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rinoopnle (ANANAS SOEOSG i iiez*x'}) iz considored to
be one of the nmont irportanmt £frults of the werld, in Ludia
coLnercial cultivation of this frult cerop is limitod Lo an
aros 0f 12,500 Liectares (Chadho gt aley, 1973J, ard is largely
confined to Ac.an and Eerala. large scaio cusidvasicn of
pinearple in Heralo e painly as pure erop, alshouch ite
small scale growliyg as un intererop axlited in the houesteads

from very eavly Ll e

with the prezent trond of growling tree ¢rops ilce
cocosub whorever poiiivis, furcher reduction ik the land
svailable for conocropping of pineapple could ve anticlipetod,
Cousmerclel cultiveiion of pinespple as an indurcrop in coconut
gaotens in perhops the poocsible solutiui 1 urder to paintain

the suprepacy of whe  (obo in ploeapple production,

slthough plreny lo 4o rectpienied o ol dnocrerop in
cocomut gacrdons or i Whe homestonds, o0 wx orioonie have boen
3¢ fac cummtictod in intoreropped pinoap:les oo wuke he.@
reetunliacions scienific, Jthe present cecuui . endaiione on
eroy cuanage ot havo cliltod gpplicalion feor oineapples grown
ar an intererop. sapori. enbs hove Lo Le ploaniz to evolve
vultacle crop Luingwacnd Loghidques for cliveap, le srown under
shasced or pardiuliy shoded conaltionse «ho uitimate succeus
cf such aexperinents dopen.g ugonl & full underotarding of the

vordcus aspects of chuce Jolerance of tois crop.
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It 12 wvith the above objective the present study was
initicted in the College of Lorticuliure, Kerala Auricuitural
University. the eocmorcially accepted variety 'iow' grown in
larze scale in the .tato was selected for the gtudy. Cuntrollod
irtensicviss of shade wore provided using cocomut fronds on
erocted pandals maindy wiih an idea of sinmlating conditions
of shgde to the exioart poasible that prevalled in cocomut
plantations or in the homesteads. Llower inten:ities of shade
were included Lo striic the pousible shade tolerance licds of
pineapple.

ihe varicus acpocts studied In the precent investigation
ineluded growth, flowering, frult development, procuction,
quellsy of frulis and uptake of major muvricnic. <he results
obtained in che prosent suuwy is expecied to provide basie
inforuation ot shaCe tolerance and growth Lchaviour of
pineapple under shuwe in addition to egphaszizing the neod fop
inte:cifylng crop nonosecent studies on pineoayple under shaded

condivions,
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HEVIBM OF LIBoAU.B

As early as im 1918, boysen Jensen as quoted by

acki (1963), elucidated the isportance of light factor
in plant communitiss in relation to dry meitor pmmn
Acute interest in light relations in plant ocomeunities
however, developed cnly during the last two docades. the
huridity of the atmosphere and the amcunt of cloudy weathey
ére the most important factors cauvaing variation in
intenaity of light. Altitude of the region i3 also another
factor causing variation in light intenaity,  hirley (1931)
reported that the total rafiiation received on s cloudy day
uight be as low as four par cent of that received during
the seme szeason in a particular station during a dsy of full
sunshine,

Black and kdelman (1971) trought ocut the effect of
light intensity on plant growth. 1he plants growing in
darkness were spindly with greatly elongated iLnternodes,
small leaves and g hooked apical bud having a more chlorotic
colour due to reduction in chlorophyll. In eontrast to these
features, the light grown plunts wvere green with sturdy,
shorter interncdes, expanded leave: snd upright apex.
Intensities of 1li ht in betwesn the two sbove mentioned
extremes, viz., open and darkness, also have a great influence
on plant growth and development.

Comparative.y vary little work has been done on the



effect of shading on fruit crops and practically mo
detailed work has been done in pineaspple. The various
aspoects of 1ight and shade effects om plants with special
reforence to fruit crops are reviewed horsunder,

liolfs (1903) conducted shading experinsnts on

pineapple and citrus. iie reported that in pineapple longer
and more deeply coloured leaves were producod under shade,
but the murber of leaves produced per plant did not vary in
shade and in open. He also noticed the increased coccurrence
of thorny leaves in plants grown in the open and deposition
of a red colouring matier in them which was totally sbsent
under shade, Citrus plants grown under 50 per cent shade,
developed thinner leaves with a greatar leaf ares lut with
considerably recuced total leaf area per plant.

lugzar (1903) studied and reported the ganeral effects .
of shading on plants, Flents under shoded coniitions
exhiblited inereased growth of the main axis, roduced mcber
of branches, lessened developoent of weody fibre and deftciency
in sugars and various carbolydrates. lie also found that
acldity incressed with sheding, provided the plants hud
abundant sup;ly of carbohycrates. Clark (1905) observed that
for leaf develop.unt, low intensity of light was post
favourabie and intoense light caused decreased leaf growth
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resulting in smalley snd Shicker leaves, lamenhy (1406)
noticed increased leaf area in the case of salad crops

such as tomato, cabbage and lettuce under shaded conditions,
Gourley (1920) reported that in apples, shading rosulted in
the procuction of loosencd mesophyll tissues and thinner
epidermal cells in leaves and in inereased leafl area.
reaches under shede produced less mucber of branches which
were willowy ami siendor. Gourley and Bightingale (1921)
reported that ayple leavas averaged about 224 per cent
greater in ares when groun under 15 per cent light intensity
than those devaloped in full sunshine,

Eraybill (1922) observed higher contents of moisture
and nitrogen in shoded apple lesves, Vinson (1923) brought
out the effects of shading on a mmber of horticultural plants
such as apple, peachcsy cherry, currant, strawberry, tomato,
radizh, potato and geranium, .Jlender stem, groater lengih of
internodes, leaves with larger area and :maller cross ;ections,
increazed wolsturs content and higher ratio of nitrosen to
carbohydrates were all reported by him as resuits of zhading
plants, Johomnson (1926) as quoted by (ardner ot al.,(1952)
stavod that light was the most isportant snvironpertal factor
mocifylng the dally opendng snd closure of stomata. According
to Weaver and Cleuents (1929) partial shade was useful to
increa.e the succulence and delicacy of plant structures,

crocker (19%9) stated thet light quality and not the intansity



declded the morphological characters of plantc, liowover,

according to shomson end Miller (1963) light intensity hed
influence on cell enlargement and differentiation and thus
influenced height, growth, leaf size and the structure of

leaves and stexs of plants,.

Beinhart (1963) studied the effects of temperature
and lizht intencity on the growth of clover in growth
chapbar:. His conclusions were that, increased 1light
intensity resulted in greater growth, increased branching
and in turn greacer leoaf area production, Light intensity
had no influence on the cean mawbar of leaves produced per
plant. idoond gt ad., (196%4) noticed the procuetion of
thinner leaves bty shaded apple trees arkd they concluded that
the thickness of leaves in open comiition was due to the
inereased production of palisade tisgsues in ihe leaves,
Binert and box (1407) noticed greater stem elongation undey
50 and 7% per cent intensities of 1i:ht in Jiliug lonsdflon:.

liolmgren (196L) reported that bigher intensities of
1i:ht during the growth of plants generally increased the
stomatal frequancy, but there vere no significant changea
either in the length cf the stomatal pore or in the size of the
gua:d cells, DLjoriasan gt al., (1972); Goodchild gt al., (1972)
and Charles-sdwards snd ludwig . (1975) also reported sirdilar
efiects of .hadirng on the stomatal charscters,



Iibuitts and Beo (1968) found that tipburn of
leaves in lettuce plants was severe under hiah‘ 1i;:ht
intensity conditions, According to them, high intensity
of lght increased photosynthesis, growth rate and dry
patter accumulation leading to the rupture of the
laticifers, #sssink (19¢9) founé that in Iris, the leaves
wore altered im length and breadth as the intensity of
1ight rose but the surface ares was little aliected,
Anatonical studies of shaded leaves showed that the growth
of the vascular bundles was less influenced by the intonaity
of 1izht, Jackson end Zeakbane (1970) reported that in Coxs®
Grange Fippin apple, leef thickness was closaly correlated
with the level of illuminstion under which tho leaf was
growing.

- fidrei gt al., (1970) explained the effecis of
different intemsities of lizht en Aphalalgra SEUACEOES .
saller plants waere produced under 30, 16 and 10 per cent
¢f full sunlight and the stems vere thinnest st 5 per cent,
ihe weisht of leaf was highest at 30 and 16 per cent 1ight
and the largest loaf arem was associsted with 16 por cent
1i:ht intensity. Leaves were found to last longer on shaded
plents and they were greenish in eolour and smooth surfaced
in contrast t. the rough, greenish yellow coloured leaves
in unshaded plantz. In deeply sheded plants the root gystem



wac relativaely small in relation to the proportion of
leaf, ihossein (1470) moticed recuction in the leafl
pdgoent content and depression in growth at high intensity
of 1ight in che case of bean plants., Kaname and

lagi (1970) showod that in cucumber, shading upte 50

or 73 per cent by blsck cloth did not affect stem langth,
leaf size and nmumber of leaves, but reduced stem diametar,
leaf welcht and leaf iy matter production, -hading alse
depressed the muobar of latural shoots, wWebstor and
crowe (1971) noticed incressed length to diameter ratics
of stens and decreazed stem cavity depths 4n the case of
shaded McIntosh egyple. Freots and Dunham (1971) reported
that Ameriean liolly plants (18X opaca) exhibited higher
apcunts of potas:ziuk and magnesiul in leaf tissucs vhen
the plants wose grown ot 42 per cent shade but the stem
diametor got rovucod under shate. Leaf sige of plants
under %0 and .2 per cent shades was found to inorease,
Guers (1971) roporiod that im cocon, leaves exmposed to
direct sunlight were smaller, thicker and contsined leas
moisture and nitrogen than sheded leaves,

+41ds and tanke (1.72) found that in Bigonia and
ornanental cabuago, the rod colour of the leaves was
recuced ty light shading iee.y 60=70 per cm$ full sunlight.
Cripps (1972) noticed reduced rook grewth, »ook/shoot ratio



and leaf weight per unit arom in shaded Granny mith apples.
lie also found that the weight of shoots increased slightly
under relatively lisht shuadlng viz., upto 30 por cant,
sactucbion in the accumulation of ataich especially in the
underground parts w.. ancther effect of shading.

cantliffe (1972) found that in zpinach, the concentration
of potaecssiun in the tisoues inersased as reduction in the
light intensity occurred. In the ¢ase of American Lolly
plants, Foetz and bupham (1972) reported that shading
resulted in a significant incroase in leaf area and green
colour of the leaves. Lodrigunesz gt al., (1973) noticed
that shade levels had little effeet an the leaf nutrient
content of Lracaenaplants, axecpt that high shade intensity
inereased potacasium and magnesium espociazlly in young

loaveos,

treitberg and Joffoarm (1973) stucled the effect of
reduced li ht intensity on epple trees, Ly covering tham
with nets and they cbucrved longey interncdes and increased
total shoot longth under sreduced intensities of 1li ht, In
a8 30 year old Jrinlcario cocoa planstationg the flushing
intenzivy, leaf muuber and total foliur surfuce per tree
vere jreater in unchaded trees than in those under light or
poderate shece. Caullsl asctivity mea.ured as girth
increet wvas aluo greater in unshaded trecs (Uoyer 147%),.



10

4nan apd Hekgewa (197%) mnalysed the shoots from
sheded and unshaded plants in tes snd they observed that
total nitrogen, amino acids and caffeine of newly shaded
shoots increased at first and later decreased, whereas
that of sheots from unshaded plants decreased during the
whole period., 1he aspartic acid content of choots of
shaced plants remainod unchanged but fell in unshacted plants,
Free reducing sugar content in shaded choots remained
unchanged tut that in shoots from unshaded plants rose
graiually .

Differential response of apple varletie: to decreaszed
1ight intensity conditionsz was poticed hy -treitberg (1975).
Darden (1977) roportod that Delicious apple troes exhibited
suppressed shoot growth and ineressed dry wei ht under 60
per cent shade provided by seran cloth or slagts. at shading
was oot found to influance the leaf arca of plants in this
axperitent., Jackson and kalmer (1977) studied the effect of
shading on Coxs' Grange iippin apple and found that shading
decreaced the pumb.r and weisht of new shoots, the fresh
weight per unit length of shoot, girth increnent, leaf
thickness and weight per unit area. He nlso noticed
incressed goncentraticns of potassiul and magnesium in the
leaves of .haded plants. Loardman (1977) deseribed genoral
effects of shading on planis, g to him, leaves of
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palisade tissuss and spongy mesephyll cells.
2. EFFSCT OF CHIOROPHYLL CORIBND, MHOTOYRIHESIS AND DX
Generally, certain optimm intensity of light was
found to be neeessary for chlorophyll production in
plants (Clark, 19505), ls found that direct sunlight of
high intensity was resulting in destrustion of chlorophyll
and this effect was noticed alearly in strawvberry plents
during surmer months in Ardgonty:. hirley (1929) as quoted
by Gardner gk ale., (1952), reported that in general the
concentration of chlorophyll per unit srea or veight of
leaf incressed with deereasing 1light intensities until the
intensity wes 50 low that 4t hasarded survival of the plants.
Prieutly (1929) stated that the ehlercplasts in lesves would
underge changes in position according to the cifferences in
light intensity. le pointed out that in leaves of plants
grown under lower light intensities, the plastids vere
iinited in number and thay were arrapged at right angles
to the 1lisht reys and were larger in size thus inoressing
the area for light abzorption. &mith gt al., (1931) found
that in tomato, fruits ripening in tetsl darkness did not
develop any chlorophyll. Increased chlorophyll contents
in the leaves of shaded plants were reported by ivans end



12

uarray (1951) and Guers (1971) in cocoaj iamaswany (1960)
and Verkateramand (1961) in teay Misra gh gl.y (1968) in
bougainvilleay Frydrych (1970) in lettucey Cappellird and
Honastra (1971) in peaches) :hinigu end Torikata (1972) in
‘atoume orange and Tans’ey (1970) in gpple, Ljorkuen and
tiolmgren (1963) reported that leaves of plants grown abt
lower light intensiulies conteined more chlorophyll per
unit weight or per unit volume of leaf, but the chlorcphyll
content per unit area of leaf surfece vas very often lower
than that of open grown leaves.

Fewer munbey of chloroplasts which were larger in
sigey containing wore chlorophyll wers noticed in leaf
sections of shade plants by Bjorkman ot al., (1972).

‘kene {1974) found that shading resulted in thicker grana
in ehloroplasts of apple leaves. Lsankov @b al.s (1976)
observed the occurrence of les: munbor of chloroplasts
but at the same time larger in size im shaded leavos of
grapese

cheding eithor pertiel or coeplets wo: found $O roduce
the CO, aisimilation end therely the aveilsble constructive
waterial for pl:nts (uggar, 1903). ‘hizlay (1936) as
quoted by Cardrnor g sl., (19%2), reported that generally
with increasing light intenuitles, there wouid be en
increasze in the per ceat dry matter in trees, The difference
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in photocynthetic rate wes sug csted as an explanation

of differonces in the tolersnce of differant specles
for shade and light (Gardner gk al., 1952).

sursanov (1956) stated that the direet procucts of
photogynthesis wvere doperdent on illwdngtion, age and
nputrition \er the plantse

Lelson (1¢63) obsorved in Xipus strobus that low
1ight intensity during the translocation period had
little or no effect on transloecation. iie ultimgtely
conciuced that light intensity had no influence ou the
movement of materials tiuough the stem or on activity of
the roots tut rethar on the physiological state of the
shootse Gastra (1963) found s linear soloticnship between
photosynthesis and light intensity at low Aintenczities,
Samond of al., (196+) reported that in ayjle, the rate of
rhotosynthesis increased with ineressing light intensity
upto full sunlight., Hsra @k Bley (1968) observed
inerensed dry mauter production in the unshadod leaves of
bougainvillea plants.

Wassink (1909) cumpared the photosynthetic efficiency
of Iris plants grown at 12 per eent and 100 por cent
daylight. ie observed that the photosynihetic efficlency
decreased with diminishing light intensity. Lie also noticed

that an oight fold inerease (12 o 100 per cent) in light
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intensity only resulted ih troblod dry weight of leaves,
dsko (1970) reported that in spple, low light intensity
rosulted in reduced photoaynthetic rates., In kohlerabd
plants also sicilar was the caue as reported Wy
Fryarych (1970), In contrast to these reports, logan (1970)
oboerved an inercased rate of photosynthesis under conditions
of low light intensity in the shaded leoaves of yaellow birech
plants (etuls alleshatisnsis)

tarnatg (1971) reported that in black currant seedlings,

bighor light intensity resulted in dry ma.ter increases of 40 -

per cent in lesves, 107 per cert in :stoms and 164 per cent in
FoObse LOwaver, in coffee soedlings the best growth in terus
of dry matter productiom vas obtained with 50 per cant light
(. ilveira and kasstriy 1973). Larden (1977) reported that in
~elicious apple, net photosynthosis of shuded leaves was only
70 por ceut of that of unshaded lewves. Jark reuspiration
rates vere also higher in unshaded than in shaded leaves.

Je  GFoECT GF  HADING OB FLOusHING

in the process of flower bud initia.ion and differentise _.

tion, the lengih of the 1light pericd (photoporiod) plays the
wost imjortant role, racvher thaen the intensiiy of 1light.
Wask (1905) staved that flower bud foimation was a process
which required relatively highoer intencitics of 14ghs.
hiowevery eaclier ro.oris Wy bugger (1903) pointed out that
flowers tight develop om plants exposed $0 purtial light

ESS
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also, but gemerally in such case it would be delayod

con 1derchly. wourlay (1920) cbserved Lhat :haded
geraniup, nasturtium and tomato plants put forth only

fow Llossoks couwpaced te those in the open, iraybdll (1922)
reported that in gpple and peachoes, shading resulted in
decreased frult ud formation and 9 assoclated this with
an increase in weisture and total nitrosen aond a decrease
in fiee roducing subtoladices, sucro.a gnd starch,

Vinson (1923) obuervad that frulting in plants like apple,
psachesy charry, currant, strowberry, tomato, raui.b,y
potato and geraniun swvorg o€ unifourrdy leszs under shaded
concivions except im ruspberry. weaver amd Clepents (192y)
pointed out that a half chade was enployed in forelng
rhubarb and in pincoppie culture, ospecially in Florida,

sinert amnd fox (1967 ) reportod that li ht intonsity
of /5 and 56 per cant during the foreing pericd had no
aiiect on flov. o Wl aloriiony bloum size or fo.eing time
inten. ity re.ulted i decreased mumber of flower budg
end 79 per cant Lo o eifoct on irdtis.ion of flower tuds,

diia LOWOVEry L0 por cent iight

mttroce (106Sa) chicived thut in grapes, an increase in
1ichkt inlen vy rosud.oce A an ineross;o in both the mubber
and the size of frultlg privordia. nirel gb wh., (1970)
reported that in Aphalipurs SQUBIRe:s plan. -y flower bud
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formation was dependent on light intensity and did not
oceur on the more shaded plants. Guyot and by (1970)
stated that the presence or zbsence of light had mo

effact on the flovering response of sthiel in pineapple.
raname and Jagl (1970) cobserved that in cucumber 50

and 75 per cent shoding lovwered tho proportion of female
flowerse. FPears and recaches when shaded by nets to provide
25 and 75 per ecent 1light produced considerably lower nuwmber
of flowers only (Cappellini and Monastra, 1971). liowever,
in llex eopacg, flower productlon was reduced only under
very heavy shading (92 per cent) as reported by Frets and
Dunham (1971). BSoula gk al., (1973) provided three
different levels of chading viz., 25, 50 and 79 per cent
for anthuriums, ihe greatest number of flowers vers
produced with the least shading, but flower quality wes
better under heavy cshading. buttrose (1974) observed
reduced muber of flower tuds initiated in shaded grapes
and other horticultural plants like apple, peaches, pear
apricot, blue berry, cocoa and coffce, Llowever, Boyer (1974)
reported that in cocou, the number of flowers per tree was 60
to /70 per ceunt 10,9 in noderatcely chaded trees than in

unsi:aded ones,

streitberg (1979) staced that in epple, the effect
due to reduction in light intensity even upto 26 per ocent
on flowering, fruit growth and yield was not so great,
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low light intensity reduced flowering in Carcla vaslety,
but at the same time in cv. Blektra increased flowering
was noticed. Dikan (1576) roported that soler rediation
cirectly affectod the inltiaticn and differontiation of
florel peris in grope vines. Jackson andé Falmer (1977)
al:0 obzserved recuced flower bud formation in spple Uy
shaclng.
be AFPal OF HADIIL OB Ylull ARD QUALLILY OF FHDUGE
hading experients comiugled on pineaprles and
citrus by :olfs (1903) reveslod that generally, sbading
was favouratle for pineapple und wes unfavoursble for
citrus, Fineapple produced 25 per cent increased ylold
under shagde wheveas in citrusy yield was reduced consliderably
but the quality was the finest under shuve. Dbuggar (19503)
pointed out that pertial shading was one of the factors
favouring improved texture and @uality of the produce,
Clark (1905) reported that the sugar content in plants was
dependent ot ihe intensity of illuminatiocn and he cbserved
that 4n beets und sorghum development of :ugar was in
proportion to the intensiuy of illwmination. Lagenby (1506)
reported that the period for seed production was very much
hastened in certain saled crops suwch as letluce, eabbage
and tomato under shade and also bulbous plants want to soed
very smch earlier under chede thanh in open. verholser (1917)

observed that in frull crops like applosy pears, peaches and
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apricots exclusion of light from fruits resulted in the
complote abscnce of colour developmont. valdwell (1925) as
quoted by ardner gk ohey (1952) reported that in grapos the
amount of sunshine roceilved curing the growing ceason was
vory ilmportant in doeieizdning the sugar, acdd amnd the
astringont contents of tho berrioc.

cpdth gb akey (1921) obsarved that bagied peach fruits
developed s higher carotanold content then the unbegicd. In
tomato, the carctencid content was higher in the unbagged
fruits of red fleshed varietiez, btut reverse was the condition
in the case of yellow fleoshed varieties, In ell the varietios
tried except one, o higher H in the case of bagied fruits
than the unbag, o8 ones was noticed,

Hdgh dnten:ity of light favoured high quality and large
sige in fruits like apjpde (womver and Clements, 1929), High
intensity of 1i_ht had olco beem cited s fevouring fruit and
seod procuction in a nuuber of forest tree spocies
( hirley, 1932), Harding 8¢ al., (1936) observed higher
aseorbice acid contonts in orange frultz vhich vere well exposed
to sunlight than thosc were shaded. (urface sealding of the
fruits of apple, poar and gooseberry had beam reported as due
to high light inceusiiy by ihut and Loomis (19hh).

Gardnor g% adey (1952) stated that fmit setting in the
lellciouz apple wur ¢clocely correlsted with the gramwcalorios
of repdisnt energy reccived duving a period of tvo to three
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weoks irmediately following blossoming, Hayes (1957)
suggested that a half shaded condition might e useful
and fevourable for succecssful pineappls culture.

Collins (1560) explained that in pineap;le a vary low
percentage of sunlight wouid retard the plant grovwth and
result in spall fruits of poor quality, particulerly
lacking in sugaice

smond gl aldey (196%) condueted shuding experiments
in tomatoes, providing shede Ly mylon and muslin clothes,
Haxisum yleld was obtainod from plants receiving only 45
per cent of full sunlight and they explzined the reasons
for low ylald under increased light in throe ways vizey (1)
concerning with the chlorophyll econtent (2) comcerning with
the wvater supply or (3) concerniyg with engyme activity,

rolesnikov (1964) reported that in fiuits such as
apple, peaches and poars high intensity of light favoured
high quality. lie observed a 20 o 65 per cent reducticn in
the yield of interplanted orchard arops such as gsoft fruits
and vegetables due to inwufiicient lighting in the shade of
the trees. Alerawd (1960} Liought oub the effcets of 1li:ht
intensity on the quality of spple fruits cna found that the
anthocoyanin content of the frult was correisted positively
and the chlorophyll and acid contents negatively with lighting
during the vegetative poricd, better illuminated firuits
contained more soluble solidvs also. dhossein (1970) reported
that in beans the plany prouuctivity was higher in plents



grown in open than thosze umder ciffused light. Cartechini
and Iombesi (1970) found that in grepes reduction of light
intanszity by 10 per cant considerably lowered the sugar
content of berries. -hading the bunchos only, wichout
shacing the leaves leszaned colour protuction of berries
but ot influencoed the suger content of verries.

ranawe and fagl (1970) observed delayed and

significantly reduced yilelds in cucusber when chaded,

vmjo (1971) reported that in parsimmon the proper red
colour developmont of fruits required only 25 - 30 per cent
of norusl daylight and lycopene was ihe mo:t affected pignent
by light intensity.  ictrunk and loore (1971) reportac
reduced amount:s of ascorbie acid, solublc solics, total
s014ds and cilirie aclé in strawbeorry under -haded coniitions,
haddng elso lowerod the pH and reduced Lhe redness of frults
in strawberry. In Coz.' Orange Fippin va.iety of apple
shaded fruits were cuallor in sige and j0:ssesued a decreased
ratio of Ca to K (Jackson of aley 1971)- iroiz and

sunhag (1971) provided 50 per cent and 92 por caent shades

to Awmerican liolly plants ard found that soluble D- fructose,
©€,L-glucose, B.i-glucose and sucrose level: vere not afiected
by shading but et the sauo time D galactose incressed in
shaded plancs. w#Webstar and Crowe 1971) vbservod an incressed
densth o diameter ratic in shaded spple fruits, In sweet
cherry frults covered with aluminium foll bags, the soluble



solids content was found to be much less than that of
exposed fruits (iyugo and Intrieri, 1972).

boyer (197%) stated that in cocoay the fruit set wvas
related positively to rainfull end negatively to tenpersturs
ané radiation, Johnson and Peterson (1974) obsorved that in
pinespple top quality fruits were produced under conditions
of abundant sunshine. Iyer gk 8l«, (1576) noticed that
exposed fruitts of mango possessed increased frult welght,
higher porcentage of adible matter, higher 1 .. and better
ratios of glucose Lo fructose and sugar to acid contents.

Dikan (1976) proviced artificial shades for the buds
of grape and found that shading deprecz:sed fruitfulness.
heduced fruit size and fruit-let retention were resulted
by shading in apple (Juockson abd Paluer, 1977..

Jackson gb 8ley (1977) reported that shading reduced fruit
size, colour and the degree of skin cracking in apple.
Frulits grown under shade bad less dry matter and starch per
unit fresh weisht and lover rates of ethylene and Co,
procuction per unit waight st harvest. OShading was found
to have no ef:ect on the concantration of N, ¥, K, Ca and ig
in the fruits., Kllewer (1977) observed cecreased scluble
solids and anthocyanin contents in Beperor grapes bty shading
upto 15 per cant. However, brix values were not foumnd to be
influenced by the intensity of shade,



MATERIALS AND METHODS



The investigations were carried out in the College
of Borticulture, Vellanikkaras, during the years 1976-'79
to study the grovth ard frulting twhaviour of inespple
variety 'Kew' wder differant intensities of shade.

Uniform suckers with 1% to 20 leaves were used for
planting in august 1976, ihe shading was givan after
the suckersz were establiched, in Getober 1976. Iihe trial
was laié out in randomdised blook design with four
troatments and five replications. bBech troatoent
consisted of two hundred plants with 40 plant: per
replication, planted in two trenches of two rovs each
vith a spaeing of $0 om betwoen trenches, 60 am between
rovs and 30 cm within the row, All the plants roceived
unifors cultural and manurial practices throughcut the
eourse of the study as per the reeomcrdations of Kerals
Agricultural Univer:ity. The duration of the plant crop
on which the obuarvations word mede was 21 wonths L.04y
from August 1976 to Aprilekay 1978,

ihe treatmentc vare as followss

irestment 1 0 per cept shade (open)
ireatment 2 &5 per cent shade
ireatment 3 50 per cont shads and

Treatment b 7% per cent shade
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Artificial shading to the desired level vas cbtained
Ly placing cocormt leaves on arected pandals, Fandals
vere individually erected for each treatment plot Ly fixing
wooden reapers on postse -uffictent space was provided
between the treatments 50 that mutual shading of plants
was pinizmised to the extent poassibie, The rows were in
esaztewest direction in all the plotas Cocomut leaves
were used as shading materisl to similate pore or less
the conditions that axisted in coconut plantationz, An
'Aplgb' lux moter was used for sdjusting the li:ht
intensities, irequent checks were made throughout the
course of the exporinent to maintsin the shade intensities
ags per the design of the experiment, The trial was
intended not to study the performance of pineapple under
different well defined ranges of light intensities but to
evaluate the growth and fruiting habits under differemt
shade conditions that night prevall in s multiple cropping
sy stemi. '

Fleld obgervations consisted of the vegetative,
flowering and frulting cheracters of the plants, ihe
details of the observations and the time intervals at
which they were made are given elsewhere.

Bighty plants from each trestment con:icsted the
sample for recording the sorphologicel and fruit characters,
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‘he plants selooted for recording obaservations in g
troatoent wore frog the incide rows, ho out.lue rowe
were kipt as border plants (Fig 1 and Flute l,.

ihe foilowing cbocrvabtions wore rocordod.

Te Vitniah rie AV D bk d1ied o sl

e observation; on vegototive charactors of Lo
DuChuP: were regorid at Lix.e Antervals viZge., uiX Dortie
aftor piantlng, uvie year aftur planting anc at the tire
of flowering.

el enf fukbar
dhe maber of logves produced per plant was pocucdeg
at the throe steges of Jrowlh pentloned carlicr.

1.2 NP leal oren

she lorgth and breacth of Yo' Jeafl f.e.y b loaf
from the top of the piort ware teken and *..! lonf gren was
vorbed out using tuo formala, lorgih B broadoh X U729
valabrichion gt adey 197U

o~

GRVR §- 3y = B IR (5 M SUMFEL &= §
s Yo' leaves iren planbs pasted dn cliferent

sreatuents were puilod out ab o0 stog.s of growth nonticnod
earidory and hedr froch mnd fey wael hie Locuided Loeiviounlly e
ihe Gy wod o woo@ chtalnod by segdng he Y. losves 4n an
air oven st 000 t412 constant wedghic vere obtuined, From
tie Jvesh and doy woi ung percentage doy wel it of Y%i' loaf

woo wosked out,.
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2. FLOWLHING CHASAGIEHS

ihe cate of euargence of inflorescence was recorded
when the inflorcucence just emerged cut of the heasrt of
the plant and puubar of deys takon from planting to the
emer;ence of inflorcuicence under each truatient was worked

ocut.

ihe percentage of flowering was recordec at weekly
intervals corneneling from the euargence of the {irst
inflorescence until flover emergerce in the troatuents
wvau completed for the particular season.

3¢ FUID ChAnaCims

3.1

ihe time vaobkan for frult meturity in terms of the
nusber of days frua the emergence of inflore:conce %o
harvest was rocorded for each treoatment., he harvesting
of frults vas done wien bacal 1/3 portion of them turned
yellowish 1 colour.

3e2 Epidk cevelopuant

{o study the f:ult development uncer di:iferant
treatuants, ten inflorescences from each trostment wore
separately tagged. The length of frult and the girth st



26

the piddle vere regorded at fortnightly intervals till
the values Lecame constant. ihe measurament of fruits
sbarted on %5th day after flowering.
53 Fruds welihd

The fruit wed ht with and wiihout crown vas
recorded inuediately after harvest.

ihe length of the frult and the breadth at the
picdle ware Pocorded for every wreatuant,

he crowns detoched from the fruilt: were weighed
separately. The nunber of leaves on the crowns was
countaed for each treatment.

vamning roatio wao woried out by dividing the length
of fruit Ly the breadth st the middle portion
(Fentastico, 1975).

5¢7 dead vaiihk
the frults were pecled carefully and the weizht of
peel was recorded for each trestnent.

368 bulp walillh

after removing the peel end the central core of the
fruit, the welght of the pulp was recorded for each
treatuont .
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309 iesh/ouls rabkll

ihis ratio was vorked out by dividing theo weisht
of the peal by the woight of pulp per fruit for each
troatuent.

5010

the weliht of the core per fruit was recorded
for each treatiwnt.

Ly WRALILALLIVE Abndd Xo

«he fruit vers annclysed for total .oluble soldds,
acidity, a.corbie acid, redueing suger., ronrecucing sugars,
sotal sugers and sugar/ecid ratio. Jhe methocs in dotail
are given under octicn .

Yo o WGAF AlalY L

ihe rutrient _talus of the leaves was estiusiod ab
tirce int.ervals vise, -iX months giter plentin., one year
after planting and at the Lime of floworing.

+he chonleal analysis for the detercination of

lig ¢y iy Ca amd kg was carried out.

uring the swxier wonths (February-ipril), a
striking dlifecence vas netieed in the inten. ity of
greon colour of leave: belwoen shaded and un.baded plantc,
Jherefore leal samplos wesre collected cuwiig March 1979
and snalysed for chlorophyll combent. Chlorophyll ‘at, ‘ot
and total were estimated.
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+he pathods in detall are given under

ection 9.
6. LChad b UCT IO
el

upber of suckers produced por plant was recorded
for ench treatment aftor the frults were harvested, in
suly.

62

ihe height of suchers produced under each troatment
vas measured, when they weie Lhree months old.

ihe maber of leaves produced by each sucker was
recorded sfter three ponths of their production for each
troatuont,

L]

G ol LY

ihe lensth and breadth of 'Y leaf of suckers vere
recorded and the loafl area wa:s worked out ag per procedure

indicated earlier.

€.5

ihe fresh ami dry wei hts of 'D' leaf of suckers
wers racorded as done in the ca.se of mother plunts and
the percentage dry wel ht of "' leaf was woried ocut.
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7. DEUCTICH OF FLOMBRING DY ibolldal Uik LILithisld

In order to find out the offect of EBthrel, a flover
indueing agent cwmonly used in pineapple, under differont
intensities of shade, giplication of this grow.h regulator
was pade on 50 plants under each treatment, when the suckers
wvere seventecn wonths olde. +he suckers at this stage
possessed 25 to 30 leaves. ihe concentration cof sthrel
used was 500 pmm applied at the yate of 50 nl per plamt Ly
pouring into the heart of the plant,

“he obscrvaticns recorded eonsiswé of the number of
days taken for flowering, percentage of flowering and the
tice taken for maturity of fruits.

8, il OF QWALL:ALIVE ABALYOIS OF MilIs

t‘he fruite for qualitative analysis were harvested
whan they were fully mature as indicatod by the yellowish
colour that developed at the basal 1/3.  portion. Four
frults from each replication wers collected for anolysis,

amples were tahen from each fruit from three portions
viz., top, middle and bottom end these samules were then
pooled and macerated in a werring blander, iriplicate
samples from thi: were used for different analysis,

<ol

iotal soluble solids were found out by a pocket
ref.actometer axi weveoxpressed as peresntage.
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ien g of the mpcersted sample was digested with
boiling water and made up to o known volume, An aliquot
of the filtered soiution was titrated agelnst O.1 &
sodium hydroxzide using phenclphthalein as indicator.
ihe seidity wao exproused as percentage of citrie acid
e b te ey 1960).

3  dagerbile acid

A known quantity of the pocled sample of the fruit
vas mpcerated i a movtdr by afdding small quantities of
two per cent oxalic ucid epd them filtered and made up to
s krovn voluue. AR aliguot of the extract was tasen to
which an equal volume of two per cent oxalic acid was
atdeds 1he content was titrated against p stardardiced
solution of 2, 6 - tichlorophenwl indophanol dye. The
asecorbie acid content of the julee was then caiculated
and axpressed s muf100 g of the pulp(A 0-A-C,1260):

ihe reducing mugere of the sapple were votertined
s per the methed decceribed by 4. L. 4. ve . (1560}

0 8 known guantity of macerated pulp, distilied
waLer was sgded. Jhe solution after thorough wizlng was
clarified with neutral lead acetate and doleaded with
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sodiulm oxalate and mede uwp to known volume, ihe solution
vas then filtered ond ap aliquot of this solutlon was
titrated sgainst a mixzture of rehlin; s A amd & solutions,
using methylene biue as indicator, ihe reducing sugar vas
expro.sed as percgentage.

L.5  iobpd owsers

sotal sugara were deternined as per the nethod
deseribed LY . -« de -0 (1960). Five ml of concentrated
hydrochloric acid was ndded to a known volupe of clarified
olution and the sane vas kept overnight, The zolution
was then noeutralised Ly adding sodium hydroxide and
titrated sgainst e pixture of Fehldng's A and I solution: .

Lol HOKD- FeulOLng Musars

ion-precucling suguis were obtained by the method of
cifierence between rouucing sugars e total sugars
votimateod,

Go7  _Mper/acid rakio

ihe sugarfucid retio was voried cut from the
yerecentages of suger and acid obtained,
“e MO OF LAr adedd IS

in order to find out the mutrient constituents of
leaf, analysis were carricd out for Ky, ¥, K, Ca and ¥g.
ror anzlysis the basal non cihlorophyllous section
(Codfray, 1970) of the *.' leaf vas taien, The samples
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wore dried and pmdgxa in a wileay (411 and stored in
stoppered .ottles tilil u.e.

oY Llbroien

A sapple of U.t g of the powdered waterial was
digested in concentrated sulpburie acid and nitrogen
content was estimubed Wy wderokieldahl's method
tive Lis e we 1960,

ce2  khoophorug

v g of the Jround sample was dijested in 1:12:¢
conventrated perchloric agddt sulphucie ucia: ndtele acid
Clxture and mace wp o s volune of 100 wl with distilied wator
s flltered. Fhos horus dn 10 ©d of Lhis extract was
detersined coluriscuricaldy using vanudouo.iyidophosphorice

yvoliow colour wethod (Jocksdhy 1950 e

Le3 bobmasiin
Fota zlum ik on wliguot of the tripic acid extruct
of the oy le wvau debormdned usdng ¢ ¥ shwotoueter

’xé{;(! ;‘;»;:Cp{;, 11‘ bu } .

celb eadeiug

coplelum in an ndlguot of the t.odiple acid extruct
of the sample was elurndbud Ly ves encie Litiat.on pethod
after the rupoval of aderlering ion., ws cusceribed by

vacksuR, 1950,
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9.5 IHeahasiup

The ocontent of pachesiunm was ostimated by subtracting
the content of calciux from the contemt of celcium plus
mognosivm ostimated ty versebate titration method
(Jacksony 1958).

Yeb

Chlorophyll *aty 'L' and total of the leafl sarples
ware estinated wy the spectrophotometric method as adopted
by sanganna (1977).

& representative sample of the frash 'U' leaf was
taken from uvhe <iiferant portions of vhe frosh leaf Ly
taking leal punches. io a b g sempley a small amcunt of
caleiup cacbonate was added. The tissue was axtracted
with acetone (6% per cent) in a movtar' using jurified
quartz saxie ihe suporpatant liguid vas docanted and the
axtraction was repoatod till the residue becawe cclourless.
ihe oxtract was filteorod gnd made up to 100 ol in a
volumetric flask,

rifty ml of ether was teken in a separating furnel
and 50 5l of acotone extract was pipetted intc the ether,
water was added from the sides of the separating funnel
till the water layer was apparently free of all the fat
soluble pigments. ihe water layer wos drained off and the
ether layer was agaln washed with distiiled water for 5 to 10
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times, The ether extract was them transferred to a 100 ml
volumetric flask and mede up to the volume with ether and
mixed,

The solution was then taken in an amber coloured
reagant bottle and 3 g of anhydrous sodium sulphate wes
added to the solution. An aliquot of the clear solution
was then pipetied out and used for reading the optical
density in a spectrophotomeier., The optical density was
read at two different wavelengths viz., 642.5 mp and 660 m
and the contants of chlorphyll 'a', 'b' and total were
estimated and expressed as percentage.

10. JCTALI TICAL ANAIXSIS

The data on different characters studied were
subjected to statistical analysis, followling the methods
of .nedacor and Cochran (1967), The mean values were
worked out for different parameters. All the charscters
of different treatments were analysed by the analysis of
varience technigue, Critical differences were calculated
for the comparison of tregtments,

In order to compars the flowering percentages
obtained among the Kthrel treated and nontreated plants
under different shade troatnmentsy, 't' test was done.



RESULTS
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HIE AR H S

1, VEGETAL IVE CLAACTEUD

‘he mean lozf rumber per plant, 'U* leaf grea, fresh
and dry veight of *.' leaf and the perceantage dry wveight
of %' leaf at three :teges of growth, vig., 3ix months
after planting, one year after planting and et the time of
flovering are presented in Tables 1, 2 amd 3.
1.1 Heap mupber of leavas Par DARIE
i{he treatuents did not show any significant difference
in respect of muumber of lesves par plant, at ull the three

3@&;{,33 *

1e2 Mol leafl arop

iuring the first stage of observation, ireatuent 1
(0 per cent sheie) resulted in significantly sualler 'L*
leaf amrea production than the other three treatments which
vere on par. ihe diiference in ‘D' loaf sres wss pore
percertiilie in the lator stages, Treatuont k (75 per cent
shade) and ireatizent 3 (50 per cent shade) recording
esignificantly higher values then Ireatuent 2 (25 per cent
shade) and Treatount 1 (0 per cent shade).

Frosh_apd dry weiiht of 't leaf

~ith respect to the fresh weisht of ‘L' leaf, 1%
was found that although ireatuents 3 and 2 resulted in
greater values during the first stage of growth than
Treatzonts 1 ard &, during the second stage of olLservation,



<able 1. sffect of chading on mumber of lesves per plant and mean *LY loaf ares.

arw&m% _ﬁffﬁiﬁ?ﬁﬁfmﬁ tisan ‘D' leaf arcs (cqe.om)
a b ] a  +) ¢

%« O per cent shaco 1772 2042 290,99  191.18 321,32 3305
2. 25 per cent shade 1052 26457 31408 216,68 15045 37%.01
3e 50 per cent shede 20425  20a35 20410 22988 360,82 393409
be 7% per cent shud T a5 2625  29eh 210,36 379.59 %0406
— e | | e ———

Cob (558) S U e We03 3793 16479
- Uy 0.5 1452 15497 12236 5 o7

a - six months after plonting
L = cno yeer . fter planting
¢ - at flowering

9¢€



iable 2. ufiect of shoding on fre.h and dry wei jht: of ‘L' leaf

trosh weisht of 'O leafl .1y welght of ' ' lcaf
ireatmonts (is) ()
A P T -, - A W e i W
8 b e a [¢] c
Lt S A T W WP JU - WD A Bl e W B0 W QD - A Y T . I e A N R A W (. By - Ao M b - S M lb*-‘m

1. 0 per cent shade 1096 H1.52 L3.65 2.62 Sell  Ce3k
2o 25 per cent shace JUe03  legir 47.03  3.26 6M7 (62
3o 50 por cant shate  2U.77 42497 2 BZ95  Se3h 6,00 69
4o 75 per cont shace Frath L7.36 StH5 2492 6401 G52
Cab (53) 576 I 3479 Ceu2 - B

Lo He Tl 2.2y 1423 al? De32 1,20

- Mot e DR W A0 DA S I S D BT W ok TR G O S S B e e G A B0 W e Sane g NI T e S s R S, 5 s e NN 5 A p G O, I Wit s i S b

a - oix wonths aftor plonting
b = oh@ yoar aftor glunting
¢ - at flovering

LE
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there wos no significart difference botween the treatments.
tiovever, at the time of flowering there existed significant
varistion smong the treatients in respect of fresh welight
of "' leaf. 4t this stege, ireatumentsh and 3 rocorded
‘higher values than ITreatioete2 and 1.

The ary veioht of "' leaf was higher in Treetuent 3
and ireattent 2 during the early stege of srowth which
howover levellod off in tha later stages.

1.4 Fercaptage ory weisht of '.* len
The treatments did not exhiiit any significant
difference among themselves in respect of the percentage
dry veizht of 'L' lesaf during the early stages of growth
tut at the time of flowering, Ireatment 1 was significantly
superior to the other treatnonts, the mean value recorded
velrng 1.5 g compared t0 13.96 g4 12,93 g and 12,68 g in

ireatuents2, 3 and & respectiveiy.

1.5 Colour of ieaves

wuring sumcer wonthic (February-April) perceptibis
aifference could be noticed in the colour of leaves of the
plants grown in open and :hsce conditiona, The leaves of
plants under shade ware darker in greem colouy coupared %o
the leaves of the plants grown under open conditions,

2. sFRECT OF Hal'ING ON b OWsoING
ihe data on the days ta e for flowering and the
percentage of flowering are pressnted in Table k.
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iable 3. Affect of shading on percantage dry veight of L' leaf

rarcentage dry wai ht of 'DY lenf

Treatuents R o - — — .
a b ¢
- ey A W A B A i " - A - gy W AP

1. O por cent shade 12,13 (20.35) 14,21 (22,10) 14,5 (20.39)
2. 25 per cort shade 11.43 (19.77) Theb (22.53) 13496 (21.93)
3s 50 per cunt shuce 11.07 (19.95) 13499 (21493) 12493 (21.08)

ks 75 per cont shace 12432 (20.406) 12,67 (20.84) 12,68 (20.87)

Lol (51 Ii. 550 1.07
.« Sm (o506 0e55 0435

- L Srw - s i I Y By . -

- L -

& = ulx montha after plonting
b « one ysar after planting
¢ w at aring

Kote: “he fijurce in parcnthesis indicate the mearnc for angulap
transfornod data and the .0 and ..Bm are for the transforaned
data,
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2.1

ihe datn showed that pinespple planis under shadie

flowered earlier than plents under open conuitions. In

the open, the plants required 565.6 deys to flower which
vas significantly higher than the time taien to flower by
plants under shade., ihe earliest flowering was noted in
irgatoent 3 (Y23.1 deys) but vas on par with Jreationts 2
ant b (52749 daysi,
2.2 Fercspta. g of ik

there was significant imcrease in perceatage of
flowsring under shace in all the flve stuyes of cbuervations.

iuring the first week, the percanta e of flowvering
under Gifferant intensitlies of shaie rangec firom 50 to 76,
the maxitum being in irestmcent 3, In irealuent 1, only :ix
por cont of the planis flowered during Hhe first weult,
iaring the other periuds of obusrvatlion aluo, similar trerd
wug mttcét%. &t the finsl stage, vhe percentase of flowering
in open was only 2%y which wes significmﬁ.y inferior to all
the other trustuent., iaxisum percentage of floveriy was
in ireatpment 3 (63), followed by Treatients 2 (7%) and &
(5950 {Fig 2).
3e BFracl OF HADING ON FUID DG BRiAY IGU.

iata on the variocus aspects of frulting characters
urkior different inteusities of shade are presented in
iables 5, 6, 7, La ané &b,



table k., afiect cof shading on flowering

APy W GO A W e G Sad B o L

Feen mmusbor Flowesing pexrcentage at wecily intorvals

ireatoents g{m d& f;t'gﬁ - ‘
Mm‘ins Ivek II weak

1+ O per cent :hade 56546 6,00 10.,0C 14,00

2¢ 25 por cent shade 927 «9 664,00 70,00 72.00

3+ 50 por cent chade 923.% 726.00 8200 &2.00

s 79 por cont shade 927 «9 5000  SLLCO 96 <00

I:{l woak IV vaeall V week

val (5%) Celts
- Wbt 107

T T B W - e G W Wy S S e B

24,00 24,00

75.00 75.00

G050 Sued

1ol
040
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FIG 2 EFFECT OF SHADING ON PERCENTAGE Ot FLOWERING
»~——x ethrel treated plants
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In this respect the effect due to treatments was
significant, In Ireatment 1, the tire taken for fruit
paturity was 138.8 days wvhich vas significantly higher
than the other treatments. irestmonts 2, 3 and 4 were

on pale

3.2 Fruil ceveloyient
ihe development of fruits in terms of incresse in

the lemgth and clroumference are prasémw in iable 6
along with the incru:aantal percentage increase,

Gu a general analysic of the data on frult development,
it was found that the pattern of developmert in terms of
length amxi ciroumference of the fruilts was not altered due
to treatments. idowevaer, differential growth response was
percaptibie. The lergth and circumference of the fruit
showed un inerea:ze 1ln tho case of fruite grown in the open
especinlly betwoan 79 and 950 dayes aiter flowering. g
towards the maturliiy stage the difference became negligible,
all the treatments recording siwilar walues (Fig 3).

3.3 ilele psr becbars

lata oh per hectare yleld caleulated for a populsation
density of 43,060 plants indicated that without grovth
regulator treatient, waxisum tonnage of fruits ves obtained
from Treatpent 3 snd the ninimum from Ireatment 4, the results
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Table 5. usifect of shading on the time tuker for frultl maturity

" lumber of days taken from
flowering to fruit paturily

e W - s i S TS v - - - W s A W o S T s - s W S

1s 0 por cent shade 138.&

iroatnents

2¢ 25 per cant shace LR

3¢ 50 por cert chode - 12349
e 7% por cent shace 12347

W Mo - el W Wy SN O

- i I O e I U S s W s S

Cel (53) 1 a2

AT AW O S A W s i ake Wt B i M O T W G €04 S W e N S PG W W M A A G T B3 s e e S Y Rt A B Ry B s i - A R D B



igble &, iffect of shading on fruit developnant

WP~ - - o un L g bl X2 NP TS e Bl Sl A W NI o B e

LAy uiber flwermg

. | . R - r - e .

g W5 60 75 90 105 120 135

G S M W e O e S . WYt R, TN s s W N AT SN S N S S BRI S T I S A WD G . A S T O Sen K D T WO . g - o A A G A WA AP T i 2 A B OO P

L ¢ L " e v L ¢ L C L ¢ L ¢

%,
d‘.«.«p”m B o ) - -~ - S aos - O S G S S - SO0 S-S WP g 2 W > AN S AN W

1.13.0 24,5 1575 29.0 16,2 32.25 17.60 3544 10,80 37.2 19.7 3675 19.7 38.75
(13.460 (18.37) (9.£3)011.210 (G.64) 9.77) (LJ82) (5.08) (4.29)8a17) (0) (0)

om0 zes 25 Bdadsd 83 B 8 G0 T Bl B %S

30 1:0260 2 oSt BB B B 8% B3 BRES BT B

*e 120 26.0 1, %033) (6. ;?2.5@ i3 & (5 3n) Iﬁﬁm age) 23:%3;?3:157; oy 5

Mﬂs The fs.gnrm in parenthesis didideate the incremental pmmf&age m::vmua at gach aim interval

L« lengih of fruit (cm)
¢ = cilrcmferonce of fruit {(ou)
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3 EFEECT  OF SHADING UN  FRUIT DEVELOPMENT
x x [ percent shade
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Zablg 7.

wfiect of shading om ylald per hoctare
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being statistically significamt.
3.4 jrulh charseters

Lata on waei;ht, length and breadth of fruits,
crown charscters, caming retio, peel, core and pulp
welgbt and peal/puip retic are presentod in lables &a
and &b anc deplcted in Fig 4.

3440 Frudt welihs

ihe trentuwents did not eahibit ary sigdficant
ciiference amung thcmselves with respect to the weight
of fruit with crown., But there was significant differsuce
wvhen fruit weight without crown wes taken into accounb,
vaxiiam frult wveight without orowm (1.0 kg) was recorded
Uy ireatpent 1. ihe frult wvelght without crown under
different fntensities of shate panged frul 1.10 kg o 1.21 kg,
the differsuce baing not signidficant,

342 lEnpt

Jdmilar trond as in the case of fruit weight without
erown was noticeu in respeet of the length of the fruits,
fruibs grown under opon coxditions recording the paxirug
evaerage fruit lensth dt’ 22«2 on which was signdficantly
superior to all the other treatpaonts. Jreatnents 2, 3 and b
vere on per {(Flate iI).

Un the other hand, the bresdth of the fruits did not
show ay significance due Lo trestoents.
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ihe lowvest crown weight was recorded by ireatuent 1,
the value being 2/7./0 ge 1he maxicum crown weisht vas
recorded by ireatment ¥ (512,40 g) und ireatient: 2 and 3

wWere on par.

The weizht of crown in terms of percerntege of fruit
wvelpht sleo showed a slullor trend as was noticed in the
case of crown wel ht. In Jreationd Wy 30,65 per cent of
the frult wei bl wgo constituted Ly crown zlone while it
vas onwy 15472 per cant in tho case of fruits jrown in
open. areatients 2 and 3 we.® on pry bubt in theus cases
al SO 271 L0 27400 por cent of che frult wei ht was due
to crown weight (iig 4J.

ine munber of lonves on the ¢rowm was aluo high as
the shoding intensliclos increased, Hexious cruvwn ieaf
mimuer (12%.70) was recorded by irestuent & and the least
by sreatrant 1 (73.//. ihe treatments 2 and 3 were on pay
in this respect also \blave ill),

Jeb o LOnping prabi

sighest cauning ratio of 1,71 was recorded Wy
ireutuent 1 which was significently superior 5o other
treatawnts., irestuorus 2, 3 and & were on par,

34,5 Hods ] £0) .
ireutmarts 1, 3 and b were stati:tically on par with

L % O Vintig S v 4 v
o et By g siE



sable Ba. &ffect of sheding on fruit characters
Fruit Frals aruzt breadth wel it .7 Lrown  Cann
walght weight ;’:mw - of of ?ﬁi‘g‘;;ti% leaf *W
lreatments with witiout gt frult oroun jgf fruig & e I/B)
. o walght
L3 (kg) {ow) (eni) (gl
t. U per cent shade 1./6 146 i e 12440 27779 1572 73470 147%
2. 25 per cont chace 163 1.18 1648 12680 450479 27 68 1053 1046
3« 50 per cont chace 166 1421 19,01 12465 U51.51 27414 105,08 148
%, 75 por cent shade 1.67 1416 1601 12.17 512.89 30465 120478 147
Colie (52) & Gl 1.0 e 31413 2086 507 Oe2
o ] 0403 Ca03 0462 .26 10.1% 0,93 1.65 0.07

s A o W < >

- G

8%
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iable 8b, Bi.ect of shading on fruit characters
Weight of welght of Wedubt of  icel/pulp
ireatuonts PO core ;::ulg ratio
(g3 () (g
1. O por cent shade 311 o3H 171 33 116240 Uecd
2+ 25 per cent shade 3URe22 320408 86U o1 OJhols
b, 75 per cent shade 267 2 141 .20 69643 O3t
Coi (55) 59«59 56433 166,70 (1407
- IR 16439 Sh 430 0402
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rospect to welght of peel but Ireatoent 2 ves significantly
superior to other treatuents, In the case of the weight of
core also the trend was the save.

ireatoent ¢ vas significantly superior tw the other
treoatoents An terme of the welisht of pulp per fruit.
Irestpert 2 was superior to Trestments 3 and 4 which vere

on pur.

3.6 Fonl/pulp ratip

ireatment 1 showel the least peel/pulp railo, the
value being 0.27 and the other three trestients were not
slgnificantly diiferent.

b, ol ly QUALLY

ihe total soluble solids, aciaity, ascorbie scid
content, reducing, non reducing and total sugars and
sugar/acid ratic of frults of different treatments are
presented in Tetle 4.

“o1  lokal zoluble s50lids

ihe data incdicated that there waz no algnificant
cifference between the treatuents in the case of total
scluble solids of frulis.

We2  4ehGALY

+he treatronis exhibited significant difference
ancng themsolves with pospect Lo the percenta;e of scidity
of fruits. ‘he muxizum value (1.7 per cent) was obtained
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X

in Zrestrent 4 followed ly Ireatoent 3 COU€6 por cent),
{he acicity percentages in irestuent 2 and irestient 1%
reualned on pal.

be3  _SUNGLDE JMEBKD

she tyeationt: differed significantly in respoct
of reducing sugar content. {he maxicum value wes recordced
¢y ireatuent 1 (4,78 per cent) which was on par with
ireatment 2 (b1 per cent). Treatments 3 and b aid not
show sicnificant difforence between thempoelvos ln terus
of recducing sugar contont,

bar B

In this case the trend wos the sane as in the case
of reducing suzar contant.

Wb sotal sugars

ihe highest Lotal sugsr content was recorded Ly
{reatuant 1 followed by ireatuents 2, 3 and %, indicating
thereby that thoe total sugar content cecreazed as the
inten.iicy «f shade increasecd,

k6

ihe trend was the sae as in the case of the Lotal
sugar contert, JLe maxizam valus was recorded in
ireatuent 1 (1..56) foilowed by ireetment: 2 (16,94}, 3
(12,64) and & (9403)s



iable 9. uffcct of shading on fruft quality

SR T T lon | wesay | ugers  Ascortds

i iotal , Aeduecing redueing :-om% acid acid

Iroatuents soluble Acidity  sugars  gugars -~ ¥ rglte (ma/100 @)
(%) Gi) &F &) () :

1. O por cant shade 15030 065 4,78 Be31 12492 . 1996  12.8

2. 25 por cent shode 15455 0e72 bt  £409 1212 16.9% - 11.97

3w 50 par cent shade ‘ 15#85 0086 3.79 ‘?«26 1‘005 12.3‘5 11.00

4. 75 per cent shade 16,06 1.47 Le38 7408 1046 9403 979

Cob (Y5%) 007 04 Cotile 0437 0e92 0465

. ol 0u28 0.02 Oa1k Ca1k C.12 0430 0.21

(41
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ireatuont 1 recorded the ssxinmum ascorbie acid
content (12.6 mg/100 g fruit) end the minizum valus was
oxuibited by -reatuant & (9.79 ng/100 g). Ireatments 2
and 3 wore on par.
5.  LuA¥ ARALY I3

Lata on the nitrogen, phosphorus, potassiuc, calcium
ard magnesiun contents of leaves at three stajes of growth
are presenved in iables 10, 11, 12, 13 and 1,

o1 Iitro.an conberk

ihe data indicated thal during the early sta ws of
growth, there was no si nificant diffesence in nitrogem
content of ‘L' leave;, due to sheding trestuents. HLowever,
during che later sie.os of growth, the nitro en content was
found to increase signiilcantly under shaded conditions,
the difference between Lhe three intensities of shading
being net significant (¥ig %),

2+2 ihosphervs. sonienk
ihe treatments did not show any significant éifference
agmong thouselves in all the three sta es of estimation in

respect of phosphorus content of *L' leave:,

In the case of potassium 8lso there wa: no significant
differance duc to treatnents at all the three sta_ egs of
estimation.
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Zable 10. Bffect of shadlng on nitrogen content of leaves

I } tdtrogen content (per cent)
Jroatnents g b e

1. O per cent shate ‘ 1 t7§ R 1591

2. 25 per cent shade 1.98 2413 2,16

3e 50 por ceni shace 1689 209 2.11

b, 75 por cent shacde 1492 2416 2h
Cobr (52) NG C.13 D13

. s BE Qtw ng 0.@*

& « six months aftor planting
b ~ cne %W afteor plantizg
¢ - at ring
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Table 11, pBffect of shading on phosphorus content of leaves

Fhosphosus content (per cont)

ireatments SRS p— -

8 b ¢
1. O jcr cent shace 0,06¢ 0.076 04079
2. 25 per caent shade 0075 0,082 0,078
3. 50 per cent shade 0.068 0.082 04082
he 75 per cent shade 02058 0.078 0.077
Geb (B) Bt L ks
« o8 0401 0400 C 00

a « 3ix sonihs after planiing
- One gm after planting

c « at Llowuring



iabvle 12, uffect of chading on potassium content of leaves
Fotassium cortent (per cemt)

ireatuents — - -
[ 3 b ¢

1« O per cent shace 3,92 5ol 8 PR

2. 25 per cent chale 3.89 55 b .81

3. 50 per cent shade 3.71 499 b,63

b, 75 paer cent shade 3;59 5400 4,62

Coli (5) B b, Lic

- o8 Celle Os%7 Gotle

a « six months after plenting
b - one yoar after planting
¢ » abt flowering

56
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S Calciup conbenk
here was variation in caleium content of ‘LY leaves

due to trestzents. In all the three stages of estimation,
ireatments 1 and 2 were found to posusess higher caleium
content than irestments 3 and ¥, the diiference botween
ireatuents ¥ antt 2 bed:g not significant (Fig 5).

In all the thres stoges of estimation, ireaument &
recorded the highost percentsse of ig in the 'L lesves,
buring the early sta e, the Mg content of .reatment 1

was significantly infe.ior to all other treatuent:,
ireatuents 2 and 3 being on par, AL tho tiuwe of flowering,
ireatments 1, 2 and 3 did not axhibdt si;nificant difierence
enong themselves (Fig %).

5.6

iate on chlorophylld 'a'y, *L' and total contents undep
different intensities of shede are presented in lable 15.

With respect to chlorophyll 'a' and 'b' contenuvs,
ireatument & was significantly superior to other treatients.

In the case of total chiorophyll conient also
ireatwant b wes significantly superior (0.00697 per cent) to
all other treatuents. ireéatuent 1 recorded the mindpupm
total chlorophyll coutent (0.0109 per cert)., ireatuencs 2
and 3 were om par, the total chlorophyll cuntents being 0.02%
per cent and 0,025% per cent respectively.
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Iable 13, &fiect of shading on calcium content of leaves

. YOS M n e LU e BB . - A M

Calotum content (per cemt)
ireatuants a Yy e
1. O per cent shace 056 Cotite 0.8
2. 25 per cent shade Ce57 O3 046
3 50 per cent shode 7 Celb 0438
b, 75 per cent shade 029 0439 (37
C.B (5,) 0;0‘!- G.iﬁv QQG?
Lo B 001 0wl 0402
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Table 1, Effact of shading on megnesium content of leaves

vagnesium content (per cent)

ire&me‘lﬁﬂ 0 20 A - o s - -
| a b e

1. 0 per cent shade Oty G419 019
2, 29 per cant shade Dot 0.23 -
3¢ 50 per cent .hade (o225 Oe22 Je2Y
b, 75 per cent shade 0429 0.27 0429
Cab (5%) | 0402 0402 0407
PR L . ‘ 0.01 0401 0.02

-t - SHUNIpRN o - -

8 =« 3ix months after plenting
b = one year after planting
¢ « at f{wm'ins
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Fi. 5 EEFECT OF SHADM, v NUTRIENT ST-7JS 7% LEAVES
a -~ six months after planting | ~ 0 percent shade
L — one yeai after planting o ——a 25 perrant  shade
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.
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Table 15, uLffect of hading on chlorophyll 'a', ‘L' and totel
contents of leaves

chlorephyll Chiorophyll iotzl

iroatzents

tat () "W ($) “‘“?;’%ywn
SOV S D p— - e
1. ©O per cent shpde Ge012 040005 00189
2. 25 per cent chace 0«017 0.0093 0,025
3¢ 50 per cent chade .016 0.010 0,02%
b, 75 per cent -hiue G o Ol 0.0262 0.0667
vebi (Y5) 0.00% 0.,00% 04006

A L A A - " _— - oy
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6. Lokl ko Lol bl

‘he data recorded on sucker production and the
vegetative characters of suckers are presented in
Jable 16.

ihe date indicated that the nmmber of sucihers
produced per plont woas higher in Ireatuent 1 (1.3) the
result bedng sijnificantly superior %o other treoatoents,
ireactents 2 and 3 vei9 ob par. Jreatusnt 4 recorded
the lowest value (1.08).
Ge2 beight of sucliera

iongest suciers were produced by i‘reatuent 2 (L7.85 eom)
and the mmaliost by ~reatucnt 1 (66,65 cm). Jroatments b
angd 3 were on par amd conbributed for modiun siged suckers
(Flate IV),.

ihe dats showed that suckers with the mintrup msber

of leave:s were produced bty irestuent 1 (21.1%). Iihe highest
value was recorded by plants in ireatuent 2, tut the
¢ifference was not significent coupu.ec to treatuenis 3

and b,

6.4 ’&’..WM ’ : A
Yaxdoum o' leuf ares of sucker was piroduced by
Ireatment b (110,67) vhich wes sionificantly superior to



Jable 16, sffoct ¢ haulng on cucker srouctdony and vogotative charnctors of suckors

B A AN NI A ST S L3 A AP T DA O DT € K Wois W5 B Al 5% M W1 M

prony

W W A ST A N N ES 0D DS e X4 Ay

iumber of Gedpnt of lamber of 'LV leaf Frosh o | rapcentage
arce of  wolui® of weloht of dry welyht

Lroatiornts BLCLITE

suehers

per proot (o)

lenver
por suckey suciorgs %! loaf Y.' leaf of Y. loaf

LBy et ) (&) €2

.

-

SR O . TSI B N

1e © por cort sunla 130
2+ 25 por cenb zhoo 1otk
3« 56 pur cunt shaue 1.16
by 75 por cant ahoce 1..08

[Ea i1
a7
Py 2

21415
2 28
27«00
26 o5

e aS7 132 146
96 403 Vr 019 1,52
97423 the G 146
110,47 14019 L PV

11 02(19.36)
1Ca72(34407)
11.51(20.11)
12404 20402)
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other troatments. ireatments 3, 2 and 1 did not show any
significant diiference among themsclves in this respect,
6.5 Lresh wedibt ef 'b' leal of sucker

Jreatocnt 1 recorded the nindium frech weisht of 't
leaf of sucker (13.22 ;) ond irecatoents &, 3 and 2 vere on

she treatucnis did not show significant diiference
smong themselves with respect to the dry wel bt of '.' leaf
of sucker

6.7

In vhis ca © also, no sdgnificant diiference between
troat.onts could Le noticed,

7e Fllveo Lk Chiaunciis OF EBIEGBL TibALal Fialiis ULDER
LIF il Ihink Toddo ¥ HADB

ihe data on the mirbor of days taken from plunting teo
flovering, the percontoye of flow.ring at weeitly intervals
ant the time taken for fruit meturily 4in respoct of w“vhrel
Lreated pluants under disferent levelcs of shading are
presented in iables 17 and 14,

in general, under shaded situations early flowering
was noticed in the caze of Bthrel treated plants compored
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to the non-treatod onesy irrespective of the intansity of
shade, I{ho plants took 52649 to 5290.0% days for flowering
undeyr all intensities of shade indicaiing that the effect
of isthrel application was not influenced by the intenszity
of shading., Under open concitions, the Sthrel trcated
plunts come to flower only in Sh6.68 days which was

si_ nificantly higher.

Yercantace of flovering

The data indicated that the percentage of flowering
wvas higher in the case of Lthirel treated plants under shaded
concitions during the first, second ardd third weeks of
cbservalion compared to that of unsheded plants. lowever,
during tho later stages the percertage of flovering vas
oinigaam in iceatment W, Jhe highest percentage of flowering
was recorded by ireatuent 2 (U6 per cent) followed
ireatuent 1 (80 per cent),.

“h a general cohsideration of the data presonted in
ianbles & and 17, it was found that wsaxizup percentage of
plants flowered in ireatuant 2 (86 per cent) when treated
with sthrel. Bab in ireatuent 3 (50 per cent :zhade), 63
poercentage of plants flowered even without kthrel treatuent,
Uncer 79 psr cent shadey there was not mueh differsnce in
the percentage of flowering bvetween mthrel treated and
non-treated plants (58 and 59.9 por cents respectively).
lhys 1% can be noticed that the effect of sichsel on flowering



>

lable 17. ufiect of shading on flowering of Bthrel treated plants
08an mlmbar of Flowering pcrcantage at wam.ly intvrvala
sroatments W o .limt— - . - 4o P
S to nwering I. weck II woek 1}.1. m,&z IT weck V week
1. O per cent shude 546 Ok 100 16.0 28,0 €G.0 5040
2. 25 per cent shute 529 e € 00 68 .0 72.0 LG o0 86 .0
2« 50 per cent shave L2y 06 e o0 .0 W0 Gk o0 G0
k’g ?5 per cant shade 5228'90 %‘Q 510'0 5""00 557.5 5840
Cobinl{5%) 5«21 3409

oo -
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vas more conspicuous in open than in shaded conditions.
Under 2% per cent shace, a;prociable difference in
percentsge of flowering could not be noticed due to Bthrel
application, Under 50 per cent shade, Zthrel had shown
rathier a recducing effect on flowering, the flovering
percents; e being reduced from 83 to Gk, Under conditions
of hesvy shade alio (75 per cemt), Bthrel not only had any
advanta;eous effect on flowering, but alzo coutributed for
reduction in the extent of flowering of plants (iig 2).

treatuent, the time tahen for fruit meturity was more in
reatuart 1 (13047 daysle Uncoer shaded conuitions,
irrespective of the intensity of shade, sthrel trcated
plants took around 123 days for fruit maturity,

From a2 copparison between the data in igbles 5 and 16,
it could be scen thatl under shaded econdiilons both Lthrel
treated and non treated plants took almost the same jeriod
for fruilt matucity irrospoctive of the intensity of shade,
“dmileriy, in open also both the Ethrel treated and ncn treated
plants tuok the same period for frult maturity indicating
therety that sthoel exertod no infiuence on .he pericd for
fruit maturity irsespective whether the plsnis were growm in
open or in shoded conditions.
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iable 18, sffect of shading on the tine tauen for fruit maturity
of Bihrel itrcated plants

{reatmonts Iupber of days taien for fruit maturity
e o s e o S e 0 .S S . 8- g 5 g o B 0 e 4 S —
1. 0O per cent shade 13647
2+ 25 per cent shade 123,06
3 50 per cent shade 125 o7
b, 79 por cert :hade 12549
Ceb (5x) 1e2
. ol U39
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DISCU SI0H

idght intonsity 15 a faoctor vhich has profound influence
on all phases of plant growth, Yhis has been brought out bty
several workers (Gourley, 19203 Kraybill, 1922; Vinson, 19233
tdmord @t Bhe, 1964 and ilack and Bdelman, 1971). Iased on
the capacity of the plants to endure shgde concitions, theay
can be grouped as 'shade tolerant'! and 'shace intolerant!
(baker, 1950J). shere 1z another group of plants called
'shade lovirng! wulch Lawe an offinity towarcs shaded
conditions,

rrle altiww, i s generslly grown in the opan, its
eulidvation co an inlorcrop in cocomut gercens of Kerale has
been nececgitated in recent times due Lo liudtod land resocurcec.
the efficiapcy in utildzation of soler encrgy ultimately decices
the muitability of a crop in the multiple croppimg -yotem. o
detotled infommtico i evadlable oo the uiffecont aspects of
growsh, flowering ond fyulting in pineapide under :haded op
porticlly _hoded conCitioncs X% is im thic context the present
imvestigecion assumes groater significence with practicel
aﬁéptabilits uncor Lerals consitions., Fineaprle has perbaps
been hitherto concidered as a shade intolerant specics which
is evidently due to lock of dotalled ctudles on skede tolerance
of thiy orop.

In che preswd dnvestlgationg growih, flowering and
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fruiting behaviour of *kKew'! variety of pineapple under
different intansities of shade vig., 0, 25, 50 and 79 per cent
wvere studied.

Farameters such gz the mumber of leaves per plant, Yut
leafl aros, frosh as well oo dry welcht of ‘L' leaf and the
percantase dry wel it of '.' leal vare studled at three
different stages of growthy Lo find out the offcct of shaiing
on vasuvbative characturse il niaded of leayoz produced per
plent wes ot found Lo be lnfluenced Wy suadin: even up to an
intensity of 7§ por cait. uxperibents conduetad by solfs (1903)
hoé also shown that bhe leal production in uineaprple was not
affected by shads. G e conlrary, ab citrus, a shade
irdolerant spocics, shuddig was fm,w result in o recuction
in the mubor of leaves roduced per plmt (-olf:y 1903)e The
fact that the muber of leaves produced per piant wuz not
cecreasel Wy shoding in pincapide prouvebly lndientes its chade
tolorancos

Increaze in leef area of plants is the imvediste
percoptible morphological acaptation gensrally associsted with
low intensities of 1lizht, both in shode tolorasnt end shade
intolerunt speciez. Ubviocusly, the larger leal surface 4s o
cotiponsation mechriid m for cbuorption of light unergy. Increased
leaf srea consequant Lo shading was observed in citrus and apple
(nolfsy 19033 Gourlw und Lightingale, 1921 and treitberg, 1975).
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In the present study alsoy it was found that the leaf area
progressively increased with shading intensitics (Yable 1).
The increase in leaf area in pineapple without any reduction
in the numbor of leaves per plant bas resulied in o larger
ieaf area per pdani. “he adaptation of pinesprple to shaded
condition as against in oany other fruit crops is thus evident,

Compsrable values were cbtained for fre.h weilght of 'it
leave: under sheded and in ¢pan eonditions during the early
stages of growth suggesting s uniform molsture regice 4in
plonte under shade and in the open, iignificant incresce in
the frezh weisht of leaves at the tine of flowering in shaded
plants obsarved in the present study oilght be considered as a
better physiological buals for plant growth. Iincreased
poisture content of leaves as a result of shading was reported
in apple (Ersybill, 1922) and in coeoa {Guer:z, 1571). A
unifosw soll modsture regine under shade (. olfs, 1903) and the
decrensad transpiration rate of plamts due to low intensity of
lizht (artin, 1935 and furrell, 1936) might ve the contritutory
factors for higher water content of leaves.

{he adaptability of pineapple to shaded conditions is
yerhape best reflected in the dry matter accummlation in leaves
(istde 3). Iry mactor accunmletion in plants is generally
eonsidered as an indication of the photouynthetic efficiency.
In shade intolerant plants like ap;le (sémond 9% al., 164§
-d3koy 1970 and Larden, 1977) and black currant (Karnatsz, 1971)
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grown under conditioms of low light intensities, dry matter
acousmlation was found to roduce considerably. On the other
hand, increase in dry matter accupulation umier shade was
characteristic of cofiea, a shace loving spocles, vhelre
pexisun accupmlation was noticed under 50 per cent light
intensity (.ilveira and leestri, 1973)s In the presont study,
the dry matter accurmlation in the leaves was cooparable both
in shade and in open till flowering although there was a
reduction in the sawe ot flowering (from 14,5 per cent in open
to 12,7 per cent under shade), Floworing of pineapples in the
open wa:s late bty 36 to 42 days than those grown under shade.
this incres:ed time lng between planting to flovering wight
have halped for an increascsed dry maitter sccupuiation in the
leaves of unsha&ed plants ot flowering. The reduction in dry
patter accummlation was not considerable in 'smte of shading
upto 75 per cent., This suggests that even under highly shaded
condivions, the photosynthetic rate in pineappie 1s not reduced
to an axtent to inhibit the growth procesges of the plant,

ihe gencral vigour of suckers produced bty the shaded
plants in terms of the height of suckers, mumber of lesves per
sucker, 'L' leaf arce and fresh velght of *L' leaf, was found
to be more thap that of the suckers produced in the open
(fable 16). Ihis azailn indicated that chading was favouratle
for enhanced vegeeative growih of suckers as in the case of
mother planis. ihe dry matter acoummlation in suckers wvas
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also not affected by zhading.

ihe Lotal chlorophyll content of leaves of shade grown
plents has been found to incresse in compsrizon of sun grown
plants (sjorkman, 1966 and Goodehild gt al., 1972}, In the
prazent study also the total chlorophyll content of leuves
inereased progrosuively (0,02 to 0,07 per cent) with the
intensity of shade. Actwpulation of chloropityll in sheded
leaves 15 generally sttributed to the decreased utilisation
of the plgment for photosynthetie activity under roduced
light intensitien. Iowevery this theory might not hold good
for pinsap;le since the photosynthetic rate waz not grestly
affocted by -hedinz as reflected in the dry motter secumulation
in leaves. alternatively, the reduced destruction of
chlorophyll wder low 1i.bt intensity wd;zht offer a better
of chlorophyll in pineapple,
fhe leaves of pinoca,;le grown in the open presented @ pinkish
appoarance sgpeclally curing susmer in contrat to the dark
‘reen colour of the leaves under uhade. ZThe chlorophyll
decstruction cus uo hich imtensity of 1li:ht in pineapple is
thus evident, Chlorophkyll destruction under higher intensitioes
of 1i;ht an¢ its reocultant reduction in leeves wes reportad by
Clark (1905), iunding (1952) and Geauhd (1969 ).

explanation for the accurs

tudlez on the mutriaont staius of lesves showed that
pitrozen content increazed in the leaves under shaced
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conditions except during the early sta.es of growth, Ihis
might be attributed either 0 the increased uptake of the
mtrient elauent or due t© the decreesod utiliszation of the
;ame under shate, In benana a process termed as ‘nutrient
sparing action' under chade was reported by . iomonds (1966),.
A sipiler process is also possgible in pineepple under shede,
If this was 350, 4t might indicats the possibility of using
reduced apounts of nitrogencus fertiligers for pineapple
undey shade, Further wo:k an this direction will be of
interest, 7The phosphorus and Mass&m.s contents of leavoes
did not show differences both under shade and in open.
arnesiug contert of leaves inarensed as inbtensity of shade
increased vherens caleium content degressed under shade
intensities above 25 por cent,

Lelayed and reduced flowering were the imrediate
consequences Gue to sheding in most of the horticulturel plants
belonging to *sun specius'® (Kraytdll, 1922 Capellini and
tonastray 1571 and Jackson and Palmer, 1977). A shade loving
plant like cocon was an exception to this (ioyer, 197%), In
the present study, shading was found to be beneficisl for
ea:licr, uniform and higher percentage of flovering (iable &).
Ibis incicated that the physiology of flowering was considerabily
altered by shade treatoents, This s interesting since lack of
uniformity in fiowering 1s one of the serious problems in
rineapple culture, Under naturel conditions, flowering is
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normal iy restricted %o about less thsn 20 per cent in a plant
crop (Handhawa gt al., 1971). It may thus benefit pineepple
groving under shade to obtain higher and uniform flowering,
Elimination of the practice of hormonal irduction of flowering
appears t0 be oscible in pineapples grown under partial shade
as in cocomut plantations, It would however, be reasonabk

to presume that g shado Iimit upto 50 per cent is more de:th
in pineepple since at 75 per cemt shade, a reduction in flowering
was observed, which was however higher than in open,

rineapple ic romarkeble in that initiation of flowering
is elicited by the application of suxins (Clark and Kerns, 1942
anc Van Overbeek, 1946). Intercstingly, the affect of shacing
on flower induction was comparable to auxin or sthrel
aprlication, Fresunatly the shade treatuents might have caused
phy sleologiced chenges in leaves sicdlar to that of ethyiene
aprlication which pight heve in turn helped lowsr the internal
~ active eauxin levels ultimately foreing the plant: to flowering.
Increaied flowering in pineapple was assccinted with a decrease
in the norual cuxin levals by the treatuent of ethyiene in
pineapple (Ven Overbeek, 195%).

in contrast to the report of Guyot end iy (1970) that in
pinespple the presence or absence of light had no effeet on the
flowering responce of Bthrel, in the present scudy, it vas found
thet the plants under shade did not respond to &threl application
&s in the case of plants in the open (Fig 2). The lack of
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response to Kthrel spplication was more perceptible under
hizher intensities of shade. 4t 25 per cent shade, flowering
was incressed from 75 to 866 per cemt which however roduced
under 50 per cent shade from £3 to & par cent. Thus the
present study indiceted that under higher intensities of
shade sthrel had an inhibitory action on flowering in pineapplo.
ihis perhaps suggests that the shace tolerance limit of
pinesyrle froz: the point of productivity is 50 per cent, The
arplied athiel mdght have increased or decroased the internal
auxin content to s level inhibtdtory to flovering undar highep
intausitles of cshade.

<he ultipoie boneflt of pineapple growing undor partially
shaded condition is deciced bty the yleld obtained, In the
present stucy it wa; found that the welsht of fruits with crown
under open as wall o under shade was comparable,. iut when the
welght of frults wvithout crownuas taken into sccount, there weas
sighificant reduction in yicld in shaded plunts. wWhile the
crown velsht accounted only 15.72 per cent of the fruit weight
in the open, it was 27,1 to 364,05 per cent under (51g W)
The vigorous nature of Lhe crowns is thus s drawback for fruite
procuced in shade, liowover, shading did not alter the
Gevelopuental paitern of fruits,

in spite of the cbove defects it will be found that the
per hegiuare yleid wao consideradly increased under shaded
conditions even without the &prlication of Lthrel (Teble 7).
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<he higher yiald per hactere was due tc the higher percentage
of flowering under shade as discuszsed earlier, Increasad
yield under shace wa: reported in pineapple (iolfu, 1303) and
in tomato (udmond gh ales 196%).

An added advantage of the pineapule fiuits grown under
shade above 2% per cont intensily was reduced peal and core
contents, ihusy it could be gseem that as the frult weisht
without crown decrocszed vnder shade, sliulbancously the
quantum of nor odible portions like peal and core of fruits
also decreazods O(n an overall snalysis, no reduction in toerms
of the teifective yiaid' could be attriiuted to plants grown

in shate.

tore than the fruit weight, the @allly of fruits was
considerably mfiumeaﬂ iy shading. IV 13 well establiched
that the high intensity of light favours high quality of fruits,
ihe meldity increased with the inten:ity of shade. while reverse
wvas trus in the =mugar and ascorbic ecid contenis of fruits
(<able 9). luggar (1503) reported ineres e in organie acid
content of leavos growm in shade, The probable seasons for
the accumulation of cipanie acids in the plant parts uncer
shade might ve aither increased synthesis cor the decreased
destruction of the acid constituents under low 1ight intensities.
The blockase In the convarsion process of organic acids to
sugars mizht also Le anothor reason for low sugar content of
the fruits under shade., The only defect of growing pinesy;le
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gspecially undor high shade was the sliiht coeterioration in
quality of the fruitu. livsteoratlion of the quality of fruies
by the appllcation of fertiligers iike potush with a recuction
in dozas of nitrogen right be a pocosible sclution on wilch
further inve.tigations are NOCH:SATY.
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SUMRAY

she present investigations were carried out in the
departmant of Fomology, College of lorticulture,
Vellanikkara from 1976 to 1979, .he effects of shading
on growthy floworing and frudting in pineapple variety 'Kew!
ware studied gnd the following conclusions wore mada,

1. Mumber of leavss produced per plant waz not found
to be influencec by zhading.

2. ieaf area increased especially at the latar stages
of growth under shade intensities higher than 29 per cent,

3¢ The dry metter scoumlation of leaves was not
aifecied by shaulng till flowering, tut at the time of
flowering the dry matier accusulation under chade wac found
to be reduccd.

by The vigour of the suckers in terms of the height
of the suckers, munier of leaves poer sucser, 's' leaf asea
and fresh weight of ‘L' leaf procuced by plants under shade
was found to lnereouse with the intansitics of .houe.

5« ihe uptake pattern of major mutrients was not
greatly influenced ty -hading. - hading increcsed the
pagnesium content of leaves at all stages of ;oowlh wd
nitrogen content ol later stages of growith, lowev r, shading
above 2H per cent intenuity resulted in recuced contents of
caleium in the leaves at all stages of growth.

6, Chloroptiyll 'a'y 'b' and total were found to
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progressively incresse with intensities of shude.

7» In shaded plants generally floworing was unifcrm,
ea.ly ant higher., ihe W&m ragoons for thils has bLeen

Liscu.sec .

€., othrel vas found to have an inhibitory ection an
flowering of pincepple under intonsitics of chede above 25

por cent,

G, Fruit wei ht with crowm was not influenced Ly
sheding. ut the contribtution of crowns to the fruit
weight incrsased as the intensity of shave increesed.
Consequently thore was a refuction in frult woi ht without
crown Wy shading.

10+ Fruit developmontal pattern was not influenced
by shading to any significant extent,

11+ -hading above 29 per cent was bLenesicial to the
axtent of recucing poel and core wei kit of che fruit:,

12+ suallty of the fruits in general was docreased
undeyr shaded conditions, wshile the eciuity of fruits
incressed, there wis a general reduction in sugar wxl aseorble

acid conitanis.
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PLATE-IV. Variation in the sige of suckers due to
shade treatments.

1 = 0 per cent shade
2.~ 25 per cent shade
3 = 50 per cent shade
b « 75 per cent shade
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15722
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April 3742 2. el Yd Lo 614 B2
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Decezber  32.9 17 o6 e 40 nil Ved
JRIEIY 34943 ISR 93 18 nil o5
February 35 191 99 a7 bGa3 P 4
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salysis of varlance for si{fect of shadlng on vegetative characters
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APPRIDIX ILX
Analysis of variance for effect of shadling on vegetative charactoers
(one year aftor planting)
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{at flowering )
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APiBEDIK V
Analycsic of variance for aof ect of shading on flowering
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APFElDIX VI
Analysis of variance for effect of shading on f rult charactors
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Analysis of variance for effect of -hading on crown characters
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analpzis of variance for effect of shading on {rult quality
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Analysis of varianco for effoct of shading on nmutrient status of leaves
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AFFEIDIX XX
Anslysis of variance for effect of chading on mutrient status of leaves

(one year aftor planting)
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Analysis of variance for effect of shading on mitrient status of leaves
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AFFENDIX XIXIX

Analysis of variance for affect of shading on chlorophyll ‘a’, '®' and total contents
of leaves.
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Annlysis of voriance for effect of shading on sucker production amn! vegetative charactars of suckers
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APFBLLIX XV
Analyzis of varlance for efiect of chading on flowering of Schrel trosted plants
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ABETRACT

College of Horticulture, Xerala Agricultural University
éuring the yesrs 1976+d79. Ihe object of the study was
to find out the sffects of shading on the growth, flowering
and fruiting behaviouw of pinmepple variety 'iew'.

she trestuomts consisted of four levels of shade
Vizey Oy 25, 50 an 7% per eonk. .hading was provided ty
- ecourmt leaves on eronted pendals over the plants and the
intensity edjusted Wy vaing an ‘Apled' lux meter
periodically.

mmetMW : per plant was not
inflnenced ty shading: In fact the lsaf ares was found to
increase sspecially o the later stages of growth under
shaie, Dry maiter scoumdation in the lesves also was not
reducel considerallly in shade indicating the capscity of
pinespple to tolorate shede,

karly, unifom end inorossed flowering was noticed
in plamts grown undcr shece. Percestage of flowering wvas
moxisum at 50 per cent shade which probebly incicated that
the shade olersnce itult of yimeepple is wpto 50 per cent,
Bthrel was found t¢ exhibit sn inhibitory effect on flowering
in the case of plants grown under shade above 25 per cent
intensity.



Crown growth of fruits wes greatly onhanced hy shade
trestnents and thapefore the contridtution of erown wedght
to the total frult weight woas higher in the shaded plante.
Fruilt welight with croun was ecsparsble in shade and in
open, Developuental pattern of fiuits was not found to be
infiusnced bty shade Srestnats,

Quality of the fruits in general, was decreased by
shading. The acidity inersased with shade intensity while
the sugar and asoorids acid contonts decressed,

litrogen content Of leaves ineressed by sheding,
during the later stagse of growth, The shaded leaves alse
possessed higher magnesium ani lower caloium contonts at all
steges of estimations Ghlerephyll *a', 1% and total contents
of leaves increased as the intmnsity of shade inereased,
Destruction of chlorophyll in the leaves in the open as
evidenced ty the yellowlsh sppearsnce of leaves was not
noticed under shade,

Fupber of suckers produced per plant wes not
considershly affected hy shading., tuckers procuced ly
shaded plants were more vigeaous thab those procuced ty
plants grown in the open.
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