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INTRODUCTION

In its centre of origin, cocoa has naturally
‘developed under shade as a second tier &nder natural
‘tree canopies. Ité cultivation in the early years also
had been under shade and it was gencrally classed as a
shade=1oving plant; Yet, experimental work in the major
cocoa producing countries especially frem the 1950's
indicated a conspicucusly contrasting response of this
crop to sha&é. In the early work which mainly involved
complete removal of shade there was conspfcuous increase
tn yield of this crop because of shade removal wh}ch in
some instances resulted in even neér-doubling in the yileld.
There were still some problems in such a system of manage-
ment especially those Involving increased susceptibilfty
to certatn insect pests, decreased crop longivity etc.
_ These defects could be genecrally counter balanced by further
improvements in the crop management §ncluding insecticidal
control of pests and added nutrient supply through ferti-

11sers.

A notable feature in the shade response of cocoa
that became apparent from experimental work in lateryears
was the dffferences in the resbonse of this crop to shade
depending upon the stage of growth. Even with all the

corrective megsures that could amend the 1li-effects of



excessive {1lumination tn established cocoa, young cocoa
seedlings did perform better under a certain intensity of
shadé; The reasons for such a variation {n shade-response
of cocoa depending on the stage of growth has been indica-

ted to be scme sort of hormonal {nhibition due to excessive

{1lumtnation.

other than the general {indications that cocoa
seedl 1ngs need shadet information on the optimum shade
requirement of the crop based on experimental work {nvolv-
ing regulated shade are scanty. Also, the effect of regula-
ted shade on growth componants of young cocoa has not been

studfed.

Sofl moisture supply s a factor that is strongly
1inked with shade requirement as the inhibitory effect
of excessive exposure could be counteracted by more frequent
irrigations. By maintaining the plants at varying molsture
levels and by studying the performance of the plants, the
extent of involvement of this factor on shade response

could be evaluated.

The present investigation was taken upto evaluate
the response of young cocoa to varying shade levels and to
assess the extent of involvement of mofsture supply as a

factor contributing to shade requirement. The study wos



was conducted under artificial shade. The main objectives

of the study were the followings.

1) To study the response of cocoa seedlings to
varying intensities of shade and to arrive

at the optimum shade requirément.

i1) To study the effect of varying degrees of sofl
moisture deplétion on the growth of cocos seed-

lings and to evolve an irrigation schedule.

)

111) To arrive at the extent of relation between
shade and moisture levels fn deciding the

performance of the crop.
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REVIEW OF LITERATURE

1. Effect of shade on general growth of plants

i) 0On cocod
‘ As early as 1896, Watt stressed the importance

of shade and moisturs for the better growth of cocoa seed-
1ings and reported that young cocod plants must be shaded
and well watered. Freeman (1929), in the earliest recorded
field experiment to determine the optimum degree of shade |
for cocoa, reported that lightly shaded cocoa gave the
highest yield. Both the Ifghtly shaded and 'unshaded cocoa
had a lower incidence of black pod disease. According to
Holland (1931), young cocoa must be shaded atleast for the
first two three years, Humphries (1944) observed that
shading influenced the canopy temperature of cocoa and when
ﬁhe mean weekly maximum temperatdre i{n the canopy dropped
below 28.33°C no flushing took places Greenwood and Posnette
(1950) and Smith (1964) also reported simflar results.
-Goodall (1950) observed that Leucaena glaucea, a leguminous
shade tree, native of America {s commonly used in nurseries
and young plantations of cocoa and the 1{ght intensity under
.1t was about 20 per cent of full day light. Evans (1951)
deséribéd a shade experiment 1n which cocoa was grown under
different.artiflcial'shade viz. 15%, 25%, 50%, 75% and 100%



of.day light. Results durfing the first year showed that
cocoa made the best growth at 25% .to 50% sunl{ght but
‘plants recefving 50% were of better shape. As plants
became bigger and autoshading developed, the 75 per cent
1ght plot improved {ts position. With increasing Hght
intensity, the need for nitrogen fertilizers became more
apparent. Murray (1953) in a shade and fert{lizer experi-
ment ‘conducted fn Trinfdad showed that 50% shade gave the
greatest early gréwth and highest inftfal yfelds. Etvans
and Murray (1954) from thefr studies on light and fg}tih
1izer requirements for young cocoa reported that optimum
l1ight fntensity for young cdcoa during the first year
appears to lie between' 25% and 60%. Intensities above 75%
retarded the growth. There was some indicatfion that the
optimum liéht intensity increased with size of the plant
and consequent self shading. They also added that greatest
rela;iveagrowth rate gRGR) had been cbserved at a light
fntensity between 30 - 60% of full day lfight. Under heavy
shade (75 = 85%) frrespective of fertilizer epplication,
yields were low. Goodéll (1955) demeonstrated that optimum
groﬁth of cocoa seedlings was attained i{n shade rather than
in full day 1ight. It was subsequently confirmed by further
studfes of Hurd et al. (1961) and Asomaning and Kwakwa (1965).



The most faQourab!e‘l!ght intensity for cocoa'seédlings

had been stated to be about 25% of full sunlight by Hardy
(1958). He also reported that the amount of l{ght may be
gradually increased to full sun[!ght when camplete leaf'
shading had beén attatned, the overhead shade being
systematically removed. The growth in size of plant was
generally least when light intensiéy‘was greatest. This
was explained as due to the fact-that, the activity of

the tauxins!' was diminished or fnhibited by direct suniight.
‘This was ‘stated to be the reason for the larger size of the
leaves of cocoa treas grown under shade. Similarly, the
branches of shaded cocoa trees were thinner and lénger and
they jorgutted at g-higher di stance from the ground level
than did branches of the shaded cocoa. The cocoa trees
were found to grow mostly quring the night just as other
plants, .because the cells of the cambial tissues enlarge
greately in the absence of 1ight, but cease growing when
.exposed to light.of high intensity. Cunningham and Lamb'
(1959) reported spectacular fncrease in yleld for cocoa

by the removal of shade trees and ft has been suggested
that the highestlyields can be achieved under unshaded
conditions provided sofl mof sture and nutrients are adequate.
Contradicting the vieus of Gooda!l @955} Fredertck Hardy,
ﬁ958) Cunningham and Burridge (1960) stressed that high



rates of growth may be attained by cocoa seedlings in full
“daylfght provided fertilizer {s applied to the sof! and
precautions are taken to maintain a favourable water balance
and‘ to minimt se damage by wind and {nsect pests. They

also observed that i{n particular cirﬁmstances shade may

be benefitial in limiting insect pest damage, supressing
weed growth and restri'ct:‘lng the yield of cocoa and thereby
permitting the use of sofls of low nutrient status. Charles
(1961) observed that removal of shade trees from mature
plantations {ncreased yields inftially but eventually
reduced them. Maliphant (1960~-61) and Cunningham and Smith
. (1961-62) cbserved that in unshaded cocoa, yleld can be
substantfally increased by adequate fertilizer application.
Removal of shade resulted in & highly significant increase
in the number of leaves on the tree, there befng 62% more

in November and 94¥% more in March. - Unshaded cocoa had
developed a. lower habit of growth. T_his' was stated to be
presumably because much more light was received by thase
branches than the unshaded trecatments. In approximately
two years, the trunk dimmeter of the unshaded trees increased
sf gnificam;ly ¢anpafed with those under shade. Cunningham
and Arnold (1962) got simflar results. Longworth fn 1963
noted that the fnitial growth and establishment of cocoa
were better with'artiﬂ‘clal shading than with natural metheds



of shading. .Studies in North-Africa on the economics of
shaded very Yow producing cocoa and on shaded high yleld-
ing cocoa .indicated that shade was necessary for the low
yielding trees and some shade also for medfum production
(Longworth, 1963). Freeman (1964) cbserved that it was
possible to bring cocoa fnto bearing without any perma-
nent shade. But he concluded that establ{shment without
shade requfred the tbest establ{shment methods® and could
not be recommended as a 'sound commercial practice'.
ﬁurkay {1964) grew cocca clone cuttings of ICS 95 for four
months in constant environment room under similar‘light
and humidity conditfons at 20°C and 30°C. At lower
temperature, apical flushes of 3 = 4 leaves were prodgced
giving plants similar in appearance to plants grown in
the field under fairly heavy shade. At the higher
temperature, apical daninance was lost and large number
of axillary flushes of small leaves were produced giving
plants similar in appearance to plants grown fn the field
without shade. 'Murray & Nicholas (1966) reported that the
ability o% cocoa to perform well {n.the absence of shade
under high nutrient condltiéns(Charles, 19613 Maliphant
1966-613 Cunningham & Smith 1961=62 and Cunnfngham &
Arnold, 1962) may be related to the increased mutual shad-

ing which resulted from enhanced leaf production fn response



to nutrient application. #M¢ Cuffoéﬁ (1967) summar{sed
from an experiﬁent laid aut in 1960,~that fn avenue
planted cocoa farm Jight intensity had a marked effect

on the gréwth of cocoa. Blencowe (1967) rehorted that
latera) shading s a must for cocoa efther through
planting plantain or by artifictal means, pi]l the
development of a proper canopy. Leach (1969) stressed
 that the nurserfes are to be éhaded_compulsorily. the
1nicial intensity of-shaae being about 86%. After first
whorl of leaves §s hardened, shade is to be progressively
reduced until] by the sixth week, the l1ight intensfity was
similar to that of main field. According to Boyer (1970)
provisfon for some shade’{s advisable for cocoa where
canopy development was insufficiently dense. 1In a 30
year old Trinltarfo cocoa plantatfon, the flushing inten-
si;y, leaf number and total foliar sﬁrface per tree were
greater in unshaded trees than those under light or
moderate shade. Cambial activity measured as girth incre-
~ ment was also greéter in unshadéd trees. Boyer (1974)
élso reported simflar results. Boyer in 1974 cbserved
that {n cocoa, the number of-flcwér-per trece was 60 - 70%
more in moderately shaded trees than unshaded trees. But.
Buttrose (1974) reported reduced number of flower buds
inftiated in shaded cocoa. Yaw Ahankorah et al. (1974)

fn an Amelonado cocoa shade and manurial trial observed
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that trees without shade ylelded three times as much as
shaded trees on seventeen years of continuocus crépp(ng.
But 1t Qﬁs referred that the ecpnomic 1ife of an unshaded
cocoa farm may not last for more than ten years of inten-
sive cropping. It was also stated that deterforaticn of
cocoa was rapid under no sh;de condition partly because
of tﬁe high loss of exchangeable bases and greater stress
/caused by the higher yfeld. Thus, under stress the trees
tended to beé§ﬁe more suceptible to inssct pests and
probably to di seases. The intensity of incident diffuse
11ght and the hunidity probably had a greater influence
than the age of the tree con the development of mosses on
the cocoa trunk and branches. and hence the rapfid deterio-
ratfon. Wood (1975) reported that cocoa nursery will
require shade, water and protection from wind. He also
reported that the {nftfal shade was usually quite heavy,
somewhat fn excess of 50 per cent, but can be decreased
as the see&lings grow. For young cocoa, shade {5 always
reconmended to ensure the right form of growth. The
amount of l{ght falling on young tree will influence the
way {t grows, low light intensity or heavy shade leading
to long internodes and few sfde branches, high 1ight
intensities or 1ittle shade giving the opposite effect
which leads to bushy growth. Too much l{ght was therefore
considered'L undesirable as it will delay the time when,
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at normal spacings a cancpy will be formed. Okalf &

owusu (1975) observed that applfcation of nutrfent

solutfon twice a week caused leaf malformation in cocoa
egpecially in plants at full day light. Maxfmum tempera-
ture and evapotranspiration rate were higher in exposed
than shédéd plots though evapotranspiration rate was similar
for all plots. Both nutrient and shade treatments proauced
significant differences 1nlrelative grewth-rate (RGR) of
cocoa. In the three shade . regfmes tried viz. zero, 63 per
cent and 90 per cent shade, the highest RGR tended to occur
in medium shade. Bonaparte and Ampofo'ln 1975 reported
that the extent of solar radiatfon that penetrated the
coCcod c;ncpy varied among the no shade, med{um shade and
heavy shade regimes tried and betweeq,seasoﬁs. The magni=-
tude of solar radiation incident on the cocoa tree was,

as expected, highest {n no shade Eegime and least in the
heavy shade regime. Matnstone (1976) noted that where
little or no shade has been established, the cocoa should
have 1ittle leaf in relation to root at the time of plant~
ing. It was also reported that a shading plan with gliri=-
cidia stumps gave good results in the initfal establ{shment

of cocoa,

11) On other crops

In 1903 fHugger elucidated the general ef'fects
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of shading on plants. Plants under shaded conditions
exhibited {ncreased growth of main axis, reduced number

of branches, lessened development of woody fibre and
deficiency in sugar and carbohydrates. Again in another
experiment by Duggar (1903).'1t was found that, shading
efther partfal or complete was found to reduce the carbon-
‘dioxfde assimflation and thereby the available constructive
materials for plants. clark (1905) cbserved that for

eaf development, low intensity of light was most favoura-
ble and fntense Tight caused decreased leaf growth result-
ing in smaller and thicker leaves. In an experiment with
' peaches Gourley (1920) found that under shade the plants
produced less number of branches which were willowy and
slender. Kraybi1l (1922) cbserved decreased fruft bud
formation {n apple and peaches under shade., Vinson (1923)
brought out the effect of shading on a number of hortf-
cultural plants such as apple, p£aches, cherry, strawberry,
~ tomato, radfsh,pctato énd geranfum. Slender stemk,hgreater
length of internodcs, leavés with larger and smaller cross
section, tncreased mofsture contents were all réported by
him as general effects of shading on plant growth. Weaver
& Clements (1929) reported that partfal shading-ﬁés useful
to increase the succulance and delicacy of plant structurese.

Shade was reported'to»impart an extraordinary vigour to
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coffea bushes, increase in berry size and fmprovement in
flavour {Anon. 1932). In clove seedlings, with a decrease
ifn 1ight 1ntensi£y, there was anincreased vegetative
growth as measured fn leaf area and both fresh and dry
weight and a decrease in total amount of photosynthetics
produced. Porter (1937) also reported similar results.

In 1951, Elgueta & Bonflla showed that shading greately
jmproved the success of transplanted coffee seedlings.
Befnhart (1963) studied the effect of tempernturé én&
light intensity on the growth of clover and concluded

that increased light {ntensity resulted in greater growth,
fncreased branching and {in turn greaéer leaf area product-
fon. It was also staﬁed‘that l1ight intensity had no {n-
fluence on the mean number of leaves produced per plant.
Edmond et al. (1964) conducted sﬁading experiments fn
tomatoes,iprowiding shade by nylon and muslin clothes,
Maximum yield was obtajned from plants receiving only‘hs
per cent of full sunlfight and they explained the reason

" for low yleld under increased 1ight in thfee ways viz.

(1) concerning with the chloroﬁhyll content (2). concern-
ing with the water éupply or (3) concerning with the enzime
activity. Edmond et al.(1964) noticed the production of
thinner leaves by shaded apple trees and the thickness of
leaves in the open condition as due to the increased product-

fon of palisade t{ssues {n the leaves. Streitberg & Hoffman
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(1973) studfied the effect of reduced l1ight fntensity

on apple trees by covering them with nets and observed
longer internodes and {ncreased total shoot length under
reduced Intensities of light. B8oardman (1977) described
the general effect of shading on plants. According to

him leaves of shaded plants were thinner showing poor
development of palfsade tissues and spongy mesophyll cell.
Barden (1977) reported that apple trees exhibited supressed
shoot growth and increased dry weight under 80% shade
provided by screen chlote or slats. But shading was not
found to Influence the leaf area in this experiment. Radha
(1979) revealed that number of leaves produced per plant

in pineapple was not influenced by shading.

2, Effect of shade on leaf development

1) On Cocoa

Goodall (1950) observed in cocca that the ratfo
of mean leaf area to mean plant dry weight reached a maximum
at about twelve wecks and thereaf'ter it declined., Hardy
(1958) studfed the nature of leaves of cocoa seedlings under
varying intensities of light. He cbserved that the feature
of cocod leaves that had developed under different 1ight
intensities varfes greately. Under full sunlight, leaves

were small, pale and thick with short interncdes and long
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stipules. They were shed very early. By contrast,

leaves produced under heavy shade were much larger and
often attained a length of 20 -~ 24 {inches. Thefr colour
was darker, they were thinner and heavier and contained
higher proportionate amount of water as reckoned by dry
wefght. Less number of stamata per unit area as the
epidermal cells were longer In lcaves produced under shade
was the reascn attributed to the higher wster content.
Based on 2 study on the physfology of cocoa leaves, Hardy
(1958) concluded against the possibflity of cocoa being

a shade loving plant. B8y applying the ofl infiltration
method for assessing the degree of stomatal closure, {1t
had been shown that, the stomata of cocoa leaves exposed
to full intense and direct fl1lumination (13,500 foot
candles) remained completely open and transpired freely

as long as long as water supply was plentyful. By contrast
the stomata of cof'fee leaves was reported to partially
close whenever the {ntensity of 1llumination exceeded

8000 - 8500 ft. candles and in the shade they always
remained open provided the light intensity was not so less -
character{stfc phenomenon of shade loving plants. In the
case of cocoa, the leaf stomata began to close when the
1ight intensity was reduced to less than 500 - 700 ft.
candles, which was about 5% of the full sunlight. He also



observed that under ordinary circumstances, the cocoa
stomata began to open at about 6 a.m. and maintained
thefr maximum size between 8 a.ms and & or § pems after
which time they began to close because of diminishing
1ight {ntensity. This fndicated, according to Hardy

that 1f cocoa were a 'shade tree' the stomata would begin
to close immediately after maximum {1lumination had been

attained,

1) 0n other plants

Johnson (1826) as quoted by Gardner st al.
(1952) showed that 1ight was the most {mportant environ-
mental factor influencing the dafly opening and closure
of stomata in plants, Rolfes (1903) reported that citrus
plants which were grown under 50% shade developed thinner
leaves with a greater leaf area but with considerably
reduced total leaf area per plant. In many horticultural
plants Clark (1905) observed that for leaf development
low 1ight intensity was most favourable and intense light
caused decreased leaf growth resulting smaller and thicker
leaves. Gourley (1920) reported that in apples shading
resulting in the production of loosened mesophyll tissues
and thinner epidermal cells fn leaves and in increased leaf

area., Gourley & Nfghtingale fn 1921 observed an average
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leaf area increase of 224% when grown under 15% 1ight
intensity than those developed tn full sunlight. Porter
(1937) studied the effect of three light intensities viz.
1139.9, 583.1 and 261 foot candles on the photosynthetic
efficiency of tomato plant. He observed that with @
decrease fn light fntensity there was an incréased vegeta-
tive growth as measured in leaf area and both fresh and
dry weight. Holmgren (1968) reported that higher {ntensi-
ties of light during the growth of plants generally {ncreased
the stomatal frequency but there was no sfgnificant changes
efther fn the length of stomatal pore or in the size of

guard cells.,

3. [Effect of shade on chlorophyl} content

f) On cocoa

Incrcased chlorophyll content in the leaves of
shaded cocoa was first reported by Evans & Murray (1953).
Guers (1971) studied the effect of 1{ght on the morphology
and physfology of cocoa leaves. Preliminary observations
revealed that, leaves exposed to direct sunlight were
generally smaller and thicker and contatned less molsture,
chlorophyll and nitrogen than shaded leaves. Okal! & Owusu
(1975) 1n cocoa showed that the chlorophyll content per unit
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area of the leaf did not differ between shade regimes at
different levels of nitrogen. But at the higher nitrogen
level, chlorophyl! content was siagnificantly greater with
shading. They also observed that chlorophyll content per
unit leaf fresh welght was significantly greater in deep

shade in all nutrient levels,

11) 0On other plants

Clark (1905) observed that for chlorophyll
production in plants certain optimum intensity of light
was necessary. He found that direct sunlight of high
intensity was resulting in destructfon of chlorophyll and
this effect was clearly noticed in strawberry. Priestly
(1929) while discussing the biology of 1iving chloroplast,
stated that the chloroplasts in leaves would undergo
changes in positfon according to the difference in light
intensity. He pointed cut that {n leaves of plants grown
undér lower light intensities the plastids were 1imited
fn number and they were arranged at right angles to the
1ight rays and were larger in size, thus fncreasing the
area for l§ght absorption. Gardener et al. (1952) reported
that in general,the concentratfon of chlorophyll per unit
area or weight of lcaf increased with decreasing light
fntensitfes unti) the intensity was so low that it hazarded
the survival of plants. Ramaswami (1960) and Venkatamani
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(1961) got increased chlorophyll contents in tea under
shade as reported by Evans and Murray (1953) for cocoa.
Bjorkman and Holmgren (1963) also got more chlorophyll
content per unit weight or per unit volume of leaf in

the leaves of plants grown at lower 1ight intensities,

but the chlorophyll content per unit area of leaf survace
was very often lower than the open grown leaves. Khossien
(1970) noticed reduction in the leaf pignent and depressicn
in the growth at high intensity of light in the case of
bean plants. Bjorkman et al. in 1272 found fewer nunber

of chloroplasts which were larger in sfze with more chloro-
phyll in leaf section of shaded plants. Skene (1974) found
that shading resulted in thicker grana in chloroplast of
apple leaves. Chlorophyll tat and 'bt and total chioro-
phyll contents of leaves were found to increase as the

fntensity of shade increased in pineapple (Radha, 1979).

b, Effect of shade on photosynthesig/dry matter accumulation

f) On cocos

Hardy (1958) studfed the rate of photosynthesis
fn cocoa seedlings subjected to varying lengths of time to
light of different intensities. The result obtafned was
expressed as net assimilation rate (NAR) in g dn~! em™? of

leaf surface produced per hour. The NAR was 0.042, 0,099
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and 0.188 g dn-! em~2 ne~! for 10,20 and 75% of fuil sune
light. He stated that the lower NAR of cocoa leaves grown
at lower intensities of light indicated that photosynthesis
was greately retarded by shéd!ng. on tha other hand this
reductfon 1n NAR was compensated by greater leaf area
produced under shade. Baker and Hardwick (1973) noted

that at high light levels photosynthetic rate per unit
chlorophyll was highest for leaves in the open which suggested
that photosynthetic efficliency was {ncreased by growth in
full day light. 0kalf and Owusu (1975) observed that, even
for open leaves of cocoa photosynthetfc rate was dspressed
at highest exposure of light intensity of 50 K.l}x. Similar
results were observed {n seperate exper{ments by Okali and
Hardwick (unpubl{shed work). ©Okalf{ and Owusu (1975) al
reported that at lower light fntensities (0.1 and 6 K.Ix.)
net photosynthetic rate was least for plants grown in full
day Vi{ght, it being negative for two varieties of cocoa
tried at 0,1 Kelxe The 11ght compensation point for photo-
synthesis was also found to be higher for plants tn open
condition. In open condition net photosynthetic rate was
maximal at .39 K.Ix. whereas fn the deep shade the rate
gradually declined.

11) On other plants
buggar (1903) found that shading elther partia)

or complete reduces the carbondfoxfde assimilation and thereby
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the avallable constructive materfals for plants. Clark
(1905) noticeﬁ that sugar content {in plants was dépendent

on the intensity of 41lumination and he observed that in
beets and sorghum develcopment of sugar was in proportion

to the intensity of fllumination. Vinson (1923) observed
that shading in hortfcultural plants increased mofisture
content and proportion of nitrogen to carbohydrates. Shirly
(1932) as quoted by Gardner et al. (1952) reported that
generally with increasing light {ntensities, there would

be an fncrease fn the per cent dry matter {n trees. Porter
(1937) In tomato observed, increased vegetative growth,
decreased fruft productfon and decreased total amount of
photosynthates with the decrease ifn 1ight intensfty. He
also reported that these changes were not directly proport-
fonal to the decrease fn light intensity. For instance, a
reductfon in light fntensity by half resulted only fn an
one-fourth {acrease of vegetative growth. Radhza (1979)
notfced comparable dry matter acunulation in the leaves

of pineapplie both In shade and in open upto flawering stage.
She also reported that the reductton in dry matter accumula=~

tion was not considerable in spite of shading upto 75%.

5. Effect of shade on growth measures of cogoa

Goodall (1250) found meximum net assimilation rate
(NAR) for cocoa seedlings in the first seven weeks of growth,
and noticed that the ratfo of new-leaf area to new plant dry



wefght reached a maximum at about 12 weeks and thereafter
declined. He also reported that the greatest mean inter-
harvest value of this ratlé occured during the period

(12 - 18 weeks) when the greatest relative growth rate
(RGR) was recorded. Hardy (1958) observed lowest NAR at
highest shade level and vice-versa on cocoa. He also
stated that the lower NAR of cocoa Teaves grown at lower
l1ight tntensities indicated retarded rate of photosynthesis
under shade. 0kali and Owusu (1975) studied the growth
measures of Amelonado and Amelonado x Scavina cocoa seed-
1ings under different levels of shades and nutrients. They
found that relative growth rate was maximal for plants
grown under medium shade and at highest nutrient levels.
Net assimilation rates were little affected by shade even=-
though incident radiation varfed over the range of 10=1
NAR was highest for leaves developed on full day light as
a result of enhanced photosynthetic effictency. It was
also highest in plants maintafined at highest nutrient
levelss This nutritional differences, disappeared when
photosynthetic rate was based on chlorophyll content. It
was also found that at each nutrient level, mecan leaf

area ratfo (MLAR) was highest-for plants in deep shade

and lowesé for plants in open. The response of RGR to
shade and nutrient levels was influenced more by the res~

ponse of NAR than by that of MLAR whila the difference in
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two varfeties in RGR was due mainly to the difference in
MLAR.

6. Effect of shade on_nutrient contents

i) ©n _cocoa
Acquaye et al. (1965) observed by visual

symptoms and soil plant analysis that young Amazon cocoa
establfshed on clean felled land was potaé?um-deficient.
The symptom became more severe with time. Leach (1969)
reported deficiency of nitrogen in shaded cocoa seedlings
which was corrected by weekly application of half oz. of
urea 1n one gallen of water per 200 secedlings. Guers (1971)
reported that cocoa leaves exposed.to direct sunlight weée
smaller, thicker and contained 1ess mofsture and nitrogen

than shaded leaves.

11). On other plants

Kraybilt (1922) observed higher contents of
mof sture and nftrogen in shaded apple leaves, Vinson (1923)
reported that shading fncreased moisture content and the
ratfo of nitrogen to carbohydrates §in a number of hortf=
cultural plants. Ameriéan Holly plants exhibited higher
amounts of potassium and magnesium in leaf tissues when the
plants were grown at 92% shade (Fretz & Dunham, 1971)
Cantlfefe (1972) observed in spinach that the concentration
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of potassium in the tissue {ncreased as reduction in the

Anan and Nakgawa (1974) studied

l1ight intensity occurred.
shaded and unshaded

the effect of chemical constituents of
tea. They observed that total nitrogen, amino aclds and
caffeine of newly shaded shoots {ncreased at first and
later decreased whereas the shoots from unshaded plants
showed & decrease during thevwhole perfod, The aspartic
acid content of shoots of shaded plants remained unchanged

but that in shoots from unshaded plants rose gradually.

7. Effect of molsture onAggneral‘growth of cocoa

Lemee (1955) found that photosynthesfs in

potted cocoa seedlings was depressed when avallable sofl
molsture fell below 60 = 70 per cent and was negligible
near permanent wilting point. Greenwood and Posnette {1950)
from thefr studies on cogoa reported that flushing was
controlled by an endogencus system tnherent in the plant
b

ut atleast after the tree had passed the juventie stage '
{ ' :

ts onset was affected by env{ ronments They also observed
that, growth of cocoa tre '

: trees
occured 1n the dry moneh,

n

hunf{dity were mo
re stable little growth
occurede Irrfgation
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tree, .All the trees, {rrespective of treatment dffferences,
flushed at more or less regular intervals of 8 and 10 weeks.
Alvim (1959) reported that, where rainfall was'gdequate

and the dry season was not very severe or prolonged, trriga-
tion seemed to have only a small effect on mature cCocca.
Alvim (1960) showed that the stomata of container grown
cocoa plant started to close when the available mof sture
fell to 70 per cent and closed rapidly as available
mofsture fell from 50 « 25 per cent. Burridge et al. (1564)
o&served that irrigation slightly decreased leaf nitrogen,
phosphorus, calcium and magnesium in cocoa. Lockard and
Burridge (1965) also got stmilar results on cocozs Smith
(1964) conducted a study on the effect of three soil

moi sture regimes on young Amazon cocoa. He found that
frrigation increased grawth rate and flower producticn,

but did not affect the percentage of setting or wilting of
cherrelese The interval between the growth flushes of
{ndividual trees remainded the same but frrigated trees
ceased to flush in phase with each other. irrigation.
however had not affected the flushing of {individual trees.
A1l the trees flushed at more or less regular intervals of
6 to B weeks, which was .rather less than the range of
between B-and 10 weeks as quoted by Greenwood and Posnette
(1950) for rafnfed cocoa. smith (1964) concluded that,
rainfall affected the flushing habit of cocoa Trees
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recelving only natural rafnfall flushed more or less

in phase with each other suggesting that the conset of
flushing was Influenced in part by water relationship

in thefr environment. In Ghana fn 1964 he found that
frrigstion applied to field grown seedlings from the age
of six months to bearing {mproved estabiishment, carly
growth and bearing. The irrigated trees flowered earlier
and produced greater numbers of flavers than did the un~
{rrigated trees; probably because of tho increased size
of irrigated trees and large number of cushion avaflable
for flower preoduction. Murray (1966) had shcown based on
studies with cocoa cuttings grown in containers that,
growth was best under constantly high soil mofsture condi~
tions. Similarly preliminary analysis of the girth
measuremants of cocoa seedlings revealed a significant
effect with the fncrease in available moisture {ahenkcrah
& Akrofi, 1968). §ale(1970) studied the growth, flower~
ing and frufting of young glass house growncional cocca
trees in weighable soll containers with different moisture
regimes viz. 85% of avaflable moistura (wet treatment)
50% ava&iable mof sture (mediun treatment) and 15% of
avaflable moisture (dry trestment). It was found that
piants under dry treatment lost their apical dominance
and flushed vi§?ous!y about 10 days after each watering

although many flushes subsequently withered. Plants under
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retaning capacity. Studies on fine stages of the stem
diameter of seadlings using dendrograph also suggested
that stem girth was slower during the day following
watering than during a day when the soil had begun to dry
out. Alvim et al., (1972) observed that sofl moisture
stress may also stimulate flushing through its effects

on leaf fall. Hutcheon, Smith and Asomaning (1973) showed
that irrigation Increaseda flower production on both ths
unshaded as well as sﬁaded cocoa but this effect was greater
on unshaded trees, Smith, 1964, Alvim et al. 1972 and Sale,
1970 also reported simitar results. Water consumption of
young cocoa during the dry season was studied by Jadin and
Chauchard (1976) on nonirrigated, sprinkler irrigated and
drip frrigated plots. Nonfrrigated cocoa consumed 0.5 to
1.7 mm dafly the level being Vimited by sofl mofsture
deficit. Corresponding figures for sprinkler and drip
frrigated plots were 1.72 and 5.88 mm respectively and these
depended on potential evapotranspiration. mg various
environmental factors studied in connection with flushing,
mof sture stress appeared to be the most critfcal factor
(Alvim et 21.1977.).
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MATERIALS AND METHODS

The fnvestigationswere carried out {n the College
of Horticulture, Vellanikkara, Trichur during the year
1978-180, to study the effect of shade and moisture regimes
on the growth of cocoa seedlings.

Te ate 1

The College of Horticulture, Vellanikkara {s
sftuated at 10® 32' N latitude and 76° 10' longfitude at an
altitude of ‘22,25 maters.

Sieved (through 5 mm metallic sfeve) fertile top
sof}, was used for raising the seedlings. The sieved soil
'was of the following mechanfcal camposition (expressed as

percentages on moi sture free basis).

Coarse sana 41 .00
Fine sand 21,00
sfit 12.5
Clay 24.00

10‘20 eds and edl

Seedlings were rafsed from uniform‘sized beans

of well matured cocoa pods fn 20 x 30 cms sfzed polythene bags.
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Polythene bags were filled with -4 kg of the already pre-
pared sofl. Beans were sown in flat positiocn for ralsing
the seedlings and regularly watered. Each bag was provided
with three or four pinholes at the bottom to facf{litate

drainage.

1030 ert 4

As the bags were filled only with soil as
growth medfum and as the general growth appeared poor, the
seedl fngs were given fertilisers at the rate of 0,5 ¢ 1 s 1 g,
each of N, P2°5 and K,0. Nitrogen was supplfied through
ammonfum sulphate, phosphorus through superphosphate and

potassium-through murfate of potash, all in solutfon form.
2. Methods
2.1 Layout of experf{ment

The trfal was latd out in a completely rando-
mi sed factorial design with four levels of shade and thres
levels of mofsture with four replicatfons. Each treatment
combinaticn consisted 27 plants. The duration of the experf-

mant was five months,

2.2, Xrecatments

Treatments were the following:
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Levels of shade
shade level 1 (S;) open (zero % shade)
shade level 2 (S,) 25 - 30% shade
Shade level 3 (83) 50 - 55% shade
shade level 4 (§,) 70 -~ 757 shade.

Level s of mofsture
Molsture regfime 1 (H,) Irrigation at 75% available
mof sture.

Moisture regime 2 (MzJ Irrigation at 50% available
’ _mois;ure.

Moisture regime 3 (M3) Irrigation at 25% available
mof sture,

2.3. Provision of shade

Lcose gunni mat was used to give 70 - 75%
lshade and a type 6f handloom cloth was used for 50 = 55%
shade. 'Calicloth' mosquito net was used to give a shade
of about 25 - 30%. Selected shade materials were then
stretched and tied tightly over the !pandals' of size
10 M x 3 M by fixing wooden reapers on posts. The !pandals?
were erected in éouth west direction end a df stance of 4 M
was provided in between the treatments to avoid mutual
shading between the shade treatments. Each ‘pandal' was

also covered with the respective shading materfal on all
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bags, averaged the wefght of about 4,070 kg, 4.010 kg
~and 3,950 kg all the planis in that treatment in a parti=-
cular shade level were frrigated to F.C. by giving the
required amount of water (60 ml, 125 m! and 185 m! for
75, 50 and 25% avatlable water).

There were three plants in each plot set apart
as observaticnal plants which were labelled and weighed
dafly along with the bag to find out loss in weight.
Thase were irrigated with calculated quantities of water
when the welghts dropped down to the stfpulated lévels.
The quantities of water to bring the sot! back to field
capacity were added {n each case,. The number of, days
required to reach the desfred mofsture regime was also
recorded treatment wise to arrive at the frequency of
irrigation for seedling cocoa under each shade and each
level of molsture. To account for the fncrease in weight
of the piadts due to the growth, adjustments in wefghts
were made based on the monthly average wet wefght of

harvested sample plants.,

In the intense shade, the mean fnterval between
irrfgatfons varfed from-1.43 and l.Béf?g; Mys For Mzﬁand
M3 it was 2.23 to 2.64 and 4.43 to 3,63 respectively, My
in the intermediate shade level recorded the least {nterval
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of 1.33 days towards the final stage of growth though

for the in;tial month it was 2.17. In the case of M,,

ft varied between 2,21 to 3.22 days and for Mg 1t was

3275 to 457 days. In the lowest shaded plants M, recorded
& maxtmum fnterval of 2.21 and a minimum of 1,53 days. For
M, and M, the corresponding values were 3.38 to 2.73 and
4483 to 3.3 respectively. Open grown plants met with the
Jeast frequent frrigation in all) the mofsture regimes, the
monthly average maximum interval being 2.36, 3.86 and 5.6
days respsctively for Nﬁ; My and M3 with the corresponding
minimum values being 1.94%, 3.20 and 4.43 doays.

2.5 Plant protection

Due to the heavy wind noted during December -
February, the plants especfally in the open showed symptons
of wind injury (Breakaje of leaves at laminar end), A
-wfnd break using plaited coconut leaves and wooden poles
to the entire length of the experiment plot in North-South

direction was provided to prevent this.

3. Observations

3.1 t ogical observations

The weather data for the experimental perfod
are presented in Appendix I and Fig. 1.
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In addition to the usual meteorological data,

the following additional observationswere also taken.

3.1.1. Solar intensity

solar {ntensity was measured and recorded
at weekly interval. Measurements were taken with an
'Apalab! lux meter from 6 a.me to 6 p.ms at hourly intervals.

The data are presented in Fig. 2.

301 vl canm! temgg! atg!g

Canopy temperature at hourly fnterval once
fn a week was taken two fnches below the tip of the plants
andAthe'daéa are presented in Fig. 3.

3.1e3. S at

Sofl temperatures at two depths of 5 cms
and 10 cms were taken once every week at hourly intervals
from 6 asm. to 6 peme Sofl thermameters were fixed at the
above depths and the observatfons taken from the treatment
of 25% mofsture depletion f'rom the four sha;e levels of
the first replication only. The data are presented in
Fig. & and 5.

Over the perfod of experimentation, the maxfmum
temperature varfed between 30.52°C in December and 36.74°C
in Marche The highest minfmum temperature of 26.3°C was
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noticed in April while the lowest value, fe. 20.22°C was
recorded fn January. Relative humidity fell between

71.12% and 93.13% during the perfod of investigation.
Except April- all others were practfcally rain frece menths.
In Apr{l a monthly average of 4.2 mm rain was recorded

over a period of efght rainy days. The maximum sunshine

of 1,85,000 *Jux! wés recorded {n December 1979, closely
followed by March 1980, Thelaverage sunshine varied
between 52,290 lux in April 1930 and 86,091 lux in February
1980. Maximum sof] temperature and canopy temperature were
always found in the no shade regime, As a general trend
with the increase In intensity of shade both soil and canopy

temperature also showed a gradual decrease,

3.2, Biometric observations

The following bicmetric observations were

recorded at monthly intervals.

3+2.1. pPlant height

Height of all the three observational plants
was taken and average worked out. This observation was taken

from the soll surface of the bag to the terminal bud.

3.2.2. stem thigkness

Stem thickness was taken by a véﬁier-celipers

at a height of 5 cm above the sofl surface, Here al so average
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of threc observation plants was worked cut to represent

tho average stem thickness of each plot.

3.2,3, Number of leaves
The. total number of leaves of the sample

plants harvested for recording other observations was

counted and the average per plant was worked out.

3e2.4, Leaf area

| A constant (0.6428) was first worked out
from the relationship of length x breadth value and actual
leaf area of 100 leaves selected randonly from 20 six months -
old cocoa seedlings. For recording cbservation on leaf
area, the semples were harvested and thelr leaves removed.
Five leaves from each plot were selected- at random and
their length and breadth measured, The area of these five
'leaves were calculated from the factor worked out (between
leaf area and length x bréadth). These five leaves were
dried in an-oven scperatelys Similarly the remaining
leaves of these plots were dried. From the leaf area and
dry weight of the five leaf samples of each plot, the area-
dry weight relationship was worked out for each plot. The
total leaf area of sample plants was calculated from the

total leaf dry weifght and the above'relafionship.
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3.2.5, To alh d wef

Harvested plents were dried at 80 « 85°C
for 2 -~ 3.days in hot air-oven and dry wefght was recorded
till two consecutive waeights agreed, Fron the total dry
weight of three plants, average dry weight was worked out

and recorded in grams per plant.

3.2+6. leaf area ratio (LAR)

It was calculated by using the leaf area

and respective plant dry welght of harvested plant samples.
3.2;7. Nat asaind lati rote {(NAR)

It was calculated usfng the following

equation

Wy = W, (In A, = in A,)
NAR = —=Zemem 2 12 whore

Uy = final plant dry welght 1n mg, Wy - {nitial plant dry
weight In mg, A, - final leaf area in dmz, Ay < inftial
Jeaf area in dm®. NAR was catculated fn mg/dmzlday;

he Chemical analysis
For chemical analysis, the entire plant without
root was dried, powdered and sfeveds From this required

quantity was taken for analysis. Analysis for total.nitrogen.
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phosphorus and potassium was made following the methods

of Jackson (1958). Thefr contents were. worked ocut as
percentage on dry wefght basfs. - Uptake of these nutrients
was also worked out from the percentage content and dry

wefght and calculated in mg/plant,

5. Statistical analysis

The data on different paremeters were subjected
to statistical analysis following the method of Snedacor
and Cochron (1967). Mean values were worked out for all
different characters; The data were then fed to the

computer and anzlysed.
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RESULTS

The résults of the experiment as 1nfluqnced by
various levels of shade and mofsture, on different
characters of cocoa sﬁedljngs are présented in the follow=
fng text with the help of appropriate tables and suitable
11lustratfons. 1In all the characters studied, the inter-
action effects were not significant with varying levels

of shade and moisture at any stage of observation.

1. Vegetatjve characters

1,1, plant height

Data on plant height at varfous stages are

presented in Table=1 and Fig. 6.

Effect of shade on plant height was highly percepti-
ble, With increasing intensities of shade, there was
increase 1n plant height upto the intermediate shade level
of Sy (50-55% shade) at all stages. With further fncrease
in shade, there was decrease in plant hefght, but it was
not sfgnificant beyond 83. The treatment dffferences were
sfgnificant between Sy (open) and.the rest of the shade
levels, at all the stages, but the differences between the
treatments recefving shade from 25 to 75 per cent were

significant only from the fourth month onwards.



Tabie~l, Effect oFf shadg and moisture on height (cm' ) or coCoa seediings

Flrer  Secord Third fourh UM
Level s of shade
s, (Zero per cent shade) 16.77 17.71 17.51 - -
S, (25 - 30 " ) 18.41 20.58 24.47  28.08 31.57
S, (50 ~ 55 " J 19.32 21.83 29.42 35.20 43.32
§, (70 = 75 " )y 18.73 21.26 26.55  32.85 39.68
F test sig Sig Sig Sig Sig
C.0. at 5% 0.80 0.89 2.12 2.74 ~ 3.92
SEm + 0.278 0.311 0.738 0.943 1.351
Leﬁéls of mofsture
M (75 per cent available mof sture) 18.51 20.84% 25.71 36.20 45.82
M, (50 u " ) 17.85 19.99 23.88 30.23 35.99
My (25 " : " ) 18.56 20.20 23.89 29.70 32.77
F test Ne.S N.S NeS Sig sig
C.D. at 5% - - - 2.74 3.92
SEm * 0.241 0.26S 0.639 0,943 1.351

TV
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The effect of moisture levels on plant height
was significant oﬁly from the third month onwardse How=-
ever, excepting for'tha first month, highest mean values
were recorded {n the treatment receiviﬁg irrigation at ,
75 per cent avallable mofsture followed by M, (irrigation
at 50¥ avaflable water). Though the loﬁest mean plant
hef ght was noticed in Mgy ({rrigatfon at 25% available water)
the differences between M, end M, were not statistically

stgnificant.

Over the stages there was a steady increase in
p!ant hefght in all the shade treatmgnts; exc?pting the
plants in the open which practically showed 1{ttle increase
fn hefght. Those recefving shade showed-a'steady fncrease
Qn.height though the treatment differences were widening
with advancing age.. The trend in growth at di fferent
moisture levels was also simflar though the rate of plant
hefght {ncrease was more {n plants receiving irrigation at

75% available mofsture.

1.2, Stem thickn

Data on stem thickness are given in Table-2
and_ Figo7o

stem thickness showed a trend almost simflar to that



Table=2, Effect of shade and moisture on stem thickness (cm)\of cocoa seedlings

' First Second Third Fourth Fifth
Treatments month month month  month month
Levels of shade
Sy (Zero per cent shade) 0.37 0.42  0.43 - -
Sz (25 - 30 " ) 0.42 0.5" . 0.61 0066 0.7"
53 (50 ~ 55 ~ ) 0.42 0.53 0.65 0.74 0.86
Sh (70 - 75 " _) 0.b2 0.55 0.65 0.73 0.83
f test : Sig Sig Sig Sig Sig
C.D. at 5% 0.0158 0.023 0,028  0.036 0.047
SEm * 0.005 0.008 0.00° 0.012 0.016
Levels of mofsture
. M3 (75 per cent available mofsture) 0.42 0.52 0.62 0.7% 0.91
M, (50 " " ) 0.40  0.50 0.57  0.68  0.79
Mg (25 " . ) 0.4 0.50 0.57  0.66 0,73
F test NeS NeS 5 Sig sig Sig
D at 5% - - 0.024  0.036 0.047
- SEm'+ 0.005 0.007. 0.008 0.012 0,016
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of plant height with plants in the open being significantly
fnforior to all other treatments, The difference {n stem
thickness between 33 and- Sy levels of shade was not signi-
ficant throughout, S, was significantly inferior to both
S, and S, from the third month onwards.

M; was sfgnificantly superior to M, and M3 throughout
except for the first and second months, where the treatments
did not differ significantly. My and M3 showed statistical
parfty til1 fourth month and at the final stage, My stood

superfor to Mge

With increasing age, stem'girth showed an fncrease
ifn all the shad;d plants. The djfference fn girth increment
btheén different shéée levels was consistently increasing
with fncreasing age, except for 83'and S, where the diffe-
rence was very narrows Similar trend in girth increment

was noticed with different levels of moilsture.

1.3 Humber of leaves

Data on leaf number are given in Table-3 and
F1 Js 8.

shade {mparted significant effect on the leaf
production. In the open, the leaf number was significantly
inferior to all levels of shade. Except for the initial



Table-3. Effect of shade and moisture on number of leaves of cocoa seedlings

First Second Third Fourth Fifth

Treatments month month month month month
Levels of shade
Sy (Zero per cent shade) 5«5 3.92 5.5 - -
Sy (25 =30 v ) 8.31 10.83 12.22 18.16 17.29
53 (50 = 55 - u ) B8.06 12.89 14.95 23.75 26.83
S, (70 -75 ¢ ) ~7.70 10.31  13.56  19.42 25.56
F test ’ Sig sig sig sig Sig
-CeD at 5% 0.807  1.355 1.579  2.667 3.541
S.Em * 0.281 0.472 0.550 0.912 1.220

Levels of mofgturg

M'-(75 per cent avaflable moisture) 7492 9.36 12.65 24.05 26.67
M, (50 " n. ) 7.28 9.88 11.23 19.23 — 22.54
MB.(25 " " ) 6498 9.32 10.79 17.45 20.53
F test ' N.S N.S N.S Sfg Sig
C.D at 5% - - = 2,666 3.541
S.Em * - 0.244 0.409 0.476 0.919 1.220

42




Numbet of Leaves pee plant

2%

26 A

fjl/act' 0/ Shade on no. of Leaves.

ANo sﬁaa’a.

25. 30 p.c. Shads.
56.55 o« n”

70 .75 4 o




_Fig. 8.
%ﬁ'//em‘ o/ moistube on [aaf numbet .

—_——— 75 P.c. awai&xé/e moi!l'brél-.

—_— e 50 »n ¢ ”

28+

—— ——— 25 ’” Py

1 2 =

PO th (mo;zz‘,é__,ﬁ

—

*
U1

'




stage of observatiocn 83 stood sfgnificantly superfor to
all other shade levels til1 fourth month, and at the final
stage 83 and -§, were on par with each'other. For the
entire period of exberimentation, S, and S, were at par

ﬁut for the final month where §, outnumbered S, significantly.

Right frém the beginning, except for the second
stage of observation, 1rrigatioﬁ at 75% avallable moisture
produced higher number of leaves than M, and M3 though the
difference was significant only from fourth month onwards.
Mz.énd M3 were statistically on par with each other through-

out.

Over the stages, the leaf number showed a steep
fncrease in 53 and Sye 1IN piants grown under 25% shade,
the leaf production was reduced towards the final stage.
In the open, leaf number remained nearly static from first

to third months.

lebe Leaf area

Data on leaf area are given in Table 4 and
Fig. 9e

Leaf area was markedly influenced by shade and
it was increasing with the increasing levels of shade upto
the intermediate level. The difference between the shade



Table-b. Effect of shade and mofsture on leaf area (em®) of cocoa seedlings

First Second Third fourth Fifth

Treatments month month month month month
Levels of shade

$q (Zero pef'cent shade) 77.09 31.70 - - -
S, (25 - 30 " ) 218.34  315.83 418.42 547.01 621.99
83 (50 - 55 ' w ) 251.27 359.30 549.73 1147.01 1301.53
5, (70 - 75 " ) 245.36  365.97 uL54.42 952,72 1379.57
F test sig sig N.S Sig Sig
C.D at 5% 21.20 b7.79 - 145.32 236.80

Level s of moisture

My (75 per cent available moisture) 222.51 306.56 6h0.48! 1258.89 1483.54 -
Mz (50~ F ®“ . ) 186.07 259.27 477.42 8&3.74 1102.71
My (25 " " ) 185.47  238.76 350.67 504.11 716.84
F test sig sig Sig sig Sig

C.D at 5% 18.36 b1.38 93.63 145,32 236.80
S.Em & - " 64395  14.415 32,263 50.078 81.59

Ly
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levels was significant excépt for ‘the third month of
observation. séand S, were on par’'with each other
throughout the experiment, but for the fourth month, 33
sfignificantly outnumbered Sy, by about 20%. S, was always
inferior to both Sy and. S¢

Unlike the shade, irrigation effect was signiffcant
on leaf area at all stages. From the Qtart to the final
stage, M; was significantly superfor to bot:h,M2 and M3.
Except for the first two months M, showed significant

superfority over Mge

Barring the plants in the open, leaf area was
fncreasing with advanéiﬂg stages of growth. 1In the full
sunl{ght ‘leaf area for the second month was about 60% less
than the first month and on the third stage 1t was practf-
cally zero'though the plants were alive., The difference
fn leaf area between mofsture levels was widening with the

stages of plant growth.

1.5. Dry weight

Data on plant dry welght are presented in
Table-5 and Fig. 10.

Increase {n levels of shade showed a corresponding
fhcrease in plant'dry wefght with the plants grown in open

recording the least valdé. S, was on par with S, throughout.



Table=5, . Effect of shade and moisture_én dry weight (g) of cocoa seedlings

— frm et I fam ot
Levels of shade -
$ (Zero per cent shade) I'o.ul 0.45 0,58 - - -
52 (25 - 30 " D) 1.31 1.80 3.24 4463 §.35
Sy (50 = 55 u ) 1.39 2.05 3.91 7.68 11.86
Sy (70 - 75 "- ) 1.46  2.13 3.88 7433 10.55
.F test sig sig sig - sig  Sig
C.Deat 5% 0.105  0.259 0.372 0.738 1.609
SeEm * 0.037  0.090 0.041 0.254 0.555
Levels of molsture
: My (75 per cent avaflable mofsture) 1.26 1.8 2.46  -8,79 12.60
M, (50 " ) 1.14 1,62 2,79  6.25  8.66
My {25 " " ) 1.04 '1.41 2,46 4,59 6.72
F test stg sig Sig Sig Sig
C.D at 5% C.091  0.224 0.323  0.738 1.609
S.Em + 0.032 0.078 0,036 0.254 0.555

(334
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S, was significantly inferior to both 83 and S, except for
the first and second staﬁes where 1t showed parfity with 83.

Irrigatfon effect, 1ike in all other vegetative
characters was almost similar here atso. M; was significantly
superfor to the other two levels of moisture except for the
second and third stages.‘ At the second stage, it was on par
with Mé while on third month {t.showed statistical parity
with M,s M, was superior to M, throughout but for the second

3
stage,

The difference in dry wefght between the levels of
shade was widening with advancing stages of growthe In the
open érown plants drf wefght was almost static over the
stages of plant growtﬁ. The di fference in dry weight'
increase became prominent from the féurth month onwards and
thereafter 1t widened further. cémparing between mofsture
levels, the rate of increase in dry wefght was the most
conspicucus from fourth month onwards. The treatment

differences tended.to'widen from this stage onwards.

2. Growth Measures

2.1. Leaf area ratjo (LAR)

Data are given in Tabie-6 and Fig. 11,

The effect of shade on leaf area ratfo (LAR)
was sfignificant only at second and final stage of growth.



Table«=6. Effect of shade and moisture on leaf area ratfo (LAR) (cmz/gj of cocoa seedlings

First Second |, Third Fourth Fifth
Treatments month manth mont h month  month
Levels of shade -
-$; (Zero per cent shade) 194.69 69.09 - - -
S, (25 ~ 30 " ). 162.38 167.11 127.63 . 114,24 °  98.43
§3 (50 ~55 = ) 179.95 177.30  139.06  tuk.6h 115.160
s (70 ~ 75 " ) 169.03 173.50  124.34 124.82 128.14
F test NeSe sig NS . N.S Sige
C.D at 5% - 30.876 - - 12.383
'SoEm #: 15,370 10.755 5.481 7.654 4.267
Le‘velg of moisture
‘ My {75 per cent avaflable moisture) 173.07 -154.98 143.54 137.49 114.81
My (50 " . ) 176.18 135.41  133.89 140.15  120.29
Mg (25 " " ) 180.29' 149.87  113.60 106.05 106.62
‘F test NeS NeS Stg Sig Ne S
. C.De at 5% - - 15.906 22.212 -
S.Em * 13.311  9.314 5.481 7.654 4,267

SO L)
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Plants recetving 50 ~ 55% shade, were slightly superior
than all cthers except for the first and last month.
Though for the inftial stage S; was slightly supertor to
all other levels of shade at the second month §t beéame
significantly inferfor to them, Towards the final stage
$;, became statistically superfor to 33.

Irrigation effect became significant from the
third monfh'onuards. As\a general trend, with the increased
avaiiability of mofsture, except for the inftial stage LAR
also increased though M"and.M2 were always stgtistically
on par with each other, M3 was signiffcantly 1nferjor to
both M, and My except for the first two months.

LAR showed a gencral trend of decrease with advanc-
fng stages of growth fn all levels of shade except {n S,
which showed a slight 1ncrease'of-about'3% at the final
stage aé compared to the fourth month. Open grown plants
showed the highest inft{al LAR but during the second month,
ft dropped by 182% which was much higher tﬁan the percentage
reduction of LAR {n all other cases. With levels of irriga-
tion also LAR showed @ general. reduction with advancing
growth, though the plants {rrigated at 50% showed an
increase of 5% from fourth to fifth month. The rate of
reduction'of LAR was higher in My with advancing age of
the plant. '
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2.2. Net assimilation rate (NAR)

Data on net assimilation rate  (NAR) are
given ifn Table~7 and Fig.12,

The effect of shade levels on NAR was not signi-
ficant ﬁhroughout the experiment, except between the third
and fourtﬁ months where S, was signlficahtly inferior to
both S, and S, which were on statistical parity for the
entire perfod of growth, 'As a general trend NAR Was
increasing with fncreasing levels of shade except for the

_final stage,

Effect of {rrigation on NAR was not significant
at any stage of growth except between the third and fourth

months when M; stood significantly superfor to MB'

Wwith advancing age, NAR also fncreased upto the
fourth month in S, and s, followed by a decrease afterwards.
In the case of 5, there was a sharp decline fn NAR till third
month followed by an increase from fourth to fifth month.

NAR fncreased upto fourth month in M, and M, and then
decreaseds In M3, it dropped from third month to fourth

month, there being an increase afterwards.



Table-7. Effect of shade arid mofsture on net assimilation rat:e (NAR ) (mg/dm /day) of
cocoa seedlings

First and second and Third and Fourth and

-Treatments second month third month fourth month fifth month

Levels of shade ' ,

Sy (Zero' per cent shade) b.42 - - -

52 (25 = 30 "o ) 6.08 13.26 722 12.13

S (50 - 55 " ) 7.03 13.80 16.39 9.44
s,, (70 - 75 " ) 7.34 13.70 16.21 10.14

F test N.S N.S Sig NeS

C.D at 5% - - \ 5.654

S.Em + 0.995 1.210 1.948 2.770
Levels of moisture

My (75 per cent avafiable mofsture) 6.0!: 14.78 16.36 8.54
M, (50 - ® u ) 6465 12.35 13.43 10.45
My (25 o) 5.99 13.63 10.03 12.72 -
F test N.S N.S sig N.S
C.D at 5% - - 5.654 -
SeEm * 0.862 1.210 1.948 2.770

2%
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3- Chemical characters

3.1, Nitrogen content

Data are given in Table-8 and Figes 13.

The effect of shade on nitrogen content was non-
significant at all the stages except for the initfal two
months. Plants in tha'open showed the highest content of
nitrogen, the di fference being significant at the first two
months. Sp» 53 and 34 were statistically on par with each
other throughout,

Irrigation effect on nitrogen content was signi-
ficant only at the ffnal month with Mg showing the least
value. Except for this, all the treatments were on par with

each other for the entire period of experfmentation.

With all levels of.shade nitrogen content exhibited
a gradual increase with the stages of plaﬁts and decreased
towards the final stages in S3 and S,. But §, showed a
continucus increase in nitrogen content with all the stages
of growth. ‘With levels of mof sture, nlgrogen content fncreased
upto the third moﬁth of cbservation,. and after which {t met
with a8 gradual decrease.  In the case of Mg the psrcentage
of decrease between Fourth and fifth month was very conspi-

CUutiSe



Table-8. Effect of shade and moisture on nitrogen content (%) of cocoa seedlings

y First Second Third Fourth Fifth
Treatments month  month month  month  month
Levels of shade
Sy (Zero per cent shade) 2.05 2.12 2.23 - -
Sy (25 - 30 " ) 1.57 1.73 2.06 2.09 2.15
53 (500 - 55 " ) 101"8 Io?h 2.21 2003 2.00
Sy, (70 - 75 " ) 1.61  1.60 2,20 2.16 2.00
F test sig sig N.S N.S N.S
C.D at 5% 0.071  0.119 - - -
S.Em *+ 0.025 0.042 0.044  0.59 0.053 -
Levels of mofsture ‘
M, (75 per cent available moisture) 1.70 1.65 2.20 ‘2.11 1.88
M, (50 u o ) 1.62 1.76 2.23 2.07 2.09
My (25 " " ' ) 1,69 1.70 2.10 2.12 1.16
F test NS N.S N.S He$S Sig
C.D at 8% - - - - 0.152
S.Em » 0.021 0.036 0.038 0.059 0.053
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3.2, u! t rogen ugtagg

Effect of shade and mofsture on nitrogen'
uptake are presénted in-Table-9 and Fig. 14,

Effect of different levels of shade on nitrogen
uptake wés signiffcant throughout. The highest nitrogen
uptake was recorded by‘33 closely followed by Sgyo through=-
out except for the inftial two months where S, had signi-
ficant superfority over all other shade levels. S, was
stgnificantly inferior to both 83 and S, from third month
onwards, but it reached statistical parity with 53 for the
fnftial two months. S, was highly {nferfor to all other
levels of shade for the entire perfod.

Irrigatfon also exerted a similar trend on the
uptake of nitrogen with the effect . being sfgnificant
at'all stages. M, wés‘alwayb significantly superfor to
both M, and M3 except for second month where M, recorded
simflar uptake flgures. My was always inferfor to Mg
except for the third month, where {t was statlstlcally
on par with M,.

Except for the plants grown in open nitrogen
content recorded a steédy increase over the stages of plar
growth. -With advancing age the difference fn nitrogen up-

take was much- more conspfcuous between the heavily shaded



Table-9. Effect of shade and molsture on. nitrogen uptake (rhg/plam:) of cocoa scedlings

7/

Fourth

- First Second Third Fifth
Treatmgnts - month month month = month  month
avesl shad
Sy (Zero per cent shade) 8.38  9.59 13.00 - -
Sq (50 = 55, - ) 20.81 30.8% 89.70 -156.34% 218.0%
S,' (70 = 75 o ' ) 24,07 . 34.20 80.62 157.48 206.26
f test sig Stg Sig" sig sig
CeD at 5% 1729 Le140 13.433 ‘54529 9.‘!;99
S.Em & 0.602 1.442 L.679 5.529 ~ 9,499
Levels. of mol sture \ )
My (75 per cent available mofsture) 20.55 . 29.78 74.37  18E.45  234.42
M, (50 wo " ) 18.20 27.08 59427 129.61 180.85
My (25 - " n ) 16.62 22,62 56.30 98.00 143.73
M test sig Stg sig sig Sig
C.D. at S% 1,497 3.585 11.633 16,046  27.569
S.Em + 0.522 1.2u45 4.052  5.529 9.499

6a
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plants and Sé. In the open grown plants fncrease {n
‘nitrogen uptake over the stages was not perciptible. The
trend 1n nitrogen uptake was simflar in the case of mois-
ture levels though the mostlfrequentiy frrigated plants

exhibited.higher rate of increase with advancing age.

3.3, pPhosphorus content

The data on phosphorus content are given
in Table-10 and "g. '150

$y recorded higher phosphorus content than all
other shaded l\eve]s.,at: all the stages, though the plants
{n this treatment died after third month. Only upto the
third month, there exfsted a statistical significance
between the shade levels. S,, S; and éu were on par with
each other throyghout.,but for the third month where Sy

was ‘fnferfor to Sy

Irrfigation affected the phosphorus content signf~
ficantiy only at the {nitial stage with M, aqd M3 being
superior to M., For the rest of the perfod.no significant
difference was noticed between the varfous levels of

mqisture.

At all the levels, shade exhibited a rapid decrease

in the percentage content of phosphorus with the stages of



Table-10. Effect of shade and mofsture on phosphorus content (%) of cocoa seedlings

Treatents month momch.  month  month month
Levels of chade
Sy (Zero per cent shade) 0.29 0.28 0.20 - -
S2 (25 - 30 " ) ) 0.20 0.156 0.12 0.12 0.07
53 (50 -~ 55 " ) 0.]8 0.15 0.13 0.13 0.08
Su (70- 75 “ . "0.19  0.14 0.14 ~ 0.12 0.06
F test ) sig sig -Sig ‘Ne S N.S
C.D. at 5% 1 0.022 0.022 0.016 - -
S.Em *» 0.008 -0.008 0.005 0.004 0.004
evels of mofsture
My (75 per cent available mofsture) 0.19  0.18 0.15 0.13 0.07
My (50 " " ) . 0.23  0.19 0.14 0.12 0.08
M3 (25 " n ) 0.22 0.17 0.15 0.12 ' 0.07
F test sig NS N.S N.S N.S
C.D at 5% 0.019 = - - - )
Se.Em * 0.007 0.007 0.005 0.005  0.004

G9
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growth, and the percentage reducticn at the final stage
over thé fnftfal stage befng 65, 55 and 63 respectively
for Soe 53 and S+ In the case of frrigation also
phosphorus content showad a rapid decroase with the
stages .of plant, the percentages éf depression with the
fnit{al values beihg 63413, 65,21 and 68.13 respectively
for Mys M, and M3.

3.4, phosphorus uptake

* Phosphorus uptake data are given in the
Table-11 and Fig.16.

The effect of shade on phosphorus uptake was
sfgnificant at all stages of plant Qrowth. Upto the third
. month of observatién, s3 and S, were on par with each other
and thereafter 83 was statistically superfor to Sye Sy
was significantly {nferfor to both Sy and s), except foor
the inftial two months where, Sa» 33 and S, were on par
with each other. S, was always fnferior to all levels of
shade.

Increased availability of moisture increased the
phosphorus uptake, the effect being sfgnificant at all the
stages excepting the first month as in the case of shade.
My stood superfor4fo both M, and M3y though for the first



Table-11. Effect of shade and moisture on phosphorus uptake (mg/plant) of cocoa

seedlings
- First Second Third Fourth Fifth
Treatment s month month  month month  month
Levels of shade
S, (Zero per cent’ shade) 1.13  1.24 1.15 - -
s, (25 - 30 o) 2.55  2.66 h.08 5.79 5.61
Sy (50 = 55 " ) 2.5%  3.06 5.17 10.03 9.60
Su (70 - 75 " ) 2.79 2.92 5053 8.95 7-'0
F test stg  Ssig sig sig - sig
C.D at 5% 0.257 0.407 0.616 1.004 1.772
" S.Em * - 0.0893 0.142 0.214 0.374 0.611
Levels of moisture
M (75 per cent mvailable moisture) 2.30  2.82 h:98 11.81 9.05
My (50 " - n ) 2.34 2.52 3.77 7.3 7.25
T My (25 " L ) 2.10 . 2.07 3.19 5.61 4,91
F test N.S Stge stg. * 51ge sfige
C.D. at 5% - 0.353 0.533 1.084 1.773
“S.Em 0.077 0.123 0.186  0.374  0.611

¢9
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two months M, and M, did not differ statistically. My
was significantly inferfor to M; throughout excepting the
first stage.

Barring the open grown plants, with all levels
of shade, phosphorus uptake was increasing wicﬁ the stages
of plant growth except for the final stage at which there
was a decrease. In the open grown plants the rate of up=-
take was rather static with the stages of growth. A similar
phosphorus uptake pattern was noticed with different {rriga=-
tion levels and stages of plant growth. However, fn My,

there was a fall in phosphorus uptake from fourth to fifth

month.
3.5. Potassium content -
The values are presented fn Table~12 and
Fig. 17

As é géneral trend potassium content was decreasing
with the increase in‘percentage of. shade except for the
init{ial month. Effe&t of shade on potassigm content was
non=-significant only for the initial month and for all
other stages 1t was sfignificant. Sy showed the highest
content of potassfum and was significantly superfor to all
levels of shade, except for the second month when {t attafned

stati{stical parfty with Sge T111 the fourth stage of



‘Table-~12. Effect of shade and mofsture on pctassium content (%) of cocoa seedlings

Treatment s Pireh  meopd AR honth  momth
Levels of shade
S (Zero per ocant shade) 2.25 2.45 2.58 - -
s, (25 -~ 30 " ) 2.13 2,21 2.25 1.95 1.79
Sy (50 = 55 " ) 2,14 2.33 2.03 1.76 1.63
§y, (70 = 75 " ) 2.18 2.20 1.91 1.78 1.43
F test NeS Sig sig Sig sig
C.D at 5% - 0.143 0.147 0.106 0.108
S.Em + ' 0.032 0.049 0.0489 0.037  0.037
tevels of mofsture . _
4, (75 per cent available motsture) 2.16  2.37 © 2416 1.06 1.62
My (50 " n ) 2.19 2.33 2.26 1.85 1.62
My (25 " " ) 2.18 2,25 2,17 1.78 1.61
F test N.S N.S NeS" NeS N.S
C.D at 5% - - - - -
SeEm + 0.028  0.0431 0.042 0.037 0.037

19
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observation, 53 and Sy, did not show any significant
difference but on fifth month S5 was superfor to Sy.
Though for the first two months, S, was on par with S,
and Sys from the third month onwards it was significgntly

higher.

There was no sfignificant effect of mofsture
levels on the percentage content of potassfum. At all
stages of growth Mys My @nd M3 were statistically on par

with each other.

only in the open grown plants there was a marked
increased content of potasslﬁm with the {ncrease in age
of the plant. In al) the shaded plants it was generally
decreasing over the stages of plant growth though during
the second month, a slight increase was noticed. uWhile
S, showed a percentage decrease of 34.4 over the initial
stage, it was 23,8 and 15,96 respectively for 53 and S, -
at the final stage. But S; recorded an {ncrease of 14.6%

over the initial month at the third month.

3o§ potassium dgtake

Data on the potassium uptake area given in
Table«13 and Fig. 18

Effect of shade on'potassium uptake was statfistically



Table-13. Zffect of shade and moisture on potassium uptake (mg/plant) of cocoa

seedlings
Treatments month bonth  momth  month  month

Levels of shade

5 (Zgro per cent shade) "9.12 10.10 15.15 - -

S, (25-~ 30 . ) 28.0t  -40.0k 72,94 89.96  112.01

53 (50 - 55 " ) 29.00 46.73 79.50 135.81 184.96

84 {70 = 75 -on 1) 32.57 47.02 73.18 131.05° 150.61

F test Sig Sig §ig - ' Sig sig

C.0 at 5% 2.455 6,077 15.459 13.097 24.005

S.Em + 0.855 2.116° . 3.037  4.513 8.270
Levels_of moisture ) )

My (75 per cent available moisture) 27.39 41.07 70.06  162.89 201.84

M, (50 " ou ) 24,42 36,90 59.40 114.01  140.09

My (25 woe " ) 22,22 30.62 51.12  79.93°  105.65

F test sig Sfa Sig sig Sig

C.D at 5% 2.126 5.262 13.388 13.097 24,000

S.Em * 0.741 1.633 2.629 L.513 8.270

89
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stanificant throughout the {nvestigation period. From the
sccond month onwards ssand Sy, contiﬁued to be on statis-
tical parity yith each other but for the final stage 53
was significantly superfor to S,. S, was highly inferior
to both 53 and S, except for the first and third months.
buring these stages, ft was on par with 33. _sl was signi-

ficantly inferior to all other shade levels.

On the ﬁptake qf potassfum, different levels of
moisture also exerted significant differénce. Always M
stood highly superfor to the other-ﬁwq\leyels of mof sture
except for the second month, when M; and M, were on par,

M, showed statistical superfority over M3 but for the third
month when M, and M3 were on par. As a general trend
fncrease {n available mofsture increased the potassium

uptake also.

With the fncrease fn age of the plant, potassium
uptake re;orded'a 5feady increase at all the levels of shade,
the difference tn fncrease getting wider towards the final
stages. 'In contrast to the shaded plants S, qlaﬁts showed
almost static potassium uptakea. In the case of moisture
levels also, increased potassium uptake was noticed over
the stages of plant growth, with the highest value being
always recorded by M, followed by M, and M.
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DISCUSSION

The present investigation was taken up with a
view to study the effect of different level s of shade
and mofsture on the growth of cocoa 'seedlings. Groch
characters, nutrient content, and uptake of nutrients
under four levels of shade and three levels of mofsture

were studied.

From the results of the present investigation, it
can be seen that shade and moisture imparted stgnificant
effects on the growth of cocoa seedlings. Medium shading
and {rrigation at 75% available molsture produced most
vigrous seedlings. The interaction effect of the treatments

was not signtficant in any of the characters.

Shade effect on seedling growth was highly perce-
ptible in almost all the growth characters studfed. Plant
height was sfgnificantly Increasing with the increase in
level of shade up to 50 - 55%, and thereafter it decreased
slightly with the tncrease in shade. Cambial activity
as measured in terms of girth also showed an exactly similar
trend with the levels of shade. Leaf number and size wes
remarkably influenced by different levels of shade. Plants
in the full sunlight produced small, pale and crinkled
leaves with short interﬁodés. Sim{lar effect of full sun-

11ght was also reported by Clark (1905) and Frederick Hardy
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(1958). Leaf number was also considerably {nferfor to all
other shadgd plants with the medium shade pr;ducing the
largest number of leaves. Increase in leaf area of plants
{s also repcrted to be the tmmediate perceptible morpholo-
gical adap;ation gencerally gssociated with fcw fntensities
of light both in shade toléraﬁt and shade intoierant species,
In tﬁe present étudy. significant {ncrease in-leaf area was
noticed with the increase in shade up to the intermediate
level after which it decreased. 1In the piants grown in the
open, leaf ﬁumber and size were drastically reduced result=
fng 1 low- leaf area. Simflar results were. reported by
Frederfck Hardy (1958). It was also repbrted that leaves
produced under heavy shade are much Iargér and often attain
a length of 20 ;'éh fnches because of loosened mesophylls,
and elongated epidermal celis (Gourley,‘ISZO). In the case
of dry matter accumulation, which is the net result of
active vegetative grdwth and optimum resource utilization,
similar results were obtained with increasing levels of
shade. Plants in the open met with the least dry matter
accumulation. The percentagé increase {n dry matter
accumulation with advancing stages of growth was also very
meagre in this case. On the contrary, dry weight was increas
ing substantially‘with the ‘levels of shade and stages of
groyth'except for the heavy shade. Similar results were
'reported by silvertfa and Maestri:(}973)|n coffee. Leaf area
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ratio (LAR) was also higher fn medium shaded plants,

éh;ugh it wvas on par’with the heavily shaded plants

_except for the final month, where heavily Qhaded plants
became superio; to the former. In support to this,

Frederic Hardy (1958), and okali and Owusu (1975) reported
that for cocoa mean leaf area ratio (MLAR) was‘greaﬁer for
plants in deep shade and lowest for plants {n open. vith
the increase fn age all the shade levels showed notaﬁle
reduction {m LAR eventhough leaf area showed an increase.
IGoodali (1950), Frederick Hardy (1958), Baker and Hardwlﬁk
(1973) and Okald and Owusu (1975) all noted increased net
assimf lation fate (NAR) with the $ncreased {ntensity of
f1luminatfon. By contrast to the above' observations, in
the:; present study NAR was affected Qiqpificantly. but
positively by fncreasiﬁd shade levels, It may thus be con-
cluded that excepting in the case of NAR, the results agreed,
fn general, with the general trend reported in literature
with nearly all growth parameters being improved by increas-
fng shade intensities upto the medfum level of 50 = 55 per

cent shade,

As early as 1896 Watt stressed the importance of
shade and mofsture for the better growth of cocoa seed-
iings by statiﬁg that ybung cocoad plants must be shaded
and well watered (Holland, 1931). ‘Evans and Murray
(1953) reported that optimum intensity of light for young
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cocoa lies betveen 25 - 60%. Goo&all (1950) obsgrved
20% 1ight intensity as best for seedling cocoa. Frederidc
Hardy (1958) reported 25% full sunlight as the most favou-

rable light_intensity for cocoa seedlings.

It has been established that the rate of photo-
synthesis by cocca as evidenced by continued stonatal open-
fng with Increasing 11lunination is the highest in full light
(Hardy, 1958). However the vegetative growth of the crop
is reported to be better under @ certain degree of shade
than in thé'open (Humphries, 194k; Greenwood and Posnettee,
19503 Cunningham, 15633 Streitberry and Hoffman, 1973;
Boyer, 1S74 and Mainstone, 1976). Such a crop performance
is in marked contrast to other shade loving plants like
coffee vhere both growth and yfeld have been found best
under shade than 1n the open (VWeaver and élements. 1929)
Anone. 1932y élgueta and Bonilla, 1951)e Again, in such
crops, the mechanism of shade affinity has been attributed
to stomatal behaviour. Hardy (1958) reported that in coffee,
stomata begin to close at 1ight intensities beyond 8000 -
B500 ft. cndles. According to Hardy (1958) the better growth
performance and leaf production of cocéa under shade than
fn the open is begause of regulatfon of leaf producticn by

certain auxins. The auxins concentratfeon, according to him



at full direct sunlight decreases because of photo-
destruction. If this could be the reason for the reported
better vegetative growth and leaf productfon of cocca
under shade, it would then explain why thé shade response
of this cfop is different for early establishment in
contrast to production. In the early stages when the
‘canopy development 1s inadequate, probably leaf area for
photosynthesis is more critical in deciding the rate of
photosynthesis, and hence the inéreased rate of dry-
‘maq;er aécumuiatioﬁ. At later stages when canopy deve~
lopment'is full and when 1t {s optimal or superoptimal
more of 1fght would be benefitial as the limiting factor

for the rate of photosynthesis per unit of leaf area.

The results of the present study also agree with
the generally observed shade response of cocoa. Being in
the carly stages when the leaf area per plant was cnly
upto 245.36cm2 and when leaf number was helow a maximum
of 8.831 per plant tﬁe dominant 1imiting factor was pro-
bably leaf area. With advancing age and hence larger
leaf érea, there was a tendency towards a superfority of

lower shade levels.

Even then, the above reasons do not explain why

the seedlings in the open failed to survive beyond a
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period of three months even'ﬁith most frequent -frrigatfons
(75% ayailable water). There are however, fndications iIn
the reported literature that many leaves on top of the
canopy even in established cocoa dry up in the open. still
this 1s not reported to caise death of the plant as the
top most leaves, théuéh_graduaily scorched, provide shade
fﬁr lowe} layers yhich~put out new flushes.‘ in gﬁe early
stages when the leaf number {tself was suboptimal, such

an auto-shading was brobablz not effective. Moreover

the continued, comparatively hfgh canopy temperature and
soil temperature, might have also contributed to the early
death of the plants in the open by way of Supp}essing
further flushing and root development (Humphries, 1944}
Greenwobd,and Posnetee, 1950 and smith, 1964). Though
leaf area was 1ﬁcreasing with advancing age 1n alt shade.
levels, LAR showed @ decrease, Thi§ may be explatned
because of the increased broduction of'photosynthatés and
fts accumuiation as dry metter. The open grown plants
faced miah a drastic reduction of about 182% LAR which was
uncomparable with the trend in reduction of other treat-
ments. Substantfal reduction in leaf area and statfc dry
matter accumulation with the stages of blant growth resulted
in this drastic reduction of LAR {n the épen grown plants.
(Okalf and Owusu, 1275).
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It may also be worthwhile arriv?ﬁg at a clue
to the 11lumination intensity requircments of the crop
for hormonal induction for leaf development. It may
be noted that {n early stages (upto two months) of growth,
there were fndications of parity between 25 and 50 p.c.
shade and even superfority of the 1ﬁtense shade (75 p.C.)
in some characters. With advancing age (from third month
onwards) the medium shade of 50 «~ 65 p.c. proved to be
consfstently superior. This gives a vague indication that
1ight {ntensity optimum for ho;mdhal fnduction of leaf
production is less than 50 pe.c. full light.

The above explanation for the response of cocoa
to varying'shade intensities is supppeorted by the results
of the present study in termsof all growth components
excepting net assimilation rate. In the case of net
assimilation rate (NAR) which {s a measure of dry matter
aécumu!ation per unit of leaf area, the expected trend
was tha of a markedly higher NAR with fncreasing light
Intensities ft being highest in the open. The reported
results also support this (Hérdy, 1958 and Baker and
Hardwick, 1973). However, in the present study, the

differences in NAR between shade intensities were not
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‘significant at any of the stages except betweén‘3rd and
hth months. Even when it was significant, the results

fol lowed a .reverse trend with the lowest shade level
recording lowest values. Such an unusual trend contrary
tomthe expected pattern and also contradicting the general
trend reported in literature can be attributed to experi-
mental errer. Even so, the constant lack ofsuperfority

of low shade intensities remains unjustified. If such

a trend {s real, it would then be against the validity of
the hormbnal inhibition theory of leaf production by Hardy
(1958). It would then mean that there may be some other
mechanisms that control vegetative and reproductive growth

of cocoa differentially.

Canopy temperature and sofl temperature may also
have affected the seedling growth. Maximum monthly average
cancpy temperature (32.36°C) was recorded in the open. The
morithly average was always higher than 30°C both in the:
open and at 25% shaae leve!, while {n the medium and heavy
shaded treatment it varied between 28°C and 30°C. The sofl
temperature, both at 5 cm and 10 cm depths also increased
with the increasing intensity of light with the maximum
values being recorded 1n the cpen. This increased canopy

temperature and sof! temperature might have decreased the
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flushing and growth rate in the open and low shade level
which resulted in the poor growth of seedlfngs. It has,
been repbrted (Wood, 1975) that constant temperatures
beyond 30°C may lead tc loss of apical dominance and

result tn production of smaller leaves.

Increased.nitrogen content was noticed in plants
grown under direct suniight than in the shaded plants
(Leagh, 1969). Between the shaded plants, nitrogen content
showed no significant difference at any stage of growth.
Nitrogen content was increasing upto the third month and
afterwards it showed a decrease in all the treatments except
for the 25 = 30% shade level, Phosphorué and potassium
contents were decreasing with stages of plant growth. As
far as the total uptake of nutrients was concerned, medium
shaded plants showed the maximum value and the Spen grown

plants the least.

Dacreasc in nutrfents content with the advancing
age and fncreased growth is a usual trend in almost all
the plants. This 1s due to dilution effect, a consequence
of the differences 1n rates of nutrient uptake and carbo-
hydrate synthesis. Hence the increased nitrogen content
iﬁ the open grown plants can be explained to be the result

of lower dry matter accumulatfon following poor growth
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when campared to the shaded-plants. Even in the shaded
'planté nitrogen content was increasing upto the third
month because of less dry matter accumulation, insuffi-
cient to broject the dilutfon effect. Highest total
uptake of all nutrients with 50 - 55% shaded plants can
be attributed to the increased dry wefght as a result

of higher vegetative growth as previously explained, the
percentage content of nutrients being aimost the same.
Though the percentage content of nutrients was more with
the open érown plants, total uptake of all nutrients
always stood remarkably lower than all other shaded

plants because of the'Iower dry weight,.

Liké shade, irrigatibn also {mparted significant
"{nfluence oni.almost all the growth characters of cocoa |
seedlings. 1Irrigating at 75% avaflable mosture (Wettest
treatment) was always found better in all the growth
characgers studied and thereby producing the most vigrous
and healthy ;eedlings. The other two }eveis behaved in
succession though they were on par statistically in many
of the‘characters. Mariy of the reported resu}ts also.
agree with the finding of the present {nvestfgation (Clore,
19373 Khachaturyan and Tokhadze, 19373 Alvim, 1960 and

Ahenkorah and Akrofi, 1968) LAR showed an increase with
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the increase {n availability of mokture but it was decreas-
ing with the stages of growth. 1Irrigation effect on NAR
was sfgnifficant only between the third and fourth month
although wetter treatments always showed slfight {ncrease
except }or the final stage of growth, where {t showed a

drastic reduction.

Increased growth rate, always associated with the
wettest treatments can mainly be attributed to the
increased water supply and nutrient uptake. It can, still
more clearly be explained by, quotting the work of Alvim
(1960). He showed that the stamata of contafner grown
cocoa plants started to close when the available moisture
fell to 75 pecs and closed rapidly as available mofsture
fell fram 50 - 25 p.c. and thereby restricted the supply
of carbondioxide for photosynthesfse S0 the i{ncreased
growth rate associated with wettest treatment must be mainly
bacause of the increased rate of photosynthesis and accumula-
tion of photosynthates. The va!id{fy of this theory
becomes still more apprecfable from the proportionately
reduced g(owth rate and dri matter accumulatfon met with,
as the avaflabfil{ity of water falls fram 50 p«Ce to 25 p.C.
Maximum dry weight wa;’met within the wettest treatment
witﬁ'significant 1hcrease over the others except for the -
third month when the least and most frequently frrigated
plants showed statistical parfty, If the above explanatfon



79

s true, this can only be an §cc1dental deviation from
the general trend. Though not $tatistically significant,
the increased 'NAR with the increase in avaflability of
mof sture can aléo be well explafned by the above theory.
But towards the final stages'of growth plants receiving
irrigatfon at 75% and 50% available moi sture met with a
decrease in NAR, the least frequently irrigated plants

showed an increase 1n NAR.

-Effect of irrigation on the percentage content
of nitrogén. phosphorus and potassium was not significant,
presumably indicating that the supply of these nutrients
was not Timiting. Plants recelving the wettest treatment,
fe. frrigatfon at 75% avaflable moisture showed the highest
total uptake of all the three nutrients alQays, followed
by the other two treatment in succession presumably because

of the reasons already explained.
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'SUMMARY

An experiment was conducted at the College of
Horticulture, Vellanikkara to study the effect of shade

and moisture levels on the growth of cocoa seedlings.

The grosth characters, nutrient content and
total uptake were studied and subjected to statistical
analysis. Results of the experiments are summarised

belcws

1. Intermediate shade (50 - 55%) was found best
for the better growth of coccoa seedlings With the advanc~
- ing age of the plant the intense shade (75%), which
appeared to be superior in the very early stages {upto
' two months ), proved inférior to the intermediaﬁe shade

lavel.

2. Death of all seedlings in tha open was cbserved
by the third month of 1nVestigatibn irrespective of the

frequency of irrigation.

3. All the growth characters studied were improv-
ing with the increasing levels of shade upto the inter-
mediate level of éhade. Though fer the initié! two months
75% shade was supgrior‘to the medium level of shade in séme

aspects, towards the final stages, 50% shade was always
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superior fn all growth characters studied. This tndicates
that both intense as well as low shade levels are equally

{nefficient in producing healthy seedlings.

4, Leaf area ratio (LAR) was decreasing with the
stages of growth in all levels of shade. Plants in the
open faced with @ drastic reduction of 182% in LAR which
was uncomparable with the trend {n reduction of other

treatments.

5, Net assimilation raste (NAR) was decreasing
with increase In jl!uminatioh {ntensity as a contradiction

to the expected trend and reported results.,

6. 1Increased contents of nitrogen, phosphorus
and potassfum was noticed in plants grown under direct
sunlight than {n the shaded plants. Between the shaded
plants the nutrient contents showed no significant differences.
Towards the final.stages of growth it showed a decrease in
all the treatments because of dilﬁtion effect, a conse=
quence of the differences in rates of nutrient uptake

and carbohydrate synthesis.

7. Highest total uptake of all the nutrients
was noticed in the plants shaded to 50 ~ 55% level.

8. Irrfigation at 75% ava]lable water was always
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found superior to the other two mofsture regimes. Treate-
ments with frrigation at 50 and 25 per cent avaflable

water were statistically at par.

9. All the growth characters except NAR showed'
an almost similar trend, with the wettest treatment being

the best at ail stages of growth.

10. Irrfgation effect on NAR was significant only
between the third and fouréh months. But the wettest
treatment always recorded sifght superiority over others,

-except for the final stage.

11. Effect of {rrigatfon on the percentage contents

of nitrogen, phosphorus'and\potassium was not rema}kable,
presumably indicating that the supply of these nutrients
was not 1imiting. Plants in the wettest treatment always

showaed the highest total uptake of the three nutrienté.

12, Shading has influenced both the sofl and canopy
temperature the maximum values always being recorded in

the open.
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APPENDIX - I

Weather data (weekly averages) from December 1979 to April 1980

Temperature °C Relath&)hunidit_y aatnfall
: Maximum  Minimum Maxfmum  Minimum

December 1979 1st week 31.50 - 23.;':8 86.88 64.63 N§Y
2nd week 31.12 23, 79.05 61.25 Nfl
3rd week 31.21 22.05 78.38 . 54,25 - Ni1l
hth week 30.52 22.20 7h.71 51.00 ‘Nil
January 1980 Tst week 31.20 20.84 - 73.50 50,25 NiT
. 2nd week 30.68 21.61 7113 45,50 Nt
© 4th week 32,04 20.29 81.29 40.29 Ni?
February 1980 1st week. 33,29 22,19 76.43 45.57 Nil
2nd week - 34.37 20.77" 7?;57 29.29 Nid

3rd week 35.2 21.69 84.86 32.57 0.40
‘ith weelk 36.% 22.2"‘ 90.,3 30.88 - N1}
March 1980 1st week 35.56 23.78 - 93,13 53.00 Nf1
2nd week 35.60 23,10 84,25 44,50 Ni}

th week 36-00 2“023 81 57 53.00 0.0‘&5

April 1980 18t week 35.93 24,40 89.29 53.00 6.40
2nd week 35.54 26.30 89.50 61.50 Nil

rd week 35.70 25.21 85.29 51.00 1.23

th week 35.10 25.19 89.63 57026 9.38




APPENDIX -~ I1I

Mean interval between &rrigations (days) -

Treatnents  Djgomber  Jamery  Febnury  derch el
Sy, My | 1.88 1.63 - 1.56 1.43 1.61
Sy, My 2.64 . 2.82 2.23 2.58 3.1
5 My 4.33 b4z 3.63 3.88 Bo43
S My 2.17 1.94 1.58 1.35. 1.33
S5 M, | 3.00 . 2.73 2.6k 2.21 3.22
S My b1k h.43 13475 3.88 4a57
Sy My 2.21 2.00 1.53 1.82 2.21
S, M, 3.63 3.20 2.73 2.82 3.38
Sp Mg 3.33 k.57  3.63° b4 00 4.83
Sy ¥ 2.31 1.94 2.36 - -
Sy My 3.86 3.20 3.80 - - -

5; Mg 443 4.83 5.6 - -




APPENDIX - 111

Analysis of ya;iance for plant hefght {cm)

First month .

Second month

Thf}d month Fourth month Fifth month

Source
D.Fa M.S. D.Fa  M.Se DeFe MeSe DoF.  M.Se DeFe  M.Se
Shéde‘(s) 3 :14.412* 3 ud.zzs* 3 309;76u* 2 ‘i;7.718* ‘2 434.279%
" Moi sture (M) .2 ' 2.55% 2 3.150 27 17.588 2 156.1h44x 2 | 55#.863*
S x M 6 1.285 6 1.580 6 b.512 & 19.002 b 27.027
Error 36 . 0.927 36 | 1.159 36 6.533 27 10.670 27 - 21.893

fSignificang at 5 per cent level



APPENDIX - 1V

Analysis of variance for stem thickness (cm)

First month Second month  Third month Fourth month 'Fifth month

Source  p.f, M.S. - D.F.  M.S. D.F.  M.S. D.F. H.Se D.Fe  M.Se
Shade (S) 3 0.007# 3  0.045% _ 3 0.1369% 2  0.0211%* 2 0.0517%
Motsture (M) 2 0,001 2 0.0014 2 0.011;3* 2 0.0537* 2 0.1020 ¥
S x M 6  0.0008 6 0.;)008 6 0.0012 4 0.0015 & 0.0058
Error 36 0.0004 36  0.0007 36 0.0011 | 27  0.0018 27 0.0031

-

*Significant at 5 per cent ievel



APPENDIX ~ V

Analysis of variance for number of leaves

Source

First month Sccond month  Third month Fourth month Fifth month
D.F. MeSe .DeFe  MeSe DoFe  MeSe DeFe  MiSe “DuFe HeSe

shade (S)
Mol sture (M)
3 x M

Error

3 1.9.805,* 3 180..322* 3 210..‘&97* 2 103.028* 2  324.581*

2 3.682 2 1.875 2 15.008 2 134.lbkr 2 117.845¢
6 1.535 6 0,989 6  3.939 ' b 3.569 4  11.95%
36 0,949 16 2.672 .36 3.631 27 10,127 27  17.863

*Significantat 5 per cent level



APPENDIX = VI

Analysis‘of variance of leaf area (cmz)

36

source | D.ELT TENER Second onth Third menth  opreh meRel. oet ™" ™R,

Shade (S) 3  80453.45% 3 304239.00%* 2 52155.30 2 1124763.88* 2 2083605.0%

- Mofsture (M) 2 7198.46% 2 19347.03% 2 254305.94* 2 i709109.98* 2 1763512.02%

SX M 6 985.15 6 k025.04 4 13837.03 & 52667.52 4 160077.80
Error

65eh2 36 3324.77 27 12U490.69 27  30093.47 27  79901.99

-

*“Sfonificant at 5 per cent level



APPENDIX -~ VII

Apalysis of variance for dry weight (g)

First month Second month Third month  Fourth month Fifth month

Source DeFe ™  MuSe DoFa MeSe  DsFs MeSe DeFe MeSe DoFe  MeS.
shade (S) 3 2.91% 3 7.371% 3 29,830 2 33.4h3% 2  85,087*
Mol sturc (M) 2 C.186x 2 0.621* 2  4,189% 2 653.854% 2 106.347%
5 x M 6 0.020 6 0.055 6 0.513 b  5.0376 4  3.881
Error 36 0.016 36 0.097- 36  0.202 27 0.776 27  3.691

*Sigﬁificant at 5 per cent level



APPENDIX -~ VIIl

Analysis of varience for leaf area ratio (LAR) (cmzlg)

rd month

Source first month Second imonth Thi Fourth month Fifch month

DoFe  MoS. 0.F. MeSe DeFe ' MeSe DeF.  M.S. DoF. MeSe

shade (S) 3 2382.356 3 .32371.278* 2 716,529 2 2857.752 2 2661.880
Mofsture (M) 2  210.198 2  1648.254 - -2  2803.857% 2 A3I7.741% 2 567.723%
S x M 6 1865.399 6 897.695 i.. 328.870 L 705.864 & ' 341.120
Error 36 2334.973 36  1388.068 27 360,532 27 703.048 27 218.487

*Significant at 5 per cent level



APPENDIX - IX

Analysis._of varfance for net assimilatfon rate (NAR) (mg/dmzfday)

Source First and Second and Third and Fourth and
- second month third month fourth month f{fth month
D.FQ M.s. D.FQ H.s. D. F. . M. SQ _D. F. “.s.
Shade  (§) 3 20.673 2 0.972 2 329.971* 2 23.341
Moisture (M) 2 2.261 2 17.723 2 120.388% 2 52.621
SXHM 6 7.485 L 5.723 L 110.558 L 90.013
Error 36 11.889 27 17.573 27 45,549 27 02.102

*Significant at 5 per cent level



Analysis of varfance for nitrogen content (%)

APPENDIX - X

Source First month Second month Third month  Fourth month  Fifth month

DeFe MeSe  DoFe - MeSe - -DeFe - MoSe DeFe . M.Se  D.Fe  M.S.
shade (S) 3 0.773* 3 0.083* 3 0.072 2  0.048 2 0.099

Moisture (M) 2  0.028 2 0.083 2 0.072 2 0.008 2 0.239%
S x M 6 - 0.013 6  0.008 6 0,059 & 0.015 b 0.031
Error 36 0.007 36 0.008 36 0.024 27  0.042 27  0.033

*Significant at 5 per cent level



APPENDIX - XI

Analysis of varfance for nitrogen uptake {(mg/plant)

First month Second month Third month Fourth month Fifth month
Source D.Fe M,S. D.Fe M.Se D.Fe  M.S. DeFe  MeSe DeFe  eSe
Shade (S) 3 572.182* 3 1550.367* 3 14282.888* 2 13771.L435% 2 24415,361%

Mofsture (M) 2 62.639* 2 208,730 2 150?.476* 2 22957.299* 2 24949,220%
SxM 6 92.75% 6 17.736 6  209.166 4  306.857 4 @ 474.273

Error 36 4,352 36 24.957 36 262.731 27 366.898 27 1082.993

*Significant at 5 per cent level



APPENDIX = XII -

\

Analysis of variance for phosphorus content (%)

First montﬁ

Fifth month

0.,0004 27 -

Source Second month Third month Fourth month
DeFe MeSe  DoFe  MoSe  DoFe  MeSe  DoFe  MaSe M. S.
Shade (S) 3. .0.029% 3  0.053* '3 0.013* 2  0.0004 2 0.0007
Mofsture (M) 2 Fo.oosﬂr "2 0.0008 "2 0.0005 2 0.0008 2 0.6003
S x " 6 0,000 6 0.0009 6 0.000 b 10,0002 & 0,00005
Error 36 0.0007 36 o.ooo} 36 0.0003 27  0.0002

-

-

*Sfgnificant at 5 per cent level



APPENDIX = XIII

Analysfs of variance for phosphorus uptake (mg/plant)

First month Second month Third month

source ' . Fourth month Fifth month

DFe  M.S. DeSe  M.S. DeSe M.Se  DeSe MeSe D.Se  MeSs

Shade (s)  ~ 3 6.5394 3 87+ 3 k7.dzs* 2 58.369* 2 74.576%

Molsture (M) 2  0.272 2 2.326*; 2 13.509% 2 122,961* 2 50.585* .

Sx M _ 6 \'9;133). 6 '0.138 6  1.647 h 1917 b 2,969
Error 36 ‘o.os-s 36 0.242 36 0.552. 27 1,675 27  h.b79

*Significant at S per cent level



APPENDIX - XIV

Analysis of varfance for potassium content (%)

;

Second month

C.167

First month Third month Fourth month Fifth month

Source D.Fe  MuSe. DuFs’  MeSe  DoFe  MeS.  DoFe  M.S. DuS. MoSe
shade (S) 3 0.035 3 0.170% 3 1.065% 2. 0.139% 2 0.389%
Mofsture (M) 2 .o‘.oo'h' 2. ‘0'.026 2 o.-_;qu .2 0.620 2  0.0006

S X M 6 -0‘.ouo 6 '0.007 6 o.(.)!ﬂ 4 0.613 4 0.70091 ,
Error 36 "6;013 © 36 ~-0.030 36 ' 27 0.016 27 '

0.029

*Significant at 5 per cent level



APPENDIX - XV

‘Analysis of varfance for potassidm uptake {mg/plant)

~

Source First month Second month Third month Fcurth month Fifth menth
DeFe Me Ss DeFe M. Se D.F. M.S. D.F. He Se D.F. M. S.
Shade (S) 3 1337.045* 3 3510.499* 3 10230.691* 2 7625,018% 2 15981.626*

Mofsture (M) 2 107.956% <2 Bk2.739% 2  1442.202% 2 20862.955¢ 2 28501.250%
sxM 6 9.188 . 6 38.534° 6  150.400 b 148.012 © &  702.943

Error 36 8.778 36  53.761- 36  110.64% zz' 244427 27 - 820.785

~

-

~

%
Sfgnificant at 5 per cent level
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ABSTRACT

An experimant was conducted at the College of
Horticulture, Vellanikkara during 1979«-80 on the effect

of shade and mof sture regimes on the growth of cocoa

(Theabroma cacao L.) seedlings.

The investigationswere carried out to arrive at
the optimum shade and mof sture requirement for the growth

of cocoa seedlings.

The experiment was laid cut in @ complgtely rando-

m! sed design with four levels of shade and three levels'

’ .
i

of moisture with four replications.

The study revealed that cocoa seedlings must be
shaded and well wat;rad'for their better growthe 50 = 55%
shade and irrfgatioﬂ at 75% avaflable moisture was found
best. Oeath of all the seedlings in the open by the third
month of observation stresses thai, cocoa seedl ings cannot
be grown without any shade frrespcetive of the frequency
of irrigation. Except net assimiiation rate (NAR) and
leaf area ratio (LAR) all the gréﬁth characters were
increasing with increasing shade {(upto 50 « 55%) and

increasing frequencies of {rrigation.



A general view of the site






Plants with no shade






being provided by ecallcloth* mosquito net






50 - 55% shade being provided by a type of handloom cloth






