilgeeds and fodder grasses asre reported to be

successful as an intercrep in this tree crop alley.

2e243.1, Cereall

Kang et al. (1981) from Scuthern Nigeris regorted
that intercroprping of meize in allays between hedgerows of
subahul planted 4 m apart ggvé‘uustained annual yields of
about 3.8 ¢ ha"1 without any supplimentary ! and astill
higher yields with supplimcntary N at 20-80 kg N ha~i,

The prunings from 5-6 year old subabul yielded 5-8 t ha™1
‘dry tops per year equivalent to 180-250 kg N ha~! which was

rasponsible Zor the sustained annual yields of maize.
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Wilson and Kang (1981) who coined the term alley cropping
to describs such intercropping systems reported the
results of experiment in which subsabul was established in
association with maize or cassava. The initial phase of
the 2 year rotation involving maize/subabul followed by
vam/subsbul was establiched in a similar manner. It was
found that crop yield and subabul develorment was not
atmost affected by intercrorping. Verinumbe (1983) who
gtudied the economlcs of small scale farming in liigeria,
reported that éhe maximum yearly net profit was obtained
if a farmer produced a combinaticn of 95% of the farm area
under maize + subabul and 5% of the area under maize +
stylo. This in essence uwnderscores the success of mailze

intercropping in subabul.

Results of the experiments conducted at Dehradun
indicated that intercropping subsbul with wheat gave an
2d31itional yield of 2,901 kg ha™} of wheat (Khybri
&t al., 1985). In an cxperiment, the effect of subabul
planted on £ield boundary on the vield of agricultural
crops lige tobaeco =2nd surmer bajra was studied. Tha
rasult indicated that the tobacco and summer bajra under

subabul recorded 8.4% and 2.8% increase in yield respect-
ively (Na‘mbiar QE _il__op 1986)-
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2:2¢3.2 Pulses and ollseecds

Experimental results on pigecnpea, castor and
sorghumn, alley cropping indicated that the intercrops
yielded more grain es compared to-the expected yield of
sole cropse Increase in preoductivity was recorded in
pigeonpea followed by castor ond sorghum (Singh, 1983).
Differant silvopastorai_and agripastoral systems have
been studied by Singh (1983) st Jhansi. Intercropping of
subabul with gingelly, groundnut and pigeon pea were
found feasible, However, the gingelly yleld was increased
when grown in associlation with subabul whereas the .ground-.

nut and plgeon pea yilelds waere reduced,

In red chafka s0lls at Hyderabad, castor and sorghum,
castor and pearl millet ylelds were improved when inter-
planted with subabul which {tself yielded considerable

fodder (Venkateswarlu et al., 1981).

2.2¢3:3. Tuber crops

Kabe@rthummaigg‘g;.'(1985) observed that intercropp-
ing of subabul with éassava on'slo;y lands (5-9%)



18

conserved soll and water efféctively and gave an additional
income, Swift (1982) from Papua New Guinea reported that
the total biomass yield was considerably higher vhen sweet
potato was intereropped with subabul,

2+2.3.4, Fodder grasses

The studies at Jhansi, confirmed that it is profitable
to grow subabul in association with hybrid napier variety

IGFRI-3 or IGFRI-6 and a biomass production of 878 g hn-l‘

. and Potil
can be achieved by this cropping system (Gill ot sl., 1983),

2.2.4, Competitive effects cf subasbul on intercrops

Ghosh et al. (1985) found that subabul adversly
affected the growth and yield of cassava grown as alley
¢crop. 1t is thus evidaqt that alley cropping with different
annual crops is successful in subabul also, but it has to
ke borne in mind that the height of main crop of subabul
in alley cro&ping is restricted to gbout 1.5 m s80 that the
annuals grown in the alleys are not shaded. The favourable
effects of the legume tree on soll fertility makes it an

ideal component in crop mixtures.
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2.3, Glyricidia based - alley cropping
2+3.1. Performance of glyricidia

_ The role of glyricidia in agroforestry systems can
be productive and or protective (Nair gt al., 1984). In
an alley cropping trial on degfaded land at Nigeria!
Glyricidia sepium produced prunings of dry weight 5.5 ¢

1 which could contribute 169.4, 11.0, 149.1,

ha~1 year
66.0 ond 17.6 kg ha™} N, P, K, Ca and Mg respectiveliy.
Evaluation.of a glyricidias gerﬁplasm collection from Costa
Rica indicated that the éarly vigour and greeﬁ leaf yleld
vary widely. Over 4 harvests, the 4 highest yielding
accessions produced 3.7% more green leaves than Ibadan
local, The gfégg%gt mulch yield.was obtained with
approximately 10 established trees m"1 (Sumberg, 1985).
Nair (1979) reported that glyricidia is grown for shade or
green manure in foot hills of Western CGhats plantaticns of

coconut, pepper, rubber, coffes, cardamom and tea. Through-

out Costa Rica Glyricidia sepium is used as.a living fence

posts. One of the most valuable and leest acknowledged
properties of these living fence posts is thelr ability to

retard soil bank ercsion by means of mechanical barrier
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and f£ine mat of surface roots which they produce (Ceer

at al., 1981).

Reporta of intercropping of glyricidia alley with
annuals are rarely found in literature, but the trees role
as a high green leaf manure vieldsy iz appreciated in many
countries, Glyricidia plant grows 25 to 30 feet in height
under favourable zoll and climatic conditions, and gives
annually two cuttings of 18 tc 20 lb ench of green leaves
containing 30 per cent nltrogen on dry weight bosis
(Yowelker st al., 1962).

2e8.1. Performance of ailanthus

& large daclduous tree 60-00' in helght and 6.8' in
girth, The timber of mscme apecies Is soft and light end
that of Ailanthus grandis i1a found suitable for plywood and

tea chests (Limaye, 1942). The timber is used for packing
cases, fighing floats, boats, spear shepths, sword handles,

toys, drums eatc. (Fearson and Brown, 1976).

The common spaclies grown in lerale ars Ailanthus

tryphysa Syne. Allonthues malabaricum. Ailanthus excelsa




also ig grown at Valayar. 3In Kerala, the farmers plent
theze trees in coconut gardens, arecanut gardens, homs-
steads etcs The bark of the tree can be used to cure many
diseasas such ag dysentry, indigestion, constipation etc.
The bark of the roots soaked in gingelly oil is a good
antidcte for ccbra bite, The latex of allanthus 1s used as

a mozquito repsllent and also in perfumery (XFRI, 198%),

2+4+2. Allanthus based - intercropping systewms

Allanthus comss up well even under very low soil
fertility. Under this crop cassava can be raised which

gives soma profit to the fermar (KFRI, 1985).

Bimilar to glyricidin, the literatur=s available on
thin tree or tree baszed cropping =ystems are limited, -
Much more attention of the researchers are needed to derive
information on the feasibllity of this tree in different

croppinq systams.
2.5, Coconut baged - intsrcropping system

Coconut {Cocog nucifora) is cne of tha very few tree

crops in which intercropping is extremely practiced, as it
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has a long life span of 60-80 years and the land ls
commutted to it for several decades, it is planted wide,
usually about 7.5'm either way and it has been estimated
that only 284 of the land area is utilised by it in a sole
stand .(Leela and Bhagkarsn, 1978); it has a particuler
advantage of having two periods (initially upto B8-10 years
gfter planting and again 20 years zfter planting upto
penescence of the crop) in its life span during which it
allows sufficient light to penetrate to the ground when

- intercropping could be practiced (Hair et al., 1974).

Many annual crops are compatable with it as its rcot zone
is concentrated literally to a radius of 2 m only (Kushwah
et al., 1973) and vertically between the depths of 30 cm
and 120 cm from the surface (CPCRI, 1973), A wariety of
crops were ralsed or have been tested for their suitability
as intercrop with varying dégrees of success. In Kerala
state, bansna 1s commonly raised as an interecrcp in coconut
gardens (Nelliat et al., 1974; Wair and Varghese, 1976;
Hair et al., 1974). Other intercrops suggested for growlng
in coconut gardens are cassava (Nelliat,1976; Hair and
Varghese, 1976; Nelliat et sl., 1974; Nair et al., 19741

Varghese gt al., 1978; Potty, 1978; Ramanujam et al., 1984b;
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Menon and . Nair, 1978), aemoxrphophallus (Hair end Varghese,
19767 Nelliat et al., 1974; Hair et al., 1974; Varchese
et al., 1978; Menon and Nair, 1978} greater yam (Nelliat,
19767 Nair gt gl., 1974: Menon and Nair, 1978) and
colocasia (Varghese gt al., 1978). In addition to this
awzet potate, lesser yam, chinsse rotato, ginger, turmerie,
peprer, up}ana rainfed rice, sorghum, £inger millet,
italisn millet, black grem, green gram, red gram, horse
gram, cowpea, groundnut, gingelly., forage crops, grassas
and legumes, piﬁéapple, sunflower, vegetables etc, wore
also found to be successful in coconut plantation

(Varghese gt al., 1978},

Nair et al. (1974) reported the feasibility of
intercropeing of several tuber crops, rhiszcme crops,
ollseeds, cowpes, banana and pineapple in cCoconut garden
and stated that elephant foot yam and cassava had no
adverse effect on coconut tree if the maln crop and inter-

crops vere adequately and separately manured.

In contrast Ramanujam st al. (19643 reported that
productivity of cassava is reduced in coconut gardens

gince the light infiltration to the coconut stand was only
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about 1/7th of the open field. Vergera and Nair, 198%
reported that the major croppring systems in the Pgcific
regions include various forms of combinations of tree
creps such as coconut, coffes, cocoa with N fixing treee
such as casuarina, glyricidia and subabul and foeod crops

such as cassava, taro, sweet poteto and yams.

Thua the tres species lika eucalyptus, subabul,
glyricidia a2nd ailanthus holds great potential for growing
as a source of goft wood/fuel/green manure in Kerala state.
Consideriﬁg the existing oropping pattern in the state the
most feasible approach to develop these trees arg to plant
them in coconut gardens in mixtures., To develop our coconut
gardens to a sustainable agroforestry system the need is to
integrate the growing of cocconut, other perennial tree
species and annual food cropse. Information on the alley
cropping of these multipurpose tropical tree crops with
annual food crops is very scarce excapt in the case of
eucalyptue and subabul. Also there is no much reports
available on the coconut based agroforestry svstems, So %o
develop viable coconut based agroforestry systems suited

for Xerala more experirents will have to be undertsken,



primarily on esseasing the nerformance ¢f various woody
verennials in coconut gardens and the productivicy of

tha annual food crops in the tres allevs.
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MATERIALS ARD METHODS

The details of the materigls used and techniques
adopted during the course of this investigation are

presented in this chapter.

3.1, Exparim@ntal site

The experiment was conducted in the coconut gardens
of tha Agricgltural Research Station, Haﬁnuthy. Zrichur,
Kerala, India (12® 32*' N, '74® 20' B) Suring the period
from May 1987 to Pebrusry 1988. Trichur enjoys a humid
tropical climate. The weather data for the expesrimental

saagon are given in Appandix-I,

3.2, 8o0ll Characteristics

Composite soll samples from 0-1% cm depth were drawn
treatmentwise before the commencerent of the expariment,
These s0il samples wore used for the determination of
rhysical and chemical prorerties which are presented in
Teble 1. The soil of the expgr&mental site was acid



Table .

]
;

Physical and chemical properties of the soll

bhefore the experiment

Partiesulara

Physical properties

Sand 62 %
Sile 12 %
Clay 26 %
Particle density 2,72 gfond
Bulk density 1,36 g/cm
Maximtm water
holding capacity 36.07 %
Chemicai properties
Organic carkon 1,25 %
Total K 0.123 %
Available P 40 ppm
Exchangeable K 328 ppm
Boll reaction {pil) 544
EC 0.07
millimhos/cm

Hydremeter method (Piper, 1942)

Core method (Piper, 1942)

Keen—ﬁé@kowuki box mathod
(Keen and R@?kowski, 1921)

Walkley and Black method
(Jackson, 1953)

Iodifled microkjeldahl
(Jackson, 1958)

method

Chlorostannous reduced
molybdophosphoric blue
rethod in hydrochlorxic
system (Jackson, 19%8)

colour
acid

Flame photometry Neutral
normal emmonium acetate
extraction (Jackason, 1958)

S04l water suspension of
1:2.5 (Hesgse, 1971)

Soil water suspensasion of
1:2.5 (Hesse, 1971)

i P g S S M N A SN - W S S
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laterite {(oxizel) with a pH of 5.4. The ‘textursl clags of

the s0il was sandy clay loam.

3e3s Cropping history

The exparimental site was a coconut (Cocos pucifers L)
plantation of age -50-~60 years with under planted coconuts
of age S«8 years.

The coconut palms were plented at a epacing of 7.5 x
7e5 Me Tﬁu rows of multipurpcse tree spacies viﬁ. qucalyptuu
(Eucalvptus teraticornis); sﬁbahul {Leucasns leucocaphala
Laﬂi. giyricidia (Glyricidia mqéulata) and aiianthup
(Ailanthun‘ggxggggg)_wern planted at a spacing of 2.1 %

241l m in the inter-row spece of éoconut in August 1983. The

cropping systems thus obtained are

a) cocconut + eucalyptus
b) coconut 4+ subabul

c) coconut + glyricidia
Q) coconut + silsnthus

e} coconut alone
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The interspaces of the alleys batween two rows of
these multipurpose tropieal tree crop combinations were
left fallow for 3 yeaars prior to this experiment. The
performance of the following tuber crops were compared as
an intercrop in the akcve mentioned coconut multipurrpose

tropical tree alleys (Fig. I and II),

a) Amorphophallus (Amocrphophallus csmpanulatus (Roxb) Bl,
ext Decne)

b) Cassava (ﬂanihbt esculenta Crentz)
c) Toro {Colocasias eaculenta L)

d) Greater yam (Dioscorea nlata L)

Each cooonut multipuryose trorical tree-alley was
canligered as an inderendant exparimental unit end the
perfaxmance-ofvthe sbove mentioned four tuber crops in
coconut + gucalyptus, cccoonut + subabul, coconut + glyricidia,
coconut + allanthus ﬁgd‘coconut alleoys were studied lin
sererate experiments, The experiments were laid out in
rendcmised block design with five replications. Sole crorps
of tuber croys were grown to work out relative yields. The
size of the plots were 7.5 X 7.5 m gross (5.5 x 3 m net).,

The alley cropping systems evaluated under this investigation
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are given balow,

Alley cropping of tuber crops in coconut-aucalyptus'mixtura

a)
b)
e)
al

e)

coconut + eucalyptus + amorphophallus (Flate 1 a)
cecoﬁut + sucalyptus + cassava (Plate 1I)

coconut +'auca1yptu: 4+ colocasia

coeonut + eucalyptus + groater vam (Plate V)

coconut 4 eucalyptus

Alley cropping tuber crops in coconut-subabul mixture

a)
b)
c)
4)

@)

coconut + subzbul + smorphophallus (Plate I b)
coconut + subabul 4 Cassava

coconut + subgbul + colccasia (Plate IV)
coconut + subabul 4+ greater yam

coconut ¥+ subabul

Alley cropping of tuber crops in coconut-glyricidia mixture

a)
b)
c)
Q)

e)

coconut + glyricidia + smorvhophallus
coconut + glyricidia + cassava
coconut + giyrdoidia + colecasia
coconut + glyricidia + greater yam

coconut + glyricidia



Alley cropping of tuber crops in ccconut-ailanthus mixture

a) coconut 4+ ailanthus + amorphophallus (Plate I c}
b) coconut + ailanthus + cassava

c) coconut + ailanthus + colcocasia (Plate IIT)

d) coconut + ailanthus + gregter yam

s) coconut + ailanthus

Alley cropping of tuber crops with coconut trees

a) coconut + amorphophallus {(Plate I @)
b) cococnut + cassava

¢) coconut + colocasia

d) coconut + greater yam

e) coconut alone

All the five experiments were statisticslly analysed
together as in a multilocational trial so that a comparison
cf the performance of the tuber crops under a;ffernnt

coconut - multipurrose treé crop alleya is possible.

3ed. Dascription of the cultural practices
3edele. Amorphophalluz

Amorphophallus was planted in pits of size 60 x 60 x
45 cm at a spacing of 90 x 90 cm. Two kilogram cattle



manure was mixed with the top soll of each pit which was
-then refilled to three-fourth of its volume and cut pileces
of corm welghing one kilogram each ware planted in the
centre of the pits. Prior to planting corm pieces ware
dirred in cowdung and were dried under shade. The plants
were mulched with dry leaves lmmedistely after planting,

The basal dcse of fertilizers were applied at the

rate of 40 ¢ 60 ¢ 50 kg N, ons and K20 ha’1

respectively,
at 45 days after planting., After that first veeding and
earthing up were done. The seccnd dose of Ffortilizers

(40 kg ¥ and 50 kg K0 he~ ) were applied one month after
the first appllcation after whicﬁ the crop was harvestad

8 months after plénting.

3.4.2. Greater yam (Dioscorea)

Dioscorea was planted in pits of smize 45 % 45 x 45 cm
at a spacing of 1 m X 1 m. About three fourth of the pits
vere £illed with 11l kg cattle manure, mixed with top
soll. Pieces of tuber weighing 250-300 ¢ were planted at
the cantre of pits and mulched witb dry leaves prior to

planting. The cut pleces of tubers were dirped in cowdung
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Psble 2, The description of the crops, varieties, cropping
season, spacing and plant population
Crops " Varieties Cropping Spacing o, of
season rlants
ha-1
1. Amorphophallus Local Feb-March to 90x90 cm  B,400
Qct-llovenbar
2, Greater yam Local March-Aprll to 1xl m 6,600
Oct-Hovembar
3« Taro Iocal Hay-June to  60x45 cm 25,000
Oct-Hovaember ,
4., Cassava H-~2304 April-¥ey to 90xS0 om 8,400
Dac-January
5« Coconut West coast Perennial 7.5%7.5 m 180
tall
6+ Eucalyptus Eucalyptus Ferennial 2,1%2,1m 1,300
tereticornis
7. Subabul Leucaenn Perennial 2elnlel m 1,3G0
JeucoCephala .
8. Glyricidia Slyricidia Ferennial 2,122,131 m 1,300
macnlpnta
9. Allanthus Adlanthus Perennisl lxZdim 3,300

trinhzla

R I el e A Mgl G A S DY i S A AN N
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slurry and allcwed to dry under shade before plqnting.

The first dose of fertllimars (40 3 60 : 40 kg N,
P,0g and K,0 ha 1) were applied within a week sfter
| sprouting of the tubars; The second dome of fertilisers
(40 kg each of N and K0 ha™') were applied one month
after the first application. Along with fertiliser
application, weeding and earthing up were alsc done.
Fifteen days after sprouting, the plants were trailed to
the tree species. The crop was harvested by about 8
ronths when the vines showed the symptoms of yellowing
and dgying.

3.4.3. Taro {Colocasia)

The side Corml wéighing 25=35 g were planted gt a
spacing of 45 c on ridges formed at a distance of €C onm.
Cattle manure ot the rate of 12 t ha™> was mixed with the
scll while preparing the ridges for planting. A fertilizer
dose of 80 1 50 t 100 kg N, PO, 2nd K0 ha~t raspectively
was applied in 2 split doses. Full doée of 9205 and half
dose of N and ch were applied within a week aftaer sprouting.

The remaining half dose of N and Kol wers applied cne month



later. The crop wes harvestad after 6 months.

Jeded. Cassava

Single cassava Setts of size 15-20 cm prepaved from
thg middle porticn of healthy Jdisease free stem were
planted on 2oi) mounds (45 x 45 % 45 cx) formed at &
spacing of 90 x 90 ¢m. Cattle menure was applied at the

-1

rato of 12,5 ¢ ha = during lsnd preparation. The fertilizer

dose given was 100 kg each N, Palc avd Kzo ha~ -1

xezpactiveiy.
The N and K,0 were applied in 3 split'doses. oﬁe'tﬁird as
basal. one third two monthl after planting znd tha rest cne
third thres months after planting. The P “e:tiliaar was
given fully as basal,. Excess shoots were removed at about,
30 days after planting. rataining two sheots on each plant,

The crop wWas harveated at. nine months stago.

3.5, Chservations recorded

3.5.1, Tuber crops

In each plet three plants ware merked at random for

recording the obgervaticns periodically,



3.541.1. Amorphophallus

The helght was measured f£rom the ground level to the
tip of the leaves and also from the ground level to the
point of forking at 60 days interval. Girth at the collar
reglon was recorded gt 60 days interval. Tho following

regression egquation was used for estimating the leaf arsa.

LA = «756¢.94 + 256.35 x (R® w 0.973)

Where LA - l=af area per plant in cmz

X - average size cf the main branch

The average slze cof the main branch was obtained by
measuring the length of threse branches f£rom the point of
forking of pssudostem and calculating the mean value
{Ashokan, 1986). The yield of corms wera recorded from the
net plots 7 months after planting and the average yield per

hectare worked out,

Ja5.122¢ Casszava

The plant height from the base of the stem 4o the tip

was racorded at 60 daye interval. The total number of
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leaves per plant was rocorded at 2 months Interval. Four
rwonths after planting the nurbor of existing leaves and
the nurber of léavea that had fallen w=re also recorded.
The leaf area per plant was estimated using the method

suggested by Ramanujen and Indirs (1578).

The yield of tubsrs was recorded frcm the net plot
8 months after planting and the yleld per hectara was worked

cute.

3.5.1.3; Colocasia

Leaf ares per plant was estimated by using the
empirical methcd by Birdar et al. (1978). The yield of
colocasia tuber was recorded from tho net plots six months

after planting and the yield per hectare was worked out,
3.541.4. Creater ya

The yield of greater yam tuber was reconied from thae
net plot eight months after planting end the yield par

hectare was worked out,
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deBe2e Bilomass production

Plants were sclected at randcm at the time of harvest
for the estimation of total bicmass pzoé#ctien. For this
the ganpleas of leaves, aten eand tuber were taken and dried
in the oven. ¥From the cven dry welghts of ths samples the

1

total dry matter production in kg ha ~ was worked out.

3e5.3.1. Orowth characteristics cof multipurposs tropical

trea CIOpPS

The height and girth at the breast height (GiUH) of
the tree crops (aucalyptus, subsbul, glyricidis and
ailanthus) wera recordsd at the beginning znd at the end
of the experimant,

3e5e¢3e2+ Graen leaf manure yield from the trees

Pruning of glyricidis and subabul were done after

4 months of planting of tuber crops.

34543434 Litter f£21) from the trees

The leaves of eucalyptus and ailanthus (Plate IIZI)

wera collected avery week by spreading out a nat t¢o the
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tree. Tﬁe walght of these fallen leaves were recorded and

the ilitter f£all vorkad out.

3.5.4+ Growth characters of coconut

The nurber of leavés and the girth at the breast
height (GBH) of the coconut were recordsd prior to and after

the expariment.
3.5.5., Root density and root distribution

When the tuber crops werae 6 months 0ld, s0il cores
{volume 100 cmS) were collected from different depths
(10, 20, 30 and €0 om) and lateral distances from the tree
(10, 20, 30, 40 and 50 cm). Thase soil samples ware sieved
" and the roots were collected and dried in an oven. The oven
dry weight of thesa rocts wefé noted and expressed as
milligrame rer unit volume of scil, The vertical and
lateral spread of roots of intercrops were studled by
carefully digging cut. the plants and measuring the root
spread and depth,

Distribution of rcots at different distances from the

trece trunks viz. 10, 20, 30, 40, 50, €0, 70, €0, 90, 100,
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110, 120, 130 and 140 ¢m and at different 201l depths
viz. 10, 20, 30 and 40 cm were studied ulihg Yoot excavat-
ion mothod (Athul Chamdee and Yamadagni, 1963). The

2

number of root tips occurring in 10 on” were recorded for

each multipurrose tree.

3.5.6. Micro=climatic obsasrvations

3860l Light infiltration

An"Aplab Jux meter' wes used to measure the light
intensity. Thess readings were taken in the morning
(8=9 a.m.) afternoon (12-1 p.m.) and evening (4-5 p.m,)
at trimonthly 1nt;rVals. In the case of tuber crops grown
under the subabul and the glyricidia the readings were
taken befors and after pruning. From each plot, 5 readings
vers taken znd the average of these resdings were worked

out,

de5.5.2, S0il temperature

In one of the replications soil tharemcmeters (% cm)

vere installed in each plot when the intercrops were 4 months



0ld., B5oil temperaturas wera racorded two times daily et

7425 aeMme and 225 Deitte

3¢5¢6e3. Relative humidity

The relative humidity was found out from whirling
psychrometer readings taken at the heights of 20, 60, 120,
180 ome.

3.7. Phyaicel and chemical properties of soil

32714 Physical properties

3.7.1.1. Bulk density and particle density

The conventionasl core methdd (Piper, 1942) was used
for determining the bulk density and particle denaity of
thae z0il prior to and after the cropping.

3e7.1.3. Maximum water holding capncity

The physical constant of the spill was determined

using Keen-Racskowski box before and after the experiment,

41
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3.7.1.3, Aggregate stability

The ungieved composite sarples were used for the
determination of water stable aggregates prior to planting
of tuber cropa aond after the harvest of the tuber cropa.
The Yoder's sieving apparatus was utilised for this (Yoder,
1937),

3.7e1.4. Infiltration rate

The infiltration characteristics of soils under
differenﬁ tree crops viz. eucalyptus, subabul, glyricidia,
atlenthus, coconut wers determined by ponding water in two
metal cylinders installed in the field surface and
observing the rate at which water level is lowered in the
cvlinder (Michzel, 1978).,  The infiltration rate in f£allow
plots were also datermined., The infiltraticn of water was
recorded after 5, 10, 15, 30, 45, 60, 120, 180, 240 and
300 minutes.

347.2., Chenical properties

Composite soll samplas were taken from each plot

prior %o planting and after the harvest of crops. Samples



wera taken at 0-15 am depth. The scll ssmples were then

alr dried .and passed through a 2 mm sieve,

The organic carbon of the soll was detarmined by
Walkley and Black method (Jackaon, 1958). The alkaline
permanganate method was used for determining avallable
nitrogen content of the soil (Sukbish and Aslia, 1956).
Availeble P content of soll was determined using Bray 1‘
extractant and molybdophosrhoric acld method in hydro-
chloric acid system (Jackson, 1958). The aveilable K
content was determined flame photometrical;y, using

neutral normal amncnium acetate extract (Jackson, 1958).

" The pH of soil was determined in e 1 & 2.5 soil

water suspension using a pH meter.

The electrical conductivity (EC) of scil was

43

dgtermined in a 1 @ 2.5 =0il woter suspensicn after allowing

the scll particles to settle down., The EC of the super-

natent liguld was read in a conductivity bridge.

2.8, Chemical analysis of plants

The plant samplez dried in an oven at 70°C were

ground to fine powder. The samples woere used for the
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estimation of N, P and K. %he nitrogen content was
estimated in sulphuric acid digest of the plant satples by
micro kjeldabl method (Jackson, 1958). The P content waa
egtimpted ina 1 ¢ 1 HCIG‘ ] H&Oa digest colorimetrically
by vanzdormolybdete method (Jackson, 1958) and expressed as
percentage. The potessiun content was determined in a
1:1 HGlG; ¢t HNO, digest using a fléﬁa photoneter (Jackson,

1958) =znd expressed as percentage.
3,9 Gtatinticel analysis

The means of the data from different observation
plants ware worked out, Thgsa data vere ltatiétieally
analysed by analysis of variance technique (Fanse and
Sué?tmo. 1978) .
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RESULTS AND DISCUSSICH

The results of the experiments conducted to
evaluate the productivity of tuber crops alley cropped
in coconut - multipurpose tropical tree mixtures are
presented and discussed in this chapter.

4.,1. Crowth characters of tuber crops
4.1.1, mthphﬂllua
4.1.1.1. Height

Intercropping of anwrphophallus in coconut +
sucalyptus, cocomit + subabul, coconut + glyricidia,
coconut + atlanthus and coconut alleys increased the
height of amorphophallus significantly (Table 3). This
trend was observed at all stages cf growth.,. %The incraaae
in height observed in the intercrop amorphophallus may be
attributed to the competition for light. Ashokan (1986)
2ls0o cbserved that amcrphophallus grown in bansna gerden

wags taller due to the shade fram banana.



Table 3. Height, girth of pseudostem and leaf area of smorphorhallus alley cropped in cocomut -

multipurpose tyropical tree mixtures

-y e un - -

Haeight f£rom the Leaf arca

’Ee.-zght. from the 5 .
age 0 the point bese to the tip Girth of pseudostem p* nlan:
Cropping system of forking (cm) of leaves (cm) (cm) s
- — — : - Days after
Days aftsr plenting Days after planting Days after planting _Planting
60 120 60 120 60 120 60
Co + Eu + A 45.6 °  68.2 67.1 136.2 13.1 18.2 1.14
(1.41)%
Co + Su + A 43.82 61.6 T76.1 133.4 12.6 12.4 1.06
{1.31)
Co + G + A 65.2 £6.2 115.3 160.0 15,9 17.4 1.29
(1.59)
Co+ Al + A 60.2 78.8 108.9 15%5.4 15.9 22.6 1.36
(1.68)
Co+ A 43.0 62.4 B83.4 107.4 13.5 i8.2 1,02
(1.26)
A 38,6 50.0 B80.1 113,0 13,32 18.4 1.11
(1.37)
€D {0.05) 6.1 4.3 11.4 13.1 2.1 2.3 0.20
SEm}- 2.1 1.5 3.9 4.3 D7 D.8 0.07
Co « Coconut B Gl - Glyricidia *-Figures in parenthesis are lezf area index
Eu - Eucalyptus Al « Allanthus
5u - Subabul A - Arxorrhophallus
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4.1.1.2, Girth of pseudostenm

The girth of the paseudostem of amorphophallus
recorded at 60 deys after plenting (DAP) was significantly
higher whan it was 1ntercroppgd in coconut + glyriéidia
and coconut + ailanthus allieys (Tablie 3). When it was
intercropped in qnconut 4+ ailanthus alley, the girth
'recordea at 120 DAP was éuparior to the eole crop of
arorphophallus,

‘.1.1!3. I-lﬁa.f area

The leaf area was highest when amorphophallus was _
intercropped in coconut + ailanthus alleys. There was no
significant difference in the leaf area of amorphophallus
when it was intercropred in the other zlleys. The inter~
space availlability and the light infiltration ¢o. the
interspace were more, in coconut + gilanthus alley (Tsble 3)
which could be the reason for the higher leaf area
obtained.

4.1.1.4. Yield, ary matter production, harVeat‘ihdex and
relative yield index

There was significant increase in corm yield of



TGblG G

rhallus alley cropred in coconut - multipurpose tropical tree mixtures

Dry matter production, corm yileld and harvest index of amorpho-

- -

Harvest index
()

A . iy S D SU S SRS D WP TR S S 3 YA S G S ST e e ol s S-SR

Dry matter production t ha-1 Corm
Cropping systen - e - yielad
Leaves Stem Tuber Total -1
N t ha
Co +#+ Bu + A 2.18 1.08 13.95 17.22 35.80
(0.99)%
Co + Su <+ A& 2,06 7.27 12.56 15.36 28.24
{0.78)
Co +GY + A 1.86 7.45 12.16 14.76 31.07
(C.86)
Co + AL + A 2.25 1.64 19,90 23,79 44,96
(1.19)
Co 4+ A 4239 1,73 29,38 29,95 51.65
- (1.28)
A 3.86 1.27 21.22 26436 40,43
CD (0,08) 0.39 0,28 1.42 1.44 3.59
S. bt 0.13 0.09 0.48 0.49 1.21

£1.0

81.8

82.3

B83.6

83.0

80.5

Co -~ Ccconut
Eu - Bucalyptus
Su - Subabul

Gl - Glyriciéis
Al - Allanthus
A - Amorphophallus

*FTigures in parenthesis are
relative yield indices

L%
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té%é&?ﬁ&%%% vhen it was grown in alleys of coconut and
coconut + allanthus (Toble 4). A significant reduction

in yiald was observed when it was intercropped in ccconut +
subabul and coconut + glyricidias allays. Similar trend

was noticad in dry watter production alse (Table 4). The
relative yleld index was greator than one when amorphophallus
was intercropped in coconut and coconut + allanthus alleys
{Table 4). The difference between intercrop and sole crop
amorphophallus was not perceptible as far as harvest index

was conczrned (Table 4).

%he high yield racorded in the coconut and coconut +
allanthus alleys mazy be due to the high lez® area (Tzble 3)
which enabied the crop to utilise rore sun light for
photosynthesis. The low yield and dry matter recorded in
the aﬂorphophallﬁs grown in alleys of coconut + eﬁcalypéus.
cmccnué + subabul and coconut + glyricidia mey be dues to
the shade cast by these tree crops (Table 23). Inter
species root level interactions like competition for
nutrients are also probabla.

Ceailley, 1979)
The relative vield indegApf 1,19 and 1.28 observed

in coconut and coconut + ailanthus alleys indicate the yileld

adventage of alley~cropping with amorphophal;ul.
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Since the harvest index Qaa not markedly different
in intercrop and sole crop of amorphophallug it may be
concluded that partitioning and translocztion of
rhotosynthates in amorrhorhallug was not remarkably
influenced by the shade caused by these tree crops. The
harvest index of 80 per cent observed in amorphophallus
was very high ccmﬁarﬂd to other tuber crups; This is Que
to the peculiar qaéuxe of;the canory., It is having only
a single 1§yer of—leaves'aﬁd the canopy does not expand
onca it is fully formedy so there is no chance of mutual
ghading. The full formation of the canopy takes only
aboué 30 days from planting. after this per;od for about
210 days the major portion of the assimilates i= used for

the tuber formatlon and Jevelopment only.

4.1.2. Canoava

4.1.2.1 Height

intercropping of cassava in coconut + subabul,
coconut + glyricidia alleys increased the height of cassava
significantly (Tsble S). This trend was noticed upto 60
days after planting. ~0pe hundred and twenty days after

planting, the height of the intercrop cassava wan



Table S. Helcht and leaf area of cassava alley cropped in caccnut
~ multipurpogse tropical tree mixtures

A P . e oy G Sl oy e, e L iy et b gt - W~ o S Y s S e e P Al iy M 3 g -

Height {(am) Leaf area mé plant“i

Days after planting Days after planting

Cropping system

60 . 120 60 120

Co + Bu + € ' T T6.3 275.0 0.76 1.94

: ) (0.86)% (2.39)

Co + Su + © 81.3 - 281.2 0.87 2,25

. {1.19) (2,78)

Co “+ Gl + C 88.8 29705 0.49 1071

. ) {0.59) (2.11)

Co + Al 4+ C 778 280,0 0.66 .24

(0.81) {(2.27)

Co + C 78.2 265,.,0 0.78 3.11

) (0.96) {3.84)

C . 64.4 242.6 0.90 2,56

’ (1.11) (3.16)

¢ (0.05) 15.0 29.6 0.19 Ce45

S.Emt S5l 1C.0 0.06 C.15

Co - Coconut Gl - Glyricidia *Figqures in parenthesis are
Eu -~ Bucalyptus Al - Ailanthus leaf area indices

Su - Subabul C - Cassava

IS



oignificantly more in all the coconut - multipurrose
tropical tree crop allﬁya studied, The increase in
height may be sttributed to the shade caused by coconut
and the multipurpose tropical trees. Incraase in height
of cassava consequent to shading was reported by Rsmanujam
et al, (198«?) .

4.1.2.2. haf area

There was no significant rsduction in the lesf area
of cassava due to alley cropping, upto 60 Gays after
planting (Table S). But there was a significant increass
in lerf area of cassava planted in coconut alleys. Thae:
leaf araa of cassava intercropped in coéonut + subabul
alley wes on par with that of the plants grown in coconﬁt‘
alleys. Evanthﬁuqh the nurber of leaves were reduced
{(datz not presented) due to alley cropping the leaf area
was not reduced, The cassava grown in alleys probably
produced thinner ond broader leaves. This i1s evident
from the dry weight of leaves (Table 6). 1In shade grown
cocoa, Hardy (1958} observed thin and broader leaves
leading to higher leaf area of the plant, Increaze in
leaf area of cassava,conaéquent to sheding was roported

b
by Ramanujem et al. (1984).



Tagble 6. Dry matter production, vield and harvest index of cassava alley
aropped in coconut - multipurpeose tropiecal mixtures

-1
: Dry matter producticn t ha Yield
Cropping system — £ ha~l Harve?;)index
Leagves Stem Tuber  Total

Co + Bu + C 1.52 3.20 5457 10,19 13.40 54.2
(0.20)*

Co + 8u+C 1,64 1,97 - 6.41 | 10,00 15.40 63.9
(0.92)

Co + Gl + C 0.72 1.29 0.94 2.95 4.06 31.9
(0.24) _

Co+ ALl + C 1.33 2.49 3.76 7.58 10,98 49.6
(0.66)

Co + C 1.42 3,02 3,48 7.93 12,76 44 .0
{(0.68)

Cc 2.43 3.68 ©.34 15.45 18,74 60.4

CD (0.05) 0.26 0.55 0.68 0.86 1.15

S.Emd 0.89 0,19 0.23 0.29 0,35

Co - Coconut Gl - Glyrieidia *Tigures in parenthesis are

Eu - Eucalyptus Al - Ailanthus relative yield. indices

Su -~ Subabul C = Cassava

£g



4.1.2.3. Yield, Adry matter production, hervest index and
relative yield index

. There wes significant reduction in the yleld of
ceszava in all the aslley cropping situations as compared
to the sole crop (Table 6) and (Fige 3. Dry matter
accurmilation by cassava, 1like the tuber yleld showed a
significant reduction in all the alley cropping situations.
The relative yields of cassava in all the ccconut - multi-
purpose tropical tree alley cropping sysztems were less

than one,

The interapecific competition for 1light and/er
nutrients and moisture botwean cassava and the multipurrose
tropical tree crops would have adveraly affected the
cassava crope. 1he tres crops were much taller than cassava,
Hence,'the cassava plants were shaded séverely and this is
indicated by the data on the relative light transmission
(Tabla 20), The guantity of licht reaching the cassava
canopy 1n'tne'alleya ware only 40-50% of that received in
the sole crop. Cassava was shaded severely in the initial
‘stages of growth which resulted in poor tuber initiation
and yield., Ramamujam et al. (198;} ;hservtd poor tuberisat-

ion and yield in cassava under shaded asituation preveiling
in coconut gardens.
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FIG.3. TUBER YIELD OF AMORPHOPHALLUS (A) CaSSava(C),
coLocasIA (col) AND GREATER YAM (G) ALLEY
CROPPED IN COCONUT-MULTIPURPOSE TREE MIXTURES
AS COMPARED TO THE RESPECTIVE SOLE CROPS.




The harvest index of cassava varied significantly
(Tabie 6). Casssva intercropped in all the coconut -
multipurposa tropical tree crop alleys axcept coconut +
subzbul alley showed a lower value., The lowest being
recorded by cassava in coconut + glyricidia alley. In
coconut + subabul alley the hervest index éf cagaava was
similar to the =ole crop. In coconut + glyricidia alley
hacause of the prolific, thick and spreading growth of
the caznopy the light infiltration to the cassesva canopy
was very low (Table 20). ‘As a result there was dcminance
of vegstative growth at the expense of tuber growth. The
harvest index was higher in coconut + subabul alley as
the subabul canopy was compact letting in more light to
the alley crop canopy (Table 20). Moreover, the pollarding
of subsbul after 3 mwonths increased the infiltration of
light‘te the cassava cancpy further which might have
increazed the tubar yield,

4.1.3. Colocasis
4.1-301o Leaf ares

The leaf area cof the alley crop of colocasis showed

no significant difference from the sole crop except in-



Table 7. Leaf area of colocazia alley cropped in cocconut ~
multipurpose tropical tree mixtures

Leaf area m° plant"1

Cropping system

Pgys after planting

60 120

Co 4+ Eu + Cpl 0.32 0.29
(1.19)* (1,07}

Co + Su + Col 0.28 0,34
(1.04) (1.26)

CO 4’ Gl + CO]. 0.30 0026
(1.11) (0.96)

Co + Al 4+ Col 0,17 0.17
(0.63) {0.63)

o + Col 0.23 0.41
{0.83) (1.52)

Col 0.32 0,39
(1.19) (1.44)

co (0.05) Q.12 D.1C

S.Em+ 0.04 0.03

Co - Coconut Gl -~ Glyricidia *Pigqures in parenthesis

fu = Eucalyptus Al - Ailanthus are leaf area indices

S1 - Subabul Col- Colocasia

88
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coconut + ailanthus allay at 60 days after planting and
coconut + ailanthus and coconut + glyricidia alleys at
120 days after plenting (Teble 7). A decrease in leaf
area was cbserved in coconut + ailanthus and coconut +
glyricidia alleys. Unlike in cassava, alley crop of
colocasia, produced a hicher number of leaves (data not
presented) but a lower leaf area per plant. Eventhough
the exact reason for this bghaviour was not evident from
the data available, it may be noted that casszva is a
sh%de sensitive plent (Ramanujam et gl., 1984&:) and
colocasia shade tolerant {(Lalithsbai and Nair, 1984).

4.1e3:3. Yiala

The yield of colocasia grown as an intarcrop in
coconut - mult;purpose tropical tree alleyz was signifi-
cantly less when ccnpared to that of sole crop (Table 8)gnd
(Fig. 3). The lowast yield was recorded in coconut +
-allanthus alleyé. The yield of colocasia grown in coconut
alley was on par with that of the sole crop. Similar trend
was observed in the dry mattsr production aléo (Table 8).
As far as harvest index was concerned there was no remarkzshle

difference between the alley crop and the sole crop (Tszble 8).



Table 8, Dry matter production, yield and harvest index of colocasia
alley cropped in coconut - multipurpose tropical tree miziures

1

. . Dry matter production t ha™ Yield . ~
Cropping system —= e ha~1 Jarva?g)inﬂex
Shoot Tuber Total e
Co + Bu + Col 0,75 1.28 2.03 16,42 71.5
© 0.748)*
C'O + Su 4 CD]. 0-76 1.83 2.59 18319 . . 70.4
- (0.223}
Co + G1 + Col 0.79 1.47 2.22 10.21 . 65.0
(0.463)
Co + A1l + Col 0,61 1.35 1.96. 5.27 . 69.0
' (0.375)
Co + Col 2,02 4,00 6.02 22,93 . 6644
(0.925) N
Col 2,07 4,29 6.35 24.81 67.5
¢D (0,05) 0.13 0.41 0.44 2.07
S. Bt 0.04 0.13 0.14 0.65
Co -~ Coconut Gl - Glyricidia *FPigures in parenthesis are
Eu « Eucalyptus Al « Allanthus relative yield indices

8u -~ Subaml Cel -~ Colocasia

§
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The rolative yiald index of colocagia was less then cne
when it wes intercropred in the multipurpose tropical
tree crop alleys (Table 8).

The yleld reducticn observed in colocasia may be due
to the competiticn for light offered by coconut and the
wultipurpose tropical tree crops. Colocazia was very much
at a Aisadventage as far as licht utilisation was concerned
because of its ghorter canopy. ¥Whnen coclocasia was at its
active vegetative growth light transmissioﬁ to colocasia
canopy was only 70% (Table 21). The influence of low light
receivad on the mlley crop of colocasia was reflected in
the total dry matter production, bkut not in the harvest
index. This indicgtes that the reduced ligh£ received on
¢olocasia decreased the plant photosynthetic production in
total but not its partitioning. Lalithabal and Neir (1964)
classified colocasie as a shade tolerant crop from thelr
studies under artificially shaded conditions. But in this
experlment the reduction in yield of coleocasia grown in
the alleys was considerable. It may be remembered that
unlike in the artificially shiaded situaticon hrere the
rhizosphere competition for nutrients or rmoisture also

might have affected tha colocasie yield.



Table 9. Dry matter production, vield and harvest index of greater yam alley

cropped in coconut - multipurrose troplcal tree mixtures

Dry matter production t ha=-l

Yield -

Cropping system t ha-! Harvest index
Shoot Tuber Total (s o
CO 4 EL‘. <4 G 0197 2.01 2-98 18.40 67.5
_ _ (1.40)* _
Co + 8u «+ G 0.81 1.67 2.48 10.37 67.3
‘ ' ' ' (0.79)
Co + ClL 4+ G 0.86 1.88 2.74 17.15 68.4
) ' ' ' (1,30)
Co + AL + G 0.56 0.77 1,33 4,48 5840
: ' ' (0.34)
Co + G 1,00 1,72 2,72 18.43 63.2
‘ ' {1,25) _
G 0.95 1.63 4.57 14.73 63.3
cp (0.08) 0.07 0.18B 0,20 Se65
5.Emi 0,02 0.06 0.07 1.90

Co -~ Coconut
Eu -« Eucalyptus
Su = Subalnl

Gl - Glyricidia
Al - Ailanthus
G = Greater yam

*Figures in parentheslis are relative

yield indices

09
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4,1.4. Greater yam

4.1.4.1, Yield, dry matter production, harvest index znd
relative yield index

The tuber yield of greater yzm was not significantly
different in elley cropping and sole cropping (Fig. 3)
excapt when it wes grown 15 coéonut + allanthus alley
(Table 9), There was reduction in yield of giresater yam to
the extent of 30 per cant ﬁhon it vas grovn in alleys of
coconut + nilanthus alley. The ary matter'production of
greater ysn showed similar trend as that of the tgﬁez vielad
except in coconut 4 eucalyptus alley, where the dry matter
production was higher. There was no considerszble variaticn
in the harvest index of greater yam dues ¢o alley crorpinge.
However, in coconut + allanthus a lower value was recorded,
The lowar yield of greater yam grown in caconut + éilanihu-
alley may be duz to the lower percentage of light reaching
its cencpy in the cropping systam (Table 22). Mozeover,
the ailanthus treos were short (Table 14) and trailing of
the vines was nct perfoct. The incrzased dAry natter
production in coconut + eucalyptus alley may be due to the
trailing of vines on the eucalyptus which enabled 1t to

clirh to a greater height and utilige the solar asnergy rore
efficiently.



Tabl@ 10,

cropped in coconut - multipurpose tropicael troes mixtures

Hitrogen, Phosphorus and Potassium content of amorphophallus alley

AR St . WS AR ST e N Sk S

Cropping system

Nitrogen (%)

Phosphorus(X)

Potamsium (%K)

Tubey Ehoot Tober

Shoot Shoot Tuber
Co + Eu + A 2,16 1.26 0.83 0.47 1,21 1.01
(106)* (70) (14.33) (11.8) (109) {98)
Co + Su + A 2.01 1.01 Ce77 C.48 1.33 1.312
(101) - (94} (14.71) (10.9) (110) (96)
Co + G1 + A 2.13 1,13 0.81 Ced7 1.23 1.01
(108) (92) (14.39) (10.4) (108) (s8)
Co+ ai + A 2.01 1.01 0.78 0.47 1.42 1.12
(103) {81) (13.38) (10.56) (109) {56)
CO <+ A 2.15 1.15 0.77 0.47 1.50 1012
{107) (30) {14.71) (16.6) [(112) (58)
a 2.01 1.01 .77 0.48 1.44 i.14
(110) (93) (14.20) (11.20} (109) (97)
CD (0.05) ¥.S. 0.16 0,01 N.S. N.086 0.04
S.Emt 0.08 0,05 0,003 0,002 0,021 0.014

Gl. Glyricidia
Ale~ Adlanthus
A = Amorphopha

Co = Coconut
Eu = Eucalyptus
Su -« Subabul

*Figures in parentheais repressants
uptake in kg ha-1

lius
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Sinece the harvest index was not markedly different
from that of scle crop in most alley crop situation it
may be deducad ‘that partitioning end translocation of
photosynthates -in grester yam was not markedly influencad
by the shade of these tree érops. It is reported that
grgater Yam isrg shade ad%aptible crop (Omwueme, 1978)
and naturally a iawar yield is expected in intarcrp§ped
situations. However, in this experiment since the vines
were trailed on the trees it must be presumed that the
light racaive@ énltheir_canopy was sufflclent encugh tu
procesd normal phdtosyntheﬁia and partitioning of

photosynthates,

4.2, Nitrogen, Fhosphorus and Fotassium content of the

tuber crors

4.2,1. Amcrrhophallus

The nitrogen content of the amorphophallus sheoot
showed no asignificant difference due to alley cropping
(Table 10). Anorphophallus tuber harﬁésted from the .
coconut + sucalyptus alley showed higher nitrogen content.
The amorphophallus in coconut + eucalyptus and coconut +

glyricldia slley showed higher phouphdrus content in thelr



Table 11,

‘in coconut - nultipurpose tropleal tree mixtures

Nltrcgen, phosphorus and potassium content of cassava alley cropped

Eu - Bucalyptus Al - Allanthus

Su = Subabul c

= Cagsava

uptake in kg ha=!

_ Nitrcgen (%) : 1='h;;phorus(%) Potagsium (%)
Cropping system - ———— -
fheot Tubker Shecet  Tuber Shoot  Tuber
Co+CZu+ C 2.48 1.15 0.77 0.47 1.43 1,18
a (i17)% {64) (8.42) (6.28) (68) {s8)
Co + Su + C 2.61 1,04 0.78 0.48 1.38 1.12
( 94) - (686) (7.22) (6.21) {75) (60}
" Co +GL+C 2.11  1.12 .78 0.46 1,91  1.20
.{42) {10) (6.31) (4.22) (64) {(57)
CO + -hi + c 2&14 1912 0077 0.48 1.57 1.14
_ (81) {42) {7.233) (6.08) (69) {(56)
Co + C 2050 1.22 0,80 0.48 1.62 1.18
(111) -(49) {8.41) (6.28) (e8) (se)
C 252 1,23 U.81 0.52 1.90 1,20
_ (143} (101) (8.68) (6.44) {72) (62}
CD (0,05} 0:15 0.12 0.01 0,02 0.94 0.08%
SJEmt 0.05 0.04 0.002 0.005 0.014 0.018
Co - Coconut Gl - Glyricidia *Pigures in perenthesis r&presengs

29



shoot whercas the phosphorus content of the tuber showed
ne significant differencs., The potassium content ¢f the
amorphophallus shoot was significently less whan it was
alley cropped in coconut «+ euca;yptus. coconut + mubabul
and coconut + glyricidia alleys. In the comm aleo similar
trend was observed except in the crop in coconut 4 subabul

ﬁlleYc

4.2.2. GCaszava

The nitrogan content of the cassava shoot wes
sicnificantly loss when it wam alley cropred 1In coconut -
glyricidis and coconut + ailanthus alleya (Table 11). In
the tuber such difference was not ciserved excent in the
plants alley cropped in coconut + subsbul alley where a
significantly lower value was racorded. The phosphorus
content of the cassava shoved a significantly lower value
in all the coconut -~ multipurpose tropical trae alleys.
The potagsium content of the shoot alsc showed similar
trend. The lowsat potaesium content was observed in the
cassava grown in coconut <+ subabul alley. The rotassium

contant 0f the tuber showed no significant difference.



Table 12. HNitrogen, rhospherus and potassium content of colocasia alley
cropped in cceonut -~ multipurpose tropical fres mixtures

Nitrogen (%) Phosphorus (¥) Potassium (%)
Cropping system - o e - i
: Shoot  Tuber Sheot | Tuber Sheot Tuber
Co + Eu 4+ Gel 2.4 076 0.79 D.48 1.48 1.18
(1g)* {14} {5.9) (4.2) (60) {52)
Co + 8u %+ Col 2,37 0.86 0.78 0.487 1.50 1.319
{(18) {15) (5.9) (4.4) (62) (48)
Co + Q1 + Col 2.45 D76 0.77 0,48 1.48 1,20
{19) {10) (6.1} (4,.8) {61} {43)
Coc + Al + Col 26487 0,78 0.76 0.47 1,79 1.21
{15) {10) (4.6) {4.02) (63) {s2)
CG “i’ COl 2069 0094 0-78 0.‘? 1.55 1.2‘
{54) (33) (15.8) €13.3) (e0) (s6)
Col 2.56 0.76 0.80 C.48 1.76 1,26
(55) (32) (16.6) (12.6) (82) (60)
CD (0.058) 0.08 0,02 H.S. H.5. 0,10 0,09
S.Emi 0.026 0,006 0.003 0.003 0.033 0.030
Co -~ Coconut Gl -~ Glyricidias - *FTigures in parentheslis represent
Euv - Eucalyptus Al « Adllanthus -
Su - Subabni Col - Colocasia uptske in kg ha

99
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4.2.3, Colocasia

8imilar toc cassava in coplocasia alzo the nitrogan
content of the shoot was significantly less when inter-
cropped in the coconut - multipurpose tfopical tree alleys
(Thblg 12)., The nitrogen content of the shoot of sole
colocssia and that grown in coconut alleys were on par.
The colocasia tuber from coconut ¢ subabul and coconut
elley showed higher N content. The pthosphorus contsnt.of
colocasia shoot showed a decreasing trend cue to alley
crOpp4ng. This differance was not cbserved with respect
to the tuber. The potassium content of the colocasia shoot
showed lowar value as_comparu@ to scle cclocasia except in
the colocasia grown in coconut # ailanthus alley which was
on par with scle coclocesia. In the tuber such difference

was not observed,

4.2.4, Greater yam

The N content of the shoot showed no significant
difference due to alley cropping (Table 13)., The tuber
from the coconut ¢+ subebul alley showed a lower N content

whereas that {rom the coconut + ailanthus allay showed a



Table 13, Nitrogen, phosphorus and potassium content of greater yam alley
eropred in coconut -~ multipurpose tropical tree mixtures

Hitrogen (%) Phosphorus(%) Potassiun (%)

Cropping system
Shoot. Tuber Shoot  Tuber Shoot. Tuber

Co + Eu + G 2,55  1.30 0,76  0.48 1.45 1,12

(97)+ {c2) (8.41) (6.76) (72) (66)
Co+Su+G 2.48 0.98 0481 0.48 1.55 1.20
(92) (58) (7.12) (6.26) (74) (64)
Co +GL+ G 257 1.27 0,78 0.47 1.55 1.20
: (86) {57) (7.12) (5.76) {(70) (62)
Co+ Al + G 2.47 1.43 077 0.4% 1.68 - 1,14
: (o4) (58) (6.64) (5,12) (68) {56)
Co+G 2,43 1.04 0.81 0,47 1,65 1.22
_ {98) (60) (6.98) (4,.88) (68) {52)
G 2.46 1,22 0.79 0.47 1.69 1,24
(94) {59) (6.54) (5.21) (66) {62)
cp (0.05) 0.12 0,08 0.01 0.01 0.05 0.05
E.Emt 0.041 0.026 0,004 0.003 0,016 0.016
Co =« Coconut Gl - Glyricidia *Flgures in parenthesi; Tepresents
BEu - Eucalyptus Al - Adlanthus uptake in kg ha-],

Su - Subabul G = Greater yam
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higher value as compared to the sole crop. The phosphorus
content of. the shoot was higher when the yam wes inter-
cropped in caconut - subabul and coconut azlley. The
phrosphorus content was significently less in the yam shoot
from coconut « ailpnthus alley. The potassiur content of
the shoot of the plant was less when it was alley cropped.
The Same fétné was ‘obsorved in rotassium content of the
tuber from coconut - eucalyptus and coconut - ailanthus

allays, other values t=ing on par.

4,2.%, Uptake of nitrogen, phosghorus and potassium by the
tuber crops

The total uptake of nitrogen by amorphophallus,
cassava, colocasia end graater yam alley c¢roppad in coconut -
multipurrose tropical trees wes leas than that of the.sole
crop (Fig, 4). The upteke of phosphorus by the tuber crops
grown in alieya also shoved a similar trend except in the
case of greateflyam. The uptake cof potassium by the tuber
erops grown in alleys also showed a similar trend as that

of phosphorus,
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FIG. 4 . UPTAKE OF NITROGEN (N) , PHOSFPHORUS (P) AND POTASSIUM(K) BY AMORPHOPHALLUS(A),

CASSAVA(C),COLOCASIA(Col) AND GREATER YAM(G) ALLEY CROPPED IN COCONUT MULTFPURPOSE
TREE CROP MIXTURES AS COMPARED TO THE RESPECTIVE SOLE CROFPS.




Takle 14. The effect of alley cropping of tuber crops on increment in
height of multipurpose tropical tres crops

o -

Increrent in helight (cm)

Alley crop - - -
Fucalyptus  Subabul Glyricidia Allanthus
2morphophallus 101.2 10,4 15.2 120.2
Cagsava 1€5,2 13.8 20.6 109.0
COl‘DCESia 8.2 19.4 5.6 11,6
Graater yam 75.0 10,6 10,0 93.4
Centrol 109.4 12.4 10.0 116.0
cp {0.05) 67 28 2.4 4.11
S.Emt 2.2 0.9 . 0.8 1.40

0L
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4;3. Growth characteristics of multipurpose trea crops
4.3.1, Height .

There was significant increase in height of
sucalyptus and glyricidia when cassava was grown as an
alley crop (Table 14). A significant vreduction in height
of the eucﬁlyptuu:was oﬁaerved whan the alley crop was
amerphorhallus, colacaﬁia and graater yam. When subabul
was alley cropped with amorphophailus. cagsava and greater
yam the height of the tree was not affected significantly.
Theore was a significant ihc:aas. ini height of ailanthus
wvhen it was plley cropped with amorphoprhallus and &
reduction in height when it was alley cropped with cassava,

colocasia and greater yam,

?he acils at the expsrimsntal site were quite uniform.
So height differences due to site class variations were
not probabla, The difference ip helight can therefore be
ascribed within plot competition, The cultivaticn operations
for the alley crop may have given a batter soil rhysical
and chemical conditions which encouraged the growth of the

treas.



Table 15. The effect of alley cropping of tuber crops on increment in

o glrth of multipurrose troplecal tree crops
N ) " Zncrement in girth (em)
Alley crop ——— : - -
Buealyptus  Subgbul Glyricidla Ailanthus

rmarphophallus 4.4 2.9 2.8 3.4
Cassava 4.2 3.0 2.7 4.4
Colocasia 4.5 3.0 3.0° 4.7
Greater yam £.4. 2.9 " 268 4.2
Control 4.6 3.0 3.0 4.1
cD {0,.05) 0.6 0.4 C.4 De5
S.Bmt Q.2 Dl C.1 C.2

o o L L R Y

- ke e - -

el
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4.3.2. Cirth

There was no significant variation in Girth at
Breast Height (GBH) of eucalyptus, sgbabul. glyricidia
gnd spilenthus due to alley c¢ropping with amerphophallus,
cassavs, colocasia and greater yam (Tabla_ls). This
indicate tﬁgt the growth of the multipurpose tropical
trees vers not adversly affected by alley cropping with

theze annuals,
4.3.3. Root density and distribution

In the case of amorrhophallus maximum root density
was observad in the upper 20 cm of the scil. When the
lzteral distance was considered the root density was
highest ot 40 cm sway from the plant. In cassava most of
the roots were concantreﬁad in the upper 10 em and 10 am
away from the erop (Table 16). Most of the colocasia
roots Were seen at a depth of 10 om and latafal‘distanct
of 30 cm away from the crop. For greater yem the roots
were concentrated at the surface, the maximum root density
being in the zone 10 cm degp and 10 cam away from the
plant (Table 16),



3

Table 16. Root density of tuber crops (mg/100 cm™ of the soil)

- - — oty oy W i e D

Lataral Depth (am)
Alley crop distante ee=—ceco=- -
{cm) 10 20 30 40
10 65 10 10 10
20 250 150 330 830
Arorphorhalius 30 4 . 20 2 190
40 8 4 10 10
0 60 2 1 16
10 380 i20 110 10
20 20 pd] 20 10
Casszva 30 120 20 20 i0
&40 10 e & e
50 10 2 60 40
10 10 20 75 10
20 &0 5 10 310
Colorasia 30 120 2 10 io
40 20 40 i0 10
80 20 10 10 40
10 210 20 2 i
20 40 30 i 1
Creater yzm 30 25 10 1 1
40 10 50 1 i
50 S0 10 1 1

7L



It 15 to be noted that on an average, the roots of
amorrhophallus were extended to a distance of 34 on and
0 a depth of 3 em. In Qraatmr yam ‘the Foots were aproad
to & length of 40 om and depth of 68 em. But for colocasia

tha corresponding figures wert:Q cr and 39 om raspectivaly.

Hajority of the roots of eucelyptus were found in
the top 10 om layer of the soil (Fig. S). Similarly most
of the rootes were obuerve§ 50 ¢cm away from the tree. The
highest psrcentage of the roots (11%) was meen in the
upper 10 cm of the sepil at a digtance of 10 cm from the
tree. When the depth increassd the nuxber of roots
Jdecreased, Similarly, more nunber of roots were secen close
to the sucalyptus trees. Most of tha roots in subsbul were
confined to the top 30 em of tha soil (Fig. 6),., Maximum
percentage of the rogts of subabul were seen in the upper
10 cm of the secil. Considerable nurber ¢©f roots were
- ohsezrved upto 90 on lateral distance from the tree. As
the depth increased, the numbker of roots decreased, At
50 em depth only about 0,15 per cent of the roots was sean.
in glyricidia the top 40 cm ¢f the g0il cen be considercd
a8 the most active root zone. Maximum percentage of roots

vers seen in the uppar 10 ¢m of the s0il urto s lateral
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Tabkle 17.

Green leaf manure yleld from subshbul

Fresh weicht

Dry matter preducticon

Alley crop (t hafl)___-_-_- ------iE_EQ:El-,__-a_-

Leaves  Sten Total Laaves  Stem Total
Amorphophallus 15,41 6.70 22.11 4.44 3.37 7.81
Crssava 17.34 11.83 29.17 4.79 6.00 10.79
Colocasia 14.85 8.27 22,92 4.58 4,17 8.75
Bare 13.84 He14 18.98 3.63 2.59 Ga22

94



Table 17. Green lenf manure yield from glyricidia
n---‘----‘----”_---‘—-E;esh w;;ght Dry mattaf proﬁuctiun—
Alley crop (¢ ha™1) (¢ ha™?)

E;;ves Sten Total Egavear Sta& Tot;I
Amorphophallus . 27.38 35,52 62.80 T 6.4 12.64 19,38
Cunsava 20618 23,40  .43,58 5.60 7.53 13,13
Colocasia .14.17 . 21,15 . 35.32 3.89 8.33 12,22
Bare 18.33 26.34 44,67 5.09 9,37 14.46

A S gt U S0P KIS SR B dips <O il
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distance of 70 cm (Fig. 7). As the depth increased, the
nuther of roots decreaged considerzhly. allanthus is

zlso a shallovw rooted tree with most of the roots confined
to the top 20 cm layer of the soll (Fig. 8). However, the
lateral spread of roots vasy seen upto 120 em. Hare alsc
the number of roots decreased as depth increased. At

50 cm denth ne roots ware obsorved -

Majority of the roots of a coconut pelm will be
distrihuted through a dapth of 30=-120 ¢n and lateral
B3istonce of 200 cr (Kushwah st gl., 1973). So considering
thes proot Aistribution patterns of the component crops of
tbe cropping systems under study it can be stated that the
chances for rvot lavel ccompetition between species is
limitked,

4.3.4. Crean- leaf manure and fuel wood yleld from the traes

Tho green leaf manure yield from the treas increased
due to alley cropping (Fig. 9), The maximum amcunt of
gresn leaf manure of Subahul was obtained when cassava wae
the alley crop (Table 17}. The lcwest quantity was obtainad

from the plots vhere no alley crors were raised. The
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maximun amount of gresn leaf manure from glyricidia wae
pbtained ﬁhen amorphophallus was taken as an alley crop.
The lowest quantity of qreen leaf manure was cbtained
when colocasia vas grown as an alley crop. Similar was
the trend when the dry weight of green leaf manure was

considersd (Fig. 9).

The pruning frem the glyricidia and subsbul also
gave fuel wood yield of 26.0 and 8,0 t ha™} respectively
(Fig. 9) °

4.3,5, Litter €all frcm the trees

From the eucalyptus about 3,36 kg of litter per
plant por yeer (7593.6 kg ha~} yaar’l)uas cbtained. The
dry weight of this accounts to about 0.96 kg of litter
1 1)

per plant per year (2169.6 kg ha « PFrom ailanthus

year~
the corresponding figures were 5.4 kg (12,204 kg ha~t
year'l) and 2.25 kg litter per plant per year (5085 kg ha~}

year'l).
4.3.6.!Nutrientlccntent of green leaf manure/litter

The nutrient content of the leaves of all the trees



Tgble 18. HNitrogen, phosphorus and potassium content in the green
leaf manure/litter from the muiltipurpose tropical

trears
Hutrient content 1n—leaves (5¢)
Hultipurpose trees - - -
H P K

Eucalyptus .20 0,24 0,66
(26)* (5) {14)
Subatbtul 2,31 C.13 1,96
(177) (10) (150)
Giyricidia 3,21 Ce2é 2.12
{282) (21} {186)
Allanthus 1.12 0,10 G455
(55) (s) (27)

* Pprenthesis represents NFK in kg/ha

08
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vizt eucalyptus, subabul, glyricidia end ailanthus were
analysed (Table 18). The H content was mazimum in Qlyri~
cidia leaves (3,21%). The ailanthus and eucelyptus leaves
have almost similar content of nitrogen. The green menure
vield from glyricidia pruning was eguivalent o 282 kg M,
21 kg ? an@ 187 kg K per hectsre. The corresponding values
for subabul ware 178, 10 end 151 kg ha™>
NPK addition to the 8oil through the litter £all of

rearectively. Tha

sucalyptus and ailanthus were relztively less, Evidently,
groving of sukabul and glyricidia in mixture with coconut
prombte recyeling of nutrian; anﬂ'aymbiotic H f£ixaticn,

S0 the use of thé qoétiy chemical fertilizers cen bLs
reduﬁad. Bowever thé';@nq term efteét of these multipurpose
tropiesl trees on coconut vield needs detmlled investigat-

ion bafors mgking any sﬁch recormendation.

4.4+ Chaexrvationa cn microclimate
4.,4.1, Relative light transmisszion

There was copliderablq difference in the relstive
light transmission (RLT) to the varicus alleys. The RIT
to the alley crop canopies varied from 5% to 95% of the
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fuil sunlight depending oﬁ the multipurpose tropical tree-
component. ?h§ RIT in coconut + subabui and ceconut +
glyricidia alleys wafa relatively leas, Bﬁt wvhen those
trees were pruned after 3 months the RLT to éhe tuber
crops also increzsed substantially (Table 19, 20, 21, 22
and 23). 'The cropp1n§ gystems, coconut + eucalyptus and
coconut + ailanthus (Téble 23) permitted more light-
infiltration t¢ the alleys.

The RIT below tha amorphophallum canopy was
gignificantly reduced when it was slley croppsd in
coconut + ailanthus alley (Tazble 19}, It may be recalled
that amorrhophiallus grown in coconut + ailanthus alley
recorded higher leaf area which rmight have enébled the
crop to intercapt more sunlight. Thﬁ maximum RIT below
the cenopy of amorphophalius wes cbserved when it was
grown in alleys-of coconut + eucalypgus and coconut +
subabul before and aft;rlpruningo in cagsava also the
R1Y below the canopy of cassava was more when it was grown
a8 an intercrop in cocenut + silanthus alley (Table 20).
The RLT below the canopy of greater yam was mavimum when

it was intercropped in coconut + eucalyptus alley.



Table 19. Relative light treansmission percentagas below the amorrhophallus
cancpy in differant coconut - multinurrose troplcal tree crops
- tuber crops slley cropring systems at 90 days after planting

e -y

Cropping system 8~9 @eMs 12=1 pem. 4~5 p.m. Mezn
Co + Eu+ A 60 64 52 59
Co + Su + A 67 49 62 59
{69)* (57) (64) (64)
Co + G1 + A 23 26 27 25
(55) (48) (48) -(50)
Co + a1 + A 36 27 31 a1
Co + A 52 49 46 .49
A 54 50 52 52
CD (0.05) 10.47 13,79 12,08 . 12,11
Somi 3061 4.76 4.17 4'1?
Co = Coconut Gl - Glyricldia * Picures in parenthesis are
Eu - Eucalyptus Al - Allanthus relative light transmission
Su = Subabul A = Amorphorhallus after pruning the multipurpose

trees

£8



Table 20. PRelative light transmission percentage below the cassava crop
canopy in different coconut - sultipurpose tropical tree crop
- tuher cro:p aney cropping aysf:ems at 90 days after planting

‘Cropping syatem 8-9 a.Me 12-1 Dolle  4~5 Pofts  Mean
" Co+Eu+¢@ 51 53 57 6
Co+ Su+C 46 3} 39 42
" - (59)* (40) (45) {49,
Co + 081 + C 30 30 31 30
. ' (65) (48) (62) {58)
Co+ AL + € 43 36 4 40
Co + C 62 59 51 57
C 63 65 61 63
¢D (0.05) 10.13 9.16 11.17  10.15
S Emt 3,49 3,16 3,66 3.49
Co -—E;c:oaut Gl -~ Glyricidia *Figures in parenthesis are )
Eu « Buczlyptus Al - aAllanthus . relative light transmission

Su - Subabul €C - Cassava after pruning of the
) maltipurrose treea

78



Table 21. Relative light transmisgion parcentagé below the colocasia crop
canopy in different coconut -~ maltipurpose tropical tree crop =~

tuber crov alley cropping systems gt 9C days after planting

———

Cropping systems 8-9 a.m. 12~3 p.m. §=5 Deila Mean

Co + Eu + Col 78 84 82 g2

Co + 8u + Col 83 70 80 708
(86)* (85) (e3) {es)

Co + Gl + Col 30 28 30 Z9
(76) (73) (74) (73)

Co + ALl + Col 30 49 35 38

Co + Col e3 .88 82 es

Col 90 86 86 a7

CD (0.08) 16.04 15,10 13.71 15.07

5.Emd 5.28 4.98 4.52 4.96

Co - Coconut Gl - Glyriciaia *Pigures in parenthesic are

Eu - Eucalyptus Al < Allenthus relative light transmlssion

S5u - Bubabul Col -« Colocasia after pruning of the

miltivurposes trees



Table 22.. Relative light transmission percentage.below the greater yam crop
canopy in different coconut - Rultipurpose tropical tree crop® -

tuber crops alley cropping systems at 90 days after planting

Cropping syatem 8«3 a.he. 12-1 p.m. 4=5 p.m. Maan
Co + Eu+G 55 52 45 51
Co+Su+ G 41 31 39 37
. 153) % (46) (48) (49)
Co+Gl + @G 30 22 26 26

: .56) (49) (44) (50)
Co+ Al + C 46 18 36 32
Co + G : 63 47 36 - 49
G 41 36 42 40
co (0.05) 9.99 10.68 7.70 9.46
S 4Baxk 3.36 3.59 2.59 3,18
Co - Coconut Gl - Glyricidia ““*Fig\;res in_;:;mntheais are
Eu = Bucalyptus = Al - Allanthuas relative light transmissicn
Sp - Subgzgbul G = Greagter yam after pruning of the

rmaltipurpose trees

98



Table 23. Relative light transmission percentage toc the tuber Ccrop Canopy
in different coconut -~ multipurpose tropical tres - tuber crop
alley cronping systems at 90 days after planting

—— s

Cropping system 8-9 a.m. 12-1 poms 4-5 p.n. lFean
Co + Eun 985 93 94 94
Co + Su a0 21 91 87 -
{o7)* (24) (97) (s6)
Co + Gl 61 54 60 89
{e3) (e0) (84) (82)
Co + &i 84 80 84 83
Co 80 92 94 92

Co = Coconut
Eu = Eucalyptus
Su = Subabul

Gl = Glyriridia
Al = Allanthus

*Figureg in parenthesis are
relstive light transmlssion
after pruning of the
multipurpose trees

L8
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Trhus It may be seen that zmong the Adifferent tuber
crops grown in ceconut - multipurpose tropical tres crop
alleys, minimum light interception was by colocasia. The
influence of this was reflected in soil temperature aiso
(Table 24)» colocasia alley cropped plots recorded a

lqynr 301} temparature.

4.4.2. Soil temperature

Raising the tuber crops in the coconut - multipurcose
tropical tree crop aileya decreased éhe 501l tempesature
considersbly, This difference was most perceptible when
the z0il temperatures in the afterncon was considerned
(Table 24) and (Fig. 10). TShese annual crops because of
their close cancry were ablé td intercapt large part of
the insolation and érGVQqﬁ heating up of the soil. 2mong
the slley crops greater yam showed maxdsum reduction of
soil temperatura, prpbably bacause of its climbing nature.
The soll temperature was relatively more in colocasia

alley cropped plots cbhviously becauss of the short and
light canopy of the crop.
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Table 24.

crop alley cropplng systems

Soll temperature under different

Scil temperature (°C}

Cropping system Tirze

7.25 am 2.25 pm
Co+ Ea + A 25.9 2849
Co + En + C 25.8 28,8
Co + Eu &+ Col 2642 31.4
Co + Eu+ G 25.3 30.3
Co + Eu 26.8 31,5
Co + Ba + A 25.9 28,3
Co + Su +C 25.6 30,5
Co+ Gl + A 25.5 32.6
Co + Gl + C 25 28,4
Co + Gl + Copl 25.8 29,5
Co + Gl + G 25.3 28,1
Co + Gl 263 30,1
Co + AL + A 25.8 28,1
Co + AL + Col 26.1 30,5
Co + ALl +G 25.8 29.5
Co + Al 25,8 30.3
Co - Coconut Gl - Glyricidis
Eu - Bucalyptus Al - Ailanthus
Su - Subabul A « Amorphorhallus



cocomut - multipurpose troplcal tree - tuber

- P,

S0i1l temperature (°C)

Cropping. system . Time

7.25 am 2.25 pm

L A A L o M £ S W

Co + A, 25.8 28.9
Co + C 25.9 28.3
Co + Col 26.1 30
Co + G 25,8 28
Co 26,3 32.8
F + A 26 29,3
F + C 26.1 30,3
F 26.8 35.3
c - Casgava F ~ Fallow

Col - Colocania
G = Greater yam

68
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4.,4.3, Rolative huraitiity

In the worning hours there was no remarkable
differencé in the relative humidity‘rccorded under
different cropping systens. But there was conaidcf&blo
difference in the relative humidity récorded during the
afternoon, «bhen the tuber crops ware rsaiszed as inﬁcrc:bpa
in the coconut ~ multipurposes tropical tree crop alleys
(Table 25). Raising cassava as en intercrop in the alleys
incressed the relative humidity. Amorphophallus grown in
the alleys also increased the relative humidity but it
was not as high as cassava. 7These nicro~climatic
differances under the different cropping systems may
influence the productivity of'the'systsm. This naeds
detalled investigation.

¢,5. Physical oroperties of soil

4.5.1, Bulk density, particle density and water holding
capacity

Thers was no significant difference in the bulk
density, perticle density and maximum water holding

capacity of the scll, estimated before and after the



Table 25, Relative humidity under different coconut -
multipurrose tropical trea -.tuber crops
alley cropping systens

Relétive hunidity

Treatments T Time

Co ++ Eu+ A 95.3 773
Co + En + C 97.5 77.3
Co+ Su+ a 96.2 77.0
Co+ 38Su+C 97.7 79.5
Co + Gl + A 97.2 9.7
Co + G1 + C 96.2 75.3
Co + atl + A 95.2 76.0
Co + A 57.3 T75.3
Co + C 26.0 78,2
Co 895.5 74 .0
F 93.3 72.7
Co - Coconut Gl - Glyricidia € - Cassava
Eu - Euecalyptus Al - Ailanthus Col = Colocasia

Su - Subabunl A = 2morphophallus F - Fallow

16
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experiment, It can be stated that there was no significant
slterstion in the s0il physicsl properties due to effect
of alley cropping with tuber crops.

4.5.2, Aggregate ptability

Thi'data,on the aggregate stability of the suil are
presented in Table 26 and 27, The stability index was
alrost the same in 8l} the e2lley cropred plots. But the
stability index was lowest in the fallow plots. GSimiler
was the trend with structural ccefficient and mean waight

Aiareter.
£,5.3, Infiltraticn rate

The infiltration rates recordsd under the different
cropping ﬂystema'afb pragented in Tables 28 to 34, The
initial infiltration rate was as high as 132 em hr™? in
plots cultivated with coconut alohe. in the first 5 minutes,
This was followsd by coconut + allanthus alley and it vas
ralatively less in coconut + eucalyptus allay. Steady
state infiltrability of the s0il was higher in the cole

coconut followed by coconut + quricidia alley. The value



Table 26.

D ik i W G W -

hggregate size distributicn in soil (%) as influenced by the

different tuber crops grown in coconut -~ multipurpose tropical
tree mixtures

Sleves used Amorphophallus Cassava Colocasia Greate yam Contrgl
1. S5 mm 1.97 2.00 2.08 2.00 1.99
2, 2-5 mm 3.93 3.68 3.90 24,03 3.90
3. 2-1 mm 6,08 5.99 6.20 6.19 €.28
4, 1-0,5 mm 15.00 20.00 19.20 19.08 18,29
5. 0.5=0.2% mm 41,71 20,67 38.98 38.88 40,63
6. 0.25-0.,1 mm 2,00 2.17 1.99 2.18 2,00

£6



Table 27. Stability index, structural coefficlent, aggregate stability and
mean weight diameter as influenced by the different tuber crops
~in coconut - multipurpose tropical tree nixtures.

Amorzhophallus Cassava Colocasia Greater yam Control

Stability index 44 .7 43.6 44 .8 44,7 £3,3

Structural 0.61 0.61 0.63 C.64 0.61
Coecfficlent .

Percentage aggregate 61,5 60.9 62.7 63.7 60.8

stabllity ’

¥ean weight diameter 0.66 Q.Gi 0.66 0.65 0.64

38




Table 28,

Infiltraticon rate in a coconut ~ eucalyptus alley

i rg. by A Rl G

D N SO S MR ST = a i

Quantity of Infiltration Cumulative

Elapged time (min.) water rate -1 infiltration
infiltrated - (om ha™™) (cm)
(em)

5 4.4 52.8 4.4
10 4.0 48,0 B.4
20 7.8 46,8 16,2
30 7.6 45.6 23.8
45 746 30.4 31.4
&0 78 25.6 38.8
50 S.6 19.2 48.4

120 9.4 18,8 57.8
180 15.8 18.8 73.6
240 15.6 15.6 89,2
300 15.6 15.6 ic4.8




Tablelzg. Infiltration rate in a cocconut -~ subabul alley

L - L g -

Quantity of Infiltration Cumulzstive

Zlapsed time (min.) water rate  _, infileration
infiltrated (cm ha™ ") {em)
(o)

5 740 84.0 7.0
At Se5 66.0 12,5
20 | 8.8 52.8 21.3
30 Be.8 52.8 . 30.1
45 BoB 34,39 38.7
60 8.2 2.8 £6.9
90 -14.0 2840 . Bl.9
120 13.8 27.6 74.7
180 16.5 16.5 91.2
240 16.4 ig.42 107.6
300 : 16.4 16.4 124.0

- - A i G S N . - - - -

96



Table 30. Infiltration rate in a coconut - glyricidia alley

xR O e S - - - R IR I .

fuantity of Infiltration Cumulative

Elapsed time (min.) water rate -1 infiltration
infiltrated {em ha ~) ()
(cm)

5 68 £21.6 6.8
ig S5 66.0 12.3
20 8.0 . S54.0 21.3
30 8.6 £1.6 29.9
45 8.0 32,0 37.9
60 16,0 64.0 53.9
90 1.6 31.2 65.5

120 15.5 31.0 85,0
180 18.5 i2.5% 103.5
240 18,0 18.0 121.5%
300 18.0 18.0 138.5

A e w - -y - T A W W R S T ST A AT S sl A O

L6



Table 31. Infiltration rate in a coccnut - ailanthus alley

S e e W S T S gt e - 4P T Gl IR O

. Cuantility of Infiltration Cuomulative

Elapsed time {(min.) water rate -1 infiltration
infiltrated (e ha™™) (cm)
{cm)

5 9.5 114.0 9.5
10 9.0 108.0 18,5
20 14.5 87,0 33.0
30 13.5 81,0 46.5
45 13.2 54.0 59,7
60 13,2 54.0 72.9
90 16,7 33.4 89,6
120 16.4 32.8 106.0
180 14.1 14,1 120.1
240 14,0 14,0 134.1
300 14.0 14.0 168.1

86



Tab le 32 -

nFiltratlon rate in a s80le cceconut plantation

Quantity of Infiltration Cumulative

Elgpsed time (min.) S iltrated | (em ha~1) 3 e
{cm)

5 11,0 132.0 11,0
10 10.5 126.0 21,5
20 15,0 80,0 3645
30 14.4 86.4 50,9
a5 14.6 68,4 65.5
60 14,0 5640 7945
a0 18.0 36.0 97.5

120 18.0 36.0 '115,5
180 22.0 22,0 137.5
240 21.6 21.6 159.1
300 21.6 21.6 180.7

s ey W D e e et Sty
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Table 33. Infiltration rate in a fallow plot

D Skl W W o S P o < e A e S A T M e S S S U S A A e - - A P . A g Ot Pl e Y yhw N e R S O S O T FA) N O el I D e w0 Y OO oY Y TN

fuantity of Infiltration Curulative

Elapsed time (min.) nfiltrated | lemhah  olaw
{cm)
5 540 60.0 540
10 4.2 50.4 9.2
20 7.8 46,8 17.0
30 To8 44.4 24 .4
. 45 7.3 20 o2 . 31,7
60 T3 29.2 39.0
90 10.2 20 .4 49,2
120 10,0 20.0 89 4 2
180 12.0 12.6 71.2
240 11,4 11.4 B2.6
300 11,4 11.4 94.0
W
()J v—y
W 2



Table 34, MNoisture content of the gurface soil zand infiltration rats in different
coconut - multipurpose tropical tras alleys

oy - A S g oo 2

Coconut +
- Bucalyptus
1, Average nolgturs 12.8
content of uprer
30 om eoil {%
2. Initial infiltraticn 528
rate for 5 minute
{cm ha=1)
3. Stendy state 15.6
infiltrability
(cm ha=1)
4, Cumulatcive 104.8

inflltration for
300 minute (cm)

5,5

" 8440

15,4

124.0

A e 08 B S g T e -

Coconmut + Cooonut +
Subabul

E.2-

81.6

18,0

139,.5

Coconut -+
Glyricidla Ailanthus

- e S R S G W S W S e T W D AT i O s s

Coconut Fallow

12,5
il4.0

14.C

148.1

S P

4.1 8.9
.132.0 €0,C

21.6 11.4
180.7 94.0

- e gty

i Y ke el g ke S S I b s
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was minimum in fallow plot. Cumulative infiltration rate
. was also higher in sole coconut followed by coconut +
ailanthus alleys. In this cage also the minimun value

was recorded in fallow plots,

Higher initial infiltration rate and cumulative
infiltration are the reflection of the water zbsorptive
czpacity of the aolil., Better aggregation and consequent
porcus nature of the s0ll might havelincreaseﬂ'thc infilt-
ration value. The lowest value of infiltration recorded
in fallow plots can be justified following the findings of
Uriyo (1579) and Hudson'(1§a4)} When thiere was no
vegetative cover to provide protecticn te bare ground
againat the‘impact of rain dzopé. with each successive
rainfall the infiltration redaéed dua to the‘increahing

blockage of macropores by translocated scil particles,

4.6. Chemical proparties of soil

The organic carbon content of the =oil @14 not ghow
significant Aifference when the multipurpoze tree crops
viz, eucalyptus, subabul, glyricidia and allanthus were
grown (Table 35) in coconut alleys. Dut a reduction in

organic carbon content was noticed in ailenthus - coconut
plotse.



Table 35. Chenmical composition of the 201l after the experiment

Crorping system Grg;nic c (%;---EQEQI_H (ﬁ; Available P ""QQEQQEEQQQEQ_Ef
‘ {ppm) {prm)

€+ By 1,24 0.121 36 320

C + Su 1.27 D.124 40. 330

C+ G 1,21 04126 41 337

C+ Ai 1,19 0,122 38 335

¢ 1,26 0.124 39 330

Control 1.21 fa122 " 39 335

¢ - Gocomut Gl - Glyrieiats  Iu - Bucslyptus

Al - Allanthus Bu - Subspul

e01



Table 36, Economics of intercropping of smorphophallus, cassava,
colocasla and greater yam in coconut multipurpose troplcal
tree alleys

b - ———— . gl b ) S -

Cropa CGross Cost of Net Benefit cost
' return cultivation return ratio
e ha“1
Amorphophallus 51,000 29,280 20,720 1.7
Cassava ' 11,000 5,120 . 5, 830 2.1
Colocasia 20,0600 15,935 4,065 i.3
Greater yam 16, 500 10, 800 5,700 1.5

701



Y
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Tétal nitrogen content of the =0il also remained
almost the same in all the coconut - multipurpose tropical

tree crop alleys (Table 35),

The available phosphorus ard potessium also showed,
a similar trend as that of total nitrogen (Table 35).

The data indicate that by alley cropping there was

no remarkable change in the soil chemical characteristics.

4.7. Economics of alley cropping

¥hen the tuber crops were intercropped in coconut -
multipﬁrpose tropical tree alleys, 1t gave an additional
income ranging from #5,4000/- to £.20,000/- {(Table 36).
The maximum net return was cbtained when amorphophallus
was grown ap the intercrop in coconut - maltipurrcose
tropical tree alleys. The minimum net return was cbtained
when colocasia was grown as the intercrop. Benefit cost

ratio was maximum for cassava and minimum for colocasia.
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SUMMARY

' An investigation waes conducted at College of
Horticulture, Vellanikkarz during 1987-88 on the
productivity of amorphophallus, cassavs, cOlocasia and
greater yvem under coconut - multipurpose tropical tree
alleyes. The expariment wss laid@ out in RBD and replicated
§ times. The tuber crops were planted in Nay, 1987 and
harvested in February, 1988. The results of the exparie-

Tents are surmarised belowd

1) The height of 'all the four tuber cropes increassd vwhen
it was intercropred in coconut - multipurpose trepical

tree alleys.

2} Tha leaf arsa develornent of amorphophalius was higher
when it was intercropped in ccconut + allanthus alleys.
Eut the leaf area development of colocasia land Cassava

wae less in alley cropping as compared to the sole

CropBe

3) The yield of avorphophallus, cassave and cclocasia
decreazsed when it was grown in alleys of coconut =

maltipurpose tropical tree nixtures. But the yleld of
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' greater yam was on par with the sole crop. The dry
matter producticn by the tubaer crops showed similar
trend as that of the tuber yield. The relative yleld
index wes less than one in amorphophallus, cassava and
colocasia and groater than one in greater yam., The
harvest indices of the tubsr crops weras npt influencsd

by the alley cropping practice.

4) Thers was wide variation in the nitrogen, phosphorus
and potassium content ¢f the tuber crops when alley

cropned,

5) 8ignificant increase in height of eucalyptus and
Gglyricidia were observed when cassava was alley cropped.
Height of allanthus increased vhen it wes alley crorped
with amorphophallus. But the height of subabul was not
significantly influsnced dus to alley cropping‘with ﬁhu
tuber crops.

6) The girth at breast height {(GBH) of multipurpose
tropical trees were not significently influenced by
any of the tuber crops.

7) Moamt of the roots of tuber crops and multipurpose

tqobical tree crops ware concentrated in the upper 30 cm
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of the soil., The lataeral spread of the roots of the
tuhar crop were $ cm to 40 s wvhereas that of the

multipurpose trepical trees were upto 120 cm,

8) Green leaf manure yield from the trees increased due
toc alley cropping. The yvield of ¢reen leaf menura
from subzbul and glyricidia were 28 snd 3¢ ¢ ha">

respectively. This was egquivaleht to 177, 10, 150

1

and 282, 21 and 186 kg NPK ha™~ respectively,

9) Among the different tuber crops grown in coconut -
multipurpose tropical tree crop alleys, the maximum
light intercoption was by amorphophallus and minimum

by colocasia.

10) The tuber crops in coconut - multipurpose tropical
tree crop alleys descreased the zoil temparature by
1,0 to 7.5 -units,

11) The relative hunidity at differant heights within
the canopy increased Que to alley croyping with the
tubar cropse.

12) The soll physico-chemical properties like bulk density,
particle density, maximum water holding capacity,

total nitroéen. available rhosphorus and exchangeable
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rotassiun wers not influenced by the different

cropping systers,

13) The initial infiltraticn, steady state infiltrability
and cumilative infiltration rate were higher in sole

coconut and it was loweat in fallow plots.

1¢) The hichest nat income (8,20,000/-) was obtained when
amorphophallus was alley cropped in coconut - multie
purpose tropical tree crop zlleys and the lowest

(22,4000/=), when colocasia was the alley crop.

From the results ¢f this investigation the following

" conclusions are derived.

a) Amorphophallus, cassava, colocasia and greater ysm
could be successfully alley cropped in coconut +

sucalyptus/subabul/glyricidis/ailanthus alleys without

affecting the tree component,

b) Large quantity of green leaf manure obtained from
subabul and glyricidle, if judiciously used could
reduce the cost on fertiligzers., This will zlso sustain

the long term productivity of the land.
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c) The root distribution pattern of the component species
indicate that the chances for interspacific ccaretition
for nutrients and wvater are limited. However, conclusive
remults can be derived cnly by a detailed investigation
of the root distribution pattemrm ¢f£ the component .

species.

@) The nutrient dynemics in such cropping systens also need
detailed stuﬁy.- The N fixation by the legums curponent
in the cropping system needs to be reliably estimated
by any of'tha rmethcds using 15%.

@) The long term implications of the cbzerved micro-
climatic variation on the productivity of the system

neads inveatigation.

£) The influence of the component crops on the productivity
of the ccconut and the multipurpose tropical tree

component need detailed study.
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Plate No.X (a) Aamorphophzllus intercropped in
coconut + eucalyptus allay

Plate Ko.l1 (k) Amorrhophellius interecropped in
caconut + subgbul alley






Plate Yio.I (¢} amorphophallius intercropped in
coconut + allanthus alley

Plate Mo.I (d) Acmorphephallus intercropped in
coconut alley :






Plate No.II Cassava intercropped in coconut +
eucalyptus alley

Plate No,III Amorphophallus and colocasia

intercropped in coconut + zilanthua
alley. (The net for collecting the

litter f£all from allanthus also is
shown)






Plats Uo.IV Cclocasia intercrcpred in cooconut +
subabul alley

Flate Ho. V Greater yem trailed on eucalyptus
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Appendix - I
Vleathor data (monthly averages) from May 1987 to February 1988

Total Humber of Tempersture °C Relative

rain€all hours of ==---o--- s humidity
(mm) bright Maximum Minimum o

sunshine :
Fay 65,0 9.0 36.2 25.3 64
June 837.7 4.2 3c.1 2&.7 G6
July 336.5 5.7 3D.7 23.7 83
August 3e8.4 3.7 30e3 23.5 84
September 174 7.4 22.6 23,5 87
Cetober 280.4 6e2 31.5 23.9 75
Hoverber ‘ 224.4 Ge7 31,9 23,9 79
Decamber 64.6 B.1 31.6 22.8 77
Jenuary 0 10.4 31.6 23.3 17

Februery 7.8 10 32.4 22,0 56




Appendix - 2
Soil Thermometer Rezdings in °C

-— - - S AP E N Wk St A D S s T . ok axs snl- vy shan Wi . S s S Ay - - W M T VAL A A - DO S I WP W A

L - S s S At e Wi - o W el i gk ook vy T v il wl S e . . wlE G SR G W AR

23rd Sep. - 30th Sepe. 7th Cct 14th Cct. 215t Cet. 28th Cct.

_— A vt

Cropping systens z . o7
T025 2425  Te25 225 " Ta25 2425 725 2.25  TF.25 2,25 7.25 2,25

an pm - gin DR . el om am Tm am ™ am pm
1 2 3 4! s &6 7 g 9 10 11 12 13
Co + Ru + A 26 . 29 26.5  30.5 . 26,5 29 26 30 26.5 28.5 24 26,5
Co + Eu + C 26 - 29 26 30 . 26,5 29 25.5 29.5 26 29 . 24.5  26.5
Co + Eu + Col 26.5 31 26,5 33 26,5 31.5  26.5 33 26 32 . 25 29
Co + Bu + G 26.5 30 28 31.5 27 31 26.5  31.5 26.5 29.5 25 28
Co + Bu 27 . 31 27.% 33.5 27.5 32 26.5 32,5 27 31 25 29
Co + 5u + A 26 29 26.5 29 26.5 28 26 28,5 26.5 © 29 24 26
Co + Bu + C 25.5 28 26 28,5 26 28,5 ~ 25.5 33 26,0 32,0 24.5 26
Co + G1 4 A 25.5 28 26 20.5 26 28 . 25,5 38 26 29 24 26
Co + Gl +C 25 ple] 25.% 29 25,5 27.5 2B 28 25.5 29.5 23.5 2B.5
Co + Gl + Col 26 29 26.5 30.5 26.5 29 25,5 31 26 30 24.5  27.5
Co + Gl + G 25,5 28 . 25,5 28.5 26 28 25,5 28 25 28.5 24 26.5
Co + Gl 26.5 29.5 27 3 26 30.5 .25.5 31 27 32.5 25,8 29.%

E ) W WA O L . - iy D B . W A o & L2 = v

Contd.



Appendin-2. Continued

R A A e - W o P K i i A ke S SR ey g ey e S Rakar S qalt ey ule et S S N S S fage VI S S SN e e — R Ll L o g A S g S

1 ‘ 2 . 3 4 5 6 7 8 9 . 10 11 i2 13
Co + Ai + A 26 28 26 29.5 26.5 28 26 29 . 25.5 28 24,5 26
Co ¢+ Al + Col 2665 ° 30,5 2665 3z T 32 31.5 ° 26.5 31.5 26 29,5 24 .5 2%
Co+ Al + G 26 _ 30.5 - 26 30,5 26.5 30 26 31 26 29 24 26
Co + Al 26 ‘ 3% 2645 3.5 2645 a2 ‘a6 33 2655 30 24 28.5
Co + A 26,5 29.5 26,5 K 25645 29.5 ° 26 205 1 25,5 28 24 26
Co + C - 26 - 28 - 2645 32 {3 7%] 28,5 26 28 26 27 24.5 26
Co + Col - 2645 30.5 27 32.5 - 27 © 30.5 - 26 30.5 25,5 28.5 24.5 275
Co+ G 26 . 29 26 29.5 26.5 28 26 28 25.5 27 24 26,5
Co 27 31 27 39 27 32.5 26 33.5 26 31.5 24,5 29
F+ A 26 29.5 26,5 305 26.5 545 26 20,5 2065 29 24 .5 28
F 4+ C 26.5 31 2665 32 26,5 ' 30.5 2& 31 26.5 29.5 24 .5 28
Co - Coconu: . Gl - Glyricidia C = Cassava F -~ Fallow
Eu ~ Zucalyptus Al ~ Ailanthus Col - Colocasia

5u -~ 3ubabul A - Amcrphophallus G - Grester vam



Appendix - 3.
Ralative humiaitg

23ra Sep.  30th Sep.  7th Cct. . 14th Oct. 21st Oct. 26th Oct.,
"Tie87 - T 1987 -+ aser 0 1987 . 1987 “1987

Treatments —i—— - , S — i
7425 2425 7425 2425 T.25 2,25 725 2,25 7.25 2.25 7.25 2,25

.  am pa @@ pm  em pB am pm  am @ am W

1 : 2 3 4 S5 6 7 8 9 10 11 12 13

4" 62 100 96 61 96 77 9 58 85 77 92 52

Bare 2 ‘92 109 96 56 92 - 17 96 71 B9 77 . 96 50
4 92 96 s6 61 92 73 96 4 -89 73 96 52

6 92 96 - 96 6 92 73 %6 7. 8 73 96 52

| 1 100 96 100 6 96 76 96 74 8 76 100 57
Cocomut 2 100 100 100 €6 96 76 96 74 8% 76 100 54
slona - 3 100 ©6 96- 66 96 76 96 77 89 76 100 5¢
. 6 100 100 96 60 96 76 9 77 --8% - 76 100 £1
.1 $6. 100 . 100.. ..74. ©6 T75. 96 74- 92 79 S6 63

Coconut + 2 96 100 100 85 96 7% 96 74 92 7 ~ %6 €0
assava 4 96 100 100 8% -1 79 96 73 92 76 96 63
6 96 100 100 7a @8 7% 96 74 %2 76 96 55

- - VN e S rir - - -~ Ty ot aph olis S2ThAD Oh N

Contd.




Appendix-3., Continued

1 2 3 4 ) 6 7 8 o 10 11 12 13

1 100 100 100 68 96 79 96 74 092 79  1G0 52

Coconut 4 2 100 100 100 71 S6 78 100 71 92 79 100 52
amorphophallus 4¢ 96 100 100 74 96 80 96 73 02 79 100 47
6 ©6 100 106 74 96 77 100 70 92 7% 100 47

1° 96 96 100 77 1060 79 96 79 ©2 79 96 52

Eucalyptus + 2° 96 100 100 77 100 79 96 79 92 79 92 52
amorpnophallus 4 3o0 96 100 77 100 79 9% 79 88 79 92 52
5° 96 96 100 77 1CO0 79 96 79 Q2 75 92 52

1° 100 100 100 77 100 79 96 79 96 77 o6 52

Sucalyptus + 2° %6 100 150 77 10D 79 26 79 96 77 96 52
Cassava 4" 96 100 100 77 100 79 96 79 56 77 96 52
&' a6 100 100 77 100 79 96 79 a6 77 06 52

1° 96 100 100 77 100 79 100 82 92 76 56 72

Subabul + 2! 160- 100 100 77 160 g2 100 B2 92 76 26 52
Cassava 4 96 100  10¢ 77 100 82 100 82 92 76 96 50
6* 160 100 100 77 100 82 100 82 92 76 96 56

-

Contde.



Aprendix-3. Continued

1 2 3 4 S §

1° 96 100 100 77 100

Subabul + - 2* 96 96 100 77 100

.amorphophallus 4¢ 96 96 100 74 100
6" 9 100 100 72 100

1'. 96 100 3100 66 100

‘Glyricidia + 2° 96 100 100 6§ 100
‘Cagsava - 4% 96 100 100 656 100
6* 96 100 100 66 100

1' 100 100 100 79 100

Glyricidia+ 2° 100 100 100 79 100

.amorphophallus 4% 9¢ 100 100 79 200
6' 100 100 100 73 10D

. 1" 92 160 100 74 100

Adlanthus + 2% 92 100 100 74 100
amorphophallus 4 96 96 100 74 100
6° 96 96 100 74 100




B A S S i PO o . e

7 g & " 10 11 12 13
66 100 g2 . es8 66 96 62
66 100 £6 g8 79 92 47
83 .100 a6 88 76 92 56
'83 100 86 88 76 92 56
% 9 69 88 79 96 52
82 100 71 ag 79 96 47
82 96 71 8 82 96 56
. 82 96 71 88 74 96 56
79 10D £6 88 7% 96 56
79 100 a4 ge 79 96 - 56
g2 100 84 8a 79 96 56
g2 100 84 88 79 56 56
66 92 69 88 66 100 62
26 92 74 e8 79, 96 59
86 92 71 es 76 96 59
82 92 71 a8 76 o6 59




CRCP 7 Amorphophallus

1. ABSTRACT OF ANCVR

lean SUAroes

Helcht from ieight from Girth of = Leaf area ' ~
G _ ag the base to the bass to pseudosten ~ Dry matter production
ource g%efggéggg §2§v§§p of Leavas Stem Tuber Total
60 120 &0 120 60 120 €0
Blocek 4 B8.5% 4.54 53.93 107.9 0,70 1,12 0,02 0.46 Q.08 17.11 20,21
Treatments 5 569.6 £44.1 1839.7 3470.1 10.84 17.41 0,09 15.66 2.51 341,06 405.2
Error 20 21.13 10,73 74.39 166.9¢ 2.41 2,99 0,02 0.24 Oel3 3.13 4.66
" Souree df Yielda HFE Concent Relative light transmission
Nitrogen (%) Fhosphorus(%) Fotassium() 8-9 12-1  4-5 UF
Pseudo-~ Tuber PFPseudo- Tuber Fseudo- Tuber en pa =
shecot shoot shoot
Block 4 35.85 0.016 0.022 0,000 C.C00 0.001 0.001 273.80 47.35 23.21 4
Tregtroents § £%.27 0,028 0,052 0,003 0,000 0,133 0.072 1199.1 919.97 860,73 7
Error 20 40.04 0,040 . 0.000 0,002 0,001 65,32 113.31 86.97 28

0.632 $.000




CROP ¢ Canzava
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.~ o o i

- T g K-t T -

lieon sqguares

- ot = — -

Source DF . Hgight o ?effmfffi_ _Dry matter praduction . Yield
- Days after élanting Leaves .Stem Tuber Total
60 120 T 60 120
Block 4 251,24 474.25 0,017 0,033 0.06¢ 0,42 0.52 0.717  2.12
Traatments 5 1403.0 698,23 0.153 1.394 3.21 B.42 92,77 112.87 303.16
Exrror 15 128,49 501,71 0020 G137 D86 0.27 0,52 0.722 2.08
Hean squares .
' UrK Content Relotive light trensmissicn
Sgurce oe o T " wmmm———— DOF - T e—
‘ i ) 3 b % .
it.z'agei:(rﬁ?_= rhcaphorus( i Potassium(wi_ 8-9 am  12-1 pm 4=5 pm
Ehoot Tubsr Shoot Tubesr Shoot Tuher :
Block 4  0.011 0,011 0,000 0,002 0,002 0,002 4 201,15 4C.02 107.71
Treztments 5 06227 04196 (061 0,002 Ce262 105 7 T737.53 831.04 605,34
G014 0,018 0,080 0.00C 0.001 0.C02 28 6l.15 49.98 74.32

Error _ 20




CROP : Greater yam ) 3. %SsTRECT OF ANGVA.
- —— . Fesn sguares _
DUry matter i T i o s 2 e e e - —
- preduction KNPK Content
Source DF e Yield - e - - - a2 e e
C Shoot Tuber ¥itrogen (%) Fhosphorus(¥%) FPetassium(%)
Shoot Tuber Shoot Tuber Shoot Tuber
Block 4 0.007 0,058 . 6208 0.000 0,000 04002 0,004 0,002 0,049
Troatments . S 0a358 2459 406,.,9 0.0068 0,002 0,116 0,015 0,015 0,143
Error 20 0.006 0,056 5.72 0.002 0,001 0,001 0,002 0.008 0,085
Hean squares
Source: DF Relative light tronsmission
N B=9 am 12«1 pin 4=5 pm
Block 4 93,41 46,87 €6.47
Trestments 7 571.22 927.19 240,82
Errcr 28 59.44 67.93 35.86




CROP : Colocasia 4., MNBITRACT OF aAlloVAa

- i P P e Bl U ! - 2y ol - -~

Maan squares

Source DF Lagf srea ‘Er§ maﬁﬁgr production Yield
60 . 120 Shoot Tubey

Block 2 0.003 0.000 ' 0.003 0236 11.57

Treatments 5 0,012 Q0,023 3.798 - 14,17 346,31

Mean sguares

Seurce DF L . Hﬁﬁ_fsfffnt ‘  op Rflat$va lightmffansmissiOE
MNitrogen () Fhosphorngs(s) Fotassium(¥) ' - )
- — - - 8-9 am 12~1 pm  4-5 pm
Shoot  Tuber Shoot  Tubar Shoot ' Tuber .
8lock 2 G.003 0.003 0,000 C.CO0 0.005 0.1233 2 "148.19 218.84 75,32
Treatments 5 D.316 0,05% 0,003 D801 0,083 0,125 7 ieq42.,81 1323,31 1604,.,61
Ervor 10 0,030 0,023 0.000 0.0 L[002 0,026 14 £3,.87 74,35 61.29
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ABSTRACT

An experiment was conducted in the coconut gardens
of Agricultural Recearch Station, Mannuthy during the period
from May 1987 to February 1988 to evaluste the productivity

of various tuber crops under the alleys of coconut (Cocps

nucifera L) + eucalyptus (E_u‘calgg_ tus teraticormis), coconut
+ subsbul (Leucaens leucocephala (Lamk) de Wit), coconut +
glyricidia (Slyricidia maculats) aend coconut + ailanthus
(Ailgnthus tryrhysa Roxb). The tuber crops ralsed in the
alloys were amorrhophallus (Amorphorhallus M
(Roxb) Bl. ex Decnel, Cassava (Mgnihnt g_qu_l lents Crantz),
colocasia (Colocasia esculepta L) and greater yam. (Dioscores
alata L). The experiment was laid out in rendomised block
design in plots of oice 7.5 ¥ 7.5 m and replicated § times,

| The results showed éhat height of the tuber crops
vege increased when grown as an alley crop. Similarly, the
leaf area of all the tuber crops alzo increased except that
of colovasias The tuvber yvield of amorphophallus increased
significantly when it was grown in alleys of coconut and
coconut + allanthus, The yield of cassava and colocas?.a
decreased when they were intercmpped in the _allezs where;aa
that of the greater yam was not significantly reduced. The
dry matter pmauction by the tuber croprs showed similsr
trend as that of the tuber yield. The harvest index of the



tuber crops were not influenced by tha alley cropping
practice. %The nitrogen, phoschorus and potessium content
of the leaf and tuber of these crops showed variation

due to alley cropping.

The height of eucalyptus, glyricidia and ailanthus
increased due to alley cropping whereas that og subskbul
was not significantly influénced. The girth at breast
height (GBH) of multirurpose trees wers not significantly
influenced by any of the tuber cropse.

Majority of the roots of rultipurrose tree crops were
confined te the top 30 cm of the soil end to a lateral
aistance of 120 em. The green manure yicld from glyricidia
and subabul wers 28 and 34 t ha."1 wnich was equivalent to
177, 10, 150 and 282, 21, 186 kg NPK ha~' respectively.
The R, P, K additlon to the soll through the litter £3ll

of eucalyptus -and ailanthus were relstively less.

The so0il physico-chemical properties like bulk
density, particle denasity, maximum water holding capacity,
toﬁal H, avallable P and exchangeable K were not influenced
by the different'cropping systems., |

amorphophallus, cassava, colocasia and greater vam
were succeseful as intercrop in tha coconut ~ multipurpose
tropical tree alleys and generatcd an addlitional incowe

of 25.‘. 000"20‘ 000/".



