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INTRODUCTION 



l1DOQl;plo l~ ~1IIti ..... te.i.·r .. ) is c\m ;iuOl"oo to 

be or..e or the DQ'1t uJ{)ortal1t fruits o£ tho wcrld ll In I:~dil\ 

CCH.iI:lOrciaJ. cultivation of thJ..s tnU.\ Cl"Olt is l101tou \.;0 an 

area of 12.500 l.OOW."OG Ul~\liha" Ale., 1~/13)., Qnd l.s largely 

corif1ned to A~Latl c.fxl Y.orela. J..an;e scale uu":i,,1".;a~io::. r..;;t 

p1nea.:;':i,Ple 10 i{e~'uln 1::: naUl17 as pUro cr<)l), a.lthoUi.;h 1t~ 

:iOal.l scula grov1utj aG un 1nt.e1"CrOp o;d.:.~too in tl1C !'lo.westGQCs 

aVa1labl$ tor r;''O~100l'Ol,1t~ otl p1lleapple oou.u1 ue ant1ciIiatGCl. 

CouLter(/ial cult,1v8.:;;.lon of v1nee.pple as till In;;.,,:rci'O!, in coc(Jwt 

8!1 an 11ltaroroj;. ~al."l1," ents buYe to LG .tJlc,r.~,.x to OV'olve 

~;u1ta,,"·le crolJ 6;: .... ;.a~\loLi0 ... t.;;."cya.1qu(;;~, for pir.eapj.l& ~ unrlor 

obru:;.oo 0" ~a.1>i:#iull)·;~~ooO(; OOJ'l\!1t1oUJ .iho ult1matG tlUCCO~S 

of aucb QperjJ;H~nts (i;,,'von,.s 'Ut.,oo a tull undGJ'ntw.41n] ot tl1e 

various aspectE< of ~Jhuce tolerence of t1'liG C.N"JP. 
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It it' v1th the ~ ~.tl ... tbe presen\ stud7 .­

inJ.t1atecl1n the· College of Uortiwlture. Xerala Atir1cultunl 

UnJ:v8l's1ty. Lb. OOUileroSalq accepted variet.y ·i.ov t grown in 

large .scale 1n thG.·tato vas sel.ectod tor the atUd7. Con\rolloc1 

1r:tar;..:]1~1es ot :Jhnde were l;rov1ded using oocowt trooos on 

erected pandals mA'i,nJ,y w1t.b aD idea o~ s1mW.atino oond1tJ.01'l8 

of shade t,O the qtoot po3!J1blo t.bat. pl-eva1J..ed 1n ccoomt 

plantaUons or 111 ttle l:an&3teads. lir:Mer interH1t..ios of shade 

vel'8 1nclu.dadLo st:Li.C t.ho po~m1bl. shade tolerunee l.1.w1t ot 

pineapple. 

~be various a::fr~'Cts studied. 1l'l the i'l~,-)e.."lt iflvost~at1on 

1ncl.uded growth, tlowering, t'ndt deYel.oj~t. prot:uct1on, 

Q\1411.1~y of fra1ton nne U}ltnko of -.101' rw.\;;t'ion~;J. .l:ho l'Onults 

obtained 1n \Jle pI'G,;cmt 0 ~UU¥ ia apect.~ to provlde basic 

1nfof'l;lQtl.Oll Ol'l shade tol.G'I".:lf}C$ and i1'OWth::;ebav1our of 

pineaVl':la under ~e 1r~ aGdit.t.o.n to 8.iilrulrl!:31ng the neocl to., 

1ntUJs2cf)'ll'~ crop mont:l,£:er:.ent studS.8. on P1.uOOlJl)l.e UIldel" sbadGCl 

corldJ. v1on~; • 



REVIEW OF LITERATURE
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As earq as ill t9tat _ •• 4~ u qllOt.ad. IV' 

aekl (1963), &b1oidaMd tbe bJponanee 01 light, t~ 

1D pJ.ar1t, oounuDiU. ••• NlaUoa to d1'7 matt-f)!, P~. 

Aoute tntoren 1ft liS. nlatlons irl pl.aIl\ ... "DlU." 

boVey., 4Welopecl .:II' ~iaI tbe l.ut . .., decacles.tb.e 

bumldl. 01 the fl~ 88fl tbe ..... 01 cl.o\IdJ' .Iathe 

are the IIOst Upo~ Iaolore 08U11.bI Yar1atlOn .. 

in\ensJ.ty of Ught. AlUt\t48 01 ~ •. res1oD '8 also anot.JlU 

factor oaus1q var1a\1c:rD iD light 1&Wen31t7. :.bS.rler (1931) 

reponed \bat the -'&1 .... uioa "",ftC! .. a olOI" .., 
Diabt 'be as low as toR per c.a of \bat reoei'9ld du.r1.qJ 

tbe __ ._son ID a parUcu1ar nuS- durSl1l a 410" of !\al1 

WIlsh1ne. 

Black arJ4 14el.raaD (1911) Wousbt cut t.be ett", of 

l1sht 1n~$1t7 OIl Jll.aD' powtib. tIM plaPts sJ'Otdll& in 

darlmeas were sp1Ddlf wi ... area~ ~ated 1r*~.$. 

sMll. leaves and a hook_ apical .... ~ It ... cb1orot.1o 

col.o\u" due to reduc\1OJ) 1n cblol'Opbfl.l. lb 00IlU"u' to \be .. 

t •• t-ur .. , tJ1e l18bt grown plant,s v .... &reeD With ~. 

shor~_ lnterr.t04es t eQand.ect 1 ... " ........ ight ••• 

lbt811S1t..t... ot U.;bt 1n _\v4Mll 'the ,_ a.bDve aent,ioDI4 

uu ... , v1a., opel aDd daritM •• , also bfw. a .,., U&tl-.. 
on plant powth anti cleve.\op&IeJ$. 
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ett.., o£ sbadiftl .. tNil Cl'OP8 .. pJ"aOUoall¥ lID

deMUOd woft bas .... cloM ill plnali'pl.. The ...an.oua
up.'. of lSs1'* .. sbGde ettects _ plants with special

1".1'.... to t'nUt c.1"'OPS are ren.. her.Utder.

1 • ~'J:.'~ 0Ii ~t)i'A:rIVB etiAiiACl&~

lJoU'S (1903) cord&Ot.ed 8badial eaperimenta OIl

pineapple eI1d e1~1"U8. He ,.~ that 1D pin-.pp1e lone­

and lIOn d.Mpq coloured l-.... .... PJ'OC1UC04 Ub4er shade,

but GM number of leaves p.J!QClQo. pel" plan' did !'lOt "'&17 111

shad. and la ope. He alSO JIO\ie. U. increased oeow~JWlCe

of~ 1..... 1ft pJ.atas ..... 1D t;be open and depostt1oa

of a red co~_t.~ D .. wbicb was totaUv ...

1IM_ sb8c1e. c.;ltJw1 pJ.ataa UDler SO per e" shade.

dwe10peel trbinr1e.r 1... v1th a leaf area lim Vi.\b

COD&Ue.rab1r reduced total 1.., ana per plnn\.

~., (1903) stut11ed. ..~ the soneral eft.,. '
of sha4J..nI on plants. 1'1ant,. ... abnded. COIK11tions

Ub1bttreo ~e4 ~I'owth 01 the IIa1Jl Gis, redU.ee4 UIDbe

of~, l.esse.ned~ of WOOd:; fibre and 4etlcleDGf'

1n qUEl 8J1d Tar1oU8 CU"bobr_.t.es. Be al JO .totmd thd

ac1d1'" increased Vita sbedilll.p~ the plant-a had

_buDd_ S\lPIJ13 ot cal"b0b7o.r.... Clark (190') Oba8..._ \bat

tor lear dfteJ.opLt~t. low UUoa1" of Ugbt was moat

.r_0UI"all1.... 1nt,erliile Uibt. __ cleona~ec1 leaf IftJW\b



re!Nlt1rl& 111 •• ll_ ... ""eke 1eaY_. .t.ue_ (1906) 

noticed increased leat __ 11'1 the case ot salad oropa 

such as tomato. oabbGa. and lettuce ltDder sba4eci COft(11tlOIl'''' 

Gourle)' (1920) reported tbat 1n appl.esJ !lhac11ng result ... 111 

the proouct1on or loo~;anod mesopbJll tissues aDd tb1Jlne 

epld~ cell. in laavea atIl ill 1Dcreased leaf area. 

teaches tmder ~ ~_ 1 .. ~ of 'branches vh1ch 

vere v1l.low7 aDd alerxlor. Qov.rllr and IJ18bt1:ntJale (1921) 

reporied that 8IJl11e leave .......... about 221t per ec' 

ir_tv 1n area When srown l.IIldeJt 1S per cent l1Ght 1ntena1t.7 

than those deveJ.opefl 10 tul.l. .1iRUl8b2na. 

¥.rttJWl.l (1922) obse"'ed b:Lah- oontente of moisture 

and niUogOll 1n sba4ed apple 1 .... 8. V1nson (1923) brought 

out the e1'r~. of ::Jhad1nS on .. IUIbeI' or horticultun1 plants 

such as apt.loo, peacbo:;. ch8l"S7. eun-ant., strawberry. tceato. 

racU.sh, potato and genn1um. .;·;lMlde .. stem. great., leagt.b ot 

internodes, leav8rJ v1tb .l.ar8er area 8f1(i :Jaa1ler C.ro::10 :.;ect,1ou, 

increased. tlOisture content aDd b.1gher ratio of nltJ'OtJeIl to 

carbOt'O'c1J'attis w". all reponed '" bill as r8suJ.ts o£ sbad1rc 

plant;;. Jobobnson (1926) .. ___ .". u&.1!"dner 6 Q1.,(1952) 

stat-ad that light was the _s' ~, env1.rontlet!tel. tactor 

mod,1f11Zl& tJae dn117 open.tna _ o~ ot stomata. Accorcl1l'C 

to weaver and. Cl.o~.Hlnt.a (1929) put1a1 shade was useful to 

1ncrea"e tn. sucC'Ul.erloe N1d d4llleacr of plant otructuns. 

Crockel' (191t9) s--.ad tbd lbilb' 'f18l'- and not the .tIltW'ls1t7 
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deeldet\ the morpbOlo&1oa\ cha.r'Mters o£ p1al'lts. l.!OVWv. 

accord.iJ1g to 4'bc1u01l _ MLU.._ (1963) light 1ntetUd.'t7 bad 

1ntl.uclce on cell .lars"- cm4 d.,fterent1at1oft and UlWJ 

1nfluenced he1ght, ~ 1._ G1_ 8I1Cl the st.ru.ot'f.IN o~ 

leaves and stems o£ p~ •• 

Be1nbart (1963) studiel the etfects of temperature 

and ~bt 1ntau1t.7 on tJ.wa ponb or el.O't'er 1n &rowth 

cha&JDerUe H1s conclusions: WN that, increased lJ.6bt 

1tltenslt.y resulted s.n greatu powth, 1.ncree.sed braDcb1nl 

and 111 t.um iJ'eatrer J.eat area ~on. J..ight iDten31t.7 

had no 1.ntl..ueIlce on the _ ....... o£ leave. produced. per 

plant. ~nd.& &i.-, (1~) DOUC1IC1 the prouueUOIl 01 

thinner leaves bf shaded apple Vee" and. tb&7 COIlClllCl*'. tba' 

the th1ckne$s ot l.eavea 1n opeD COIMl1t1orl V3.!J due to u.. 
1riCreased prou'Uction ot pe.l1sade t1gsues in t..be leave •• 

"'inert and JJoz (1')67) IlOt1oed snatv ;)1;_ el.ont;at101l undU 

50 and 1~ per oent 1ntens1t.1 •• or J.li)lt 1n WbillfalI&OeM,. 

iiOlmgren (196&) reponed that b1sber 1ntens1.t1es of 

libht. during the growth of pluta ~ 1ncreaaed the 

stomatal ~t bul til .. "" DO d.gJd.f"loant ebaDiea 

either 1n ~ length c~ tbe .'-tal. pore OJ" in ~ sl_ of the 

gU81U cells. B.1orlQnan ..... , (1912.>, Gooclcll1ld a Ill., (1912) 

and Cbarloa-~s and Wdld.C,. (1975) also reported s1l:J.J.aat 

effects of .;had1.ng on the stoaaW t~t_s. 



t1bb1'ts' d..' '968) tODDL\ tu., t.1.pWm ot 
, 

leaYu 111 let,tu_ ,., ...... awe" UI.lI:lu' b.1ih l1~bt 

1ntens1tl OOIl.d.1t101W. AocwmU.rlI to tdla, h1ih intens1tJ 

o~ uP- 1noreased pbotoqatbosla. 6J"OV'U1 rate and drJ 

matt.;e.r acCUllUlau'Oft 1 ... iDl _ tn. rupt.u.re of the 

7 

lat1eltus. Wassink (196') tOUDd Ulat in 1r1tl, tJle 1 ..... 

vere alt.erect iD lGllgtb. and. ._ttl as 'the tntezl;J1t7 ot 

l1&bt !'Oae but tho BUr£ .. U'ea vu little affected. 

Anat.om1oal stUd1esot shaded 1.... ~bOvad that the povt.h 

of the \fa~cular bUJ'ldlM vat .leas 1ntl.uencec1 by the 1ntenaltJ' 

of l.1&bt. J aoktJOll and IJeakbane- (1910) reported tha' 1ft CQaa' 

u,'ange ~pp1D apple, lea.t t.b1crkDeu vas Clo:leq corHl_. 
vlUl the 1 .. 81 ot 11,1urld.D&tlOD UDder 'Wh1c.b the leal was 

~ . 
. lill"Ol .& ,..., (1970) aaplainecl the effectls ot 

41fterent 1nten~i1tles of ~, 011 APAalllDSim .if.lariNa. 

ial.ler plants ware ~oou(:ed ~ JO. 16 and 10 pOl' oant 

of tull dunligbt and tne n ...... ib1.nnest at 5 pel' cent. 

lb. w.~t of l.eat vas b1ghest a\ 30 aDd. 16 per c_t l.1gb.t 

ami the largest loaf area .. aasoc1ated. w1tb 16 pal' cent 
I 

11bh' 1Dteu::l1ty. Leavos wore I'ouDd to last long_ _ sbaCled 

P~8I'lh III'ld th., vere sreeD1sb. lD 0Ql0ur and smootb surtao .. 

in ~rut t", .. rouaht &I'MIl1* J'ellow ooJ.oured. 1 .... 

in Uftshad_ plaD\s. lD deep.lr- ..... J)laDts the ~ 81st.. 
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was rfl1aUvGlJ .)lull sa re1atioD to ttbe PZ'QpOrt1cn 01

1oat. l~a~)e1n (1970) oot1ced redUOtlOl'l in the 1.,

1)~ content am deproGslOift in II'OIItb at biab 111'••1_
of lSgbt. in the CQJG ot beaD plaDts. y~ and

l'agi (1910) dhowod t.bat in GlOUIDbel", sbN':lna upto SO

or 73 I*" cent .. b1.aok o1otb die mt aft_ st_ 1eDItb.

leaf su. and~ of 1'-66, lilt redUced atieJD~t

leaf _lbbt. atJd loeat <.U'1 natt.. V~1on. ~baclj.. alae

4.pr.::.u~8d. the IJQ£Ib0I' ot latt....:l fihOOts. webs~e. afIll

CJ'OWe (1911) noticed lncreased. lq* to di.et. ratio.

of st._ .8I3d u$Creaseo st. oavt.\J t1eptba 1D t.be ... ot

sh_eel McIat,osb &.i,;rple. ~a and~_ (1911)~

tbat 4mGrloac liOlq plants (:g.......>UblbU81l bllbR

IIIIOUDts of potas;;J!tw and 1IIlgD881\& in 1_ u,saue8 __

the plants w,,~ gJ"01fI1 at 92 pe;r cd &bade ., t.be st.

d.1alleter got redUced \'IDder shade. "-f 81ae 01 pl.-.

under 50 ao4 92 per CGDt ~llla<laa vu ,... to s.Maae.

au,,'s (1911) ropo:tt.ud tbat ia .... 1 ..-sed ..
direotSW'111sbt; woresmal1_. ,,18k. aB4 t... 1eu8

1tb1stwe Ud nttrog_ thaD sbeded leD'u.

~·uu ar.wl,t..~ (1~J72) ,... ..... sa _
OJ'MlUtlltal eabbase. the reel ooIour 01 .. 1. tIM

reuuce4 .Ulbt sbedi.1l4 1 •••, 6O-VO -.u llgb_.

Cripps (1m) aou.eGd .r«ilced ....., IM'-
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aD4 leaf ~t ,. .... ar- ill shad_ GJ"aIq'mlu. -..ples. 

Ue also tOUDd tba' tile weight of ~s 1r1crea;Jad sl1gb~ 

under rolaUvell l1uht :Jhud1n6 via., vpto 30 per Cerlt. 

~,"0dUct;1on 1n the ac:c~aalation or stru'cb eSlc1al:Qr in the 

unclerground parts ttl:.,:.; anot,h_ effect of nhaii:ltlg. 

~tl1i::fo (1972) found tba' 1D spJ.Dacb, the concer,t.rat1oD 

of ,i-ota<J s1~ 1n the t,1fLJUe. 1Acrea.sed· as roou(!~1011 in the 

l1tibt 1nter131t7 oc()\U.'l'ed. la tIbe ca.,;. of Amori08A 'iolll 

p~antSt 1.0'", •• and ~ (1912) reponccl that :Jbacl1Di 

!'o.jultGd in a ;J~n1t"1cant 1no1'GG28 111 leaf area and. ar8e 
colour of tho leaveD. 1~1gQGa'" Al. t {19'13) IJDt.1oed 

that ~ihada levels bad l1ttl.e QI,r_t em tbe leaf nu.tnd 

contollt of Dra.oar.t\'a pl.onts t eaeept that hiab 3tla4e 1rlten:J1 t7 

inCl"Oaf3ecl JlOk;;n1um and ~_1Ua espoci~ in young 

loave,;;. 

,tl'e1tbal'g aDd ;iOttmawrl (1913) ,~tuc1ud the effect of 

,,'educed l~t inten.;J1Q' on apple tl-ee;,>. by oovanrlg them 

'With nets a.lJd th.,- obc0rve4 l.onc- 1nteftlOdes and 1Ilcl"eased 

tot.o.l shoot 1tlJ'l8th tOler ~ed iDtw1$1t1us of lL:.;ht. In 

e. 30 yeu ol.d .:nll1<::.ttr1o cocoa plantat1cu, the tlusl'W'.ll 

1ntQI;o;~1t..y, ~eat uwOOr and ~ EoUur f)w'face per tree 

weL'G u.reat.er iIlun.JbadOd. trees thea in tb.o3e UDder Ugh, OJ' 

mode.rate ~"baue. Caut1al act,lft\7 88&.;U.I·ec:1 as gUth 

in<.:~.;t V8.3 aloo great .. 111 tlDsbaded trGQs {!lOy" 1';;114). 
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ADarl aDO. ...... (1g?lt.) anal¥B.1 t.b.G shoots rna 
sh8c1ed. 8b4 UIlSbad_ .pl_. ill tea .... ~ obse.l"Yed t.b& 

tot.al Jd.Vob-. ....., ac1ds and oattaS.ne of nevl.1 sba&Ml 

shoO's 1acreas_ at tlrs' end later deOreued. wbeN8ll 

that 01 sboots trca UIlSbaded p1ant.s decreased d\U'1nS tb8 

whole period. Tbe aaparU.e Mil. oont., ot obcots of 

shaG_ pl.allts r-..1DGd ullOlMDae4 \'tat. tell 1ll \IIlobacle4 plaDt,s. 

Free recluoUla !JUlar cont._ in ..,.. 8boots reained 

~e4 but \bat. Ul sbootra tna uawba<led plants ros. 

gradually. 

111ttennt.1al rospon'3e of apple var1et183 to decreased 

l1ght 1Dtarw1t7 00Dd1t1ons vas notiCed by -.trait-herS (1915). 

Dar4eD (1977) r~rt.cd that De1&o1..oUs appl.e traes Cltbtt.ed 

£."UpPfti.lsec1 shoot; s.rowtb and .1Donased. dJ:7 lIe1~;l1t \1IXleJ' 60 

per ceot sharle .vJl'OY1ded bf suaD cloth or s.latr.. !JUt, sbatllns 

vas not 1'wD4 to J.nfl.ueDce tile 1eat area 01 plants in th18 

eaper1ment. .J aok~ and i'alMr (1911) studied t.he eU" of 

sbati1na OR Cas t Q1'8lltifD ¥tppta ~. and 1'0\Uld that sbadSPI 

decl"eaaed the mEbl4" and ve1ght 01 nevsboots, the tresb. 

weight p .... un1t length or .boot, i1rtb loe1"'Gtiunt, 1., 

th1ckness aDd w1l;bt per wd.t.~. He alao notioed 

1ncrea3ec1 ooaconta'at1ons of po\&8as.u. and aapos1_ in the 

l ..... ot ,:lla4ed. pl.aDts. ~ (1971) described. S-.ral 

eft-'8 of nbadi .... OIl pl.abts. ~ to hila, l ... s of 
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.... _at_ "Jr poor 4W'e1OJID•• ~

peu.... Us_ .,... 11 oeU.a.

2. &r,FfjiCl Gil~II. , I'BtifO~a1llHISm Ale Dia:
ax~BR AC(..1}WJAj;101

Gee~, ..... .,u- I ", of 1J.Ih' ..

to\1IId. .. 'be ".8'" .. oIIJ ll plOflQ.otioA iD

pJ.aat,s (C1ark. 1905'). He .,., sua11&" 01

b.lIb latt-a.\7 va. J'eSllt4.lrl iD~ ot~~

aDd th1s etteat. aDUAMd _ in 8""""" plaDU

dU1J'C _i." Ul l. ~.!d.r1eJ" (1929) ........

b;r GardaeI' .. 1Il.,t"sa>. ...",.Md tbD SD seeral the

OODC~of~n,. UDl' .... ve1gh\o'

lea' SAW.seA vitb d8e1'eu Uah' iIlhnsl.t1es u.rau. tile

1nteJwttJ was 80 low tba\ , SU"riva1 ot the pla....

'riesUl' (1929) stated \bat tbe ohlarop1pts in 1.... 'tfOUJd

UDdUSO chaD6es 1n poslt.1oD .eo"", to the cUt.... ill

UihtJ 1ntensity. Be poiDtel Old \bat in 1,-.... ot plaDta

aro- UDder lower Ught, 111\..1'..... tbe plast.t.48 ...

11m1.\e4 iDDIIIIbeI' ud. ther ........ at, J'1gb.t ..~.

to V1e Ugh' nJ'8 8D4 wen luau ia e1ae tJ2als ~UW

~ u-. to,. U6b' absorpUoa. SIIlU.", al-. ('931) toan4

Ulat, ill '-to, fnd.'.~ 1ft total daliraess dl4 an
d8N1op cb1OI'opbrll. obloJ'OPb¥U .....

ill -.1 8 of .... plMl'- ~• ." 1tnDe ..
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}~ (19S1) aacl Ou:••• (1911) ill eocoatl~ (1960)

an4 v...~ "961) SIl '" Hlsra sal Al-t (1968> 10

bollIa1I1'dU-. ¥17d17Gb (1910) 11'1 -letwcet C8ppe1l1rd. ard

~stn. (19'11) in peadles, ~1dJd.• aDil Tonkata (1912) 1D

~..at.... OJ'1!IqJe aPCl IM$"" (1916) 111 apple. bJorkmal'l 8111

~ (1963) nport.ctd tba\ leaves ot p1ants growD a\

lover Ught 1rlt8tW1~1. COAl.IUd 8>" cbloropbyU per

un1t 1IIfiQ1ght QII per untt W1uIle 01 JAat. bit the cb1oroplvll

content per un1t area of 1-r surface was 'Ye17 often lower

tban that or opGIl IPOWIl lea"'_.
,..,. D1mber of~s wb1cb were larger ill

slz.. oon~ IDO" Ob1oJ'opbJ'U vere no~lced -1n lear

sect10ns of shade p'l,ants _ BlodaDaD ...... t (1 ifla).

,keno (1974) tOUDC tbaS sbe4i,Dl Nault_ iJ1 th1cker iJ'&Da

in oblorcpJ.ans of app10 ~... 'J:saDkot'. sW.., (1916)

obs.... tne occu.r~ 01 lee$ WfJlber of chloroplasts

but at the same \1IIe 1arger in st. in sbadec1 1.eavo8 01

;:'ha41ft8 o1t:.h(:rr 1>&rt1a.lor CClCrfllete va:} f'ound to rGdUc8

the CO!) a~ali.ld.lat1orl erKl th~ the ava11f~b1e constructive
e;;.

material for p1r~ts (lJUggar. 1903). ;ib1.~·1. (1936) as

quoted. by Uardrler .. ~.'} (195;P. reported thatg~

with 1ncreas1ng .l1ght intentJ1t.les, there would be ..

1nOJ-ease m the pe.r con' 417 .... sa VQes. the difference
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in pboto~eUo ...... trU&:~eated. .. all apl __ loI1 

of cluteronoes in tbe tol.enmee ot ditter_ species 

tor abaete and lJ.db' (Gardner .. .al •• 1952). 

~ ursano'V (1956) atGGId tJlat Vle direct pro<.a1Cta ot 

photosynthesis were dovanu_ on 11lwnina.t1on, age .xl 
, 

llutrition of the plants. 

l_elson (1963) obs.... ill J1IIIa JltmlJJ1a that low 

light intens1t7 dul'1nS tM tnaaloeaUon per10cl bad. 

11tUe or DO effect OIl traMloeeS1OD. i1e ult1lla.telF . 

conclUded that liibt intens'i to" bad flO 1.ntluence Ott 'tbe 

mov-..ent of materials t:a~ tbe st_ OJ' on acUY1t10f 

the roots wt rathar OIl tile pbJ-do1ogi.cal state of tb8 

shoots. uastl'6 (1%3) toual • UDf"G.r .t·ol.t1t1Cins~ betweal 

photosynthesis end l.:lgbt 1ntflflaltr at lev intensities. 

~ .. .1.1..., (1964) l"8pOne4 .. t ill 8iJi,le, the l"&t.e or 

photosynthesis increased ntb :t..Donasi.ng Ubht iDtGrullty 

upto tulJ. sunUght. P.1sra" Me, (196()} Observed 

increnseci dl"y oai;;.t.er plOduet.loIl ill the unshndoc1 1.".. of 

bouga1n¥Ul.ea plants. 

Wassink (19<>9) c<q>al- ... JJbotosyDtt.\Gt1e errWen<.7 

of I.ri.s plantn snwn at 12 pv ... aPCl 100 per cant 

daYUgbt,. he obtlQfYoo that tM pbotoayntllGt1c ett1clOllGJ' 

deoreased nth dSmln1sb1Pa l..i.aI'lt ~lty. be also _Uc_ 
tha, an o1gbt. tol4 1aOrease (12 to 100 per cent) in 11gbt 
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1ntcm1t7 on1I' nsulW itt vebl- _ W01tlht 01 1.....

1skC (1910) reported ...t.. apPle, loW Usbt 1Dtenatt¥

rOHuJ.ted 111 .reduced~ rates. lD kobl-....b1

plants also 31mS.1ar vuv. .;J. as reponed ~

F17clqob (1910). 1D~ \0 thes. reports, Lcitm (1970)

ObtH;;U'V. en 1nOr~__ n'" ot ~toSJ11tb~s1B tIIlC1er' oond1t1oM

of low lJ,gbt :Lntenal. i8 Ul8 sba4ed. 1".8 ot 1e.1JD1r b&NIl

plants \iIt»1, aJJ.Mll._la)·

t;.amat.. (1911) .rtIPWtttd that 10 black curn.n\ seecU' 'G8,

higb... ~, 1Dtet4s1t.J .ruu.1ted 1n dry .·:",t.. 1Jlcnasea 01 .....

pel" cOllt 11} l.-ee, 10'1 »U' cent 1n Jtems 8lJC1 16+ per cerA 11'1

t-.oo (..;;;;. flOvWOI:, in ooa. .fMKU1J~s the 'best gl"OWtb in t.erma

of d.I7 uttwp~ \lQ.$ obtain. v1th ;0 pv ca ltibt 1".
(

(,.U;'e1ra 8D4 ;~'ft, 1913). Ual'de (1977) .r~ed that i.n

.....11l;1oUs appJ.e. I'.l4J& pbotoe7J&bgs1s of ·;jbad.ed 1..". wu 0JiIJ
/0 pel' cent of that of unat~ lea~. !)uk nilJ)inUDD

rat.e~ were also bS.sh- 1Il UD:3h ld. t;baD ill s.badld 1...88.

7> • tiE..,.iSCt OI'UAl)I!i'U QJ J'''_hIUl

In the process of now. 'bud. 1A1t1a...ion and eu..rreraltu- __
t1on, ..n. lell6t.b of the light p~1ocl (pbotoponod) pltq's V.

~st. 1&nlortant; role, ra~. tban the lnt-enu1t.y of l~h'.

~al'k (1905) ;Jta,.tlOO that~ bud fo.1Uatlon was .. process

wb1cbrequ1rea relat.lv~· bJ..ib;cr intens1t1os of U&bf#.

flOtflWfW. ef.\i.'Uer ro1.o.rt.s bI ~ar (1903) pointod 013 that

nowea-s mi&bt c1""~ _ p1aIlts -'posed to panial ~,



also, but generaJ.,ly 111 st.1d1 cue it woul4 be delar_ 

con;id€trr~bl3 • ;JourlAO' (1920) ob$urved ~bGt ,;i18d.ed 

6er8ll1., nasturtium and tomato pl.arlts put fortb 0Illy 
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rev Llo;j~ eowpL'ed to t,ho;;;.$ 111 the open. hrqbW. (19Z!) 

reported t.hat, in apiJ.e arid· p.t.ch()~t ~bad1n8 r6'3ulted iD 

decreaned tru1t bUd formation aDd he aasoo1at. tb.1.e V1t1l 

an increase 1n wl!lWre ab1 total nit.."O@_ 6lld a deer .... 

in fl'_ reduc1ng ;,,'UIJ;vtal.lCGS, SU01"O:,;Q ~ starch. 

V11l3Oll (1923) o~o;:voo that f'ru1tlng in ~lants lJ..ke appl.e, 

peacho:z, cb.~, currant, :)trtJlilbGl"I'"/, toDato, rau1.Jh.t 

potato one gera.n.1'utl nv;,:;x·a.. .. oo un1tOl~ le.:;s under uba4iecl 

cor"(U.~1ons oseel;t 1n rWJpbeI"l,,:/ .,.eavel" an4 Cl~rlts (1Y2'9) 

pOinted cut thnt a. h~J.lt '3hade ¥no otJ.;;,loyed 1.n forcl.nc 

rbubcrb one in l)j.Muprl.e culture, O:.il;oc1~ 1%1 ,Fl.(u1.da. 

~ert Q.J'lO liOlt (1967) HpOl"tod that l1~.bt int.on~~1t7 

of f15 atX2 ;;0 vwl/ cant w.u"~ tho f01'Cilli portod bad no 

eflect on nQikI' t.ud U1..o1't1on. b.Loan ;;1ze or foi.'oirC tiM 

at ~ J&.r'll~d.Ql"t."" .L.l(.lWevuI·, ~O "'~1' cant 11gb' 

:Ult.an·,i.t.7 rc,uJ.tac 11 .. deel"~oo num'be.t' of f'lowel" wao 

c.nd ?~ i'el' cent l"ml :nci oi'.{'oct OIl 1ll1t1a;~.1on of f'loweIt budu. 

~ttroGe (1~/t9a) OD.JC.l.VOO t.hut 111 e,;rapeG. an 1nCrease 111 

l~ht 1nttf:i;i. ~lt,y 1'0;;u.J.".\'J(~ in an l.DCrOO;;:iO 1n tlotb the ..... t.. .. 

ant!, the $1~. ot tl.'u1tlltG pr~nu.tt.. hUo1 J;"i .~ •• ~ 1910) 

re}:.ortoo that 11'1 hV1!iJ.ua.1l.a :3J11DfDa ;.lar!;.. . t tlover tud 
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formation was depEOlent on 11t;ht intens1ty and did not 

OCCUl" on the more nh.."1Iied pl.antn. Guyot and ly (1970) 

stated that the presence or absonce of light had DO 

effect on tho nowerir.t8 rosponue of .i!ltbJ:el in pineapple. 

l\aname and ia.g1 (1970) observed that in cucumber ,0 

and 75 per cent sha.<:l.1nS lowe.i.'ed tho propprtlon of female 

flower;::;. Fears and l'oo.ches when shaded by' nets to provide 

25 and 75 per cent ~1ght producod cOD;_;iderabq lover rumbar 

of nOWGrs onl7 (~app~in1 and Monastra. 1971 I. lioweYer, 

in 11.& 9.Pas:a) novel" product1on was reduced onl7 under 

very he8V7 shatl:1.ng (92 per cent) as reported b,y .rre\a aDd 

Dunham (1971). .Boula'&'&w'., (1973) provided three 

different levels of D~ via., 25. 50 and 75 per cent 

for anthur1ums .ihe greatest IlUIlber of tlowers vere 

produced with the lea~t shading, but flower qual1t, vas 

better under heavy ~'had1.ng. buttrose (1971t) obsUYed 

reduced nucber ot nover buds 1n1Ue.te4 111 ;;haded ,rapes 

and other hort1cul.tural plants like apple, peache., p .... 

ap.L~lcott blue 001'1")" , cocoa I.U1d cotfee. However • .B07er' 1911+) 

~>eJ..>Ortad that in cocoa, the number at tlowers pel' tree vu 60 

to '10 per cent lllOJ.'8 in ooderatc~ shaded trees than in 

\Ulsf.taded ones. 

;;tre1tberg (1975) sta~ed tbat 111 apple, the etted 

due to reduct10n 111 lJ.gbt 1ntenslt7 w. up_ 26 per .... 

on tloweri.n8. fruit growth and y-ield wu Dot. so paU. 
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low lJ.aht 1ntens1tr ~ t1owe.r1rJ& ill carola Y&l'1e'"t 

bu\ at the S8Il8 tJae lD C'f. lU.*tra 1.ftoreuer.l tl.owar1Jll 

vas notic~. Ii1luin' 1976) l'OP01't.ed. that. solar ra41at,1oD 

d.rect~ atfeot.et\ t.be 1r4t1at1on and Ut'!'fU"01ltlat1ol'l of 

floral part.e 1rl 6repe V1nos. ~'ackaoJl 8M FalJner (1971) 

al;3;O observed redUcGCi flower bud to .... tlon 111 appl.e b.f 

shae1ns. 

It. ~.,Fl ;.;,\:.i: (J}l' liADIlfG Oh 'Xl~JJ) AW iJJJ .. J..lJ.'Y CJP' .hdJl>UWi 

~ba(U.rlG axpe~ents ceDillOted OIl J4,neapJJ.es an4 

C1~8 by J41t'e (1903) reveal. tbat '~t ~dladSna 

"g~ l"aYOU.I"&bl. tor piIleapv~. anci was UfltavO'U.l'"abl.e t~ 

c1trus. i'1.neaI}I11e prodUce ~ per Calt 1ncrease4 Yield 

WlCle,. shade vb ..... 1n c1tl'U8, 7ieUl was reducecl oons1d~ 

bUt. the quaUt7 vas the t1nest lDier ~bnu.. 1Ju6sar (1903) 

po1nt,e4 out Ulat partial. sbad1D& vas one of the tactors 

faT~ ilDpl"OVfbd tat,un and. .aallty of the produce. 

Clark (1905> reported tbat the ...... cont.ent in plant-a .. 

clepGDdent OJ" ::-he 1nt.OIlSit.7 of Ul,.naUon and. he obsel"Y84 

that in oo.ts and so.rgbua J4 .. ~oot, of ;~a.r vas m 
proportion \:'0 the tntens.1t.7 ot 111 .... Uon. 'Ja.aeD.b,Y (1906) 

repor~ec1 that the period tor sMCl Pl'OQuct1Oft was ft17 III.&Ch 

hastened 111 certa1a sa.1ad crops such as ~ett.uc., ca.bba&. 

and .... to under sb.ade and also lIJ.1lJous plant.s 'WiIIII$ to seel 

yel'J' DlOb earUer UlldGr sba4. the 1& op_. UVel'hol.ser ('911) 

olls~ed that 18 tN1\ UOJa Uke Qp10dt pears. peaches .. 



18 

apl'1COU exclus:1Oll of light trca tnd.tu re.JUlted 111 the 

complete absence of C<ll.our deYe1opmorlt. 1.:al.dVel.l (1925) as 

quoted 't.Jy Ge.rdnv .& ~.t (1952) I'GJJOrtEWl that in grapos the 

8IDOWlt of sunsb.1n8 received du.r1llg the ,rov1ns Deason W88 

"17 1q;.ortant 1n dotGl.~ tho l'JUt;aJ.~. ac14 am the 

astriDiont contan~ of \;tbo 'berries. 

;,.lll1tb ti .QJ.., (1931) observoC that b88Ged peaob fnl1ts 

~e'fGlope4 a h1Gher Cf<.rotC4lO1d COlltant then the ~od. In 

tOliU\to, the carotenoid content was h1gber ill the UDbeete4 

fruit!) ot reel nenhoo vnrlet1eo, bat. rwwse vas the condition 

in tho case of yell0'4 noshed varietus. In aU the yu1et1. 

trJ.et2 axceI)t one, a h1t;he:r "B 111 tho case of ~_ t.rutt. 

than tbo ~ed onos tiQS noticed. 

ll1ah 1nteu~:i~ oj'l1t;bt favoured h1Ih QU811tJ' aDllui. 

,;1se 1n fruit.;.; Uk. 3.l;vJ.e (weaver 8I'ld C1f1llGlltst 1929>. IU8b 

1DtQn~1ty or li,~ht baCl ol.co bee c1ted us tavour1Ile frui' and 

soed prcx.'Uct1on 1.n a woOOr ot torent Vee 8pec1 •• 

(birley, 1932). lia.rd.1r..e ~ .... , (1936) obsenc blp. 

a,ocorbic acid contents in orqe t:nd.ts Vb1ch vere w11 .. s_ 

to tltmUrillt than tbo~;o wo:-e Ilbaded.. [-.,.race scalcU.ns of the 

fl'U1ts of apple, ~ tlbl iooseber17 ba4 bGeD rapo",te4 as due 

to high Ught 1n~eun1tty l\V l:bUt uDi Local, (t~l. 

varCrl.J1" .ii .aJ.., (19~2) Dtatad tbat tNit set.'l.n8 ill uu. 
l)elicious apple w-!; clc:::~ cone1ated vttb the ~ .. 

ot radlant GDor&Y 1"aca1vcd du:.r1a8 • period of no to tb.ree 



w ... ~~ toU.wSatI t)Jae8CldDl. _- ('9!11) 

susgested that 0. balt 'Ib.aAMd ""ltlOD rd.ght be useM 

am tavourable for 8tiCCGiSstal piDeappl.eCNltwe. 

CoU1l'ls ('960) QIiPlntn«1 \bat in piIleapi;le • "IfJr7 1_ 

peroentaae ot ~t. VOtU4 "\aRt the p1ant growtb anA 

reault 1I'lu..u t.nt1tn of ~ qnallt l, f,itAl"Ucu1ar17 
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i<U1 .. JiG.Ld vas obt.a1ne4 trca p.l.antn rec_~ onl¥ ~5 

per cd ot full. SUIllJ.Ght 6Il4 t.beJ e&.Pla1neCl tho reason. 

tor l8v ,-1e14 Ufj(!Ol" 1noJ·easec1 Ught. Ja "'broe WflYD Viz_, (1) 

00IlC~ w1th t.he ~U OOf,$eut (2 J coneonl1bg v1t1l 

the _tar suppJ,- or (3) ooacend.r.c dtb 8I'1IIJDG act1v1t)"_ 

r.oleaN kOV (196lf.) r • .rt.ed Vlat in l::u1t. s tiUch as 

apple. peaches and pGars blab. Ult.eslt7 or l1gbt ~ed 

h1sb 4.uaUt.7. fie Oboorved a 20 to 6S per oent reducUoa 111 

tbe y1eld of 1alt.erp1ented ~ CJl'Op$ such as soft tN.1t;. 

and vegetab.18s du~ to ~11f1"1c:l.' Ush~1rig ill the abode 01 

the u.s. Al-raw1 (19«;) b:vuabt. out the ef.fuct~ ot l1t;b\ 

1ftten$1t7 OIl t.he cauallt,.v o~ apple fJu1t.s anti flRmci u.t the 

8Il~ C(IIlt;ent ot the Indo.' .... correlated pclslU ... _ 

aDd the cbl.oropbJU aDd uc1o. .... 8 acat1vel¥ vlth li&ht1ng 

dUr1nl tbe "8i~tlat1"'. period. _t.te l11taBdnat6Cl t1 ........ '. 

COlltatnetl more solubl. soUUs &1.80. ~SfWl (1910) NpOI"'" 
that j.D bMna, the pl.~ P''OUUOUY~. vas idibv iD plan'_ 
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II'OVI'1 1n Gp8ft tJlaD u.ae 1I8d ... tl1t1Uaed Ugbt.. CU1ieehild. 

aDd Zqabed. "910) toaDI tbat 1D Sft;pes redUct,1on ~ Uiht 

1ntens1t.l br 10 por ... ecmsi.dAN:uq lowered the sua­
content; ot Wl'r:1e.s. ~had' ...... 'buDcbue ~, "1~out 

soae1lli t.he l.eaYG$ less" ool.o\IJt pJ.'Oduct1on ot beJT1es 

bu' not 1nnu~Gd tile sua ... tent of bel·r1e~ • 

.1 ,ana- arXi ! agl (1910) observ_ 4-.layoo erG 

s~n1t1cf:Ult~ roduced yleld.. ill ~r when :::badec:i • 

... ~ (19'/1) repo~tQ(l that 1Jl para.., the prop. red. 

coloUr dWalopmont of b1d.'. ftt4jJI1red Ol~ 25 .. 30 pel' cd 

ot DOrtlml _llgbt and ~ .. ~ 1"ne &oat. affect .. J4ara­

by Ugh' 1rltGD.S.1ty. ..1.ntftJllk.. Jbo1"8 (1911) report .. :c.! 

l"'edUceci amount3 of fl'J(:orbiC ~t solubl.o ~ol1es, total 

!Jol1d.s and 01 t.r1c nc1d in ;Q.trawb0n.7 undQr ;,;:hooed concl1 t,1oDa. 

~~1d1ng al90 lowel'ed thO pH aDd ,,~ the redness of Ind.'_ 
in strawber:)". ln~' Orqe f~1D va~·1ety of appl.e 

0haded tru1ts were SLmllv 111 d..ae ant }.to~;liieJded. a decl'"easea 

J"at1o of Ca. to K (.Jad:3Oll .. .A1., 1911)· .cl.·ota aid 

wmmam (1911) ,Pl"OV1ded 50 per 0811' aDd 92 pOl' cent ::;ha4_ 

to AmenC8l1 iiOl.q plants 8hI1 ftJurJ4 that soluble .0- huotose, 

C, L -glwose. ~,.LJ-gl\wo"Ht and -.os. l.cwel.:.:J were not at.t'ecte4 

by shad1n& but at the o-.e t.s. n.. .. lacto~~. 5.,riCraased lD 

shaded plan{;s. ~bgt.or and c;rove "911) Ob3CU"VOC 8ft 1ncre.u_ 

length to d.iamete1" l-a.tlo ill ~ appl.e tl'U1t:;. 10 $Ve. 

\ char". fru1ts CO'YerGd Witl1 alDj .... IoU bass, the soluble 
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solids OOJlteDt ......... be IIlob IBM thaD t.bat of 

aposGd .fnd.t,e U..., _ lilt-.r1en, 1912). 

fJor- (t91't) s'atorl tbat 1ft cocoa, the truJ.t set was 

related posJ.tlvel¥ to ra1ntaU eM. ncat1veq to t~ 

ancl red1aUon. JobDlOD 8DC'l "" .. SOD (1911t) observed. that 1D 

piDoappl.. top qval1ty r.nu. ...... pJ'OdUcecl UDder ccmd1t1one 

ot a'tl.ul4ant sunsb1ne. ~U''' aL.. (1916) notioed that 

uposed fruits o£ IIallSO pos •• ,eed 1Dcreasod t.tU1t ve1g~. 

higher poroQlltage ot e.d1bla _tt_, h1ghv T .. ~ and bett_ 

1"&1#108 of &l\lcOS$ to ~.. .. sugar to a old oontents. 

DJ.kaD (1916) prov1d.e4 anUlc1a1shades tor ,he buda 

of grape aDd tcuD4 tbat sl'lMJDI 4epreasocl truLt1'talDees. 

RedUced tru1t su. 8Dd fruit-l.' nt.ent1on were resulted 

by sbadlnc 1D eppl.e (~ackSCll .... f'al.Iuw. 1971). 

Jaoksoa" ..... , (1911) l'~ ~ sbad1nl reduced but, 
sJ.ae, col.our _ the ~ of IId.B orackina 111 apple. 

lruS.ts growl) lIJt4v abade bad 1 ... dq matter and starcb pw 

unit fresh ve4bt and. lov .. rat.. of etl'q'leue and 002 
pro<..'UcUoIl per Uld.t we1&ht at ban-e.. Gbad1.tli \fa8 touaI 

to ban DO o£:1'8Ot Oll tbe ooaceu..rat1oa of 14, F. K, Ca aD4 .. 

ill the trults. KU..,. (1911) ......... deoreased soluble 

soUda ant anthoc;v'an1n coot ... ia _ere .. grapes _ tJbad1Q1 

upto 1 S per cant. SowevGl"t 'brU Y&1ues were not .touncl to be 

1nt1\l8DOG4 '" the interls1t.J of .... 



MATERIALS AND METHODS 



:be ilm:tst1iaUollo ... eenUd -' m tbe COll-.ge 

of Bort1<Nltw'., V.U.d.kk..... c1urS.IlI the :years 1976- '19 

to sWd.J tbe pow\h and tru1U1lc ~ of p~ 

yar1.,- ... .,. UDCl_ dUrer_ ~i"," of shade. 

Uxl1tons suckers vltb 1'" to ao l.eaYes were U$e4 f_ 

plantuc 1n AUgust 1916. t_ sbadSDI vas give at\er . 

the suaaers vere e:l\abl1aheCl. sa 00t.0bV 1916. lbe trial 

was l.a14 out ill ran4c:Dtsed. bleotI d.eaiaD v1tJ1 tov 

treatments arJd UTe replJ.cat.1oll19. &8Oh treatmant. 

cond.sted of two ~ plal.&a V1tb !to plant:] pel' 

replication, pl8llte4 in tvo tNaobee o~ two rows ... 

ntb a spao1n8 of 90 em bet¥ee Veraches, 60 011 beWuea 

rows arlid 30 OlD wit.h1Il the... AU tbe plants .roce1ve4 

unUOJ'Jl cultW"al II1l4 III8DlXrlal ,...u.oes t.~boUt. the 

COUl"Sfa ot tbe s~ as per \be ~t1ODS ~ I.eral.a 

Agricultural Unlver!J1t7. :the 4u.raU.on of the plant crop 

on vb1ch tbe ob::iern.t.!ons ".. ... tI'&$ 21 months 1.e., 
troD ~"U..;t 1916 to Apr~ 1918. 

1.:',. .... , 

.l.'l"eatmd 2 

rr_tment 3 
t~,,, 

o per c_ shade (open) 

2~ pat 0" &bade 

50,.,** sbadftu4 

1, peI'''' abade 



Art.1tic1a\ gbadiltl to \be d.ed.N4 lwel was o..,..Md 

b7 plac:i.DI coooan 18Iir .. _ ~ pudall. PaDdale 

vore i.nd1V!dual17 eran*, lew tIIICh ~ plot _ nunc 
wood_ reapers 011 posts. ,;.att1o.1.el'& apace was ~ 

bet,v .. the Uea.Ulents so \bas aWal sb.ad1n6 of ~. 

vas minimised to Cbe ... pcs.Die. the rolfS ...."... 111 

east-vest d1reoUon 1n all .... plotd. CoooIalt 1 .... 

were used as sbadinI _~en.a1 to 8S_1at_ IIOr8 OJ' 185s 

the eoDdIt.1oD8 Vlat alsWd AD 0000IJU.t plant4t1on~. .All 

t,Aplab t IMz metv was used t. IlUUsUDi tbe ~ta 

intenslt.ies. r'~ cbeok. w.-. ... tIu:'oUijl'Jo\l\ tbe 

cours. of the GXP~ to __ \aiD \be shade 1ntGnslt1ea 

as pat t.be 4Gs~ of the ~. the t.rial v_ 

a'enG_ not to aWdJ' tbe pvtontlillC8 of pineapple urtder 

dilt ... , ve.U 4et1Dec1I'U1" t4l.iab' intensities wt to 

.0.1.Wf:'0 the powtb an4 tnd.,,,,, bab1t,. WlClv dUt~ 

shade CODdlUons that td.Ih' ,""aU. ill a tw.l.Uple c.I'Op.piDI 

.field. obaenat1ons ooavt.sted ot t;be ... etat1 ..... 

j'loweriDI aDd trulUns obaraoMn 01 tile plaDt!l. rt. 

details of the obsert"atiOmt UCl .. Uae 1nte;ryals .. 

vb1ab thq ware made are 81v_ elsWbel"e. 

UcbtJ' plants trca .......... COl'k>i9t.e4 tbe 

;;8I1plA tor reeo~ the ~ ftiI'»l Ind.' ebarM\ers. 



FIG 1

L /I,Y - OU1
RS

Tr 4 IL- , --1

1--- --------l

l Trc

Tr' 3------_._----- -

~--~---_ ..._----

r------

Tr :
'----------

1:-.----..-,

• Co • If

Il 0 0"

A; 0 Q It

~ _:TL~::J

)II- >' )l.. ~ >to bc,rdcr ;Jlun~5

'Jooou'J'J Tr", .tn t.:[,t ~lur"s

....~r-'.r ,,-. 1("': q~-'(
Jr-' _.'_ ,rlj J~ ,. -' '-A.) ,

I Tr 1 Cperccrit 5~,~(~e
I Tr 2 2.5perccri~ s' U(~e,
I TI 3 50~Ncrrlr Sli(Jce

Tr (~ 7Sp erunt sflude

l
ITr 2

---l r-- ----1

I I

____ )r" ~ " -_1 1 Tr : J

r--------'

Lc~_ _T_r1----1

Tr 2.......- --- .. _----

r---------- -

•

i
i Tr 3L .. ...<

'------'----.--._~,---.--,------------ __lo. ~



;b8 planto ;gel __ ... 11IOOJCU.Da obseft'at1ODS s.n • 
w-.tcant. were frca the Iau.lde rows. '~b. out.Jlue lOWS 

wore It .. 0p\ aD llordOl" plant._ (ftc 'I ODd f ltl.te .;.) • 

... he otuena~.r...:; CCl ",~otaU" ehnJ;-actel'D ort.h8 

::~uciL . .;r$ WG;'. l'eOOrdQd at fj!a"\Je ~a1fJ v1a.,;;1X f.XJ'ntilS 

afttur ~lt'5SlU1~. Que JQQf' afttJl' ..,l.ant.1nt; Cl~O at tho t1r... 

of tlcN~.r~. 

1 .2 !! .~, ;L_~-Ar .. 

.i\.ho l.or~tb ... .d bi'aat1 '::.b of • Li' leaf 1.e. t !ftb loaf 

(,'ee the \off or t.110 Iilont V~·. take one • ~.' loaf a;:.-. vas 

w(tf'i~«i out uoJ.n6 tUG 1\:Jn:l4a. lOfl(jtJ1 X b1'{nltH..h X u .7a, 
;, .·e.1;:!la"1 ~!h:1tt.I\ .Qi& ,~. t 197(;) 

....., ~"'.,. 'i:' ',' -. f'~ 1>"\; , .• ',i ~ ,~:.. Cit"> '~:' 'i.;;-.#' 
t • .,) $.~SM,.;;}!/A.a.fg~,~ ...... ~~~ .. ~ ... '''_.~ 

J.:he '~,' ,l8e.'VG;:' ~'rw Vltlllt.o ~""'hed tn cj..ifel"el')t, 

tr~ent.~ vel .... ~ULloo (."'Ut at t.h·"" sta.:..;,-:; ot ';I'OlJith cm1tionUCi. 

Cttu'l.1er, ~ Wo'.io1r l'l'C,':b ',~;{! dt1 ~;;.btt~ ~'OOU';:'\l~ UJ$"\.1vlt~'. 

ib. dl)" wL.J.l':', , WI,i)". <;btt~,, _ _ ,,~ tilo ..... ~. 1.008a 1Il SD 

a1r ""en at cd' .... t1ll. ccnot_' w~tJs WGi,'.obtaintKi. I>"", 

ttle j·,i.· ... wb ar~ ~ ~,,J~.lu:;). ,pwoent •• w7 wi,Jit oj' 'l,t leaf 

WWJ VOi'1$ed gu.t. 



2.1 ~ .. Qt. SAti leAk. am .Qaf~ 
.\.'b. date or euergence of 1ntl.oro.$O~. W&!l recorded 

v11_ the 1tU'lol'~:Jctmee JW:.'t ~ecl out 01 tile heal"t of 

the plant and nw:td.I_ of d&¥ s tal ... Oll ina plunt~ to the 

emert;ence of Ultlore.;cence \Ulf.\Gr 8aCb tr~ntL<tl'lt waD VO.ri{ed 

out. 

2.2 ~·tJn_fM;;L.PL.n.mwrw 

in. percentage of .t'lovel'inI vas .l~QC01'deC; at. v~ekl¥ 

intO.i'VtU.s CO&Uf..lOllCinG from the eaer&.~ of the first 

1ntl.oro:;cence untll flOwer ",,'-.0. 1n the trootwQl;t.s 

W&ll completed for the part1w1u- aoasun • 

.3 .1 ,ilil SiMa..t:Rl: ~'~Jil It tJWJ; 

lhe time t.akCl tor tI"U1\ 1latw.~1 ty Ul term~;: of tbe 

number of days .f'roIIl the _l'ience of 1ntloJ:fJ:;eence to 

haJ"VEhit; was rccoNed for ~ t.r_t.mellt. ihe hw:vGat1n& 

or t.ru1ts was done vtlGll ba.;al 1/3 port101l. of th_ turned 

yellowish 1t~ colour. 

3.2 in.,. AIY~a 
1.:0 stUG7 the tl'U1t devfllopment UDUGr dJ.l t~fiJl'QIl' 

t.reatments, ten 1r4'l.oroJcencu rn. .cb. treatment WGre 

ueparately t~lJed. '.£bo l .. ~tb. ot fruit. anc1 the i1rtb. at 



the midQ,1e were l~GOOI"decl at ~~ 1ntwn.ls t1ll. 

the yalUes boo .. oon~. 1'" IIGIWW". __ of tNtts 

,Jtartecl OIl '+-5Ul d.a7 att..- tlower1na. 

~.3 ~~ 

'lh. £.ru1t v'$1,...bt V1t;h and V1t.bout crown was 

reooJ'ded ~ed.1a:t.elI' a.1'01" han'est. 

3.4 l~~_~ 

.1he lunsth ot tbe tnL1t aD! tbe bNadtb at the 

mc,dle V8J~e rooorded 1"OZ "81/'1 tna~t. 

j .; ~ di.ilAi III'i QIRIII 1., IlUlPbK 

i'he ~ dei;oched ina the fN1t~l were ve1gbe4 

separate13. 1b8 JlWllber of ~ ... elJ OIl the o.rowns vas 

oouateti tor eacb. troatDGrl'. 

:3 .6 i<NlIta. Naa 
~l1J')g ratio Wti,J wori~ od b7 d1vl41ng tbe leogtb 

of tl'U.1t b7 the breadth at tbe Iddd18 ,l-iort1oD 

(kantast1co, 1915). 

3.7 .t_ "t;~ 
lb. fruito W'er'8 peel.ed oar~ ahd the we~t 01 

peel W&$ recorded tor Gacb t.na~. 

3.6 ANi OiiWS 

Aft_ rlfW91nS Ule pGtll abd \be ... ,.ttl CON ot tile 

tru1t, \he wa1ght ot the pulp vas .reoor4tKl tor eacb 

,,.eatm4ftt. 
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3.9 l.etUpnl11. ,.JJt.ua 
lb10 ratiO WM worked. wt. bJ' d1Y1d.1D& the ve1t;ht 

of the. peel b7 tbo vol.i;tlt ot pulp pel' r:'U1t; for eaeb 

troawJent • 

;; .10 ,!i!tJ..t\bl gt.., &oa 

'1'118 ltIeJ..Lht of the core pel' fruit was recordecl 

1'01" each trea~t • 

.;.:,10 r.ru1t., ',Je,t'G an .. "\lJuEMl tor tot.al. ,jol.tibl.e oolJ.d:J, 

o.c161ty, a:,;corb1c a<:1d. 1".1Uo1ng $\Iia.r,;, nonroouc:i.::l6 nt.ag1U"'$, 

tctal 3\JtiU;J fJDd, sutJar/ac1A ratio. .i:be meth.oQ.3 in dQtall 

n,r 8 given und~r 8Ct101l t;. 

i.'be nutriatl.t. ..:t.at,us ot the leaves \j'BS a.it1lilt.tt._ at 

ti~'oe int.'.il"Yals viz •• ;,;1& munt'Jls at't,;r ,PlGnt1.r"", one year 

after plaiting ar~ at t.be tr1ll8 ot tlowOt41ng • 

.t.'he chou1celantU03s1S to,. We det~u"01nat1on ot 

lit ;; t i., ea and lig \i~ cfu'r1ed out. 

Lur1r~ the ~Ol' months (hbJ"WU7-A}l'1l), a 

::;tr:UdJlG d11fe::4i1IlCe was not1eed 1ll the 1nterL1t7 of 

gl·~on colour 01: lea.vu..; bGtvueIJ shad(K1 a:nc1 unJiJaded plQnt-o. 

':hG4'ofcH'e l~at ~;~..Les were OOlleotad C.U ... 'llA6 11lu-eb 1979 

at14 Hlla17;JOO t(Jr chloropbTll ecmtOllt. (,'hlol'Ot;bJ'll • a', t t; t 

an4 total. were Qgt~ed. 



the ~ Ul 4Ra11 .,.. s1vaD tUldCitJ' 
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l~el' of sucl'~era p1'OClUcGd pel' plant was ~ .. 

for each troa~ otter the rru1ts were b8l"gested. 111 

6.2 QIU~ pt, .&Q~W 

.the M1iht of ~ra p~ UDder each Uea~4JIlt. 

vas JaGa:JW"ed, when tn. Wei'. t.hroe mont.hs ol.d. 

6.3 lAe..,. oLlaYas WI ~,. 

Iho number of leaveD l-roC.ucod by oaeb sucker vu 

recorded after tbree .b)ntJ\3 01 thau: product.ion tar ea.oh 

tl"eattiont • 

(,.It !R! ... KM sat i»c6D 

.i'be lent~t.b and breadth 01 '.v' leaf of suc}~eI"3 wer. 

recorded and t.ne leat area wa$ 1rfOIWkGd out as pel" IJ.rocGdure 

indicated. 8&1'Ual" • 

.i.'he 1'i'osb aIXi tJry ve1~bt. of '1)' leaf of ~\liJkers 

w~u:. recorded as o.one 1n the oa.;;. of 8lOtherplUllts all" 

the pel"Cen~. ch7 weii;."bt of 'li' leal vatl wo .. :l~ed cut. 
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In OJ'dw to ft.rld out the often of &throl.. a f'lower 

1nduCtng oaent ~ used in p1neapp1e, un4GJt dUfwont 

1ntons1t188 of shade, ~U.cat.1011 of th1a crow "h regulator 

was lWle on SO pJ.anto under each treatment. when the suck ... 

were _went.en months old. lb. suckers at this stage 

possessed 2S t.o 30 leaves. '~'be concentrat1on of -lSthrel 

u;;;ed. wao ;00 pfG 8PljJ.j.ed at ttle "t. of 50 l:ll per pLant bJ' 

pouftDl 1.nto the heart of the pl.8At. 

'':be obsol"f'at1oDS recol"6ed consistoo of toG l'JIJmber of 

day s taken f'or tl.owor1ng. puc-tea- ot .tlover1ng an(1 the 

t1:;:.e t~c tor maturlt)r 01 t.ru1, •• 

s • ~&li(J.li~. \.iT! ~uAJ.L.:A .. IVA AliAl.t;;;m VI' J.'hti.ttG 

-,'be t.ru1ts for qual1tat1ft anel;ys1s were b.arYeete4 

wben t.bey vere ~ mntun as inci1cat.oo lq the yell.ow1_ 

col.oul" that U8Yel.oped ut 'the basal. 1/3.- port1on. 1tour 

truits t.rom each repUcat.1on W.". ooll.ecta(J tor anal1's18. 

amples were 'tat .. en trom. each tN1' frCCi three porti.oDs 

viz., top. Id.ddl.e and bottoll aDd ~bes. s~es were ~ 

pooled. end &lacerated 111 a v8I"J1.nC blander. frLpUeata 

t38llpl .. from this were UfJed tor d1.tferent analysis. 

b .1 .illl &&lab... w] 3Si, 

i.'ot.al. soluble sOlids ".... Iwllcl out by a pock. 

refl'8Ctocet ... and wc.ye-expreaa. u pereentage. 
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.cen I of the ... ~ 8...,1. was tU.sestod with 

bo1.l.1vi water alX1 made up to Q. l-:.novn vo1ulae. An allquot 

of t.he f1ltered solUt1orl vas Utrated. apJ.llSt 0.1 14 

sod.1ua hydJ'oxld. usir..s p~" as 1nti1cator. 

tbe seW", was exp.l"tZused as penead;C. ot citric ac14 

'- .3 ysg.rJ;J&t.~ 

A !ulovn quant-1t1' ot the 1'OOled. sample ot the frui' 

wns Llacerated 111 a 'MOYtl\Y b7 addf.Dc SEall Quant1tus of 

two jjW can' o.ul1o uc14 8Jl4 ~_ tUt.red and Ilede up to 

& knOVn volwna. An al1quot. 01 tile u.1i.ra.et van ~8Il to 

whicb an equal YOl.u.me of two p_ cent oxalic acJ.d was 

added. :file contet~t was tit"'..... .a1rl~;t a i3t,an«1an11sed. 

".\olut1cm ot :2 t 6 - ~:.1d'lloroph8llOl Uldopbe.nol dye. 1he 

a:icol"b1c aold cont,crnt. of the ~ulce va.] tllen calculated. 

Rlld ez.prGJ:;;oo as mc/100 g of tile pulp (A- 0 . A· C· , \ ~GO)' 

b.1,. ~ye1P&.~ 

ine redUcing ~1U,i~ars of the s8lQpl.o were <i.etOllfd,riGd 

HS per the metr~d de,JC1~1bed b7 A. t;. t'. ;..,. . (1~60) 
':0 a lUlOWl1 quant,1t7 of aae8l'&'teci pulp. <tl.~t1l1ad 

va~er Will n.dtied. £'be Golut1on after tbo~ l<'l'dng vas 

cltu'1t1ed with nflUval lead __ aq tmd deleadoc1 vith 



31 

so41ua o.la"8 aIl4 1Iad8.. to JmovD voluDe. tbe solut,1oa 

was tb_ tllt4l"e4 aDd _ aU.flUO' of tb.1s sol.ut1on vas 

tlt.ratOd aga1nst a ~ of l'Wll1nt;'s A anc1 ~ sol.utlons, 

U:J!ng metbylene blue 013 uxU.cator. ..i:be redUc1b& .J\a&aJ> VU 

C." > c.._, ; AQ __ .aliKi 

.:otal. ;JUHal:'!'l wero detertd.nai as per the metbo6 

described b7 " .. '. t~. .• (1960). 1"1 .. 8 ml of ~ed 

hydrochloric 0014 'was ndtied. to a ImcMl 'YOJ.uDe of elarUl .. 

;ol.u.tlon and the S8QG vas ke,p' OYe1"n1gbt. Zhe 3OluUoa 

VOSt then nwtral1sed b1 add1n& Socl1U11 by4ro:d.de .... 

t1 t.rat.OO a~a1not a mixture ot Fehl..1ni· s A sal D solutiorh •• 

t,.(; WA-:-!:.~~ 

£,on- roouc1n& SU(;~:1'8 vere obtall1ed b7 the IIetboCJ 01 

tlrfe.r.~. between rGl\uc1ng suaar8 and total. 80&" . 

\:;lst1matoGCi. 

tbe sugar/&lC1Ai ratio was vorLed cut t.raa the 

vereentages vI aug_ QZl(l ac14 obt-a1J1Od • 

.. . 
In ol'Cler t.o t1nd out the llltrl8tit connltuentl .f 

leaf. analy giG vare carried out tor fit 1' t A, Ca anci _ • 

. J'or analy ;;u the bua1 non chlorophylloua secrt1GD 

(Gocltl'.,.. 1910) ot tho ',L;', leaf vas tab_. !be ... lee 



• 

were dr1ed and powdel.~,;,d in a t:l1.., L1U arld :Jtored in 
• 

;ltOPpclreC •. ;otUe$ fiUi U;8 • 

..• 1 U~);'~ 

Ii. s~l. of 0.1 Ii of the powdered tJatar1a.l vas 

d.18ested in cOnC(JfJ,t,l~eti sul.plmrio acid afJ(l n1.trot;en 

contcmt. vas c3tm£1too by t4.clOk~eld8hl· a aathod 
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\.rne g of tue tJl'OUlJd ~laliple Wa;J d10 6St.O(.1 Ul 1 :21Sl 

t:cf\.,;..;eniratecJ perchlorl.c aeJ,.d.. ~i.1\U\i.c u,c:i.Q. l!.1tl'1c 60.14 

t,1Jtt.W'8 ('lul _t.e up to eo volume of 100 m1 w.ltb d.13t1l1Gd vat-or 

t;&l.4 t11tol.'oo. lihoJ~,ool"U:':» in 10 ml of t.b1;;; Gf.rtl~act vas 

deteri;li1uetl cvl""ri ... c\,;ri\.~ u;,;~ 'ljD!;':~.l.do .... {j,;.ybdoVnoSi;ho"J-c 

ye.U.ow colour U&thod (Jackson. 1~5", J. 

" .3 

.toto. :~ tun ill un allquot ot tho tI'4,lo u..;1d extruct 

of tbo ;otllle va::;) t\()tor'L1noc un1r~ u f.'~ >hotouoter 

i. alc1um in ':l.tl ellquot ot the t .. 'l.1I1e aciu .tract 

o~ the aample va; \.-lot:'Ul't:.inud 1.17 ve...' ~~i~~Q t,~t.J.-at.;.OD method 

aEte.r the 1~";u'''al. vi .~.ut.o.i.·te,.~ 1or.;. a$ ti .. j:;c.l'1bed b7 

.Jacksvn. 195t. 
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9.5 .IIi .. ,. 

lbe OOIltteDt of ~s1\a vas est.1atec1 bJ sub\rao\18I 

tbe content of ca1.o1Um tl'Clll \be COIlta of calc1_ pl\le 

IDBGllos1um ost.i.aated ." yvs .. te tl\raUoa _tb.04 

(Jaokt}Oll, 19:>6). 

~.6 idb~grgpNJJ. 

("1lloroptqU t a' ttl:' aDd total or the leaf sat1plea 

WG1~. o!;Jt1tlated ~ tbe 3pec~ method. as adopt,e4 

bJ' haDgarw& (191'7). 

it. l'e..,resentat1v8 sUl>le 01 the 1"re!lb' JJ' leaf was 

taken "'roe Wle <U.tferent portions of t.he fro;Jb let b)' 

t.aklng l.eaf p\J.IlObe$. to a !i • SMple. a SItta11 a&IO'Wlt 01 

ca1e1um ca.t'bonat.o was addGd. 'lbe tlssua was uztract«l 

with &OeWn8 U~S per cd) in a )'OovtaY' ua1ng l-iurU1e4 

quarta sand .tbe supe.mat. .. , lS4,u.14 vas ltecantecl fWd. the 

Gttl"ut1on vaG .reI18at.od t.Ul the nsidlle became colourless. 

The extract Vfltj fl1t(U'O(\ .... ade up to 100 oJ. 111 a 

vol.uaetne nask. 

l'1tty ml of ether Waf,i tat. in a oSS>QS"at1rJg tunnel 

aD4 50 d of acetone Gd.J"a.o\ WaG p1petted 1ntc the eth_. 

wat_ was ad4ecl tr<e tbe ~. of the s~t.1rlI !\lnna1. 

t111 t.be vat.,. l.ayer was a.u)~ tree of aU the tat 

~oll1bl. PiSment,3. ,the water la;r- vas 4I'a1fled ott alJd t.bct 

etb_ ~_ vas asalD waabed 1Il ... diBUUed waMr ~ S to 10 



times. the ether _rut .... ~_ transferred to a 100 IDl. 

vol.uaetr1c tlask aDl at\e up w the 'YOlwae vJ.th .th_ and. 

mlxed. 

The solu\1on was then taka in an amber coloured. 

reagent bottJ.e and 3 " of ~ aod1U1l sulphate wu 

added. to the solution. An allCJ.UO\ ot the clear solution 

vas then ptpetted out and used to. .... "1118 the opt1cal 

d.entlt7 in a spectrophotomet.,. The optical dens1tJ vas 

read at two dUterent vavalqtba 'f1a., 6lf.2.; If' and. 660 ~ 

anc1 the contents otchl.orpl'o'll. 'a', tb
' 

and total were 

est1lllated aDd. expresaed. as percen\aie. 

Tbe data on d1fterent cb.~. etud.1ed vere 
\ 

sub~ectecl to statistical analysis. tol..l.ov.t.ng the methods 

ot ",:ne4&cor and Cocbran (1961). !he mean values were 

worked. out for dirrerent parameter_. All. the characters 

ot different treatments were anal,._ .... the analysis ot 

yar18.DCe tecbJd.que. Crit1cal dUtveDC" vere ca1culate4 

toJ' the ccmpari son ot tl'eaillen\ •• 

In ol"'der to C<.DpaH the t'J.owV1DlJ peJ'Oeraaa8. 

o'bta1ned. ~ the Ktbre1 treated. arid DOlltnated plant, 

under 41ft.ent shade treatments, tt t ten vas done. 



RESULTS 
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1 • VBO."iJU IVa ClU\c~lAc,1:1~~1

'-;be .-n loaf~ per p1&nt, J1)' leaf area. fresh

aDd 417 velih' of tl., t lent 8Ild tbe perc_,,_ dJ7 we1sb'

01 tl' leaf at three ;':,tages of SJ"OVtb. via., aU mon\bs
.,

aftid' plan\U&. Qll8 y~ at\er plant:l.nl and *' the u.. of

fiOV8l"SII& are pree~~ in ;lablea 1; 2 an4 3.

1 .1 t-' ..... It 1"'.1· _ .».MIl
the v_~t$ d1d no' ~boV IIfn1 s1anU1081l't ditte,...-

in respect. ot ..her of leaves p. plan... .. all the "hr..

1.2 ~~. J.Mt MIA

l.lur1rC \he fUs' stage of obs~. tre~ 1

(0 pel" cent sbaUe) ~'Ulte4 ill d.&nUlqn'lI" ~l&l,J. 'u'
leaf area PJ'OdUettOll than ,be ot~ threev.~ vh10b

were on par. .i't18 tliSference iD 'Dt leat area wu ........

per::etJtlble 1n tb.e lator ;-;\61.$, tnatmd It (1' per 0_
sha.de) andi.reetmGfl' 3 (SO pel' cent sba4e) HCON1.nI

e1p1:flcant.J3 biCh- value... r........ 2 (a, pw Q_
shade) aoti'f"atm<~l1' 1 (0 p. c.. sbed.).

1.3 l.aI...~~..9L'~
v~ltb .N.;;;poct ~ 'tle fresh vftbb\ or '1) t leal, t,

was f0UD4 "ba,' al~ t~......, 3 aDd. a N3'U1tec1 ill

cr_'. values~ the t1rs, Aaie of IJI'OV'b "'­

ireat,1:n_t.s 1 aa:l a..~~ 8eooD11 s\ea. of Obs~.



1. o per cant, shaeo 111.'12. 

2. 2$ pel' cent shOO. 19.52 

3. SO par cent shede 2(j.25 

It-. 1'/; per cent. ;;;h&te 1j.~ 

a - ::d.z month:3 after p~unt1!l& 
b - one yee.r ;;.i'tar plt\r.tll% 
e - at flowerini 

26.402 29.99 

2.6.51 31.09 

2b.3$ 2S.10 

26.2S 2<.;.4lt 

151.18 

216.68 

22~.sa 

21C.)6 

1+<).03 

15.97 

321.32 

350Jt~ 

360.82 

319.S9 

33<).S 

374.01 

3934 

~.G6 



1. o pur cent ~maue 

2. 25 per cent nhade 

3. ;0 per cent ~ 

.... 1; pal' c:eza ~e 

l rash wei...;bt ot • J..i 'teat 
\g) 

156 ;;; . . '*'1.52 L~3.0S 

,2e.u3 Ltl+J-t1 47.63 

20';1'; lta.97 4-7.95 

;::. .... , .. 47.36 ;1.1+5 

:;.16 l~ 3.i'9 

1.uE~ ".2/' c 'j 1.23 

a - :IU tli..:nthn td"tOl" 1.:,2~t,Jlt1Zl'i 

b - ~ ::l Gal' art '.ll'" .t>.lt4"1 t-UliJ; 
«) - at. .tlowfU"ing 

,"'17 'l.101b.i:lt <yr 1 t leaf 
(t~ ) 

2.62 'at 5. ... t.1+ 
3.26 6.41 6.62 

3J+ 6.00 6.19 

2.92 6.01 6.52 

C.;;;a ~. i . !i 

:,,;.11 0.32 C.20 



as 

tbere \ina no 8' i'dts.caaa d1ft___ bet.we .. tb4t treatment.s. 

llow .. er, at the U. 01 tlDweJ'.b:c there eU;Jted s1gn1t1can't 

"ar1at;1011 aIbOIlS the ~'s 1a resl)eot o£ hesh w~t 

ot ';.' leal. At tn1$ ~ .. r~ts it and J J'·ncorc1eC1 

higher valu8a than rl'8&tmal'~2 _ 1. 

1!h8 (t17 veiLbt of .,Vt leal was ~ 111 frea .. _ 3 

and '.4:reatllld 2 dUl'1n8 tho earl1 utag. 01 8JI01Rb vhS.cb 
• 

1.&t. ~M. W .. :wtJ.liM rlL.'M.' .. ,lMf 
'i'lla 'treatments d1d not ab1blt. ~ si8DU1.n 

d1ttvence IfIOl'tI ttl_selves in rupect 01 the pen_ ... 

dI7 ve1eb' of • D t lea.t d\J.r1J:l8 the earll' staps ot pwU.a 

but at the t1ae of tlover1rl3, '.r~ .. 1 wu sSt:nlf1aD&lI" 

superior to the other t.reatuont.s. the ..... Yal.ue reooft&84 

b$.:lr~ 1\".~ " COIYIpared to 13.96 I, 12.93 I aD4 12.68 I 1D 

.tr ... tt;.~ts a. 3 and. .. resl'ect1'Nl1'. 

1.; ~.u 
... ur1rJg ~.wi8r aooths (.rebnw7-AprU) pe""J)tiblAt 

dltfert1DCe could be not1ced 111 W.e co.lour ot 1 ...... ... 

p.lan\s 11"01ftl in ope ar4 ;:bace COIJd1'1Gb8. tlW 1 ..... ., 

plants \U1del" shade "ere dadt .. a p_ ~ ~ to 

the 1".$ of the plan~s prowa 1IIlCler ope CODd1u... 

2. a'~~t O'BAl/IW 0Ji ji~~ 

:lh. data _ the dal's t.,·.C a..r ~ ... _ 
pvc ..... ot .fl.overria& are ,... .... _ IUl. It. 
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--.-~-~~--.--.-------~--~---------.... ------.---~-----------------.-.. 

1. o pOl" cent :1hade 12.13 (20.35) 1l+.21 (22.10) 14.5 (Z::.39) 

2. 2' per cent shade 11.'+3 (19.17) 1lt.1't (22 .5'3) 13.96 (21.93) 

3. ,0 per cent sha.de 11.6'7 (19.9:» 13.95 (21.93) 12.93 (21.08) 

.... 15' 1'81' GenS shaCe 12.32 (20.46) 12.61 (20.8if·) 12.68 (20.67) 

Notu '':he f1;;ur(,e 1n par~:Jltho~i$ 1n11cete the aear~ for ft!lIUl.a.I' 
transformed data and t.ho "".1l and, • .Ba ..... tor t#he tftV}stomel 
data. 
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2.1 iaI. ~Ii.t fA »ll.ItIt.iaau Nt IJ_ 
~he dat"a sbowod tbat p~p~. plant-a UIl(1er ;;ba(ie 

flowered e&rU .. tbaD plants UDder ope conci1ti.on.';). In 

the open, t.he plant.$ ~. !)6!i.6 ch\Va to flower lJb:l.cb 

va~.i s18n1tlcantlJ ~r tbaI1 tbe U. tal·~en to nowc,. to" 

plarlts uncler ah$te. i'be eu'l1est f'lovel'lng vas noted 1n 

.rr.atz~: .. mt 3 {!;i2,3.1 de;ts) bu., vaa on pa.t" with ;;'roaWlullts 2 

and 1+ l527.9 (lays i. 

2.2 tlln.1fA·. 9J".., A9Ter.U1. 
~1:here Va] sign1flcant. Uicren~ 1n POl'CGiJ.ta£;O ot 

tlOW'e1"Ulg under J;;)~ m all t,he 1'1" ;;lt~ O:.~ of cb;;srvat1ono. 

1.ur1n& the ftzst week. tbe percent8(;. ot fJ.ower1.ng 

under u1ffel'ant tnterw1Ues of $ru-4e i'~eu from SO to 76, 

the maxlt;AIa be1lti 1n":~_' 3. .In l'reuw...crlt 1, otilj~ ~;1a 

per t.~ of t.be plan::.e tl.ov~.ftM1 \1urilJi tne f11·';;\; Ii G'uk • 

.!,,<\lr1.rli ,the ~f)1" periccls of Ob~tU'VathlOA al~;Ot ,.;1W.lw' trer.d 

WWs noticed. At the f1.nal. ~.t ~he perCfIltt86e ut tlowen..nc 

tn open was 0fll1' 2f+, vb1cb was 6~r1cant.·13 1.rl.terior to all 

&he other t,r~t1~tJ. 11 .. :1»10. pe.l~e.n~. of tlo\l;';;~ was 

in };r&stmerlt 3 (83 it tol..l.c:Jwect br '.rreatt.1eJ~ts 2 (1!i> nncl .. 

('9.5) trig 2). 

3. ~'l'~1: OliJiADlI-JU (J!i I'JWrrIN.i ~Jt.V10U4 • 

.oats. on the y~'1ou~~ aapeot.a of tnd.t.1ng chQractera 

Ubier difterent 1,tlllem;.1tles 01 aba4e artt presented 18 

l.'ables ~t 6, '1 t ba a.nd (>1;;. 



Irea:tma:nts 

1. o per cent; L~ba4. 56!J.6 6.00 10..00 1~.OO aIt.CO "'.00 
2. 2S per cent, $bade !)a1.9 66.00 10.00 12.00 75.00 7S.oo 

3. ~ pv c8IIt sbacie 523.1 76.00 82.00 82.00 cr' 00 \). 83.00 

It. 7S .,. eont.abad. ~7.9 50.00 5D.OO St.oo $9 ""0 V).;'' , 5s;.5 



FIG 2 EFFECT OF SHADING ON PERCENTAGE OF FLOWERING
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.3.1 £_ S.M- W frn" a&u.t1J;Z 

Inth1J resp_' the .ttect due to treatments was 

ni.gn11'1oant. In "Zreat.la8n't 1 t tbe t1.t.ie t.aken tor tru1' 

matur1tr' vas 138.8 ... Vb1eb VaG s1Gn1f1cantq ~ 

than ~ other t.reatments. ~roatconts 2. 3 and 1+ wve 

011 pur. 

3.2 lJN.1.i _~. 

!'be d"~nt of tru1t.~ 11'1 ienu ot 1nereas. ill 
, 

the lqtb .. circumference tU'8 14'esont,ed in J:able 6 

alG~ with tne 1nCl'G~~len\a.l. veroe .... 1ncreaae. 

42 

Or! a aeneral ana17s1n ot the data on t.ru1, d..,~, 
it was touDd that tile pattern o£ c.teY~en' .til Wft18 01 

lencth anti C11'cuatvGIlCe of t.he f'ru1ts vu JJD\ e1knl1 ... 

~o treatMnts. !lovevGI", dlttGNbtial ~ reQOlW8 ... 

perceptible. Ibe lor.gtb aDd c1~ of tbe ~ 

uhOwe4 aa inoreaze 1fl Ule cue ot tna1t8 sro- 1D Use .. 

8speo1al17 betweq 15 and 90 _. a1'\er tlover1Dl. __ 

towards tile Ilatur1~y stage ~e dUt~ bee_ MSUsll4e, 

all the treatment!J J"~ cial! ... Yal1.lea (.fta 3) '" 

3.3 11tJJL~_~ 

l<ata on pttl' hoot.w .. Ji,el4 ealoulat.ed tor a popul.d101l 

densltr' of 43.Ot.iO plants ~ ... , w1~ powUa 

resulat.or ttftatment, maxi .. ~. 01 tNlk vae ObMj.a" 

trom T~ 3 ~.nt\ the m:lDt_ tI'Oa fIteUM*" 1 t \be N$\\l'. 
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_._~ __ ~~.~~~~ ___ • _____ ~ _____ ~_"_ ••• M. ___ ~ _________ •••• _ ••••• 

liUmber or d.Qy$ t,ai\OIl :frOiD 
tlov01'1n& to fruit matun t;,y 



i,a;y$ rJt.ar tlowe.rtn& 
J ............ ----....... -.. --......... ~ .... -.... ,-.. -.................. .,.,. ... ....,....-.. ~,.........., .............. ..--.-....... -.... ----.,., ....... -........... -... .",..., ........... --.... -..... ~~~ 

I-... -~:-.. ---.. --~----------.... ~~-------... ----~---- ... ------... -~:---- .. ~-------~~:---
L C L (,; ~ C L C L C L C L C 

.a#f<"-... _ .............. ______ ._ ........... _~_.._._ __ ............ ,'_ ............ _ .... ~ ..................... __ .,.._ .... "') .... __ .. ____ ...... _ ........................ ~ __ IW" ....... __ ............. ~ .... fII;oI>~ __ •• -

1. 13.0 24-.5 14.15 29.0 16.2 32.25 17.60 35-'+ 1B.80 )7.2 19.1 36.?S . 19.1 )8." 
{ 13.-.0) \ 1 S • .31) \. <,J .B:3 ) ( 11 :W! 1 j H3 .64 ) V) .77 ) {().B2 ) (. :; .(8) (4.19)(".11) (0) (0) 

2 .. 11.0 26.5 12.ao 31.3 14.4 t·~~.S 15.15 3S." 11.0 3'7.0 1U.o 18.S 18.0 3$.5 
(16.)6) (9.82){12.5) ?OJi (9.,38) (5.61) (7.94) (4.52) (5.88){1t..,,> (0) (O) 

3. 11.0 26.0 12.5_ 30.0 13.' 33.~S 15.0 l't.1 16.0 36.5 16.15 38.0 16.15 18.0 
(t).6't) 't~.38)(11.2) ~10_3) (1.91) ,It.,36) (6.61) {5.19> ( ... ,.69){lt.11) (0) lO) 

It. 12.028.0 13~ 30.5 14.35 32.' 1S.a5 31+.3 16.0 36.0 16.1 37., 16.1 3/!S 
(10.,1+2) (8.93) (6.)0) (6.56> (6.27) (5.~) '''.92) { .... 96) (4.38)(4.17) (0) (01 

..., ••• ,.. ..... ----.--....... --.. - .. ~ .. ------....... - .. --... """'- ""' .. ------........ --..... -----......................... ----........................... it. II -._ 

Jiot4M the f1&Ure$ Ul ~s1s 1i!!1i.cate the ~\al percetltage 1t:iCrease at _ell time 1nterral 
.L - leZlith of fruit (ca) 
(.; - ciJ'cuaterenoe of fruit (<SJ) 



. ,.
-- ~~

~ ('....
~v

- .-::- ~

...k
C....- y~

>:!
J --~'

I

~

....

I
C

UN FRUIT DEVELOPMENT

x-->c C perc ent shade
6 __

25 pe rcent shade
0--------0 50 percent shade
.---------. I~ percent shade.. ')

~gth of fr uJt

20

17

15

~ 15
) !

_ lLJ

E I
~p.....
J::
+0-

CT-l

~12

11



1. G par OOl1t sbQ.t..;. 1L-.2 

2. 2~ PCI' cent, :.;{In<le t,,oJ "1 .;c;;..' 
,3. 50 pel' cent ~:;hade 5' .. ::; ... 
1 ... 15 rer cent dlaCle :~"' .ti, 

... __ - ........ - ................................. __ ......... __ ..... ,._-______ ..... -<M .................. - __ ... ..--
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bGiDI fJtat1.U~ apiA...
,

3." 1'1»' ••1'Jt88I.
Lat.a on ve1hht• .l~ .. brea4tb ot I'l'u1ts,

crown oharacto.rst caml1Da rat.J.o.~ 001'8 end pu1p

ve1ibt and p4lO1/pu.Lp ratio eN preoflllt,ad 1I1i.o1eo Be.

and o'b and oeploted. 1n. n.a Q..

3.4 .1 i:J:l.1Jt dWml
.£he t1~_~.S d14 DO' _tWot aQ1 slirUlcd

clitt....... fJI'&OOI 'th.emsel"...\b respect to the w01(;bt

ot 11"\11t· v1ib C1'10Vlt. 8ttt t;beN WP 81gn1t'1oant 411'1'......

1Ih_ tru11; we.1ibt W1thou' Cl'OWD vas \&ken into a(~eounb.

,F.atM_ tru1t ve1~bt w1.t.boU' CU'OW1 (1 JM:i kg) Vas recon\8cl

~ !.r:r"~ 1 .tbf# tl'U1t 1lNd.a.b* W1.tbOU't crown \Wi..

cl1tterent ~7J:lt1es ot Ibaden&lied troJri 1.16 kg to 1.21 kg,

the d1tf~oe~ not sibDUloant.

3....2.wmsNa J8LbEilQM!IL.tall

:.im1lar trend as in .. ease of fruit we1pt w1thoU'

C.I'OWD was noticed in reJpeot, Of t.be l~ of tbe tN1t8,

tru1t~ &.t"OWn under open OODIiSUcms~ the meaill'!\a

&""I"8g. tNlt l~th of 22.2 _ Which wa;; s1Gnifi.cantJ¥

sup.lol" to all the otil., v_~t:s. .treatw.ent.s 2, 3 ancl ...

vere 011 par (l;1.ate .II).

On the oth8l" bem, '-be bl"Udtb of \be t.rutt3 d14 not

show &IV' s~t1oano. due to ~te.
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3....3&..~"...
'Lbo lowest crow. we1&bt vas reeordecl by -...·l"eatotuent. 1 t

'he valwe bo1rJg an ./')~. 'lbe Clava. e1"'OWl1 w1;Jbt vas

rGCOl"Cled bs irea.t.Jaellt ~ '512.8<) 8) ~ l'r-.tl....'8ut; 2 a.n4 3

'EM weibbt. ot Cl"OWIl 1n te.nus ot pclrcent.e.ge ot fruit

ws1t;ht al.so ;mowed. tl n~Uf;u~ trer1C1 as vu noticed in t,b4t

cane of Ci~ we.L,.~ht. In~reatt;:ont, tt. 30.6, per cent. ot

the fruit vei(;,Jht. WUi; curL;t1tutae b;. crow.t alone vb.11. it

va:;} Ol>'i:¥ 15.12 ~fOr cont in the en;. o£ tru1ta crown 1ft

open. .reat..;:.,.entz 2 a."1d 3 wo..:,. on lL r t but i.n tho:;. eases

8100 2t .11..j. t.o 2'1.00 j;~ cant of iihc tl"U1t ve1cht \rillS due

to Cl"OWll wG~lt. (1'1i.; 4-) •

.rbe l1\.U'Joer ot 10l1vGfj on tb.e eJ:lOWl} was aJ.;;¢ 1l1bll as

the sbadlIli 1ntena.1t.loa 1no~ed. ~ crown leaf

IU4fUU>,.;l" (124-.78) was rocol'GGd .. ~r..kient J+ and the least

07 .~ l·eatt'"ent. 1 \13.1 ). 'J.'be treatme.n's 2 and 3 ve.re 011 pal'

in this rtltSl,lect aJ.so ',l'l$'tG .U:'l}.

3 .....-. i..mDLZ&k4Q

lru.gbes\ Calul1ng rat10 of 1 .11 vai4 l"eco.'dud '"

J:reatment. 1 Wh1cll vaa ~1g.n1t1cant,q ~1"1ol' to ot,he..

'reatlnemHh 'l.l'entt~or;l":'o 2, 3 &all .. were _ pm'.

3....' Dubte ,&: Rt§1. SCQrtt· end II' JIl

j,,'reatm$l~ 1 t 3 - .. were skt1s'1calq on pall vital



r I"QatmQllt·s 

1. o per cent 9~le 

2. as: pv cent sbacle" 

3. 50 JI- cellt. .~ . 
... 15 per ceo' .9hat\e 

C.li. (5p) 

'..iIl 

liru1t 
we;1.iJilt 
nth 
C1"'01In 
\~.g) 

1.16 

1.63 

1.66 

1.67 

f."'ru1' 
we1t;bt 

.l.eD8th 
o~ without fruit 

crown 
(kg) (em) 

1.tc.b 2;.~.2 

1.18 1bet) 

1.21 1S1.o1 

1.16 16.01 

Lu:ea.dth Weibb.' 
01 ot 
fruit crown 

(Ctl) (~) 

12.:;!; 27l.7<) 

12.b6 ~~O.1S 

12.65 .. ".;1 

12.11 512.89 

.i.~ 31.13 

0.26 10.14 

croe Cl"OV1l 
weicib:' as 1eat Vercanta.;e 
ot t.rLJ1t IlUI:!i,.)Yr 

we1i;h't 

15.72 13.'10 131 

2'1.68 10,.34 ,J,6 

:0.14 109 At 1.48 

30.65 124.76 1J+7 
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l're.tmde
Weigbt of
core

(L,)

,• 0 pcr cent ~~. 311 .•35 171 .33 1162.0 0.2:7

2. 25 per cent ~had. 3b2.22 220.08 Ub.1 0.1+4

3. '0 pel' oent $bade 204.66 14c.OO 11l+.5 0.40

.... 1S per aent shade 2.61.42 11+1.20 69&.3 0 •.]6

C.,D (;$) $9.99 56.33 100./0 0.07

.- 1~,'.~ 18.35 ,'4.30 0.02
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re~ to ve1g~ of peel '*' lreaklent 2 vas ~_ 

superior to ott .. troatmer1te. In th. cue of tJw w1&bt of 

eore also the trend woo the same. 

;t.Nat.~ , wan $1iJd.t1CIIUtq supenor t.o the other 

t.J"Loatments 1n tOI_ of the wa1bbt or pu.lp per fruit. 

!r.a~t 2 vas 5UJ;Ql"lo.r to ::rr9l\t.menta 3 an4 It. \Ih1eb vere 

on PllJ", 

3 ..... 6 .bII~-¥AiW 

.i:rea:t.ment , showed \be least pee1/pulp rat.1o, the 

value bellli o.;q and the ot.1lel' ~ tJ'etitwflnts were not 

signif1cantlJ different. 

4. l",;;,l.tJ.j,· ~Ui\l"IJ."X 

ibe total solUble uol.14s. ac1d1 t,7. ascorb10 ac14 

con,,-t. redu.c1I.tti. non rGCiU.C1.nC and total sugars auI 

susar/ae1d ratio of tI'U1t,S of 41tte.rGfl\ ttreataents are 

presentAd 1n table 9. 

~.1 ,foW-~JdL m~1 

;.;'he data Uld1oat.ecl tha' tbfU"e vas no fl1gnit1cant 

dittertIPCe bftWetln the 'ree.~s 10 the C8Je of total 

~olubl. aol1da of fruits. 

It-.2 ~~i11J 

ibe treata}ents abl14te4 51~tInt difference 

aJr.cmg tb-.soJ.ves wlt.b. r;·;i.fli"' t.o \be percent&;;e of acldit.y 

of tnu't~. :.4:11. M.ir~ ya.l.ue (1.17 per CGllt) was obtain .. 
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1n i:rea~ .. t'olloveCl .. fnat.ment 3~"" 

lhe ac1d1t.7 percentaae. 1D t.rea1tmer& 2 and i'rea\bent. 1 

It.) ~Il& ~11 

..:he ueatt.;ont j d1ttvec. :;;1Sn1t1.cantly 111 re~poc' 

ot ret.'Uc1n8 ;JU,iDl' content.. 1be ma:acriam value was 1"(tCOI"(100 

"-7 i'rea~en' 1 (4.18 pol' een\) vh.1.cb vas 0'1 par vttb 

~·r.a~ 2 (a..41 J)V cent). %nat.&'lents 3 and At. did. not, 

show s1t;ni.f'1cant d1f'f(u'ence betVOGll thwaelvos 1ft terce 

of reducing wsar oODtcnt. 

tt..lt- ksm.-~i au,,'J 
In tb1s ca,~.!tll t.b,e trelld. vas the s .. (is !nth. case 

of r8duCiflI aug_ contQ!lt. 

".5 ~911l..,~lt 

i'he highl# :.t t-Ot.B1 5U63.r COflt,ent was reccn'dGCl ~ 

l·,.eatwent 1 followed. bI 'J:.rea.tt«'its a. 3 and ~t 1nt.11cntina 

t.hereby that th~ t.otal. ~a&S- content CltICl'Oa$80 as tne 

tnten,.jit.y ot :)bade lnereasett. 

4.6 ;:ilA&N./AJ:j4.mi.g 

itle trend vu toe $_ .a in the caiJe (;r t.netotal 

8\l&aI' COl~t.ent. .i'lie tlAxit;Ull valM was recorded. 111 

£reatlliant 1 (1~1 .~16) tol.loweo b$ treatment:) 2 (16.94 >, 3 

(12.81t.) and a.. \.9.03}. 



I\C1d1t7

(J~)

;~e",~c1rc

mJCars

(~)

llon
r9duC1r~

sua&rS
0\)

1. 0 per cent sb6de 1S.30 0.6, It.18 8.31 12.92 19.96 12.8

2. 2S p. oct~ 1S.55 o.1a ··ttJ+1 a,.Of 12.12 16.9lt 11.'11

3., 50 per cet shade ".8; 0.86 3.19 1.26 11.05 12•.aa. 11.09

.... 1f per cent shade 16.06 1.11 ~.J8 ,.08 10.1t6 9.03 9.:19

c~ (5~) 081 o.~ O.l.ilt 0.31 0.92 0.65
.- 0.,28 0.02 0.11+ 0.11+ 0.12 0.30 0.21



.... 7 ~dfl& IQ"" 
i'r_~~ 1 l'econled \be mu;1!i!.la a;;;;corb1c ac14 

I 
~ , 

COllteot. (12.8 111/100 g tna.t) aDd the 1)i.ni:rAJll value vas 

oXhlb1ted b; .'r_to" 4 (9.19 as/100 s). ~reataent,$ 2 

aracl 3 ¥tire on pal'. 

, • U1iA!' JJ.-.AI:i.IS 
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Data on the 111tros_. pbos.tlo.n1s, potass1w, calcium 

arid ~1um. contentEs ot 1 .... at three st.at;es ot growth 

are p"'esen;..ec:\ in :':abl.fIls 10, ". 1a t 13 and , •• 

5.1 ~1. ~,,*, 

.i.'be data 1Dtiicated that da:riJla tbe etu'q ~ta~.s of 

growth. thOl'. vas DO :J~"" Utfe:-eflC. in nit.rogen 

c(>nten1; of 'lit leave~~, due to ahlid1lla 'r.tt..ollts. i:lOWY(~l"t 

dU.l"lni the lat.er ~t.8vOS of crowtll, the n1tro, .. eD content. was 

toUi'lG to increase s1gn1t'1c_~lf> UD4v :;bad.ed COlXliUons , 

the difference between the ~ iDtoos1t.les ot :1badln& 

be1ng DOt s~1l1tlcant ()"'1; 5). 

5.2 ~~ .. QQDi_ 

l.:be Veataents d1u no' 3b.ov ~ si.gldt1C8l1t difference 

aaons t.heculHuves in all the t,b.ree st.a~:.es of e~t1laat1on 111 

respect 01 pho~t~ol'Wi content ot Ii,' leave~. 

~ .3 i.R5.uuva ASI"_ 
In the case of potass1_ el.ao there va:;:: no s.1.gn1t1can\ 

difterence duo to trea.~a at ell \he thl-ee :Jt.a,~"os 01 

est1mat1Oll, 
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--~--~-~~~-----.-~.-----~-~--.-----.--~~--.~---

1. o per cer1t shade 

2. 25 per IJerJ; :Jhaile 

3. 50 per O.tl~ sbac..'e 

t... 75 per cellt sbaae 

l:1trogen content (per Calt) 

--------~---~-~~------~ abe 

1.75 

1.98 

1.89 
1.92 

1.w 
2.13 

2.09 

2.16 

0.'3 

0.0+ 

1.91 

2.16 

2.11 

2.'" 

0.13 

o.ott 
___ . .......... __ ............................................................... ,...,. _____ ............... __ u __ __ 

a - uU aontha att;,,;r plant1nC 
b - one year after plantit.-
c - at tlower1nl 
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1 • 0 ~or cet sbac;ltt

2. 2S pta!' c-' shade

3. SU per c~t shade

a.. 1; pel" cent sbaf,ie

0.066

oms
0.068

o.OJa

O.t116

0.082

0.082

0.018

0.019

0.078

0.082

O.C1/1.,--_........_-..........-....._...._,._...--....-..----.... '...-....._.._-........'..........~......-.-
~.,1; (5jd,"'. a.cot. 0.00....~~- _._~-~---------- ..-..~- ---..-----.._~._-~
a • 311; roo.nth3 .atter plant,1nI
b • one year after plantl,r.iS
c .. e.t tlower1rc
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--........ -......... -.... ~~ ...... -.. --.-•.... , .......... ---........... . 
••• _ •• ~_u •• ___ ~ ____ ~ ________ ••• 

1. o per eont sllace 3.92 ;.ca .... a.., 
2. 2S pe cent oba(!. 3.89 SJ+, ".81 

3. 50 per cent shade 3.11 4.99 ".63 
It. 15 pGI' cent shade 3.59 ;.09 4-.62 -----------....................................... -'-" ..... __ ... ---....... ---... _---........ . 
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s .... ~,~ ... 
i'here vas .,~ 1ft oalei_ content of '1)' leaves 

due to Veauents. III aU \he three s~es of est1llatlO1l. 

£r __ ent8 1 and. 2 ve.ve touDd .. POS~S8 b1ghW oal01 .. 

eontent tban .:reataents 3 aJJ4 ... the d1:tferenc. bet.veall 

J:reatments 1 and :1 tMWt8 ,.,. aiin1.f1~ (Fig 5) • 

... aa. 'Utl~Ntm 
In aU the t.ll..ree staces of estU1atj..on. '£reatMnt ... 

recorded ~he h.1dh&3t pel"Ccmt8(;;8 of 1-\1 111 the 'lJ' 1eav63. 

lIur1ng the early sta,e.;, the _ contrGIS of .reatwCtllt 1 

W&3 s~n1t1cantl¥ 11.11"8;.101' to all ot.her treaw.eru; ~ t 

il"_~ .. ~8 2 aIld 3 being on pax'. lat thO time of tlov01'1tl&. 

rreatraellts 1 t 2 and 3 ci1c. not ahiW" ~n1f1.can' u.tt1"erenoe 

amorl8 t.b-.se~ves (.F1.g 5). 

5.6 ~IY~)J..~ 

Vat-a on ehlol"OPtv'l1 'a't 'b' 8Dl total. contents under 

dilterent intan~l t1 es or shade are pres«lted 1n table 15. 

wit.h resvect to cbloI'C_U Ia.' alld 'b' contont-s. 

i'rea~oo' .. vas s~n1t1cant~ ~or to other treak,.llts. 

In the ca~. ot total Cbloropb.yU Cotl;ent also 

treatluont It ve.s s1tin1fl~lJ' super10r (0.0697 per cent) to 

all oth~ treat.ueli.t;s. J:rea~m~t 1 reco.rtled the wd· nUl. 

total chlorophyll ccuterlt <O.01iJ9 .pv cent). lreat.mGr.t.s 2 

aDd 3 weN OIl par, ttle ~tal cblol'opbJ'U oOlltent.s ~1fli O.02~9 

per cent and O.02~ 1*J" cd N ... t.1Yel.7. 
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...... --""-......... ---............. ' ............................. -................... -..... ... 

1. o pel" cent. s.bat!e 

2. 25 per cent. shade 

3. 50 per cent 3hnde 

... ?,. per,:.; erst. ;:;~dAt 

Cal.cWa cont.en& (per cent) 

----~----~--------~~-... --. a b • 

0.J6 0.1+1+ 

0." 0.1+3 

0."7 0.J1+ 
0.29 o.3~ 

oJK) 

o.lt6 
0.)8 

0.31 

O.CII 

0.02 
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t~s1\a content (per cent.)
tr...b6l~'8 -------------..-------

abo..............'._......._............__..'..- _,..._'~_JlIIIIlf<_. ...,......._......__..__ .._..........'_,..,..,._._...
1 • 0 per oerlt ?1nade

2. 2, per cant~

3. 50 p~r oent ~bede

.... 1~ per cent. sbaa.

0.19 0.19 0.19

O.a't 0.2,3 o.2It-

0.25 0.,22 0.25

0..29 0.21 0.29

0••

0.01

O.C11

0.02
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'table 15. Jt;tfect of :;b,adlng em chlOl"OpbfU 'a', 'b t and total
contents of leaves

--.' - -_..--- - --'---_ --_ --,--~--_ _-----
\,;,bloropbJU
tat (/~)

1 • 0 por cet 3~~ 0.012 0.0065 0.0189

2. 2S per cent. 2bade 0.011 0.00')3 O.02S9

3. 50 per cent ::1hac. 0.016 0.010 O.025!+

4. 7' per cent ;.~hU(ie O.~ 0.0262 0.0691

<.;.,c ( 5fi' )

..1m

0.005

0.0016

0.006

O.O<J'19

_.._ _--..- _-_ _---'---- ~ ~..,. -...•



J:he dat.a l'ecOrdGd on sucker p~t1on and the 

vegetative characters or suck.rs are p.'Nsent«1 i.D 

~a.bl. 16. 

(;.1 t __ QL ~~C4i 1CR.RJ.a&& 

'.l:b. datia ind1cated that t.be D.IIlber ot 3uci.era 

!jrvt.~ce4 PCl" plant va::; 1:~hv 111 'treahlelltt 'I (1.3) ttl. 

I'aault be1ng sic;n1.f1oantJ:y superior to otber t.rGa~.ltS. 

ir_tt:uent;s 2 and 3 WW'8 on par. ':~ht, 4 I'«k.--orded 

the lowest value (1.(8). 

Longeut suc!i.era w.U... produced b1 i'reatu8nt. 2 (&7 .85 em) 

and. the Gmallost ~ ..:roa~UD' 'I (66.6S em). 'i'r_tanent." 

and 3 were on par and contr1butec1 tor Md1\W s1aacl suckers 

\.Flate IV). 

6.3 MWd': 9L .•• i'~i PV.'~ 
Lhe data :JbO\i"Oo tbat suQk.,.. v1tb t.b,Q g,1.n1I:.,. web_ 

of leaveswe.re pJ"O(1ucecl. by £"~QIl~ 'I \21 .15 ) .l.'~ b1gbest, 

value 'IIfW rocol'ded by plant.s 1D :r~t 2 t wt the 

d1tfGi"er.ce vas flOt. .j~n.i..tLcen' oau,pa,;,'oo to treat.mf.mta 3 

alai it. 

6." 'h' ,l",.xu At ~. 
l'leJ1l'Jl. • i) • leaf aroa of sue)uu!' vas ,Pi't:tL\Uce.d b7' 

;:,;: .. tm_ It l110.61) wb1ch .. di,m.t1cant~ superior to 



1. V pel" cum. 'JU~. 
2. 25 per c~t <:sb.uc'. 

3. 50 p~:. cU't~t :'3h .. t:... 
--. 15 va cent ·~b .. ~!!{. 

~)l;;;mbO.r of i~~' of lwtor or 
S1~.;'lJr. ~er. let'l'1ee 
l-i(:,r l)j.rdlt (011) pm- occker 

1.30 (k.65 21.15 

1.14 tr}~ I , 
?r .21::-.:..-;,: III 

1.16 ,"1 •• 17 '-.'>{ .00 

1.06 l~.I1'!. 26.6, 

t>-, ... __ # 
;,., ..r..~ 

art~a of 
t~Lon 

(sq.cu) 

9l ... t;? 

96.G3 

91.23 
1tO (,q .... i' 

I'rosb 
\K}1.gh' of 
',' loaf 
\~) 

1J.!2 

140.19 

1f·t. 5 

14.19 

1.46 11 et)2{ 19 .y,) 

1.~2 10.1'?( ,~~.ol) 

1./..{) 11J:;1(20.11 ) 

1~ .... '" 12 .t'J('(20.tJ2 ) 
........... ' ................... .." .. ____ ..... _____ .......... 8 •• ___ ... _ .......... ___ ... __ , ........ + ___ ........... _ ....... _ ........ t .... __ ...... ~_ ........ _ 

C.J) (~) 

:." 
f'''} ) • .;)1' 

l~ •• li'i3UJ;"O~ in p81>alt.ho:~<l;J 11::,,, ioot..o t.~;lQ f~L.i lor ::;..:,,~u.:;.ar tl1d .... fo.rmed da:.a Qf.\t;' .... 10. for tbe 
t.rw; T3iO.::t.46'C; datal-, 
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other treatments. l'reataents 3, 2 and 1 d.1d not ::mov aDI 

31gn1.f1cant cUij'81'encG omorlS tbansclVeB in t.b1a respect.. 

6.5 !;.liib. Ua. ~blLJI.r 'it'. ~ 9t. §)ig. 
iroa~tmt 1 l~ol'ded the m1uitrnm tl"Goh we1.:;ht of f 1" t 

leaf of sucker (13.22 G) o.n4 l'reatoenta It. 3 am 2 were OIl 

6.6 W2-~;ta 91 Ii=" .iA.t'Q'. aDAiR 

.. he t,r_~(:ntG did not ;;now s1er.1.f1cant d1.fterenc. 

amona tbemselves with .resvect to tho 01'7 we1 .. ;ht of '.L,t leaf 

of SQekeJ' 

6.7 i'tnlPiw'l Ik'X. .",;llM lit 'it' •• t 
In '\#h1£ ca ,0 aloof no ~cant difference betw"" 

troa\L >ent,s coulc1 be noticed. 

'I • I' UJ~~ .. li~ Ct'.oJ:.... .. A~&~~:j tlli' l;i.'ID:~L illbJU.i.;i,L; ll.nIJ~~" tJI.DlWi 

L,n<i.~l.bl1{ Dii.l:J. liL~;,~ U' J:lA.L.a 

J:he data on til. ~bor ot da¥s taken f'l"OJU pltult1ns to 

tlower1r.tg t the percontaLe of tl.ow",.r1Da at woei:tl¥ 1ntel"'la1s 

and t.lle time taken tor h'u1t _t.ur1ty in l"ospoct of ~~tu~ 

t.reated pl.ant~l UDicr dJ..l'ferct levels of' shad.irli are 

presoot.ed in 4able$ 17 and 1b. 

'I .1 ~'AU..BA1Jl tnz IV'1.iN t.Q tlcawJtrU;a 
.In seneral, u.nd.er shaCed 81t.uatiQftS ew:'q tlower1n& 

vas noticed 1n the case ot ~tlu+e1 v_tad plants COJ'I)are4 
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t.o \be .DOD. treat-Gd ones. ll'respecU .. ot the Sat.,lt¥ 01 

shade. l:ho plants took 528.9 _ S29.8It _. iW ~ 

under all 1.J'aen:iJ.t.1es of ~. 1Dd1cat1Dl tbat. the ettect 

of ~'bre1 appU.caUOll vas not 1nt1ueaeed _ the lntens1tJ' 

of ZJbad1n&. Undv OPel conc11t1on;;, tn. iit.bre1 'rt. __ 
plRDt8 came to tl.owf.lr ~ in ;tt6.6lt- dqs wb1ch was 

8~~n1t1cantll' b1gb ... 

'1.a ~Ii' u: AwViIli 
rile data 1Dc11caHd Ulat tile pe.rcenhge ot ~ 

was b1at~ in t.be oa:;e of l.t.tu"el. We __ plants UllC1er abadal 

cODdltions durlDS tile t1rst, see0D6 Bnd third weeks ~ 

observat.1011 OOIUparGd to tl:lat of u.tlSlladed ple.nts. lio,,"_. 

our1n.s tho lat.eJ' s_en tile percentage of tlovenns vu 

minS .. in .I'rea~. &t. ~lle h4hea~ pe.reeta.ge of tlove.1'1.nl 
vas l"ecorded ., t'1"_~_ 2 {U6 per cent;) toUow«1 _ ~ 

j.·re~-* 1 (ao per cant). 

vn a a~ consitieraU.ofl 01 tbe data }Jl'ElS4ilnted. ill 

.Labia. t,. and 11 t it vas ~ t;,ba, -.:1-. percentace ot 

l-'l.ents tlOW1.U~ 111 l.'rGaWd a (86 percent) whWl trea~ed 

with ~tnrel. But. 1n J:'rea~ .) (~ pllr cent shade>, 83 

pereent __ of plants tlowefttd. __ ld.t.hout l:1;t.hr-el treatrc-ent. 

UDOGZO 1S pel' cent, :jh&tt~, tbe1'"4t tftUJ not aueb difference 1r1 

the por<:~t,8t:. of tl.over1rC be .... ~'e1 treated and. 

1'1011" \reated. p~8 (,a and ~9.' pel' e... r.~lPeU1.,.q). 
:b1l-8 l' call be aot1cecl tha, \be etten 01 &th.~ em tl.owf.lr1nS 



:.t;roatiments 

1. o per cant t'lhutle !1a.6.~ 10.0 16.0 28.0 6n.O 80.0 

2. 25 1;.81" cent ;;.!1:.i.Uce !i29.at. 64.00 68.0 12.0 l;)(;.O fM).o 
3. SO per cent ., .. bw:.". !;2<;.()) l~.O 48.0 48.0 64.0 6It.o 
1f..7; per cent 3h~H .. :O ;28.90 ~.o S1+.0 Slt.o 5r.S 58.0 
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vas more OOQ.sp1cuous Ul ope tba 1Jl ahad.ecl cond1tione. 

UM_ 2~ percent sI:ut.de, 6i,~1able cUft.renee 18 

percentage of tJ.owe.rinS could nM be b)tlcad due to .Bthre1 

ar·pl1catlon. t1lder '0 per oen\ sbade, Rtbre1 bad sbovft 

rathe a ~ effect: OD t1.ovenn'h the nower11l1 

percen~. be1ns redUcocl trom 83 .. 6ft. Uncle.., cOlld1t1oaa 

or h..". shade al.;JO (7; per oeDt.l t .It.b.rel not o~ bad 8111' 

ad .. an~8OWJ effect OIl tJ.ove.J1.na. __ also contr1bUted tOI' 

redu.oUOA 1n tbe e.nect ot ~ of pl.ant.s (liig 2). 

7 .3 Did lMM. ar~" ,ma., MtrJil.dlil 
.Lh. data shoved 1ih&t UIldu aaopt1oD of ~thral 

t;natmentr, the t:J.me t-ah._ tor tNl\ _1aU~1 tr wan more 111 

..-reaUid 1. (1)b.? dale). Unc ... eIlade6 ,:0IldJ.t.10rlO, 

lrl"o.Jpoat1". or the 1Iltens1tJ' of abad. t .t1."tbrel traated. 

plants toot arolmd 123 d~8 tor f'Nit aaturtty. 

Il'OIa a OoqlarisCll betweell tile dda 1a j.,'able. S and 18, 

1t oould be seen that ~ !:."Jladeci OOI1dlt1ons both hthre1 

t~ted ond non tl'eated pl..al1ts took almost the same per10cl 

tor tru1t matu~'lty 1.t'ro~pGCtl". of the Intensity of shade. 

:,j,aUazly. ill open u:!IO both the AtbNl usat.ee and nOD treat. 

pl611t.s t~ t.he same period to, tlUi' matow'1 tJ· indlcat1n& 

t,herebl' that. ~t.b.\;el. _~oG no Ud'luar.aoe on ·'..il. 1,l\\t1'1od tor 

fl"Ul\ aaturlQr lri·e~,t.!ect1" whethe .. the plantu weI" CJ.'OlID 18 

oJien or in ahtulecl condlt1cms. 
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Labia 18. .!Sf':feet of shading on the ttu. \ekeD for tru.1\ maturlt7 

of b;~h.rel treated ~t. 

1. 0 per c~n' 

2. 2, p4JI' 

3. 50 l-,er 

It. 15 par 

C.D (5jt;) 

d· ... 

cent 

C(lnt 

cent 

lUmber of ct.;vs taf~en for fruit matt.u1.t7 

'3hnde 13b.7 

~had. 123.6 

shaCe 12J.7 

:;bade 12' 9 "..., . 

.... --.................. .,. ... __ ............... .. -...... --... ----.. -.. ,~..,..--..................... .......... _.,..-_ ... ----- ... ~ 



DISCUSSION 
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DUlCU:,alOJl 

i.4.sht 1Dten3.1t7 is a taetol' wb1cb bas protourld 1n1"'luece 

on all phasos of plant grovtb. ~b1s baa been 'bJ.'rought out __ 

oe9oral workers (Gourley, 1920, KrevblU, 1922; V1.nsoIl, 19231 

t:4mond ti .i\l., 1961f. and lila_ aDCl Mel..." 1971). ~se4 CD 

the capaeitJ' of tho plants to eadlU"e shade eonti1 t.1on;J. thGf 

can be ~roupGd as ,~ to.1erant I and I sbn{~. intolerant' 

(baluu-. 1950). J,'b01'"O 1_3 &DOth_ poup of plants called 

I shade l.ar.1r.g I Wh1ch havG an c.fi1Id.ty tmltu·(;.u s~ecl 

coJld1t1ons. 

PJ..neap;:lc oJ.t,t~)t 1~; g:ene~ 61'OW'll 1n ti"..e OfAJrl, 1 ts 

ctU;...ivat1on M ZJ.n 1ntvl'crop 1D COCOlUt "ucens ot .Kerale. bas 

been nece!:~s1tat.ed 1n ,{,(!Cell" \S.raes due to 11tl1tcd. lam N5ouroeS. 

(he eff1c1~ 1n utilizatioD of sol.al' encl"gy ult1tmteq dec1cos 

the sultab1l1ty of n crop ill tbe 1I1lt,1ple Cl'OppiDg ~;¥ stWi. 1«> 

det,oileci 1r.J'o~~t1vn 1:< avai hibl.e on l"cbe t...1ffc.;;-cnt 8k~pocts of 

srovtb, t'loveri.n; ;)lXi fl.,u.t1rli in 1~I.J.e under :;haded or 

pa.rti:'JJ.~rtlLl!cd ccrtl(1t101~,. l' in 18 t.tI.1s cont.ezt; the present 

1,lWost1ial;.1on aGS'Uf.UCO groatv 81Qni,f1cance With practical 

ooeptabillt; ll.fl{10r r~rnlo. cOliU1Uons. .l~1neapyJ.. has parbapa 

been hitbert.o COllE1d.orecl as a sbe.de 1l1tolerant :tpec1c3 which 

1s _ldell~ due "co le.ek or de\a1ler1 stud1"z 01'.1 ;;:;bade tolerance 

ot thi~j crop. 
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tn1Uns bClbaYlwr ot t.., .• an_ of pineapple \Di_ 

Uft ... , lIaeD1t1es 01 ebade Yb., 0, 25. 50 aod 15 pGI' cd 

vere atu41ed • 

.r~"$ suob as tne DJIlbeat of leav08 pel' plant, 'IJI 

leaf aroa., tresh as well aLi d.rJ we~bt of '.v l leal arl(} the 

perccntQ&. dq w:4;ht of t ~f' lear \:jere studied at three 

c11tr •. l'd stages of srovtb, ~ IiDI out. tbe otl'oct of shadinl 

pJ.aht _:~ not ~ to be J.n.t1ueoe. li" ~~ (We up to aD 

1.ateru;J.tr of 'I, 'per cudt,. ~. ooMucteci 1>7 ~.o~ro "903) 

bt.lG also ~ .. ~own that, th~ loaf p.rowetiOll :1.11 l4neo.r~. vas f)O\ 

(lii.'ec~tK1 b)t 3ilade. VI.L vile ~. in citrus, a 3bada 

!nt.ol .. ant .JJ;eo1os. sbuti1rJG was fGUDd to Hsu.lt 1n a fi.-c;ru~on 
, 

!rl the wmllur of leaves IJl~u4 per pltalt, (~;oJ.f·"~t 19(3). 'rhe 

tact that. tile ~ber of l_ve$ pl'OGUced pw plant VIi3 not 

cecrRSeG _ shncl1ng1n p~p19 p.1'Oba'b.ll' u~,ud_eB l.ts sbade 

t.oJ.el"'anc~. 

Incree.ce in leet area of plant. 18 tho UiiOOti1.et. 

perceptible morpbol.opeal .waptat.1oD Seofti.lly Q£woe1atad v1 til 

low intensities 01" l1gbt. both 111 sbade t.ol.erant and. sbade 

lntol.ern.nt 19p~lea. vbr1o\lull, the lJu'gel~ loa! svtace 1s 0. 

00£iI}on~at1on P.ledl(1l'l1~$l 1'or absorption or 11bht Ol'lOrgy. Increase4 

leaf ar_ oon:sequC1t to sila.d1ni vas ob"",_ 10 e1t.Jus aat apple 

(""~iJ. 1~03' Uourl~ and. ~'1D1fille. 1921 and .tre.1t bera, 19'15). 
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lit .... pres .. at;.". ..... l' was tOUDd. that tt:-e leaf area 

prop-ess1va.'Qr 1ncrease4 dab sbadSIli 1Dtf.llD81tloa (1'able 1). 

The increcwe 111 leaf ar-. 111 pa.tppl.. without. ., recluotJ.oa 

111 the IlWnber of l.eav\;:s per plaD\ bas resulted 111 a larger 

leaf er- POl' plfmt. l:ue atlal.itat1oD ot p1r.aapple to sbatled. 

condition 8.S aGaUwt 111 t.'la'nY' otber tnd.t crops 1s thus _1det1t. 

Cc:Dparable values were obta2 ned tor fre:Jl ve4:bt ot t I) t 

108"e::3 'Ullder shaded and 1n Qj4Il 0GJJd1t.1ons dur1r1g the "'lI' 

staaes of grovtb suggost,1llI .. uaUora molstw·. nG1me ill 

plan\$ w.le1" sbade aDd 10 *be open. ~;1in1r1cant 1ncJo0li:J. :Ill 

the fresh ve1i;;ht of leaves at ... u.. ot flover1Jli in shaded 

})lanta obsened 111 the present studJ might be considered as a 

better ptqs1oloiie.a1 ba..-4s 1"_ pleDt growth. ~easec1 

mo1stw .. content ot l.eav G$ as • resul.t of obaclUlg was reported. 

1n apple (lnybUl, 1922) Uld III cocoa (OLler;') t 1 :}11 ). A 

U1l1totm sol1 moisture reg1:ile UDder shade ( .ol.to, 1903) and. tbe 

decJ"_~ecl t;;:ansp1rat1on J"8.te ot p1aats due to low lntenslt)t of 

l~ht (l>1art1n. 1935 and 1"':-.1.1, 1936) l:Id..sht be the cont.rll:utol7 

factors tOl' higher water cont .. 011eaves. 

l'be adaptab:1Uty of p1Ma~ to sbaclecl conditione 1s 

l,erbaps best refl.GCted 111 tb.e .tb7 _t.ter acC\1DtilatiOll 111 l-..es 

(l'able 3). lil'7 .. tot-or accultlllattiOa in plants .1s 881lenl.17 

cOllsJ.del'G4 as all 1lld1catioll ot tile pbotoSJ'Dtbet1c etl1.C1e.1lQJ. 

lJl sbaUe 1nt,ole.rell\ pl._'s Uke ap,1.11. (.I4IIo1X1 .Il ... , '964, 

.J.sko, 1910 and ~ .. 1911) .. black OUI'J'8Ilt (~tat 1971) 
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P'OVIl UDClw OODdiU .. 06 lA»W ~ in, .. 1t1 •• , dI7 att. 

aca.a.lot101l vas tOUQCl to reduCe ocms14VablJ. On the oth4W 

hand, 1nol"eas. 1ft d17 matter acoual1aUOD ualer sbade vu 

chaJ"acter1stlc of ootfee, a sbal;..1.8 lOW1ItC species, vtw .... 

muin. accumulation vas DOUceCl UbIl_ ,0 pel' oeM Uab" 

1ntens1t7 (".·l1ye:.i.ra 8Ild .... aw1. 1913). 10 the pl"G8ent. stu4J". 

the dr.y matter acCNa&latloA ill ,be lAnes was ~abl. 'bot.b 

in shade aDd 111 ope Ull tlow.r1Dl altbough there vas a 

reduct-lon ill the same a' tl.oveJ1.rac (trora '-'.5 per cd ill op_ 

to 12.1 per ~ 111l4er abaci.). 1'l.ow.r1nl ot pi.Deapples in the 
I 

open W&3 late bJ 36 to .2 _. UaaD those 6l"OWD under sbade. 

this 1ncrea:Jec1 ~ lfI6 'betMe8D pl. .. tag to tlDuaJ1J1g mlgbt 

bave belped tor aD 1'nCreased 417 _tter accumulation 1ft the 

1 .... 8 ot uoshaded plants at f'l.owar1na. The l'educt1oD 1n 417 

matt.er accumulat1m vas pg\ cODdd~. 111 spite or shad1Dl 

upto 75 per oct_ fhis _,e'ft. \bat .. eD UDder h1gh,lJ sbadacl 

COlltU.t#iOll8. tne pbotoS)~nth.t1e ftM 111 piDeaPllle is DOt redl.lced. 

to an .t.e.nt to lntd.b1t the powtb pJ'OCessea ot \he plant. 

J.'bG general Ylgour of sucken producGCi ~ the shad .. 

plants 1n tVlllS ot the h~ of .... G, wr.aber of len.,. .. p_ 

sucker, 'lit leaf area and tNsh ve1aiht of IL' l.eaf, WaD tCJO.bd 

to be I10re thaD tbat- of 1;he sucluars pro4\lced 1!l tb8 op_ 

(Table 16). 'Ebb G6a1n 1ncl1oatfMl tbG sb8l'1lDl vas ttwOW"ablAt 
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also ~ affected .. "'1DI. 
'lba tot.al. cblo~l1 eoIltent. of 1_\,_ of shade iJ"OWIl 

pl.al&e b.u been to'liDld to ~s. in eompe..t"'1aon of sun grown 

plants {.i.)Jorkaan, 1960 and. Goodcb1lcl ti aJc., 1~l12}. In the 

pl'e3eDt !]'tudy al:lO tile tot.eJ, cbloropb:rll cont_' of leav .. 

increased ProQrGSJ1vol7 (0.02- to O.f1/ 1Iel" cent) w1tb the 

intensity of shade. Ac,t,"UtUl.Uorl of ehl..OrOptjJll in shaded. 

leaves 10 serleJ'8llf attribUted to the clecreaseci uUl1sat1on 

of the pig!:,ent to.,.. photosyfttbat1e aot.1v1ty untier reduced 

llsht 1ntGll~1't1es. However, tb.1s theol'7 c4e~ not bold good. 

for plMaPl.ile since tb8 pbOtotqlltbet1c rate wan not great.l7 

afteetad by ~';had1ng as retl.ee'ed in t.he d17 mtter aeon.alation 

11\ laav~1. Alternatively, the redUced destruction ot 

chlo~ll under, low l..1t;ht iDtens1tJ' ~ht orfer a better 

ezplfalat10n tor tho accuD.11etloft of chlorop~ll 111 plD_pple. 

the l.eavos of p1tie&i'll.. 6rowJl1n tba O1Ie pro!;snted a p1Dld.sb 

&vl-i0eu:ance aSj,;ec1alq (!urq SUIII':l8J' in eontra;t to the d.uk 

reen col.our of the leaves WId... :Jbade. the chlo.ropl\y U 

de~truct1on tiue ",,0 ~ lIlterwlt7 01 11Ght 111 pineap}>le 18 

tb\lS .,ldent. CbloJ'Op~ U 4etJUUo'lon UDder blgh .... 1nt.ensltJ.8fJ 

or l1cht ~ it.a rGJultantr l"8ductloa 1D leaves _~I r &pOrtGd by 

Clark (1905), llmd1ng (1952) aDtl Gaub1 (1969). 

tOOls8 on tb.e Wtl'l011t status of leaves 3boved that 

nttroti_ cont.eat increased in the leaves UDder sbft(~_ 
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eondltS.oDs ezcep'duI'iIII t.M --11' s~ea of srovtb. Tl:d.a 

might; be atV1."*, ........ '" \be iDer'-.se4 ~ of the 

lI1tnent element 01" due M .. c1eoree.sod Ut.111:lati= of tbe 

:J8IM tlDder shade. lD baN&na .. Pl'OC8SS tel"lD«l 08 'mule' 

sp~ aotJ.on· UDder ~ was I'flpo1"'tecl bf 'ii.mUmcls (1966). 

A slid J fAr procea$ 18 also posable in ~ UJ1der sbade. 

It thia was so, lt 1I.'I,gbt. ladle •• \he poDslb1l1ty ot us1ns 

rectuced 8IIOUIlt.s of nlt.rogeDCU8 ten1lJ.aers tor Pu-PplA 

unciOJ' sbade. J\a~ wood, .. tb1s tU.reoslO1l v1ll be of 

1Ilterest. tbe pbo~ aaI pMusJ.uD eont.ents of leaves 

did DOt .sllow d1trerenc~.w both Ullder sbnd.o &ad 1n open. 

HIlUM.i_ content of 1 .... 1Dor'eased. lLS intensity of sbad. 

increased whf.U'tiJaS 08101\8 oonteat d .... ased under sbacle 

1Dt('''Ilslt.le. above 25 par 0 ..... 

lJelqed and reducod tlov-iaI vera tbe 1.tJ&!ed1ate 

COllS8q.UI'lOfM1 due to ~ ill Mat of tbe bortlcu1t.ure1 plant. 

bel.orc1rc to • sun spec1u$' (r..r.rl4U. 1922, CGi}ell1n1 an4 

~tra. ':;11 aDd ~aokBOll aDfl .falaer. 1911). A shade l.Dt1..ai 

plata 11k. OOt.-o&. vas an ... 1oft 1;0 this (royer t 1914). lD 

the present st;.uctr, 8ba(t1_ vas tOUDd to be beneficial toI' 

Gal'ller. Uld..foJll aad blgber ~. of t'lowet>J.ne (Xable It). 

'Ibis 1ndicated that the pbJtslol..,. o£ 1"l.overinG 1ftl.S 0()D;j1d.vah\r 

el tared 'to" ubade tNatuentS. fbi. is interest.iJlf; s11lce lack ot 

1lll1tOftd.ty 111 fl.otNrinS 1.s .. 01 tbe serious pJ'Obl. .. 1a 

piMapple CUlture. UDder Datitln1 OOfId1t1oDs, f'l.owv1rls s.a 
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aonaaljl' .restnotllC1 to .., 1es8 u.. 20~ cent. 111 • p1aS

orop (1:landhava .. .Il-, 'l9?1). It.., t.bu beeftt. pi..-ppl.

~ und.eJ" sbaCe to oM.a.. bieber aal UU'ona t:lowenna.
&1 imnat10D 01 the pncUoe of bonioJ:Ja1 ln4uoUon of tlover1J:lS

appean to be lJOSfJ.1b1.e ill~ IJNM'1 UDder part.1al ...

as in oocomt, p1ant.t1ons. a 1101.14 bow_..., be reas0D8'b~

to presuae \bat. a shade .11m1t vpt;o SO par ccmt 1s DOn de~~1ftbl.

in pineepp1e s1nce at '1; per _ ab.ed., arewct10n 111~

vas cbs..., vb1cb 1ItI8D boveY. b1&b8r tbU11n opCl.

1'1neappJ.. Joa ~kab1. lD. tbat intt.1at1on of t:1oweriDi

1s eliott.ad _ thO appllcat,1oa ., au1n$ (Clark and. Kwns t 1942

and Yan OVer'beek. 19lto6). Ia~$~. the effect of sbad1nl

on tlower tn<luetion vas~. to ..an or ~thre1

appUcat1on. 'l"Gfl\lt4a~ the tlbade ~nts might baY. C8Ilsecl

physiological changes .1n 1.... s1ra&lar to that of et.hJlene

apl-Ucat1on wb1cb £l1gt1t haYe til tW1'1 belped lover t.M 1Iltomal

aoUV8 auxin 1.01. ultlaatel¥ tond.nl the pJ.ant,~3 to t1over1rtl.

Increo:.i+Gd tlowcl'1n& in pineapple was asaocluted with a d8c:t'4l&Se

11'1 the normal a.uztn l ..eJ.s lIT the t .....t.men, of etJoqlene 1.D

p1rl8aP.P1. (Van OYcu,~beek, 195'1).

ID contrast to the~o~ 0V0t and i:y (1910) that 1n

p1neap;p1e tile presence or abscmce of l1&bt hat\ no .1£_ OIl the

nover1l:lS I'Gspon::e oi" 1ltJu.tel. t.B \be present sCudi'. 1\ vaa tOW'ld

that \he plants under shade did .not l"esponcl to .Ilt.h.re1 app11cat10J1

as in tile case or puss 111 the ope (fta 2). 'rile lack of
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reeponS4a too ¥tllJ.~ appUoauOD was more pvcept1'ble und.,. 

h1gher 1ntens1t1es of abade If. At as per cent shade. tlower1ll6 

was 1nor-.sed from 1S to 00 pOl' COI'lt vb1eb boweYor rodu.oed 

und_ ,0 per celt sbaJle ~ 83 to fh per cent. tbus the 

present ntw.l1 1lX11c.etai that U1lder hIBh.I" 1nt.ens1t188 of 

:Jbade Athz'el bad an 1nh1b1to17 _lon on tlovw1.ng 1ft p11'leappl. •• 

.i:hJ.s porhaps sut;gesto that. the sbaue tol.erance lJa1t ot 

p1.noai)r~e f'rcc the point ot prodUctlY1t7 1s 50 pOl' cent. lb. 

a;-plloo ~ttL'el t:4gb't have ~sed or d.8creased the 1ntemal. 

awdn content to a level 1nb1blt.0J.7 to tlower1.rli t.mde.r h1gher 

~h. ul.t1J:mta botlOt1t of pSneapple growing Ul'.tlicr partial 'q 

shaded cOI1tl1t,10ll is decided 1:1' the ;y1eld obta1nec1. .In t.ne 
present stud)' .1t wa.~ found that t,;!'le vej.ght of fruits with crown 

unA.ler OPCNl Q,a well. au ~er :lhade vas ccarparabl.. rut vb_ tho 

we1gbt 01' fruits wit.hout el"Olft'1~ take 1nto acCOUDt, there W~ 

SlgllU1.C&.l'lt ~t.:i.oll in 71eld. in sbatled pJ.ants. W.h1le the 

eJ'OWIl weit;ht acoountoo 0lll.J 15.12 per cet of tbe fruit we1t;ht 

111 tb.G op-. 1t _3 21 ...... to 30-" pel' ceam Wlder sbade (;&'1& .. ). 

The 'rigorous nature or the ca..,.. 18 thus a til'aWback tor fruit, 

p~ 11'1 sbadG. liOwGnt'. shatlina did not alter the 

developt*ltal. pat-tarn of fru1t,,). 

In sps.". of tile above det.te 1\ w1U be fouat that the 

per h~ .. yiold wac ~ tr.'_aecl 'UDCler sbac1ed 

cond1t1orw ."en without thAt &»t:llcat.1on ot&thrCll (Table 1). 
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~h. h1Sber yield per b ..... was dUe to the b1i;her percentage 

01 tlover1Dg under shade u d1acussed ea.r11w. lncrased 

rield UIldOl" sba(le va;::; report.e4 ill pin_ppl8 (;iOlt8, 1903) aD4 

1Jl tomato (~J6 ..... 1961.). 

All ad4ecl ad.ve.ntag8 ~ the pSMappl.e fru1t.s grown UDder 

shade abema 25 per cant. intGllSttJ vas reduced peel w:ld ":01'. 

contents. J:nus • .it, c01;.lc be s .. tbat as the tru1t weibht 

without crown decrlaO-~ U"DdeJt t4tacl.t s~taneou.oly the 

quantum of DOn edible pO.l"t1ons Uke peel. etJd ('ore of fruits 

also deorea:,'H'itd. en an arerall awl¥$ls. no reduet10n 111 tol"lU 

of the -effective ylald' cou.ld be attrJ,.wtod to pl.arlte gJ'OWD 

1n ohade. 

r'''l''e thoIl the fruit we1gb'_ the qua11i;,y of tNits vaa 

considerably 1ntl.Ucmt1Qd ~ sbaclins. It 1s well .stahl1~;hed 

that the h1gb intetl:J1tq of U6b\ taYours h.igb quaU...,. at fru.1ts. 

l'he aold1ty 1ncroa;;ed V1tb the 1rlten:.~1ty of shacM~ Vb1le r_er38 

vas true 1n tlle ~a.r and. aSCOI'bic ac1cl CO.ntGflts of tru1t s 

(table 9). LuggaJ" (1903) r~rt.ed 1DcJtea:8 in o:rg8l1t.c acid 

content of l_vos gro~ in sbede. 7:he probable t'_~~ons .1'01' 

the aceuI111 a~1on of o.~Gan1o acid8 in the plant parts undv 

shade nd.6ht be a1ChOl' 1ncretaoe4 qr,rthes.1s or the decreased 

destruction of tho acid constituents UIK1_ l.ow 11ght 1ntGD~1t1.!3. 

~b. blockage 11'1 t.he OOtlVU's1oo pI"OO"~ of orsanic ac:Lds to 

sus ... might Ul30 be anothor J"8a.KAR tor low sugar contem ot 
the tru.1ts UDder cbade. !the 0ft1I" de.f .. oe &row1rli p1nea,v:;;jl.. 
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a31-,eci~ \UlGer b1.Ib lbade was tne s~t cotel~loratiQf1 11'1 

quaJ.ity of t,he tru.1tJ. lWetoration of tllG qualJ.ty of frul'Gs 

by tobe fo\l/l~catiofl ot fert1l.1.nl-s lJ.ke pota:.:.h with a l-'eouctlon 

ifl OOO(lS of nLtroi;JeIl 1iJ.Ght be a IJQDs1blo nolution on ~uch 

fUrttlOr lnve.,;tigat:1oDs are nece::>6a'.U'7. 



SUMMARY 



~'h. present 1rwost1aat1orw vel'" carried out in the 

departmont or lomoloS1, eou •• of liort1(..'Ulture, 

Vellon1kkara 1:"rc'e 1916 to 1m. ":he effects of sbadinS 

78 

on growth, tlowcl'1n8 aoo frnlUbs ill p1J'lea.pJJle v81'1ety tKev' 

were nud1e4 and the 1\)l..l.oV1rlg oonclus1ons wore made. 

1. INmber of loavGS Pl.~ per plant vas not f'ound 

to be 1nflueDcGG _ sbad1Jli. 

a • .Leaf area ulCrCNWed .~ at the lator st8i;en 

ot growth UIlCJM sbatle 1nt.ens1Ues b1sher than 25 per cent. 

3. 'J:b.e dry matter e.ect_letlon of leaves was not 

a1" focteQ bJ ohad1ll8 tUl tl.o'M:r1lJ&, wt at the tJ.me of 

tlower.1llg the dr:! mat ter &couailation under shade wac tOUDd. 

to be redUeoci. 

it. 'lhe vigour of ·tilG suckers 1n term.s \)f the he1&ht 

ot the suckers, numt~ of leaves per sucitv. ';:.,' l.eat (U •• 

and tresb ve1&ht vi t L' leal lIl"OdUce4 __ pJ.ants UlKler nnade 

WaG tOUIld to 1ncreu..oe nth tbe 1D1'.ens:1t1os of llo.ue .. 

5. the uptake pattern of aeJor wtra.Its VfW not 

great13 1ntluaneed. b:t :Jh~. :ba01ng 1ncrem~:jfid the 

~eE.;1_ COJ'lteJlt ot l.eaves at all. !Jtages of b.:.'Ow~h aud 

n1~roeen content at later stages 01: ~rovt.h. llOvw,r t sbad1rli 

above 25 }Jer C011\ int.et~~1t.y resulted 1ft reduced contents ot 

calcium in the leave,::; at. a.lJ. ataa~a or Srowth. 

6. Chlol'OlJiYll 'a' t 'b' aDd total we,-a found to 
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liJ"Osr8&81'9el¥ 1Ilcnase vital lnten;;1t1u of shade. 

I' ~ In shaded. plant,s &8Jl8raUJ tlowor1ng was \W1.form, 

OL'l¥ anti b1ghOI". l'he lJOdibl.e reasons I'or tt4.$ has bQQft 

e. i.:.tfil'Gl. vas tOUD4 to bay. all 1Dbibltory action an 

fiower1r1S or pinoai.lpl.e uadOr 1Dtflll!l1t1es of shace above 2S 

por cetit. 

9. Fl~t W'8.'4;ht w1tb OnM1 was DOt. 1nnuenced bf 

sba4i1lg. rut the oontr11:1.t\1.oa of orcM'W to tbe tru1t 

VQ~ .. J~t iDcrea:.:;oe i'Ek;:;J tho 1ntenslt¥ or $~e 1ncreasacl. 

Conseql4ellt4 thoro wa~ a reduct1.oll in tru.1t wOivilt Vlthout 

Orowrl Qr .;bad1.n(;. 

10. J?ruJ.t deve.lopme.nial pattAra vas not 1nt'll.lGneecl 

1»' ;;Jb&dj ng to ~ :;1gnlf1c ... _ct. 

11. "bad'DB aboVe 2S per ooa.t; was ber!e.f1c1~ to the 

at_ or reciuein6 p~ &PI1 con ~bt of t.bG tru1t~. 

12. ""uallty ~ the Ind.ts lD ienen\l. ~Qtf d~ect 

unde shad_ CQft(i1~1OJlS. Wh11e the aelu1ty 01' "·n;J.ts 

1ncroasec1. there Vt~s a general ~'"t.1on in ::iU6&r a.OO. a~col'b1c 
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A.ij~4iU 1 

... w~hi;> ... H DA":A .l!\4~ ... H~ j.;~, ~lW ,i<~t.01'l .l\UuU -'~ t 1916 ,({... ~ U,f.;i t 1')76 

--------~~~--~~~.~-~-.~---~~----~-~~-~~~ .. --~~~-~-~~~-~~~.~~.-~~----
(1) \2) (.3) (l+) (5) 

.t.'aaperature nelat.1v. bumidlt1 .i:otal. unsbUle 
'" . .. 0.,; per cent. .l:1&1nta1l. hourS/<1fJ¥ 
1 .... /~ ..... - ........ - ... -----,,--....... ------..... -- _ 

Haxililf(lI! i~iJ:uD l~X1fl1. lr'.J.N •• 

~-.. --~-~~~~-~-~~-~.--.--~~-~----~-~-----~~-----~----
.1iZ6 
quat 30.9 21.0 97 60 315.6 1.7 
···.ptembe.r 32.1 21.6 9' 61 104.S 6.8 
Oetober - 4 ';;v. 21.9 95 S<J ''''.1 9.' 
ilov.ber 32.9 .. " 9 {;.: . 96 53 20'., 9.6 
llGCcber 32 ..... 1:" .... 93 lS 1.6 9Jt 

J922 
J~ 

"'\- £,.' 
.jj.;f 1'1.2 y, ]}+ nU 9.6 

FebJlual7 31.1 1<) .4- 95 18 a.6 9.5 
i>:arch 38.~ 21.8 93 1!j 1.2 9.1+ 
April 37.2 ~~ . .,.:; ~/l 40 61Jt. 8.a 
"4Q' J6.J 21.6 ~S r;:'r: ':J, 2f)4.6 1.0 
June 31tb 21.3 97 66 5b6.a 5.1 
J~ ,30.9 21.6 "8 ';J 66 721.1 6';' 
.August 30.9 22.0 96 6t 194.2 S.a 
""eptanber 32.5 ~". 6 

4~. ~b 61 162.6 1.3 
October 32.8 ~ ... ~ eU :;; !IS 3t9.9 9,}. 
itoVembeJ' 32.6 21.1 91 fll ~O.8 9.6 
December 32.1 17.6 ~ 40 nU ~., 

J9~ 

~ 1IIl\l8,ry 3lt,.3 1b.b "'3 ';J 18 nU 9.' 
F8b1"U&17 3, .. 19.1t- 95 a:J itO.) ~:,., 

~.rcb 31., 22.1 96 2it 5.1 9.' 
AprU .)L.O 22.9 j!i ~ 198 9.0 
ifal 30.1 21.6 97 Jt6 2WI.S 1.5 
.June 30.9 21.it- SIb 68 Blti., 3.' 
.lull' 30.0 21.1 98 10 190Jt SA 
---~-.----~-~-------~--------------... --..... -... -.... . .......... ·iJa.~a ooUec'ed from the t~t clru:w tlb:JOl"t'atc!7. Mannutto" 



Blook 

IJ"08k,'" 

Brrw 

Total 

Analysis or Y(U'1o.nce .f.'o,," oti'oct of sha<i1ll8 on veget.ative charo.cten 
(;:]U ll10lltbs nft,er 11 .1.anti·t'oG ) 

~. Etgl"Gl~S 

of 
troQdoo 

It 

3 
12 

19 

1But 
~t;er 

3.!)1 
5.80h;:~ 

2.38 

3?<).22 

51aa ... 15 

126'+.68 

1.60 0.20 

" 62.64* 0.56 
III 

11 Jt8 0.16 

3.53 
o.,..n:: 

1.,1 



Bl.oOk 

,t:~" 

u.rr_ 

J:otal. 

A1"j~~rd)D. III 

Anal.7s1.s of: va:r1.ance ;tor effect or llbad1f".06 on VQgdta,t..1ve charaet,ere 

(one year a.ttoJ" planting) 

It 2.52 ''*'2(;;.63 8.18 0.76 

3 It.nIt " " . 2<;6lr.,~ 31.051", O.3SJ:~" 

12 3.50 756.'+9 26.11 0.52 

19 

2$) 
2.561f~J 

1.51 



Anal7s1s or variance tor 8fl~ect of shad1ng on veguta~1"e charactoore

(one year altor plant.1ng)

Deg.l'ees
of
freedom

B100k

r......
RJ:W

total

3

12

19

2.52
It.7?b,

3.'0

1lt-2o.63

Z;6i+."'1*

6.18

31.0Sk
'

26.11

0.76

O.35J:~

0.52

2.S6
2.561,1,

• - .1t:;rj1f1cant at ;) per C~l~t level
!~;' -1'~t s1lbId.t1cw$t.



~s1s 01 Y8l"1aDce toreC'fec& or ld\adiDi OIl vegO'te"tlvG cha:rao'WS

(at,~)

...
3

12

'19

'.63
3t3aliM

".,5

2:sl.0

ltOO6JA.••

1\8.21

9.ot._.
ltS.20

1.6..

0.30
O.1·9~

0.'9

'.6"•2."
oM

..................... '.._-_..•_-_.._--_ ~..~ _._ - _--
• .. ,~ean' at. S per 0_1""...
...J~~ at 1 pc_ cer.tt la'Ml
B<J. l~t l~cd



Al-'HiWU V 

.block 4 6.65 0.93 

X~8llt 3 '9S5.1.a. •• • 6 *,*, 3 ... .., . • 15 

W~ ~ 13.,3 0.B3 
. "'ot;d. .;.. 19 

\ 



AJ'hs14lU VI 

Anel7ds of vananee tor en"ec.rt o£ shad:I.ns on time take tar 

t:r111t mat\U1.tJ' and y10lA/h_tal~ • 

.............. ---........... ., . ....,. ......... __ .................................. ------_ .... . 

Dl.ook 

!reatD.~t 

Al'i'Ol' 

~otal 

DeaNO. 
of 
trOGdom 

It-

3 

12 

19 

a.,;4 3.1' 

a&1.1 .. •• 1631.1'·· 

1.9lt '} ,.(Q 

-~-.. -~-~.--... ~---~---~-.. -.. -----... -.-----~-------.----



JUt1ttllJ)IX 1111

A.na1:191s ot~e tor at.feet of shad1Dg on t 1'U1t characters

Deol~GB

of
treooom. L ...'UJ,.ij ~'~"Uit

w1cibt< we~b.t
wlUl without
er~ CJi"Ot1G

BJ.ook.r......,
iII'zW

..
3

12

19

o.oos
0.o16lid

0.00'

0.00;
••0."

o.~

5'" O.f11
1"ItAi'· 0.61lib

1.90 o.jf.

o.OIt 2161.;1+ 2311.21 3003''''' 0.005
• 4~ • .~ **

0.013 127'....;"/ 6505.81 230803.31 ·0.0:0

0.02 1893.~ 1668.~ 14611.71 0.003



...... --.. -_ ... -----....... ---.... .. '.---_ ..... .,... ................ ..., ..... .... _---.... .... --------------..... -... ~ .... -... -. 
;,.,rown V4d.ght .­
pereentag$ 0: 
truI., wei.~' 

........ ___ •• .. ___ • _____ .................. ..".. ...... ___ ••• ......., .......... __ .. __ II.lld __ .... ___ ~ ...................... _ ..... . 

Blook It 190.73 1.62 ;a..6ft 
la-e.talent 3 

I 5121t6.83·· 
... 

215.;8 2290.9 •• 
i;rror 12 509.66 ~.)1 16.C4 

J:otal. 19 



.... _ .................. ~ .. _ .. _._ ...... ___ .. _... • ... ..,.. ....... _ ........ _1!M ... ~_._ ... __ ................... _ ... ~~ .. __ .~ .... _____ ... 

Hean squ.are 

lll.ook .. f).ttl) O.~ 0.01 0.09 0.05 0.60 0..., 
;r ....... 3 0.'),/;;'1 oZ/ 

!ol. 

1.95 $- 1.il •• 6 •• -.02 113M" 1.62·· 

..,.... 12 o.1tO 0.003 0.11 0.11 0.08 oJt6 0.23 

:total 19 



Analy91s of "81"'1Bl1C:G tor Gttoct, of:;hOO1De on DUt.rlent::;t.at.us of l.G8VetJ
\ s1:l months aftfar ~1ni)

ve&.MH;$
o~
tr~edoIa

12

19

0.02
," ,,_t. r~
l..i_",R

'1,-,.'.

O.OOC::/,'l"

0.0>:;C31

"

O.12~\

0.002".*0.000

O.OfXqC;

••o.rYJtQ



Block 

Ml~IlD 

AbaJ.l's1s 01 var1ance tor e1'1''' ot ~D& OIl l.IlV:1ea\ status of leIwe. 
(oaa 7-- at'toeZ' ~) 

~ 
ot 
froodOa 

.... -........... -......... ~ .... --.... --................ -.. -----.. -.... -----..... ....,----.. --
It 0.03 0.0001 oJto 0.001 0.001 -. 

T~ 3 
lI$<* 

0.10 'O._iz~ O.21~;'~ 0.013 •• 0.006 
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