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INTRODUCTION



INTRODUOTICH

Remearch on muliiple cropping in coconut garden
was tcken up only since 1970, though the practice of
cultivating crope in the interapaces of goconut had bsen
a common practice in Kerala. Farly studies conducted azinly
at the Central Plantation COrope Research Institute,
Kasaragode, heve indicated that there 1s enough scope
for intensifying cropping in coconut gardens especially
as the coconut roois actively exploit only about 20 per
cent of the lend area. However, success of this mort of
inter and mixed oropping hed keen highly variable, It
has been discerned that guch differences in the succese
of crop combinaotion arise mainly out of differences in
the competition boilween crops for the ﬁhéee basic inputs
of production vis. light, water and nuirients. The coa=-
petition for thess feotors is reflected both in terms of
8 8ecrcase in yisld of the main orop becsuss of coapeti~
tion for water and nutrient and eleo in teras of poor
perforaunce of asscciated crop maihly due .to ccampetition
for 1liznat.

Prelininory ostudles conducted at the Central
Pisntation Crops Research Institute have irdicated that
the ooount of light that filters through the coconut omnopy



ia nerkedly affected by the age of coconut palm. It has
been estimated that the light infiltration can range

fron as low ap 10 per cont to as much &s 70 por cen?
depending upon 2ge of the peln in a space - plonted
coconut plantation. Based on this indication, the general
recoomendation ned been that muliiple ¢ropping in coconut
gorden omn be taken up before the 10th yenr snd after 20th
yesr of plunting. Even so, the illuninstion intensity in
the interapace of coconut ptill showe wide variations from
about 20 %o 70 per cent. With the idea of getiing reason=—
able and profitable reinrns from the aseociated crop, tae
general recomzendation agaln can be o grow shado~loving
shd ghede-t{olerant plents in situstione of higher shade
intensity. It was in this context of selecting crops that
woizld be auitable for intercropping in various shade
situntions that the presont study wes taken up. Though
such studies on the shode repponse of Some cropo hove been
reported, no work on these lines aaso been doune in iropical

crops that could be culiivated along with coconut,
The primary objectives of the prosent study were:

1) To study the yield responce of comzon rainfed inter~

orope of coconut undor varying intensitiee of shade.



11)

1i4)

iv)

To selecl crops sultable for different intensities
of ehede and to predict their ylelds under vorying
shade #ituations.

To categorise orope as8 sghade~loving, chade-~tolerant,

shaede~intolerant and shade-sensitive.

To gitudy the nutrient removal of ¢ropa under shade
so that 1t could be used as & tool for teniaiively
arriving at fertilizer schedulesa for thess crops

under shada.






REVIEW OF LITERATURE

Research work on the response of orops {o varying
intensities of shede is relatively sceniy especially in
the case of tropical crops that are commonly cultivated
es intercrops of perenniel crops. The literature avai-
lable on this espect on the common egriculturazlly important
crops ie reviewed in this chapter., TIThe shade levels iried
in each of thepa experiments apparently hod been highly
variable and inese had not been mepntioned in many of the
reporis. Wherever the shade levele are mentioned, these
" are included in ihe review. Whers these are noi avai-
lable, the overall effects of shade (irrespective of its
intensity) are only presenied.

The roview is given clamesifying the effact of shade
on the followingz characters with & brief summary of the

general trend of reported resulis under each.
1. Plant height

The reported resulis indicate thet the response
to ghade on plant helght may b9 poeitive as in tobacco,
ginger and cowpesa or negetive es in grain gorghum or

positive, negative or neutral as in tomato.



Panikar at al. (1969) noticed that in tobecco
plent height increased by 35.2 per cent under shade as
compered .to unshaded plants. Aclan and Qulsumbing
(1976) observed that in the case of ginger, plsnis grown
under the full suniigat were shorter then those in the
ghade, Tarile et al. (1977) x;eported that in cowpea,
higher light intensity reduced plent heighti.

Tae height of grain sorghum plants was found to
decresse with increasing levels of shdde from 0 to 50
per cont (Palis and Bustrilloa, 1376).

Cooper (1969) obsprved in the case of tomato that
ghading either decreased or had no eifect on mean siea
extonsion rete. It was also noticed that the effect of
shede on plent height wae either positive, negaiive or
neutral depending on the time of yoar aznd egs of tne
plent.

2. Hunber of Lranchos

The responee to shade on number ox wrancnes pro-
duced per plent is negative as reported in peaches,

clover, cowpea and meny other plents.

Dugear (1903) elucidated tnat plents under shaded
confiitions oxhibited reduced numver of tranches, Under



shade, ‘ihe peach plunts produced only lesser nuaber of
btranches which were willowy srd slender (Gourley, 1920),.
Beinhert (1963) concluded that incremsed light intensity
resulted in increased brerching in white clover.

Terila et al. (1977) reporied that in cowpea, higher
light intensity increased branching of the planta.

%+ Hodulation in legumen

Bffect of shade on nodulation in legumee is generally
adversc, However, Increases in nodulation coneequent to
increased illuminsation had been reporied io sdversely
affeot nodule activity and sige.

Iight intensity had been shown 1o affoct growth,
nodulation ané symbiotic hitrogen fixaiion in legumnesn
(Gibson, 1971; Bethlenfelvay snd Pnillips, 1977; Wahua
and Miller, 1978) and this was related to the photoayn=~
thate supply to modules (Allison, 1935; Wilsom, 1935;
Hardy end Havelke, 1975 and Iatimore et al., 1977). Hodu~
letion of alfalfa had been observed essentially to stop
at ligat intensities of lesm than 257 foot candles
(Pritchett and Helson, 1951). Rabie and Rumazawa (1979)
roported that in seybeans, size and number of nodules
decreased by shading. However, in natural light, the

highest valuee of nodule size corresponded to lower rnodule



nuabersg. Effect of shade on soybean was studied by Trang
and Giddens (1980} ai four shade intensities (O, 18, 40
and 62 per cent) and they reported thai tha plants with
no shade produced higher nodule mass and number than

those under shade., However, total nodule activity (acety-
lone reduction assey) was grestest at 18 per centi ehading.
Wong and Wilson (1980) obasrved reducsd nodulation of
KMacroptiliun atropurpureds cv. Diratro under shade,

4. lLeag Govelopment

The reported results on the rosponse %o shede on
leanf development generally indicmted increased leaf expen~
sion and decreesed leaf thicimess with ghading. 1In the
case of total leaf area, there were decreases in some
plants wherees in apple and tomato, there dere increascs
bhecause of shoding. The results on vegeiative growih were
variahble, it gonerally decreaeing wiih sheding. In tae
cage of tomato, the reports indicate enhanced vegetative
growth becauge of shading.

Rolfa (1903) reported that citrua plants which were
grown under 50 per centi shade developed thinner leaves
with a greater leaf areaj however, the total leaf arce per
plent was less. In many aorilculiural plants, Clark (1905)
observed that for leaf development, low lighﬁ intensity

was xos?t favourable and intenmse light caused decreased leaf



growth resulting in ssaller and thicker leaves. Gourley
(1920) reported theit in apples, sheding reculied in toe
production of loosely packed meeophyll. tissuses and thinner
cpiderael cells in leaves and in increasmed leaf avea.
Increased leef arca conseguent to ehading had aleo been
reported by ?orter'(1937) in tomato plantom. Hardy (1953)
pgtudied the nature of leaves of cocoa seedlinge under
varying intensities of ehade end observed that leaves
produced under heavy siasade were nuch lsrger, often attained
a length of 20 Yo 24 inches and wore thinner, heavier and
contained higher proporiicn of water., In general, the
leaves of shaded plonts were thinner showing poor dévelop-
meﬁt of palisade {lsaue and spougy-aesophyll cell
(Boerdaen, 1977).

Aitrue plante growa under 50 per cent shade deve-
loped considerably lesa total leaf area per plant (Rolfs,
1903). Beiohart (1963) reported that increased light
intensity reaulteé in greater leaf area in clover though
the mean nuuber of lsaves produced per plent remeined
non-significant. Poniiar et gl. (1963) observed that in
tobacco, lengith end breacdinn of leaves were inoreazsed by
15.1 and 17.6 per cent, respectively, under shade as com~
pored to unshaded plants, ZFrom the irizl on the effectis

of shade on the growth and photogynithetic capacity of the



exotic noxious weed itchgrass (Roittboellis sxaltaia T.f.)

Pattercon (1979) stated that leaf area production was not
geverely retarded by shading; the planie grown at 2, 25
end 60 per cent sunlighi hed respectively, 7.7, 42 apd 99
-per cent of the leaf arsa of the plenta grown at 100 per
cent sunlight.1 in enother experinent with three ecoiypes
of cogon grass (Imperata cylindrica) grown under taree
light intenasities, viz., 100, 56 =nd 11 per cent of full
sunlight, Patierson (1980) reportied that afier 89 deys,
the plante of all the ecotypes produced, op an aversge,
three times as much leaf area in full sunlight as in 56
per cent full lignt and 20 tizes as much as in 11 per cent
full light. Iz a 30-year,: old Trinitario cocoa plsntaiion,
Boyer (1970) obperved that the flusaing intenelty, leaf
nunbey spd total foliar surfece per tree were greater in
nneshaded trees than those under light or noderate paade.
Tarils et al. (1977) reported that in cowpea, higaer licht
inteneity improved leaf area and plemt size, Hadha (1379)
observed that number of leaves in pireapple was not ine
Lluenced by shading.

Porter (1937) studied the effact of three lizant
intensitios viz. 1139.9, 533.1 and 261 foot candles on
the photogynthotic afficiency of fomato pianm and obsarvéd
that with decrgase in light intensity, there was increagead



vegetatlive growth ag meapured by boih fresh and dry

weighto

5. Chlorophyll content

ihe reported evidences show that the con~
£ chlorophyll per unild weight of leaf increased
roporied in tue caes of plants like coc08,

Hont of
cemtrasion ©

with shading a8

tea, sirawberry, been,
Fut the ohloroplasit content ger unit leal surface hae been

found to decreage with shoeding ae in alfalfa, birdsfoot

alfalfa, birdsfoot trefoil, eto.

trefoil and in cone other plents. In crops like cowpes,
wheat etc., increasing ehede intenslties have becn . found
to decrease ihe chlorophyll content per unii leaf weighi,
Changes in the posiilon of chloroplasi according io tho

differonces in 1ight intensity have also been vangpiag
2 n .8 -

Clark (1905) obrerved taet in the case of mir:
direct munlight of high dntensily resultoq in + “”barré”
tion of chlorophyll., Increaged chlorophyll . e faote-
;noticec; in the leaves of sheded cogon plants :n et vos
Hurrsy, 1953; Guers, 1971). Sinllar obasrvya i e exd
@made by Remaswani (1950) ang Veriatazags ;195:0:15 wera
case of tea. Knoseien (1970) noticed reduoiio: :; e

leaf { f

pignent avb h:@gn intensity of 1igni
bean plants, “
lbl

the

- », 1 v
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increase ap the intensity of shade incresped in pineapple.
Ckali and Owusu (1975) noticed tnat, in cocoa plents, the
chlorophyll contcnt per unit leaf frech weight was signi-
fTicently grenier in deep shede. Chlorophyll content per

unls weight of leaf was found to increase in the coge of
planto grown at lower light inteusities, but the chlorophyll
content per unii erea of leafl surface was very oftean lower
than the plents growp in open (B)oriuan and Uolmngren, 1963).
Similsr observations wers obtzined by Cooper and Qualls (1967)
in tne cage of alfaifa and birdsfoot irefoil.,

Contrary to the above reroris, in the cape of cowpes,
Uigazy et al. (1975) observed that the concentration of
total chlorophyll oo well as its coaponents 'a' ond 'b?
deoreased by increasing shade intensity. In wheat,

Hoursi et gl. (1976zr) observad ihat all pigaents decressad
sisunificantly with increasing shede mteﬁait.‘!.ea viz., 100,
60, 40 or 20 per cent full sunlighti; btut the ratio of
chlorophyll ash remained .constant at all shade intensities.

‘Wnile discussing the bilology of living chiloroplast,
Priestly (1920} etaiod thati the chloroplusts in leaves
would undergo chengee An poaition according o itho diffe~-
ronces in lighi intensity. It was poinied out that in
leaves of plents grown under lower light intensities the
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plastids were limited in number end they were arranged
at right angles to the lighi raye and were larger in
size, thug increasing the area for light absorption.

6. Stomatal fregucncy snd sicmatel opening

In plents like cocon, alfalfa, birdefool trefoil
etc. responce io ahade on the number of stomatn per unitit
area of lesf hzep been reported to be negative. Il has
aleo been observed that the light intensity at vhich stomato
glarts to open and close in plants is something which is
highly varieble between crops; thore are ppecific threshold
valuee of light inteneity, for emch of the crops at whioca
atomata ntart to open and closc., For example, in the case
of cocoa, the piomatie siart closing whenever light intensity
falls below 500 to 700 foot camdles and remain fully open
at intense and direct illuminatiion, whereas in coffee, tae
giomata remain partially close whenever the light inteneity
exceeded 8000 to 8500 foot cardles.

Hardy (1953) obgserved that in the cmse of cocom, the
leaves produced under shade had less number of stomata per
unii area, as the epideraal celle in the leaves were longer.
Cooper and Qualle (1967) observed tunt alfalfa (ﬁhdicagg

sativa L.) and 'Tana’ birdsfootl itrefoil (lotus cormiculatus I..)

hed mere stonata per unii area of leaf when grown in the

shede. Number of palisade and mesophyll cells and the
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cell volume appeared grealest in leaves exposed to sun
and palisade leyer wag nore olearly differentiated.
Holmgren {1968) reported that higher intensiiies of light
during the growth of plents generally inereased the
stonatal froquency but ithere was no significent changes
either in the lengtih of stomaial pore or in the eize of

guard cells,

Hardy (1953) differed on the possibility of cocosn
being e shade-loving plent s2nd reported the following
rosultg. By applylng the oil infilitration wethod for
asgseseing tne degrae of sioneitrl clogure, it had been
shown that the stlomatn of cocos leaves exposed o full
intense and direct illumination (13,500 fooi candles)
remained completely open and tremspired freoely as long as
wvater supply wae plentiful. Ap againet thls, the siomata
of coffee leaves were reported éd paritinlly close whenever
the iniensity of illumination exceeded 8,000 to 8,500 foot
¢endles and in the shade, they alweys romained open provided
the light intensity wae notl so less - a characteristic
phononenon of sbade~loving planta. In the case aof cocoa,
tne leaf stomata began to close when the light intengiity
wan reduced to less thwan 500 to 700 foot cendles, which
was aboul 5 per cenit of the full sunlight. It wes aleo
observed that under ordinary ciroussisnces, ithe astomaia

began %o open at sbout 6 AM and meintained their acximum
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size botwean 8. AR aré 4 or 5 P, sfter which time it
started closing vecause of diminiehivg light inteusity.

7« Photosynthesis ané éry mattor accumulation

Photosynihesle and dry meiter accumulation hawe been
reported 1o ke edversely affected by shading in asny of
the plents, waile in the cese of ginger posivive influence
was reporied, The extent of deciins. in dry matier accu-
mulation was however, varying beiween planis. In the
ceoo of pineapple, thsre wae no appreciable decrcase in

dry natter accumulation even upto 79 per cent shading.

Bingh (1967) reported that exposure of ginger 1o
intense light is detrimental io photosynthesie. Accord-
ing to Minoru and Hori (1969) Zinziber mioga, Roae.
requires a saturating light intensity of 200 kilolux. In
the trial on potied arebica coffees seedlinge snaded to
provide 25, 50 or 75 per cent lignt, Silveira and Laesiri
(1973) found inat the best growih (&= measured by dry
mnatter production) was with 50 per cent light. Radha (1979)
noticed comperavle dry motisr accumulation in the leaves
of pincepple both in shade and in the open upto flowering
gtage. It was also peeri that the reducilon in toinl dry
matier ‘accusulntion wes not considerable in spite of eaad-
ing upto 75 per cent. Wong and Wilson (1980), from the
atudies on tae effect of shading to 100, 60 end 40 per cent
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of full sunlight on the growih of green-ponic grose and
eiratro in pure end mixed swarde defoliated at 4 weeks and
8 weeks slage reporied that individual leoves of sheded
gréan-panic had greater phoiosynthetic aciivity then those
from full eunlight.

It wvas reported by Dugger (1903) that shading either
partially or compleisly reduced the corbondioxide assi-
milation and thereby the evailable consiructive materiale
for plants. In tomato plents, Porter (7937) ohaerved that
total emount of photosynihates deereased with decresee in
light intemeity. Benediot (1941) reported that plents of
Agropyron crisitetum, A. emithii and Boutelous gracllis

grown’ in shade had smaller éry weignt. Hyhr acd Saebo (1963)
from the trial on the effecis of shads on growih, develop~
ment and chemical compomition in some grass specles obgervad
that shading greatly reduced dry matiler gleids pariicularly

in Fesiuca rubra, Loliun peremne =and Phloum pratonse.

Agrostis tenuie, Pos palustris and Poa irivialis were the

least affeoted, It was also cbserved thut neading was
retorded and decoreased by shading particulerly in Phleua
pratense. At high 1light intensities, photosynthetic rate.
per unit chlorophyll in the case of cocoa was found o he
highest for lsaves in the open which suggested thatlt photo=-
syntheiic efficiency was inereased by growih in full day
1ignt (Baker and Hardwick, 1973). Hourei et ml. (1976b)
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foumd that the effioiency of solar energy conversion in
wheat decreassed with increasing shade (100 to 20 per cent
full sunlight) from 1.44 to 0.537. In the cese of grain
sorghum plante eubjected to Oy 25 or 50 per cent shade,

it was found that totzl dry motter decreased with increase
in pghade (Palis and Bustrillos, 1976). The effects of
ghade on the growih smd phoicsynihetic capacity of the
exotic noxjious weed itchgrass was studied by Pattiorson
(1979). It was found that shading marisdly reduced dry
matter production and thati at 40 deys after plenting,
plants grown in 2, 25 and 60 per cent sunlight had 0,3,

16 end 55 per cent, respectively, of the dry weight of the
plante grown at 100 per cent sunlight. In schade experl-
ments with cogon graseo, Patterson (1950) observed that
after 89 days, the planis of three s&coiypes produced on an
aversge three times as much total dry weight In full avail-
lable sunlight as in 56 per cent full light and 20 times
ge much ag in 11 per cent full light. The plents froaz the
shaded and exposed habitais generally did not differ aigni-
ficantly in their responses 10 shading. ¥Wong and Wileon
(1980) reported that leaves of saade=grown Sirairo had a
lower photopynthetic potential then in the full aﬁnlight
treatment,

8¢ Crovwth analyeis
Review of worl done indicates that effect of rhade on
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leaf area index (IAI) of plents veried widely. In the
¢ape of green-panic, ihe response was positive, while in
siratro, it was negative. I cocol, net assimilation
rate (NAR) was not influenced by shade in one of the
axperiments wheress in anoiher, decorease in NHARl with
increasing shnde was reporied. Also, -8 negaiive response
to shade on HAR in wheat had- been reported.- In coosa,
relative growth rate (RCR) mus beor positively influenced
by shading, whilec leaf zres ratio (LAR) showed a negative
relationshipe.

Wong and Wilason (1980) obsorved an increased ILAIL in
ghaded green-pan:.c' swapde ard 8 decreased TAI in shaded
piratry. Vhen a crop of zrain sorghus was subjeoted to
0, 25 or 50 per cent shade, the IAI was found io decreasa
with increase in shade (Palis and Buptrillos, 1976).

Hardy (1953) observed loweast (AR at highest shade
level and vice-versz in cocom. In the case of cocoa seed-
lings, Gopinathon (1981) observed that, HAR wae not in-
fiuenced by Jincrense in shade inteneity ranging from 25 to
75 per cent. Mdoursi st s8l. {1976b) found that the LAR of
wheat deorsascd wiilh increasizng shade intensities f:-qm
5.7 to 32 ond fros 11,9 1o 0.8 g a2 day™! at 60 to 95 and
95 to 100 deye respectively when the lignt intensity was
brought down from 100 to 20 per ceni full sunligat.
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From the studios on liani and feriilircer reguiremento
of cocoe, Evans ané Hurray (1955) recorded greatest RG3
at a light intensity between 30 to 60 per cent of full day
light. Okali ond Owueu (1975) observed thet RCR was naximal

Zor cocoan planits groun under mediwn shade,

Cooper and Qualls (1967) noiiced that the incrsase
in the ratio of leaf area to leaf weight which occurs due
t0 ghading of lepune (alfalfa end birdefoot trefoil) was
asgsociated with éh&nges in leof norphologye.

9. Yield snd yiecld atiributes

The genoral effeoct of shede on final yield of eroovs
wvap that of a decrease in the cass of apple, penches,
gorgohwin, coybean, cowpea and cocoa. Reporis of increacce
in yleld consequent iv shadln; wore noited in cocoa, tomnnto,
tea and grecp=panic. In the case of ginger, reducticn in

yield was reported only atl very intense shmdes.

GBdmond @t al. (1564) conducted ghade experinents in
tomatoes and maximun yield was obtailied from plants receiv-
ing only 45 per cent of full sunlight. Joszeph (1973)
reporied that the tea cloues urder ehade gave much higher
Yield than in euposed plots. Wony &nd Wilson (1930) from
the studies on the effect or illuminziion at 100, €0 cnd
40 per oent of sunlicht on the growth of eirairo and ;reen-

penic in pure ané 50:30 mixiure swards, defoliated every
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4 (34) or 8 (DB).waeka, observed that sheding to 60 and
40 per cent of full sumnlizht incrensed the shoot yield
of green=-panie in pure sward by 30 and 27 per cent, res—-
pectively in tho Do but reduced it in the D, treainent

4
by . threec end 14 per ceunt.

Kraybill (1522) observed decreasscd. fruit bud forna-
tion in apole aud peaches wider shade. Freeman (1923) in
the earliest recorded field experiment to deteraire the
optinmum degree of shade for cocom reported thet lightly
sheded cocol guve higsher yield than those under intenne
shade. The number of flowers per ires vas found io be
60 to 70 per cent more in cocoa under moderaiely éhadea
trees than in unchaded trees (Boyer, 1974). In tae caee
of iomato, Porier (1937) observed = decromee in fruit pro=-
duction with tne decreame in light intenpity. In shading
experimenis with tomalo in waich tne';ight in&enéity was
lowered to 50 or 25 per cent of taai of the controls,
Cokiyamn (1968) noticed thai the greater ihe shading, tihe
lower wag the frult welgnt. Boneta Garcia aﬂd Boegue Lugo
(1973) observed that more yvield was obiuined when coffce
wag growvn in full sunlight {nen wien grown in portial
shade (40 per cent). Butirose (1974) observed e decrecee
in the nunber of flower bud initiated in shaded cocoz comn=

pared %o unahaded cocoa. Grazen {1974) cobserved that
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decreasing the smount of photosyninhetically active radie-
tion by 40 to 60 per oent by shading in besn (¥icia faba)
plonts resulted in decrsaged production of flowers, ihough
it decreased the enedding of young pods., Experiments with
wheat at shede intensities ranging from 20 to 100 per cent
full licht showed that increase in shade intensity decreased
the number of tillers end spikes, dry weight, fruiting
efficiency, grain weighi per plent and yield of grain ond
atraw (Hoursi ¢t al., 1976¢). Aomo ¢t al. (1976) obaerved
that shading ten buches to about 45 per cent light inten-
eiiy with cloth screen about 60 cn above ihe plucking

table deprecsed new shooit growith and yield. It was ales
found that the ghade intensity was invercely related to
yield ond thip decrease in yield was highest during the
first plucking scuson. 2alis ond Bugtrilles (1976) found
what, in sorghum, grain yield and grain-siraw reatio decreased
with Luorease in ehading ransing from O te 50 pex eent.
Queng (1977) iz a iriel in waich rice plante were grown with
or without 90 per cent shading observed that enading
decreased splkelei numbor per panicle by 54 per cent giving
a higher proporticn of dogenerated splkelete, Tarilo et gl.
(1977) reported that in cowpea high light intensity delayed
flowering, butl increanged blogaon end pod nuwabers anud

improved seed yield, Wehum and {liller (1978) cbaerved thot



geed ylelds of soybean plante sunded to reduce sunlight

by 20, 47, 63, 80 end 93 per ceni were 90, 75,48, 18 and 2
per cent, resgpectively, of thai obtained from unshaded
plante. They alco found ithat nuzber of pods per plsnt and
seed yield were highly and negatively correlated with shede,
Venkateswariu apd Srinivasan {1978) conducted a trial to
study the influence of low light intensities on rice end
observed that yield loes was greatest with continual
shading at 40 to 50 per ocent of natural light,

In the case of wheat, reduction in grain yield due
t0 increasing ehade was curvilinearly related to radiation
such that suell reduction had little effeot on yleld ai any
developnental stage (Fieher, 1975). Aclen and Quisumbing
(1976) reported that yield of gingor under full sunlight
was just as high ap those odtained under 2% and 50 per cent
light attenuation. When ligat attanua;c.ion was over 50 per
cent, the yield decreased. Rndha (1979) observed tast the
fruit weignt of pineapple with crown was not influenced by
ghsding, But the contridution of crowns to the frult wveipgnt
increased ap the intensity of chade .’méreaged. Consequently,
thore was a reduction in fruit weight without crown. It
was also ovserved that ehading sbove 25 per cent was bene-
ficiel to the extent of reducing peel and core weight of
the fruits.
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10. Quality of produce

Thoe repponse to shede on the quality of produce varies
widely. In general, protein content incroases and carto-
hydrate content dscreaeces wiih shading.

Hyghr snd Smebo (1969) observed that in some grass
specles, ‘the crude aeh snd protein contente were approxi-
nately doubled by ehading to 10 to 15 per cent of the
intsncity of natural light whoereae the sugar contente
epproxinstely halved; and serious lodging occurred as a
result of reduction in fibre content. Shading was fourd
$0 increnae the concentratvion of total soluble and protein
nitrogen in the grain tiesue whem 20 to 100 per cemt full
ligat was wried on wheat (Moursi gt al., 1976c). Palis and
Buatrilloe (1976) observed in thobaze of grain sorghua
planta subjected to Oy 25 or 50 per cent sghedo that protein
increassed while cerbohydrete decreased with decresse in
lighte. Aclan and Quisumbing (1976), in the case of ginger
recorded lovest starch content in rhizomes from the plante
grown under 75 per cent shade., In an experiment where
soybean plante were shaded at the four-irifoliate leaf siage
to reduce sunlight by 20, 47, 63, 80 ond 93 per cent, it
wap seen ithat shade had little effect on oil and protein
contentis of seed except ihat protein content was highest
and oil content lowvest at 9% per ceat sande (Wezhua and
tiller, 1978).
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ilwang (1968) reported that shading pinespple after
flowering gave higher grade fruits than unehaded; the
unehaded fruit suffered from sundburn and geve lower camning
ratios .than the shaded treatment due to sun scorch.
Redha (1979) obeerved that quality of fruits in general
decreased in pinceapple under shaded conditions. While
the acidity of frulits increased, there wvas a general

reduction in -sugar and ascorbic acid contents,

4ono et 8l. (1976) found that sheding tea bushes to
about 45 por ceni light intenpity with cloih soreens sbout
60 cm above the plucking itzble, improved the green tea
qualiiy. It wes noticed that the quality wae directly
related to the shade inilensiiy and this increase in quality
was the greatest in the first plucking senson,

11, Hutrient coniont

in genersl, the mineral nutrient siatus of plente
has been found to improve under shading es in the cage of
apple, cocom, gpinach and tea, In the case of soybean, on
the contrary, nitrogen content was found %o bo positively
relsied to illumination levels. Also, adverse effeci of
shode on nutrient content has boeon reported in siratro.

oocoa seedlings end pineapple.

Wyhr and Ssebo (1969) found that potamsinm conients
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wore approximately doubled by eheding some grass opecies
0 10 to 15 per cenb of the intensiiy of natural lighi.
Phosphorus, caloiua and magnesium contents also increasdh
under sheding. EKraybill (1922) cbserved higher conients
of moisture and niirogen in shaded apple leavep. Guers
(1971) reported that cocoa leaves exposed 1o di;act sun>-
1ight contsined less moisture and nitrogen than shaded
leaves. American lolly plant exhibited higher azounts of
potassivm and magnesiun in leaf tissues wadn the plenty
were grown at 92 per cent chade (Fretz and Lunhaa, 1971).
Cantilifife (1972) observed in gpinach thaeil the concenirs-
tion of potassiuo In ihe tissue increased wiih reduction

in the lighl intenciiy. Drocaens genderisna planis grown

at five ghede intencities were snnlysed for folier nitrogen,
phospho=us, poteesiun, calcium emd magnesiuz end it wos
found thal the differsnt shades had little eifecl on tue
leaf nutrient content except that high shade intenaeity
increased potassiun pnd megnesium especially in youns leaves
(Rodrigues et al., 1973). BRodha {1979) obssrved that the
uptake pattern of mojor mtrienis in pineapple wes moi
greatly influenced by shading. It was also noticed that
chading increased the masnesiuwm content of leaver at all
stages of growih ond nitrogen contient ai leter stzpges of

growin. Olaéogun {1980) reporited that in the caose ol cpffee,
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shade significantly affected plant nitrogen, phosphorus
snd potagssium contents, Accordaing to, Wong amnd Wilson
(1980), nitrogen accumulation in all the plant components
of green-panic was amarkedly improved by shading.

Wahue and #iller (1978) in their itrial on soybean
with shede levels of 20, 47, 63, 80 or 93 per cent obeerved
that totel leaf and siem anitrogen conitents were hiaghly
and negatively corrolated q‘th shade. Vong and Wilson {1980)
obgerved that the pitrogen ylield of siratro in pure eward
declined with shading. ‘'Irang and Giddens (1980) concluded
from their shade experiment thal soybean pionts without
shade had higher nitrogen content. In the case of cocoa
gosdlirgs, Gopinethan (1981) noticed higner perceniage of
nitrogen, phosphorus end poisssium in plonte grown under
direct adnlight then In the shcded plonts, However, between
the planis exposed to diffdérent ehade intensities, the

nutrient contents showed no significant differencec.
12, Gensral growth of plants

Vinson (1923) brought out the effect of snading on a
nunber of horticultural plepils such as apple, pcaches,
‘cherry, sirawberry, someto, radien, potato end geraniua.
Slonder stems, greater length of interncdes, leaves wiih

larger end emaller croes—section, increasec woasvure contents
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ware 3ll reporied as general effecis of shading on plant
growthie

Brans (1951) descﬁibed e shade experiment in which
cocoa was grown under difiereni artificial shade ‘Jovels,
viz. 15, 25, 50, 75 end 100 per cent dey light, Resultis
during the £irst year chowed that covoa made the bost
growih at 25 to 50 per cent sunlight bui planis receiving
50 per cent light were of betier chape., As plants became
‘biggor ocnd asutoshading devoloped, the 75 per osnt light
plot lImproved its position. With increasing light inteneity,
the néed of nitrogen feriilirer beceme more apparent, Tne
result of a shade and fertillirer experiment on cocoa con-
ducted in Trinidad ehowed that 50 per cent shede gave the
greatest early growth end highest ;nitial‘yielde of coecon
(turray, 1953). CEvans and Hurray (1954) from their studies
on light end fertilizer requiremeqts for young cocoa re-
ported that optimum light 1niensi£y for young cocoa during
the f£irst year appeared to be between 25 and 60 per cent exd
intenaities above 75 per cent rotarded the growth. There
vapg scms indication that the optimum light inteneily increased
with size of the plont and counsequent self-shaoding. Optiﬁum
growth of cocoa seedlings was atiained in shade rather then
in full day light {Goodall, 195% iHurd and Cumningham, 19613
Asomaning ond Kwakwa, 1965). %he most favourabdle lignt
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intensitly for cocoa eeedlinge had been siated to be about
25 per cend of full sunligzht (Hardy, 1958). It was also
stated that the amount of lignt may graduslly bs incroeused
to full eurlizlit, waen coaplote leaf shading had been
atiained, the overacad shade baing nyetama?ically-remoqu.
The growih in oize of plani vae gencrally least when light
intonsity was greatest.

Contrary to the above rsportis, Cuniinghnea end
Burridge (1960) stressed ihot high rates of growth mey be
attained by cocoa seedlings in full day ligat provided
fertilizer is applied to ihe s¢il, precautlons are taken
to maintain a favourable water balence and o minimise
danege by wind and ineect peste., 1t was alsc obperved tihed
in particuler circuastences, shade may be benefiocial in
liniting insect peot damage, end euppressing weed growtih.
Ficher (i975) found that schoding always reduced growth of
wheat plente approximotely in direct proporitiom to the
reduction in radiation. Gopinsthen (1981) observed that
internediate shade (50 to 55 per cent) was best for the
better growih of cocoa seedlings; with the advancing ege
of the plant, the intense =hade (75 per cent) which sppesred
to be superior in the very early stages (upto tvo montihs)
proved inferior to the interaedicte. chade level of 50 1o

%5 per cent,



MATERIALS AND METHODS



BAZLRIALS AND HETHODS

A field experiment was conducted to investigaie
the ahade repponge of conzgon rainfed intercrops of
coconut viz. sweet potato (Ipomoes batates (I.) Iem.),

coleus (Coleus parvifiorue Banth.), colocosia (Colocasia

ssculenta (I.) Schott), turmeric (Curcume longa T.) ond

ginger (Zingiber officinale Rosc.) under different inten-~
glties of shzde, during the year 1980-31,

The experiment was carried out at the College of
Horticuliure, Vellanikiora, Trichur, Kerala, Indim, waich
is situated at 10° 32'N latitude and 76° 10'Z longitude

at an altitude of 22,25 metore above wean sea level.

Cropping history of the field

The erea was left fallow during the previous four to

five years and was under rubbker prlor to 1it.

Soil

™o solil of the experimental silte wan deep well-
drajned sandy clay loam. The data on tne physical and

caenical properties of the aoil are given iwn Table 1.
Sengon_and olimote

ine experiment was conducted during ithe period



Table 1. lischenical composition =nd caemiczl
properties of the soll

A, Iigchanies) compoeition

Coarse sand
Pine send
Gilt

Clay

D, {(hemical properties

3 20.00 per cent
t 25,10 per cent
t 21.20 per ocnt
1 29,70 per cent

Constituen FCon‘bon;

Rating Ho%&md used fer

estination
Total nitrogen 0.072 gediux HicroKjeldsahl
per csnt (Jackson, 19%8)

Availsble phesphorus 1,827 pom  low Chlorostannoun

(Brey~1 exivact)

Available potimsaiun

redaced molybdo~-
phoephoric blue
colour method
(Jackeon, 1953)

(Heuiral noraal 143,60 pom  high Flame Pholometric

anmonium aceiate
exiract)

H
1:12.5 solilswater 4e3
ratio)

(Jackeon, 1958)

pH meter
(Jackseon, 1948)
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Hoy 1980 to Jenuary 1981. Among the five crope grown,
turnerio, coiooaeia and ginger wers planied on 27th, 23th
and 30th of May 1980. Gweet potato and coleus were plonted
on 21st and 2%5rd June 1980, Individual crops were harvas~
ted at the end of the maiurity periods of the respeciive
oropse Thus sweet poiato, coleus, colocasia, turmeric and
ginger were harveoted 110, 12§. 180, 220 and 225 days
after planting or sprouting, regpeciively.

The meteorologicel data for ithe crop periods are
presented in Appendix 1. The area hae a humid!tropical
climate. The weekly avorage deily range in meteorslogicel
paraneters relatling to individual orope are given in
Appendix 2. Turmeric ond ginger crope undervent a drought
periocd of abput two and a helf aonthe ot the later stases
of growth. .Coleus and colocasia had & short period of
drougnt for about 15 and 25 days, respectivsly, at the later
period of the crop growih, wihich was congenisl for the

propeyr maturliy of the crops.

The climats as o whole wip sultoble for the normal

grouth of all the crops tried,

Materials

Seeds

Iocal variciios of sweet potato, coleus =nd colocasia,
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'Kagthuri thanek' variety of turmeric and 'Juggijen'

veriety of ginger were used for the irial.

In the cese of sweet potmato, 45 deys old 20 to 25 c=
long vine cutiinge were planted on ridges 60 cm apart,
at a distance of 20 cm between cutiings in 4 m x 1.2 o
area.” One month 014 coleus slips (10 to 12 cam long) were
planted on raised beds of size 4 m x 1 n at a spaving of
15 ea x 15 cme Colocasia side tubsre, emch weighing
40 to 45 g were planted on the ridges 60 cu apart at a
spacing of 45 ¢z on tﬁe ridgee in 3 m X 4 n area, Finger
raizomes of turameric each welghing 20 to 25 g were plonted
in small pits toxen nt a spocing of 15 ca x 30 ca on raised
beds of size 4 B X 1 n. In tho case of'ginger, bite of
rhizones of size 15 g collected from healthy, disease free
plants wore plaanted in small piis teken on raised beds of

pize 4 o x 1 p at @ spacing of 25 o X 25 cae
Fertilizers

Each of the crops received the respective cultural
and menurial practices as per the packege of practices
recomnendetions of the Kerale Agricultural University
(XAU, 1978). Hitrogen, phosphorus and potessium were supplied
through ammoniua esulphate, superpioephate arnd muriate of

potash, respeciively.
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Bhading

Unpleited coconut leaver were uced for providing

shnde 1o the desired level,

Heothols

lay out of thoe experiment

The experiment waps laid oul in a randoalsed block
deplgn wita five replicaiions. 7The ghades were comaon
for all the five crops tested ond thué five different
oropas were tested .togother in a contiguous eren, The lsy

out plan of the experimeni is given in Fiz. 1.
Treataents

The traaimenio conslisied of four intensities of shade

as given bslov.

$g = 0 per cent shade (no chade)
84 - 25 per cent shade (low shade)
G, = 50 per ceni chade (mediun shade)

33 - 75 per cent shade (high shnde)

Yrovision of shude

Artificial shoding to the desired level was obioined
oy placing uwplaited coconut leaves on eractied pandals.
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Pendals of size 11 1 x 6 at were individually ereoied

for aach chade leval by Iixing wooden reecpers on posim,
Sufficient epece (3 m) was provided batween the treat-
ments o thot muturl chading of ehade levels were mini-
aised to the exient poseible. Iach pandal was covered

on all the sides with uuplaited coconut leaves except for
60 ca from ihe ground level to aveld the direct eatry of
glent rays, Ralsed beda vers tnker leaving & border areq
of 1 8 within the chade lovels o avold the border effect
counsiderably. An Aplcd luxmeter was used for adjusiing
the shede intensitiee. Freguent checks werse rade through-
out the course of experiment to asinitain the shade inlen~

sities to the desired lsvela.
General growth of the crops

in general, the growth of the crops wes satisfaciocy.
However, ithe growtn snd developnent of colocasia plonta
were highly retarded during nh#éurly chase due to colocasia
bliznt (Phytopathora palaivora (Butiex) Butler) in epiie of

the prophylaciic end conirol acaeurss token.

Qbservations
I. Plent cherceiers
A, Biometiric observatiohe

Sho following growth chnnracterg were recorded at
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montaly intervale in sweet potato, coleus and colocania,
In the cape of ginger and turameric, observations were

taken at bimonthly intervale.

1. Plant height

The heigat of ten randomly selected plants in each
of the crops wae neasured from the base to the tip of the
longest vine or tamllest tiller or branch as the case nay be,

and the average worxed out.

2, Girth -at collar

This observation was token only in colocasla where
the circumference at the coller of the most vigorous tiller
of 10 rendonly selecied plantie was takon asnd the mesn value

computed.
3o ‘Huaber of branches or tillers

The nunber of aerial choots arising around a single
plant was noted in 10 randomly eélected plante and the
average worked out. In the case of coleun and sweet potato,
the nuamber of branches in planie were recorded for celcula-

ting the mean number of branches per plent.
4. Ieaf orea index (IAI)

Leaf area index of each of the crops was worked out
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following the gravimeiric nethod (Ruck and Bolas, 1950).
Destructive sampling was followed and three planis in egen
of the crops were uprooted at different growih stages and
their leaves peparated. Five leaves were chosen atb randon
inﬁzase of oolocasia and turmeric and 10 leaves in sweetb
potaio, colous and ginger and the leaf impressions were
traced accurately on quality bond paper of known aren per
unit weigiit. The traced poriions of peaper were then cut
out and weighed. From thisg, the area of ihe sample leaf

vas calculated from the weight to area relationship.

The leavas werae then dried, in & hot air oven at 70 io
80° ¢ to constent welihi and the dry weight of these loaves
and tho repst of the lsaves were recorded ceparately. Toinl
ieaf erea . for thres plonts was then cnlculcted using the
welght to area relationship aand totlal dry weighti of leaves.
Thug LAI for esch of the cropes was caloulated at diffcrent

stages using ihe following eguailon.

- Total leaf arep of threc plents

LAY . _
Lond area occupled by three plants

5. Chlorophyll content of leaves

Chlorophyll 'a', 'b* and total chlorophyll conient of
each of the crops were estinated perlodically by speciro-

photometrio method as described by Stornes: and Hadley (1965).



Fully mature leaves wers uced for the estimation end meccnd
terninsl leaf woe used in each of tue erop, except in sweet
potato where the second green lesf Lrom the tip was used,

since the itarminnml leaves were tender and purple.

One- gram of the representative semple, colle¢gted from
five piants chosen at random, was tsken in a moriar iu the
pregence of excesg acsione. A pinch of calcium carbonate
wes added to pravent phepphytin formetion end the contents
vere then ground well end filtered through & Buchner furmel,
The brei was washed replatedly with frech acetone (80 per
cent) until the washing was colourlese. Ths extract and
washings were then mede upto 250 ml. The optical deneity
(A) of sn aliquot wes meapured ueing a spectrophotometer
{Specironic~20) at wavelength of 6545 nnm snd 663 nm, The
conients of chlorophyll 'a', 'b' and total chlorophvll (ag g
freeh woight) were thon estimated usinzg the followins
relationshipst.

€hlorophyll a = 12,72 A663-2.58 A645
Chlorophyll b = 22.87 ”5645-4.57 Aggs

Total chlorophyll = 8,05 A + 20.29 A
C Clhlene iy ! )] 663 645

6. Total dry weight

Leaves, nilen + peticie (or pacudoetem.. end tubers

"or rhizcaes, of the uprooied plente weres separated and
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drisd to consiant weights at 70 to 80°C in not eir oven.
From the dry weight of coamponent parts for thrse planta,
average dry weight per plant for these parie was worked
out. The sua of dry weight of componente gave the total

dry natter yield, expresesd as g'1pmnt.

7. Bat asainilation rate (NAR)

The proecedure given by Watson (1958) es modified uy
Buttery (1570) wvas followed for cmlculating the NAR. '~ The
following forzmula was used io arrive at the AR expressed
as g B~ dag~V

Wo~i g
BAR = Cipq3LA oA

) ¢ Wiere,
£)
w, = total dry weight of plent g 572 at time t,
wy = total dry veight of plent g 272 at time b

(t,~t,) = time interval in days

A, = leaf aren 22 a4 tige t,

2

Aq = leaf area R < at time ¥

8. Yield (yield of rhizopes or tubers)

The yileld of rhizomes or tubsras in reppective crops
was recorded froz the net aeres marked for recording the
yield. The n2t plol ereas were 2.40, 1.33, 6.00, 3.35 and

342> 8qen. respectively, in the case of eweet potato, colsus,
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colocasia, turmeric snd ginger snd the yleld was expreessed

1

s t ha ' of fresh weight.

9, Yield of haulm (top)

The yiold of top (vegetaiive partis) in individual
crops wae recorded from the pet area and expressesd ae

 ha™1 of dry weisnt.
10. Harvest Index (iI)

lHarvest index valuee for tho different crops were
caloculated as follows.

HI = Y &cornie

T oioL. * YHeTos

Y econ. = dry weight of rhizomes or tubers
Y biol. = total dry weight of plente (excluding rcote)

Ba. Chenical studies
1. Content of fertilizer nutrients

Samples of plent components collected for recording
the dry weight were used for chemicanl enalysis. The
nitrogen, phosphorus snd potuepiun contente of leaf, stem +
petiole {or pseudosten) and tubers .or rhiscmee) at di-
fferent stogos oi growth were Jeteramined by using Autoanalyzer
(Technicon~II), colorimetrically (Vanadomolybdophospheric
yollow colour method) and Flame Phoiometszricelly, reepecti-
vely (Jockson, 1958).
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2., Uptake of fertilizer nuirienis

The total uptake of nitroger, phoaphorus exd potassium
by the plent end individuel plent paris were calculated,
at different stages of growih, from the nutriecal contents
ond dry welghts of plant parts at differont stoges of

growii ond expreesed as kg na~l,
II. Boil characterns
Content of fertilizer nutriente in =oll

Comﬁosiﬁe coil camples were talken replicatiorwice
before the sitari of the experiment., After the experimont,
individual socaples were collected from the area occupied
Ly each orop. The lotel nitrogen, availavle paosphorus
and availeble poiocssium contents in theece sanples ware
estimeted using microijeldanl aeinod, Colorimeiricslly
(Calorosicnnous reduced molytdophosphoric blue colour nethod)

and Plane Photometrically, respectively (Jackson, 1958},
Statistical analyses

The data on different characiers were subjecied to
statiotical anelysie following the method of Snedecor and
Cochran (1967).



RESULTS AND DISCUSSION



RESULIS AND DISCUSSIOR

Ag there are five cropm involved in the preaent
siudy and as the responsesof thess crope to verying
shade intensities werc vastly different, the results
sre furnighed and discusged separately for individusl
crops. A brief summary of tho major conclusions

drawn out of the siudy succeeds each discussien.
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Sweat povavo
(Ipomoea batatas (L.) lea.)

RESULTS
I. Plant charecters

A. Biometric gbservations

1+ Longth of vine

The data are presented in Table 2 and the analysis
of verience in Appendix 3.

The effect of shede on tho leagih of vine in sweest
potato was slgnificant only in the intermsdiate siages
of growth viz. 60 =nd 90 daye after plonting. No general
trend with increasing levels of shade was observed except
at 90 days after planting when the lengtih of vine increased
with increacsing shade inteneities.

Ovor the slages, the vine lengih was found to increase
with advancing, age. The exitant of increase in vine length
between niages was much greater at the intenss shade of

75 per cent.
2+ Number of branches

The data are preesented in Table 2 and the analyals
of verience in Appendix 3.
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The effect of shade on nuacer of bronchea produced
by a plent wes highly perceptible and eignificert at all
stages of piant growth. The number of branches decressed’
tremondously with increasing intensities of ehade, At
all stages, the difference bestwaen the different shade
levels and the plantis in the open wee highly perceptible,

With advancing sge, the number of branches increased

at all chede levalo,
3. Leat area irdex

Tho dato are preosented in Table 2 and the analysis
of verionce in Appendix 3.

There was siwnificant eifect of shade on LAY at all
atagee of growth with plots without shede and hizhesi
chads levels reco;&ing the maximum znd minimum values,
regpectivaly, at all stages, The LAl wvalues docreased
with increaesing shede levels at all sisges,

Between stages, the leaf area index showed an in=-
creasing trend with advancing age at all shade levels but
the extent of increase is much higher in the plot without
shade,

4+ Chlorophyll conteni of leaves

Tho data on the content of chlorophyll *a', 'b*,



Tablo 2, ELffect of shade on lengih of vins, number of brauches ond lenS orea index
of swest poiato at different growth stages _

RO A e e s S S - S A S P ey e RS e T - v - - A O 0 P i e S VD e e s o

Length of wvine (cm) ¥uaber oF ?ranchea Leaf'area index

davg af tex A RSy : - . . : i
Shade intensity {deys’ after plonting) (dqyap%%%gr planting) {days after ploniting)
(per esnt) ' ' ' e : . — :
30 &0 90 0 &0 90 Hope - %0 60 90 - lervest
NN ;| S L1
O {no shade)  78.3 185.3 27642 . 8¢5 20,7 21e3 22,7 2,72 8.01  7.55 11,09
25 (low Ehﬂﬁe) 93,5 245.0 356«3 3.0 B.9 14-6 12.9 158 403& 6.37 o1
50 (mediva ohode)B8.0 271.5 3317 292 6.1 10T 15,8 120 2,08 4.5 560
75 (high shade) 78.6 222.4  400.2 2.5 5.9 7.1 8.8 1,18 2.45 3.03 2.74
i d 749 15.4 17.8 -~ o8 1.0 1.4 17 De32 6.69 0.59 0,90
D (G.05) s 5046 55e8 23 3,0 §.3 5.3 GelT 2.11 1.81 2.78

Table 3. Effect of shado on conmtents (ag g'1 frech weight) of chlorophyll ‘27, 'b* amd
: total chlorophrll; chlorophyll o=-b ratio of eweet poiato lesvesm at different
growth etages o -

-

A S s e iy, Wiy - o= - -

Chlorophyll 'a* -Chalorophyll *b° Toicl chlorophyll . Chloroghyll asb
Shede (days afier plemting) (doye after plonting) (doye after picating) (g%ystaft§r
: : pltnti

intensity . ng

U e 95 Sl oo o5 Gdd0dor oo 95 Kdidss oo 95 Addoder

e A I G U S0 LSl Sy S W e S0 AL S S e -

?O (nﬂ Ehade)1.§4 1.62 1.65° 1;90 1.8* 1.95 Jeds - 3.46 Je59 - 081 (.88 0.85
5 gﬁg;;) 153 1458 1450 1.87 1,82  1.70  3.40  3.40 5.21 0.82 0.67 0.89

50 (medium 3 1.65 1.70 . e o~ e
shads) 139 63 7 1.97 - 1.67 2400 3458 3,52  3.71 0.81 0.33 0.05

75 (2§§3a) 1.62 1.52 1.66 2,00 1.79 1.94 302 33T 5,60 CuB1 0,85 0,35
Y | g 0005 31?7 0-0‘ 0l07 0.08 0,08 0o11 0'14 G"E G¢Q1 0.02 O.G1
CD (0.05) NG B Ce 1% Lo oo " as S M NG B B3

———— - T S e e o e T3 2 e e - L L T P —

W~
02

-~
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total chlorophyll and ratio of chlorophyll a=b are prs-
gented in Table 3 and the analyses of veriance. in

Appendix 4.

In gonersl, the effect of shede on totsl chloro-
-phyll and ils components was not significant, at.ony of
the stages of growih considered. The ‘content ranged from
1.50 t0: 1,70, 1,70 to 2,00 and 3.21 10 3.71 mg 8-1 fresh
weight, in the case of chlorophyll ‘a', 'b' and totnl
chlorophyll, respectively. The content of thepe factore
showed high variability and no general trend could be
notliced with increceing shade levels.

Tho retio of chlorophyll a=b remained almoat constont
in different shede densities at all growth eisges.

S5« Total dry weight

The dota are presented in Table 4 and Fig., 2. The
analyele of variance is given in Appendix 5.

Shading hed a significant effect on plant dry welght
at all growth stages. Tﬁe total plent dry waight exhibited
2 steop decrease with increasing shade leveles, Tue dry
weight in the plot without shade was aignificently higher
than at all shade levels,



Table 4,
tuber y;leld, naulw yield snd harvest index of swest potato

Effect of shace on Tol3l ary mavier production, net assiailetion rate,

———ar— ?)

Harveat

Total dry veignt (g plent Tet aaail;lla- Tuber Haulm
{deye after plenting) tion yate . :lolﬁ y;lelﬂ,l index
slﬁac(mm- . : (3 m - day H g hs™? (% he w 1ght)
alty (per cent) 30 60 90 ”“5{?3“ Betnen Between Wisht
30 & GO 60 & 30
| deya daws
0 (m Ehﬂaa) 13.64 '_86092 145.28 149.55 Zelid 2.68 7.65‘ 1&.00 0.253
(0,9377) (0.1012)
25 (low shade) T.10 38.54 T4.46 T3.00 2.73 2,25 1,531 10,38 0.094
: (0C.4201) (0.0330)
50 (mediva rhade)5.01 18,62 48.48 66.70 184 . 1.78 0. 137 5«95 0.012
(0.0557) (0.0050)
75 (hizh shode) 4.61 12.68 24,36 18.70 1.24 1.25 0,000 5e94 G. 000
(0, 0000) (0. 00600)
D (0.05) 6028 12.61 .26,98 34.98 (.81  H3 0.5% 1.2 0,097

vy - oy

RS = Hot simificant
(Figures in perenthesis represent log (y+1) weansiorasd veluee)
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The plant dry welgni increased with advancing age
at all the shede lovels. Toe oxtent of incresse wes nost
norked during the period beiwaen 30 and 60 days after
planting.

6. Netl amgimilation rate

The datla are presented in Table 4 and the snslysis
of varience in Appondix 5.

There was slanificant effect of ehdde on NAR in
sweet potato only between 30 and 80 days after planting.
The HAR went on increasing with decresse In shade intensi-
ties. Though an identical irend wae noticed beiween 60 and
90 days after planting, the differences fell shori of
statistical eignificance,

Over the stages, ihe HAR wzs found to decrease at
‘all shede levels, The decreapge was more conspicucus in
the plotc without shade.

7. Tuber yield
The data are presented in Table 4 and ¥ig. 5. The

puelysis of varience is given in Appendix 5,

The yield of tuber was significantly influenced by
shade. The yield ‘declined rapidly wiih jnoroasing chede
iuntensities snd the intense shade (75 per cent) levol



Fig. 4. yr‘e/a( tesponse of sweet potals to
dr;{‘(efenf intensities 05 shade.
9 ® ﬁsf!mal(le y:c/c{
ooﬁuivea’ yr’c[c(.
' a4 ) Valae db X
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resulted in no harvestable produce, The plants without
shade gave the highest yield of T.65 hﬂ-1
significontly higher than that at low (25 per cent) and

which was

mediun (50 per cent) shade levels. Calculated as pers
ceniagae of the yield in the open, ithe yields &t low,
medium and high shade intensities were 21.%3, 1.8 cnd 0.0

per cent, respectively.

Hesponse curve

The yield dota were transforacd to logarithas using
the log (y+1) tranaformation. - A quadratic polynominl was
found to give a batter fit to the transformed data (Pig.4
and the annlysis of varisnce in Appendix 48). The eguation

of the curve is given helow.
Togqg (9+1) = 0,2083-0,1589x + 0,0289x°

The co-efficient of determination was found to be
0.,9951 which chowed that 99,51 per cent of the total veria~-
tion in the recponse ¢can be explained hy the fittpd
polynonimli,

8¢ Yield of haulm

The dota are presented in Table 4 and Fig.3. The
analyais of varience 1s given in Appendix 5.

As in the case of tuber yield, there was significant
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affect of shade on hauln yleld in =weet potato. The
neximun yleld was recorded in the open end minimum yleld
at hign ehode levela, The yield of hauwlu in low, medium
end high shade levels wére foumd to be 64,9, 37.3 and 37.0
per cent of that in the open.

9. Hervest index

The data are presented in Table 4 arnd the analysis
of veriance in Appendix 5.

The recponce due to ehade ‘on harveat index of sweet
poteto wes highly perceptidbie and significant., The maxi-
aum and minimum values were in plots without shade and
nedium to high shade levela, respectivsly.

B, Cheaiczl studies

1. Content and uptoke of nitrogen

The dats on the conioai of niirogen in leaf, stem +
petiole snd tubers along with the totel uptoke of nitrogen
are pregented in Table 5 to 6 and Fig.ﬁ. Tae analyses of
variance are given in Appendix b,

In general, shode hed a significont effect on thene
characters at all growih stonges., The contsnt varied froa
3454 10 434, 1.23 to 1,89 and 0.36 to 0,6 per cent in



Table 5. . Effect of shede on nitrogen content of lesf and aiem + petiole of
sweet potato at different growih sisgea

- e . W S e L - S T

Leaf nitrogen content (per cent) Stem + petiole nitrogen
(days after plemiing) content (per cent)
Shade intensity , (deyo after plmniing)
(per cent) .
30 60 g0 110 30 60 90 110
(harvest) (harvest)
0 (no shada) 3497 3678 3.54 4,13 .42 143 1.29 1.43
25 (low chade) 4.10 4416 3.99 4.35 1.77 162 1.45 156
50 (medium shade) 3.88 4428 384 - 4405 1.02 1.76 1.40 1,57
75 (high shade) 4415 4401 o34 4,18 1.84 1.89 1.49 1.62
Ska + 0.1 0.03 0.12 0.05 0.03 0.03 0.05 0.01"
¢p (0.05) HS 0.08 0436 0.17, 0.08 0,03 - N8 0.04

HS = Not significant

Table 6. Effect of chade on the nitrogen conitent of tuber end on the total uptzke -
of nitrogen by sweet potato at different growth stages,

Taber nitrogen content (ger cent) Etotal—uptake of nitrogen (kg ha"’)
Shade intensity (dsys after plenting ‘ (days after plenting)
(per cent) 30 60 90 110 30 60 90 110 _
(hervest) (harvest)
0 (no ehade) 0.62 0,36 © 0,70 32,73 153.11 186,43 244.57
25 (10“ Bhﬂd@)’ 0.81 0.56 080 17.29 82.74 135-79 1‘6097
50 (medium shede) 0,80 13.29 42.45 Ehe34 126,44
SEh 4 4.22 8058 10.80 22.37
CD (0.05) 13,00  26.45  33.29 68.92

- - e

LS & Boi significant

4

8%
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the case of lemf, atem + petiole and tubers, respectively,
at the different sieges. The. variation in the content was
wide and it is diffioult to derive a general trend. It
was also noted that the nitrogen content of leaves was
found to be 2.0 to 5.0 timas more then thot of stea +
petiole,

The upiake of nitrogen by leaf, atem + petiole and
tubers were also caloulnted peparately and all these were
found to be significently influenced by shading at all the
growih stages. The toial uptake of nitrogen closely
followed the total dry weight, at ell the growih sitages.

The plents without shede and with high shade Eecorded the
naxinum end minimum uptoke values, respeotively. The uptuke
showed & drastic decline with 1noreaeinslehade intensities,

Over the stages, the uptako went on increasing with
advancing sge; while tho contert remmsined almost ati the

" @ggmo level,

2. Content and uptake of phoophorus

The dates on the content of phosphorus in lesf, stem +
petiole and tubers along with the total upteke of phos-
phorues ere preemented in Table 7 to 8 and ¥iged. The

snalyses of variancs are given in Appendix 7.



Table 7. Effect of shade on phosghorus contont of leaf and atem + petiole of
‘sweet potato &t dififerent ;rowih siages

Leaf phosphorus content (per cent) Stea.+ patiole phosphorus
content (per cent)

Shode intensity (days after plenting) (days after plenting)
(per cant) 30 60 30 110 30 60 50 110
- e m— e Sharvest) (harvest)
0 (EO Bﬂaﬂﬁ) . 035 0.33 0n30 0‘38 0.21 0e24 04,20 0.22

25 (low shade) 0443 0.36 . 0.29 0.37 031 023 0.19  ©€.21 -
50 (medium shade) C.37 0.38 . 0e32. 041 025 0.21 0.19 0.25
75 (kigh shade) 0.40 0629 - 0.37 0.40 0.29 0.26 0.19. 0.21

SEn d 04,01 0,02 0.01" C.01 0.01 0,02 0,01 0,01
cD (0.05) 0.02° BS © 0.02°  0.04 0.02 5S - S 0,02 -

» . .
- - L - - wvgy

HS = Hot significant

Iable 8. Effect of shade on phosphorue content of tuber and total upteke of
phomphorus by eweet potato at different growih stages

Tuber phosphorus conient (per cent) Total uglake of yhoephorﬁs (kg h;:1)

(days after pleating) (deye after plenting)
Shade intenesity :
(per cent) 30 50 90 110 30 60 380 110
. (hervest) (harvest)

0 {no ashede} O.14 0.15 Ce11 0.11 4.15 194414 235,50 29.0%
25 {1low shede) - O.15 0.16 012 2.25 893 13.39 14.87
50 (nediun Bhﬂﬁe) - - - 0010 1.46 4036 9.10 16.62
15 (hiﬁhﬂahﬂde) - - - - 130 2.97. 5.01 4.22
Skm X - - - - . 0050 1.35‘ 1.22 202?
C¢D £0.05) - - - - - 1.55 4.12. 3-76 1001

S = Not eignificent
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The significont effect of shede on. phospkorus content
of leaf snd stez + petiole was noticed only at certiein
singer of growih bui.the iptel upiske of phosphorun wese
significantly influenced by shading at all the stages of
growth, The contants renged frox 0,29 to D43y 0.19, to
0.31" and 0,100 4o 0.16; per cent, respactively in the
case of leaf, stem + peticle end tubers, at all etages of
growth in all the sghade levels, éhe variation in content
between ireatzents was wide and no general itrend could be

obgerved,

In epite of the non=-significant effect of shede on
the phosphorus content of plant parts at certain atages,
the uptake of phosphorus was found io be nignifigantly in-
fluenced by ahadihg at different stages of growth. The
total uptake of phosphorus showed a similey itrend sz in the
case of total upiake of nitrogen end idat of the total dry
weight at all the growth sisges, with the plants without
ghade and at intensé shade recording the maximum and minisum
upiake voluecs, regpectively. With advercing age, the uptake
vent on increasing at all caade levels end the extent of

“jnorease wes more at low and medium chede levels,
3. Content snd uptake of poiassiua

The dota on the coutent of potzesium in the leaf.



Table 9, Effect of shade on potassium conient of leaf and stem + petiole
of oweet poiato ot different growth stages

Teaf potassium content (ger cent) S'ham + petiole content (;er cent)
(days after planting (days after plenting)
Shade intenmsity

(per cent) 30 60 90 110 30 60 90 110 -
_ (harvest) _ ___(horvest)
0 (no shade) 4223  8e22 3e59 4408 5458  4.88  3.83 4485

25 (low shade) 458 368 54456 4,20 Q.16 505 3.89 4445
50 fuedi\m shede) 4,538 4.40 - 1Y ¢ 4354 b6.65 S5.22 4.42 553

high ahaﬂe) 4,79 4e42 3.85 450 6084 5060 4e 17 4.75
Sta + 0.04 0. 10 0.0‘ 0.02 i 0011 OCe 18 0005 0003
CD (0.05) 0.12 030 0.92 0.06 Ce33 0.05 0.15 0.03

?able 10, Effect of shede on poiassium conient of tuber and on totel upteke of
potassium by sweet potato at different growih atagea

Tuber potassiuz content (per cent) fotal potassiunm nptake (kg ha =I')
(days after planting) (days after plenting)
Shade inteusity : .
(per cent) - 30 60 - 90 110 30 60 90 110
(harvest) (hervest)
0 (no chzde) 1.54 145 1.61 T.47 73.88 31829 390.06 499.#9
25 (low shede) - 1.15 1.43 1.55 32.18 147.61 220.42 249433
50 (medium shade) - - - 1.64 26.36 7523 168.55 286,71
75 (high shade) - - - - 22.11 54.65 82.57 72.02
SEn + - - - - 8.92 18005 22.60 ‘2.6?
cDh (6.05) - - - - 27-48 5506‘ 69.5‘ 131 «49

A



_fig.5- Uplake of ritsogen, phosphotus and

825,
5004
475
4501
425!
4004

3754

/m.-')
N W™
18088

N
8

225,

200

175.

btal u‘pfa/(e ot hasvest @g

1504

125 4
100
75
50

2%

potassium as aljected »{}y va{»y_&_tg Shade,
ttensities in sweet potals,
\ ;
\
\
\
\
A\
\ 1
\ —_— Nt ‘2‘032".
\
\ —_— P/m.rﬂ/w#us.
\ Locer
\ ———— PO aXSsrem.
\
\
\
\
\
\
\ ~-=A
\ -
\ -

-\

'-—-—._____; _

—

75

25 ' 50 :
Shade tnl"ensr@ Gpeﬁ cent )



03

eten + peotiole and tubers along with the totasl upivite of
potassiur are presentea in Tables9 to 10 and Fig.s. The
analysie of varience ie givan in Appendix 8.

The effect of shade on the above characters was found
to be aignificant at all the growth stages. The content
ranged from J.46 o0 4.79, .88 t0 0484 end 1,15 to 1.64
per cent in the leaf, atem + petiole end tubers, respectively,
at all shade 165913. throughout the growth etoges. As in
the case of nitrogen and phosphorus contents, the potassiunm
content also showed high varirbility between shade levels
at different stages of growih,

The potéseium uptoke oy individusl plant components,
viz, leaf, sten + peliole and tubers, was significantly
influenced hy.shading at all growth etages, Total upicke
of potﬁasium by the plant closgely followed the trend of
total uptake of nitrogen and phosphorus aﬁﬁ the total dry
welght of plant.

II. Soil cheracters
Soil nutrient stetue

The data on the s0il nutrient siatus arter cropping
with sweet poiato ars presented in the Table 11 and the
analyeis of varianbe ie given in Appendix Qs

Shede had a significant effeot on the contents of
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Table 11. Buirient etatus of the eoil afior the crop
of sweet potato

ko - - S e -

Natrient

Tloer'cens | BEL,,  Amileue hmisne
| (per cont) (ppar) (ppa)

'0 (no ghade) 00 106 1.40 89,88

25 (low ghade) 0.125 2,77 95423

50 (medium shede) 0,087 151 97.15

75 (high shade) 0,108 3430 15,20

SPm + 04004 0.202 1472

€D (0.05) 0.013 0.624 1.536
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total nitrogen, availeble phosphorus and availoble pota=
E.;'eium in the s0il after the cultivation of sweet potato.
The avallable potassiun content of the soil showed an
increasing trend with increasing shade levels. However
such definite pattern was not observed wiith total nitrogen
and available phosphorus.

On comparison with the initial nuirient stains, tue
total nitrogen shoved a slight increace while & decreage
waa neted in the cese of available phosphorus and available

potassiun conients,
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DIGCUSSION

The resulte of the present gtudy indicated that there
wes @ sherp decrease in yield due to sheding in sweet
-potato. The percenimge yielda 8%t 25 enud 50 per cent shade
levels were 21,3 end 1.8, respectively, of taot in ine
open and at 75 per cent shade, ihere was no harvestable
produce. The respenee to iucreasing ievele of shade
followed an exponentiél pattorn. Based on the yield trend,
eweel potato mey be classified as ‘shade-sensitive* and
this crop maey not hence bo considered euiied for inter-

cropping.

The above drastic decrease in gield is inconsistent
with the genersl growih perforanncee of the plant aaésured
in teraze of dry mattor accuzulation end other growith obser-
vations. In the cose of dry meétier yield al harveet
(Zable 4), the perceniags voluea were 48,8, 44.3 end 12,5
per cent;, respectively (of that in the gpen) mt 2%, 50 and
75 por cent shade. As mentioned earlier, the patiern of
response In ierac of most of the gthor growih cheracters
was slzilar to that of dry matter acocumuletion with aminor
individual excepiions. Assuming that total dry matter
yield nay be uped as a measure of the photosynthetic accu-
@ulation'by the plents, it may be concluded that the sweet
potato plant falled to tramslocate the photosynthates io
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the economac plent nart as chumde intenelties incroased.
The decraase in dry metter eccumulation consequent to a
decreane 1n-1llﬁnination nust normally be expecied as a
larger proportion of lcaves would tend to fall below
eaturating light intensities or oven below compensation
poluts with increaming shede levels.

An assasgnent of the exient of mutual shading that
might have occurred oan be had Ifrom the data on leal area
irdex (Tabls 2). In genersl, ihe cenopy was dense ond
LAI.high. In the open, ihe LAI values were greater then 4.0
even from 30 days after plenting and reached the peak of
11,0 at harvest. Though reports on the optimue IAI of
gwset potato are noi available from literature, a compari-
pon with an optimunm of 3.0 %0 4.0 reported for seszae with
horizontally oriented leaveas {(Arnon, 1975) would indicote
that IAI of this eweet potato crop was probebly puperoptimal.
One of the imporitant factore that deocides the optizum values
of TAI is ihe leaf orientation. It hes bsen reported that
iu sweet poiato, muiual shading is reduced to an exient
through the scatiering of leaves in different positions bécause
of the differences in the length of petioles (Cnwuene, 1978).
Even with such adeptailons, therc was presumably some para-

sitiem by the lower loaves even in the open 2o evidenced by
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the neaxr horizontel leaf orientation and the high leaf
area indices., Ao hed been pointed out earlier, with
ivcrease in chade levels, mutual leaf shading and para-
sitiem would have gone up eubstantially, However, =uch
oxcesnive parasiilen wac counteracted to an extent by a
steady and marked decreamee in LAI with increasing shade

ievala-

Ihe data on net assimilation rate {Table 4) would
furtner indioate ihe efficiency of the lemvas for photo-
synthate accumulation, If the above. rientioned counter-
balanoing by a decreese in IAI was coapleie snd effectivs,
the HAR would have remained the game ot all shade levels,
The resnlis, on the conirary, chowed @ decrease in this
growth characteristic with increasing shede indicating
egain that the proportion of leaves at lower levele of
illumination jucrceesed dbecause of chading, even though
shoding was accompanied-by a decrease in the leaf density.
EBssed on the observations on IAI and HAR, it asy thus be
concluded that both deorease iﬁ photosynthetic area and a
lecrease in the asen efficicncy of the leaves were respon~
aible for the decrease in dry mattor asocumuletion becaueé
of ahuﬁing.

Wnile the above two would adequmtely explsin the
variation in dry maiter accumulation end other growih
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parameters, those would nol explein tie drastic difference
in the rasponse in thase characiers with that of tuber
yisld. Presuzably, there was soze other influence of

shade that decided the partitioning and trsnslccation of
photogynihates w the tubers. A quantitative sotimate of
guch & difference in the pertitioning of esmimilates con
be hed from the daia of harvest index (Table 4) which was
to the tune of 26.0 per cent at full flluminailon and which
droppad down 10 Je4, 1.2 ond 0,0 per cent, respectively,

at 25, 50 =nd 75 per centi shede lsvels.

wWhile mogt of the zrowth characiters followed the same
trend as thot of the dry matter accumulation, length of
vine incressed with increasing. shide levels, Though reporis
tnd explanation for such & behaviour of sweot potalo ere
not evailable, increanged langth (height) bocause of shading
has been reported in c¢rops like tobacco (Panikar st al.,1969),
ginger (Aclan apd Quisumbing, 1976) and cowpea (Tarils
&t 81., 1977). The chlorophyll content of the leaf was not
affected bocause of shading in sweet potato, though ihe
general trend of reperied recults on other crops was thot
of an increasesed chlorophyll conieni because of ghading
(Clark, 1965 in stirawberry; bvens and Hurray, 19533 Guers,
1971; Okali and Cwusu, 1975 In cocoa; Rameswzai, 1960 end
Venkataneni, 1961 in teaj Xhossien, 1970 in besn; Cooper
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end Qualls, 1967 in alfalfaz and birdsfoot trefoil, Radha,
1979 in pineapple).

The content of the nuirientis, nitrogen, phosphorus
and potassium in timsues was nearly the pome at all shade
levels barring protrscied deviations at certain stages.

The total uptake of nutrients st hnrvest, on the contrary,
ghowed wide verimtion with plants in the open recording
the highest uptaice end those at intence ehade, the lovest.
in general, the uptiake of nutrients followed the sane
expoected trend se that of dry matter sccumulation, The faot
that there was no decrease in the content of the mutrients
bacause of dilution effect may be teken to indicate that
the supply of nuirientis was amdequnte from =oil., That the
extent of decreare In yield im much meore than the extent of
decrease in upiake of nutrients indireoily indiceotes that
the utilisation eifficiency of these nutrienis would be lems
undey shade than in the open.

Data on the golil nuirient siatus arftor cropping
(Table 11) would indicate thai the differences in ihe
contents of nitrogen arpd phosphorus in soil between the
ghade levels, though wera stuitismticeally significant, did not
follow any diatinqt patieri. In the case of potasciua,

there was a8 nearly sieady incresee in the contente wifh



increese,in shade levels. A comparison with ihs uptioke of
this putrient at hervest (Teble 10), would show that it
followed juast tue reverse trend in the cass of uptake,

The larger uptake of poizassium at lower shade levels might
have thus. contributed towards the observed variation in

the contont of this nutrient in the soll after croppinge.

As compared to the pre-experimepntal nutrisnt status
of the moil, there was a merked increage in the content of
pitrogen end & decrease in the caae of potossium after
the crop season. The chenge in phosphorus content was
inconsietents While the decrease in poisesiuz conlent
could be explained as due io the subsianiial removal of
this nuirient from the eoil to the extent of 72.02 %o
499.49 kg he™| at tae different chade levelo (Teblo 10},
the ;ncrease\in nitrogen ccnienl is difficult o expiein,
The only reason for this increasc appears to ba thet during
the collection of posi-nervest soil sauples, subatoniial
quantitica of orgenic debris frcm the grgenic msnure
initielly edded mignt have been included over znd above
the orgenic matier addition tharoush leaf fall,

The gonsral trexd of the resulis and the conclusions

out of these moy ve sumneriged as follows:
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There was an exponentisl decrease in yield of swast
poiato with increaeing shade levels end hence this
crop may be clasgified ag 'shadc-sensitive', It zay
not thorefore be & crop suited for intercropping.

There appears v be some influence of shade -on the
partitioning end tranelocation of assizilates, This

is reflaecied in the asrked diiferences in the responses
to shading betwean dry malter accumulotion and tuber
yieldas.,

Sweet poiato appears to be a crop with adaptation
for subgtantisl adjusinents in leaf area to avoid

exceasive leaf parasitism,

It sppears thet the utiliesation efficiencies of the
nutrients added would be markedly leem under shade
ien in the open. |

b2
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{coleus pervifloruby penthe)

nReULTSs

1. Plant characters

A. ‘nionetric abae::va‘bione

1. Plent height

Tho -date 5T sresented in rable 12 and the npalysis

of varisnce in appendix 10

shede hed significont effoct on plent heigrt only ab
95 dayn after plantinge Though Varying, plend height
showed an increcsing irend upto interaed?~*s 150 per cent)
ahede level.oud ihen decveased av e inienst ennde of 1

75 per cent, but was more taes that in tae ope

2, Buaber of branches

Toe data ere presented in Table \2 and the
) am'.\ysj_g

of veriance in Appondix 10,

onl at & 1t e

1y the initial atag of g,row‘(;h. Tila &61 wane
or| e of & decrese? in the nunber of branchoa witi 1201‘868311

chade invensly 1‘_\ |

e . : ies 8t 8ll ngaa ol Growih Ih‘e ouWast '\ﬂ]]‘ugm
wers re i - 8 ‘

ar corded at ihe intenmoe ( 5 per cent) sh
de 13751.



The number of brenches incressed with advancing age

of the plent,
%e Loaf area index

Tho data are presented in Table 12 and the analyeis of

‘varience in Apperdix 10.

Leaf area index in coleus was not significantly influenced
by shede at any of the growith pteges. AL 95 days after
planting, the value went on increaslng wiih increzsing in-
teneities of ohade upto the iniermediate chade level aend
then haﬁ.a decrease at tne iniense snode lsvel, while at
othexr stages the IAI values decreased wiih increasing shede
leveln, At harvest, the meximum IAI wag recorded by plants
at low ehede intensity. |

Over the piages, the IAI values increased wiin sgvanc-
ing age upto 95 days after planting in the cace of low and
medinm ehade levels wiiile in the cose of no shade and intense
shode levels, the value went on decreasing afier 65 daye of

arowth.
. 44 Chlorophyll content of leaves

The data on the content of chlorophyll 'é', ‘bt end
totel chlorophyll elong with tac ratio of cilorophyll a=b
are pregented in Table 13 and the enalyeses of verisnco in
Appendix 11.



Teble 12, ZEffeot of shade on plant heighil, nuasber of branches and leai area index
of coleus at varioua growih-estages .

Plant height (ca) Number of bromches 5;3].';3-111::.'1 Leaf erea index -
St(xaﬂe intzx)xsity {(days aficr plenting) {doye after planting) (days after planting)
per oen 35 65 95 35 65 . 05 125 .35 - 65 95 125
(ha;ggst) __j . (harveet) . (harvest)
0 (no shade) 18,0 58,2 7T70.1 T6.3 13.9 21.4 27.2 34.7 3011 . 9,46 8,15 3,32
25 (low shode) 19,1 610 T3.6 81.1 Ged 215 3149 35,9 2.41 To92 10,61 4,53
50 (mediuﬂ Ehﬂﬂﬁ)?().o 62,7 175 80,0 7-3 17,2 26.8 30.6 255 8,52 10,38 309
75 (high shede) 18,0 53,8 58,3 77.1 Be1 16,3 18.2 27.7 165 6442 5,59 3.82
SEm » 1.4 2.6 360 Y3 1.6 17 3.6 4.6 0,42 1:42 1.80 1.05%
¢ (0.05) NS X5 9«4 . NS 4.9 &S N3 us &S ®S NS NS

- L - L J

N8 = Hot significant

Table 13. Lffect of shade on chlorophyll *a', *b' znd total .chlorophyll (mg g~
fresh welghi); ratio of chlorofhyll a=b of coleus leaveas at various
grgw‘téa plages

Chlorophyll ‘*a‘ Calorophyl) 'b*  Total chlorophyll Calorophyll atb
. {days afier {(deyp afior (days after (doys after
Shede intensity planting) planting) plenting) pleniting)
(per cent) : .
80 115 . 125 80 115 125 80 115 - 125 80 115 125
(harvest) (harvest) (hervest) (harvest)

0. (o shade) 0,48 045 0,47 0657 0663 0o81 Go99 1,03 -1.220 0,81 0.72 0.59
25 (low =aode) 0,70 0.67 0.47 0.86  C.T77 Q.83 1.56 Tedd 131 0.82 0.85 Q,5
50 (med:!.um shade)'?O;BO J0.84 ‘-0.61 '—00’97 0,83 0094 1077 1083 1-55 00 0,84 00 6
75 (high shede) 0,95 8,91 0,88  1.13 . 1419 1,20 2,07 2.10 2.08 0.84 0,77 0.74
CEm 4 0.05 0.08 0.03 0.05 0007 0.08 0.03 0014 0011 0.06 0005 0003
D (0405) 0,19 0,24 0,10 0,13 0,21 0,25 0.24 0,43 0,33 HS _EJ WS

- o S S oy e P S A e S S e P i A il G

NSe Hot significant on
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Tae chlorophyll *a', 'b' and total chlorophyll con-
tenie wera found to be significantly affected by shale at
all stages of growth., The content of total chlorophyll
end iia conponents went on increesing wiin increasming
levele of sande, with the plants in the intense (75 per
cent) shede level end those without shade recording, the

maxisum epd mininun contents, respeotively.

Towards maturity of the crop, the contents of chloro-
phyll *a' and total chlorophyll, in general, showed a
declining irend, while that of chlorophyll *'b' remained

noarly constant.

The efreof of shede on the ratio of chliorophyll a-b
was not-significant end it remained slmost constant at the
-different shede levels, There wae & drop in the ratio at
horvest as compared to that at the early stisgea of growth.

5. Totel dry weight

The data on the toiel Gry weignt per plsnil ere pre-
sented in Table 14 end Fig. 6. 7The enalysis of variancs
is given in Appendix 12.

Totnl dry weight per plant was significantly influsnced
by sheding et all the growth eteges. Tae general trand
noticed was that of a decropse with increasing shado levels,
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The maximum end 2inimun values were racorded by plents
without asheding and ai intense shade rospeciively, at al
stages of growth. %The only exception was at the 95 days
after plenting.

Qver -the siages, the valus went or incresaing with
advancing age, at all snade levels, Howsver, at low and
mediun shade levels, there waes a fall in 4ry matter accu-~
mulation at hervest. The increasing trend was almost
steady in all shade levols, at the other stages of growth,

Ge Het assimilation rate

The duta are presented in Table 14 and the analysis
of verisnce in Appendix 12.

There war significont effect of shade on RAR only
besiween 3% end 65 daye after planting, when the highesi
and ioweaf. valuen worg recorded by plants without shads
end at intense shade levels, reaspectively. The effect o:
shade on NAR between 65 end 95 daye after plenting was noi
eignificent; there was however, a drastic declins in mean

KAR when shading was more than' 50 per cent.
With advancing age, there was a sha¥p decline in AR,

7. Huaber of tubers

The data are presented in Table 14 ard the eanalymsis of
varisnce in Apperndix 12,
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Iable 14, FEffect of shede on total dry welight, net assimilotion rate, nuaber of tubers,
tuber yield, haulm yield end harvest index of coleus B

%ubers Tuber Hsulm ilapr-

Total dry weigat (g plant-"‘) Het assimi~ FRumber of

(daye after planting) 1x}t107_n ru_:r.e plant y:l.eld1 yield_.vest
Shade intensity (gren- copid  (deys oltcr (v he™! (4 ha” 'in-
(?er cent) ‘ nfl I N Y plﬂntmﬁ) . freﬂh dry dex

. weight) weight)

35 65 95 Betwsen Between 65 95 125
(““Rg“)as & B5& (hervest)
65 daye 95 daye

P p— - -

0 (no chade) 3.05 22446 31.50 43.89 3.30 1.08 4424 17.7 271 34.10 4.80 0.61

25 (low chede) 1.97 1665 35.10 31.95 3.34  2.26 :?Eé 126 37.5 26.56 2.89 0.60
% (meatun shode)h78 1338 24,04 2557 234 136 0.6 6.7 33.0 20.04 3.5 0.5¢
75 (high chade) 1419 813 9.90 T7.24 199 015 000 1.7 30.8 9.92 2.24 0.4
SEa » 0.33 1,20 3,70 5,05 0.35 0,58 0,22 1.2 3.9 2,11 0,55 0.03

CD (0.,05) 1.20 716 11.39 15.57 1.06 ES 0,68 F.6 12,1 6.50 1,62 0,07

ES = Hot significent .
Figures in parenthesis represent /x + 4. transformed values.
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Shade had pignificont effect on pumber of tubers
at the early ntages of growihk, at 65 and 95 deys after
planting. The maxioum snd minimum values were recordsd
by plants in the open (0.0 per cent shade) and at ine
intense (75 per cent) shade level, respectively ati these
stagee and it showed a drastic decline with increasing
shade densities. The trend of resulis at hervest (125
days after plenting) was markediy different with the
plants in the open recording ithe lowest tuber nuwaber and
those at the intense shade, the highest, The differences
between the verious shade levels were however, not statia~
ticelly oignificent. At 35 dsye afier plenting, no tuber
was: formed in any of the schade levele, while et 65 days
sfter planting no tuber was found at the inteuse shade
of 75 per cent,

Over the siagee, the value went on increasing with

advencing age.
8. Tuber ¥ ield

The data ave presented in Table 14 and Fig. 7. Ihe
analysis of variance is given in Appendix 12,

There was significani effect of shade on tuber yleld
in coleus. The maxinum yield wae obtained from the plants
without shade ond the minimun yield from the intensely
shaded plonts, The yield duta showed a decreasing trend
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with increasing shade intenslitise. Almo the differences
between the shede levels were atatistically significant.
Tde yield obiained at low, medium and high cshade levels,
expresaed as percentage of that at the open (no ahade)
were 77.7, 53.8 ond 29,7 per cent, respectiively.

Response curve

The tuber yieid as & function of shade inteneity
showed & linear repponse (Fig. 8 and the enalysis of
varisnce in Appendix 48). The egquation of the line is
givan below.

y= 22,66-3495%

The co-sfficieni of determination RS of the above
line being 0.9913, 99,13 per cent of totol variation in the
response c¢an be explained by the f£itted polynomisl.

9. Yi0ld.of haulm

The datn are presented in Table 14 and the analysie
of variance in Appendix 12,

The effect of shade on haulo yield of coleus wap not

significent and 1%t ronged from 2.24 to 4.80 t ha”! dry

matter. Mo geéneral trend with increasing shade intensitiee

vwan notlced.



Table 15. Effect of chade on nitrogen content of coleus leaf and sten + petiole
at different grovth stages

———

Ieaf nitrogen content (gor cent) Sten + petiole nitrogen content

, {par cent)
Shade initensity (doys afier planting) {dsys after planting)
(per cent) . : .
35 65 95 125 35 65 95 125
(horvesgt) {harvest)

~ 0 {no shade) 3+39 1275 - 1.57 1e25 1260 0.75 0.56 062
25 {low ehade) 4o11 2.14 1.5 1.98 201 0.93 0.65 0,53
50 (ﬂediuﬂ Bhﬂde) 4-17 2.59 1091 1041 2. 14 1.12 0084 0089
75 (hizh shade) 4,16 5e33 2.67 1.90 2.4 1.52 1.33 0.91
Ch {0,05) 0.61 De 17 0.12 0,07 C.03 0,08 0.04 Q.02

Table 16. Effect of shade on nitrogen content of tuber a2nd on total uptake of nitrogen
by coleue at differcnt growinh siages

Tuber nitrogen content {per ceﬁt) Toial uptake of nitrogen (kg ha'1)

_ (deye aftor plenting) {(days after planting)
Shadeé:;intensity -
(per cent) 35 65 g5 125 35 65 ~ 95 125
‘ {harveet) {hervent)
0 (no shade) 0.52 0.58 0,67 21.52 2591 25.23 26.93
25 {low shade) Q.64 0.61 0.63 1171 21,18 25.39 19.54
50 (medium shade) - 0.62 0.85 12.96 - 20,31 24,86 18.28
CD (U.05) - s 000 NS ES RS  13]

RS = Hot significant

IL
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10. Harvest index

The Gata are presented in Tacle 14 and the aunnlysis
of variance in Appendix 12.

Shade significently affecied the harvest index in
coleue and the value went on decreasing with increasing
shade intensities, with plentn in the open and at intense
shade levels recording the mexinum =nd sinsimus values,

respoctivaly.

Bes Chemical studies

1. Content and uptoke of nitrogen

The data on the content of nitrozen in the leaf, siem +
petiole and tubers and the 'l';otal uptake of nitrogen by
plant oo a whole are presented in the Table 15 to 16 and
Fig. 9. The spalyses of varisnce are given in Appendices
15 to 14,

Effcot of shade on the nitrogen content of leaf,
aten + petiole end tuber was aignificant at all the growth
ptages. The differepceos in the uptaike of nitrogen te iween
the various ahnde levels wére not significant ai any of tne
sizges of growth. The nltrogen content in the plent coa~-
ponents in general, showed sn increasiniy trend wiih increap-
ing shede intensitiesp; In the case of uptoke, the general



Table 17. Effect of shode on phosphorus conteni of coleus leaf and stean + petiole
at different grovth ntages

L L o ——— - o o

Leaf phosphorus conteat (per cant) Stem + petiole phosphorus

{days after pianting) contont (per cent)
Shade intensity . ) 7 - (dﬂyﬂ after plﬂnting)
(per cent) 35 65 9% 125 35 65 95 125
| | ' (harvest) (hrarvest)
0 (no shade) 0,38 0.2  0.23 0s21  0.27 0.19 0.4  0.13
25 (low shade) 0,40 0.29 0e23 0623 0429 0e23 0.20 0.13
50 (medium shede) 0.42 0.36 0.24 Ce20 0,24 0425 0.17 0.15
75 (high shade) Q.43 0.38 0422 0.18 0,28 0.18 0e21 0.14
SEﬂ & i _ 0.01 0.01 0.01 0.01 0001 0’01 00035 0.005
CD (C.05) 0,02 0.02° 0,03 0.02 HS 0e04 0,02 0,01

- A - G A A e W S A O W - - ———

HY = Hot significant

Table 18, Effect of shade on phosphorus content of tuber arnd on total upiake of
phoaphorus by coleus at different grouth stages

- —

Tuber phoephorus content (per cent) Total upiake of phoephorus (kg ha")

Shade intensity | (deyo after plenting) (days after plenting)
(por- cent) 35 65 95 125 35 65 95 125
(hisrvest) (hervest)
0 (no shade) 0.20 0.22 0.19 2451 3.91 5«09 6.20
25 (1OU Shadﬁ) 0021 0.22 0.21 1019 3064 6.32 4\30
50 (mediul ﬁhade) - 0.22 .22 1.35 3037 4.21 3071
SEm o+ - 0001 0.01 0.32 0.56 0;67 0.70

- - - - - - - O W S ST S . . -~ .

ES = Not significant

€L
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trend wag ihat of & Gecrease with incrsasing ghode levels,
with the intense chede and that without chade levels record-
ing the meximum end wminimum contenis, respectively, wnd

vice versa In the case of total upiake of nitrogen.

Over the stagec, the conitent in {the leaf and mitea +
petiole ghowed a decrsssing trend with advoncing age until
harvesi. In the erge of tuber, a siight inorecace was
noticed ai harvest. Toial uptoke of nitrogen showed an
increasing trand upto the pre-nharvesi stage. At the itine
of harvest, 1t decreaped except in the case of planis in

i;he open.
2. Content and uptake of phosphorus

The data on tho coutent ¢f phospheorus in leaf, glem +
potiole and tubers and the tolnl upteke of phospnorus are
presented in Tables 17 to 18 and FPig. 9. The analyses of

varisnce are given in Appendices 14 1o 15

There vas significant effect of shade on phosphiorus
content in leaf, stem + potiole and tuber and on the toinl
upitake of phosphorus at almoot oll stzges of plont growia.
The content ranged from 0.18 1o 043, 0,13 to 0.29 snd
0.17 1o 0,22 per cent in leaf, sien + petiole end tuber,
respeciively, The rssulis were hlghly variable and the
only genecral tWrend ithat could be noticed was that the



Table 19. Effect of shude on potaspium content of coleus leaf and siee + petiole
at various growth stages

Teaf podapsium content (per cent) Stea + peticle potuosium
o contant (per cent)
Sk(mde mt:x)wity (days ofter planting) (deys after plenting)
per ceat)
35 65 95 125 35 65 95 125
) (harvest) {harvest) .
0 (nO Qhﬁde) : 4-50 2.37 2.12 1-52 6.90 4.20 . 3040 2.82
25 (IO'J ahade) . 5039 3.08 2034 1.89 7.90 5.99 4.28 3.68
50 (mediux shade) 5.27 Je25 2.36 154 197 6433 4.76 4040
SEEQ 3; 0.05 0.05 0008 0.05 0.05 0005 0021 0.09
€D {0.05) Ce 14 0.17 0.26 0.15 0e15 0. 14 0.66 027

Table 20. Effect of shade on potassniua content of tuber and on totel uptake of
potagoium by coleus at different growth stages

Tuber potassium content (per cent) Total upiske of potasnium (kg hﬁ'T)
(days afier planting) (dayo after planting)
Shade intensity

(per cent) 35 65 95 125 35 65 95 125
. (harvest) (harveat)

0 (no shade) 2495 204 2420 32.T7 59.82 84.81 84.98
25 (low shede) 1.80 2«16 230 18.07 63.19 90.85 T71.93
50 El.edium shade) - 1.95 2,30 19,39 52,561 60,89 57.95
75 mgh shade) - 1.80 2.30 15057 36.42 53.50 43.0%
58& kA . - 0011 0.09 4011 7.62 12.80 9.68
CD (0.05) - NS #S 12468 BS 39.45 23.82

g R e P Y S A G S GO WY WU T . A WA S S S Gk A Wiy A e . e e £ i e e i g e e e G A o G R = I i e e A .

18 = Not significant

g/
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phosphorus content showed an. iricreasing trend with increag-
ing shade intenesities at the sarly stages of growth. Thv
total phosphorus upteite also 41d rot show any distinct
pattern between the shade levela excapt at ‘65 end 125 days
of growth when the uptake went on decreasing withn increasing
phode lovsls,

With ege, the leaf phosphorus content snowed a declin-
ing trend at all stages of growth, Jimilar observation
could be mede in the cage of etem + petiole at lower shade
lavels. At medium ond high shade levels, no distinet trend
dquld be noticed, In genoral, the iotal uptalke of phosphorus
wént on incressing with dévancing age, ai all the shade levels,

%« Content nnd uptske of potessium

fhe data on the content of potisseium in leaf, siem +
petioclo ard tubers and 'the total uptake of potessiun are
given in Table 19 to 20 and Fig. 9, The snalyees of varianca
eres given ix Appendices 15 to 16.

Bignificent effeot of_ shado on the potassium content
-0f leaf and étem + petiolo wao observed at all the growth
atagon, In the caee of tuber potassium oontent,' oignifi-
cance could he noted only at 35 dayes after planting and in
the oase of total uptake at 35 and 9% daye of growih. Except
et 35 and 95 daye efter planting, in the case of leaf aud
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phosphorus content showed an increasing trend with increae-~
ing shade intensities ai the early stuges of growth. The
total phosphorus uptzike also did not ehow any distinet
pattern between the shade levels excapt at "65 and 125 deys
of growth when the uptake went on decreasing with increasing
shcde levsele,

H_.i.th age, the leal phosphorus content egnowed n deolin-
ing trend at all sieges of growth, Similar observation
could be mede in the cage of siem + petiole at lower shade
levels., At mediuml end high shade levels, no distinct trend
could be noticed, In general, ihe total uptoke of phosphorus
want on incressing with ddvancing age, at all the shade levelp,

%+ Content and uptoke of potassiun

The data on the canteni of potassium in leaf, stem +
petiole and tubers ond the total uptake of poteseium mre
given in Table 19 to 20 and Fig. 9, The snalyses of varience
gre given in Appenidices 15 to 16.

Bignificant o1180T or shaue on the potassium content
-of leaf anad étem + peticle was observed at all the growth
atages. In the case of tubsr potessium content, eignifi-
cance could be noted only at 35 days after plenting and in
the case of totsl uptake at 35 and 9% days of growih. Except
at 35 and 95 deya after planting, in the case of leaf and
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sten + peticle the poiassium conient wenti on increasing
wiith increasing shade level at all_tﬁe growith gtages, MNo
distinct irend was noticed in the cese of tuber potzesium
content end it ranged from 1.80 1o 2.35 per cent. Ihe
toial upteke of potassium did not ehow any distinet trend,

Gver the steges, the content in the leaf and stea «+
petiole showed & declining trend while tuber potaesium
content, in general, showed a slight increase, TUpteke of
potaasiﬁm wvas incressing with advencing ege upto 395 days
after planting end 3t shoved & slight decline at the inter-
meaiaté chado levels, It went on incoreassing upto hervesti
in the case of plonts without shade and at intense shade,

IT. So0il cheractera

Seil matrient statun

The data on the 8oil nutrient status after the culii-
vatlon of coleus are prosented in Tabla 21 end the analysis
of variance In Appendix 17.

The differences in the content of totisl nitrozen and
available potassiun in the soil at different chade levels
were significant. Ho dimtinct trend could be obgserved in
total nitrogen and available phosphorus content with
Increaping shade levels but ihe available potageinn content
in ihe e0il was higher &t higher shade levela.
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Table 21. Effect of shude on nutrient status of soil
after the crop of coleus

- - |} Pl iy ES S S TR -

Shade inteneiﬁy Toial Avallable Availeble
{per cent) nitrogen phosphorus potassium
i (per cent) ~ (ppm) (pp=)
25 (lovw chade) 0.07 2430 TTe57
50 (mediun shode) 0,10 1,92 82,56
SEm 0,003 0.27 194

¢ (0.05) 0,009 0.83 5.98




Comparison with the pre-sxperimenial soil nuirient
etatus showed a alight increase in the total nitrogen
content at all the shade levels except at low shnde,
Availesble phosphorus showed & plight increame at low and
mnedium shade leveln, The potassiun content was much lover
after the drop scason, the exient of decrcase being lower

at higher shade lsvelo.
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DISCUSSION

The repulto of the present study indicated that
the decreape in yield of tuber in coclcus wes proportionste
to the intenslty of shade and was slmost linear. The
maximum yield wae obtained in plots without shade snd the
yields obtained at 25, 50 end 75 per cent shade levels
wore T7.7, 58.8 end 29.1 per cent, reaspectively, of tast
in the open. As evidenced by the inversely proportioual
and linear reoponse of tuber yield to ehode, it may bve
concluded that coleus is a plant with no special adapta-
tion for growth under enmce nnd mey hence he claagified
as *shede-intolereni*. Such a shade reocponse will qualify
this crop as sultable for intercropping only under conditions
of smple iight infiltration. As & rough indication, 1t may
be noted that in intorcropping situations with about
50 per cent light infiltration, the yield will be half as
muoh ag thet in the open.

Among the two componente that contributed towards
tuber yield vig., tuber number and {tubker walzhat, there wae
8 popitive influence of chade on the number of tubers.
However, the contribution by this component towards the
£inal yield was mesgre and in faci, the relation between the

tubsy number and tubor vield aoneared to ke inveresa. Am
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indicated from the data on plant heigat (Table 12), the
plants under shade tended to grow longer at least upto
internedinto shade levels and ‘they apperently vere slender
and Qeak. The shicote iended to trail on the soil surface
which induced tuber formation at the nodes in contact
with the soil. Though this contributed substentially
towards the tuber number (Table 14), theae failed to
develop properly and thus influence ihe final tuber yield.

An insight into the probable mechsnisxz resgonsible
for the chade responce of thio erop con be had Ifrom the
comparison of the response on dry msntter socumulation of
the crop (Table 14), Total dry weighi of the plent at tae
different stages followed -an identiczl decrease &s that
of tuber yield, becsnuse of shading. Ascuming agein, that
dry matter accunulation would be & measure of photosynthe-
tic acoumulation, it may be conoldered thal the photoayn-
thotio factors were slaost exclusively responpible for the

observed responses to shade.

It nay sleo be worthwhile to discues the componente
that were responsible for ihe variation in dry matter yield.
Among the two components thet contribute towards photo-
gynthate accunulation viz, leaf arez snd leaf eflicienoy,
there waps increuse in leaf nrea because of cheding upio the
Intermediate (50 per cent) shade level followed by a
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conmpicuous dscline et intense (75 per cent) shade, The
increese in leaf ares index hecaues of shading mey perhaps
be a plant adaptatioa to expome larger photosynthetic
sarface under limited illusinotion. However, as indicated
by the high leaf area indices and the almost ilnverse rela-
tion between dnj aatter accuzulation and the LAY upﬁo the
internediote shede lsvel, it may be concluded that such &
plent sdeptation was not adveatageous in plant communities
of this crop. & cémpariaon-pf the LAl values (Table 12)
would reveal tnet the mean values were well above 4,00 at
snd beyond 6% days after plenting and the wean maxisun of
9.46 was noted in the open, 65 8ays after planting. The
fact taat the lenf orientation in coleus is apparently
near-horizontal and that the leaf area indices were compara-
tively high indicate that there was probably sirong mutuml
shading oven in the open. Since there was‘increaue In LA
due to shading, there was probably much more of mutuel chad-
ing at these shede levels, Thepe would have noramally
deoreased the efficlency of leaves to pﬁotaayntheaiae by
making a larger propogtioﬁ of lower leaf surfaces ejither at
sub~paturation or paorasitic levels. Therefore, even though
thore was increase jn ‘the photosynthetic surfazoce because
of sheding, it 4id not result in on increuse in dry matter
yield,

A aquasntiteiive estiantion of the efficiency of the



leaves to photogynthecise caen be had from the data on
net assimilation rate (Table 14). Howéver, theee figures
are available only upto 95 days after pleniing as furiher
calculation of thie growth chalfaoteristic could xot be
done bscause of leaf shedding after this stoge. The
asvaileble deta upio ihe period of 9% dsys after planting,
generally indicoted a decreasse in e efficiency of the
leaves -due U5 shading.

Sven though the patierns of yield and dry matter
accunmulaticn followed a predictable decrszse with increas-
ing shede levels, the treud in plemnt helght {Table 12)
appoesred to be different. Wilh increasing eshede levels,
the plents tended to be taller and this effect was neerly
consietent. OSuch an induction of plant height increace by
phide ia in conformity with the resulis reported on many
othser crope (Panikor, ¢t 2l., 1969 in tobeccop Aclen snd
Quisumbing, 1976 in ginger axd Tarile et al., 1977 in

oowpea).

The contents of to
(chlorophyll.'a* and *'b’) (Table 13) were significantly
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influenced by sheding and their contents went on increasing

with incressing shade levels. This is in egrosaent with
the findings of Glark (1905), Evens and Murray (1933);
Guers (1971), Ramoawani (1960), Veniketamani (1961),



84

EKhossien (1970), Okeli snd Owusa (1975), Bjorkmen end
Holmgren (1965), Cooper and Quells (1967) and Radhe (1979).
The differences in ithe ratio of chlorophyll ab reamained
non=-significant and it was loweat at the later stages at
all shade levels which chowed that the oontent of chloro-
phyll *b* increaped while that of chlorophyll *a' decreased.

The contenta of ithe nutrients nitrogen, phoaphorus
and potassiium in the plant parts showed a porsistent ircresese
necause of eshaoding. One rcason dtmributabie to this is tho
dilution effact at hign light intensities beceuse of higher
dry matter production but the involvement of other physio=
logical faciors on the accumulation of nutrienis cemnot bs
ruled oute %he induction of an increase in contenis of
mineral nutrients by shading has been widely reported in
peveral crops (yhr and Saeho, 1969; Kraybill, 1922;
Guars, 19713 Fretz ard Dunhaim:, 1971; Cantliffe, 1972;
RoAriguez gt 2l., 1973; Radha, 1979 and Weng snd Wilson, 1980).
The uptake of these nutrients, on the contrary, registered
a oonmpicuous decreaspe with increassing shade levels, the
differencens between shede levels being statistically signi-
f£icant in the cass of phosphorus and potassium atl mosnt of
the siages. Though in the case of nitrogen, this 4id not
attain levels of statistical significence, the irend was

atecdy end conspicuous. These decreases in uptoke of



natrionis because of shading would indicate that the effect
of dedreasing dry matter production had the dominent
influence in deciding toial upiake and it could more than
conpensate the jincroased contents of nutrients resulting
from shadinz,

Another encillary concluslon is that the crop reguire-
mert of nutrients would be substantislly less under chade,
If the uptake is taken as ea index of crop regquireaent,
the quantity of fertilizer nceded by this crop would e
72456, 67.88 and 58,0 per cent, respectively, in the cnge
of nitrogen at 2%, 50 and T5 per cent chade levels. The
corresponding voluss for phoephorus would be 68.69, 59.27
ond 37.22 per cent and in the case of potamsium 84.64,

63.19 ond 50,66 per cent, respectiveiy.

hnnlyeis of the soil after harvest of ithe crop (Table 21)
showed a pieady inorecse in the conteni of available pota~
spiun with increasing shede loveles. There was no consistent
patiern in the case of totel nitrosen and available phoa-
phorua} As compared to pre-experimentinl soil status, the
potaseing contenit after horvest of the orop was markedly less
and that of niirogen comnspicuocusly more. The avallable
phosghorus content showed only oligat, but proiracted changee,
The reasone for the decrease in the content of available

potassiun a#nd for the increase in nitroger content had been



86

discusned slready, while dezlings with swest potato.

The general conclusion on the resulis and discussion

nay be sunnarised as followas.

1.

2e

Se

4o

There was & sipguificant decreape in the yield of luber
which was proportionate to the intensity of shade and
was almoot lineay, Hence, it may be coneidered that
coleus is & plent vith no speciasl adgptation for growih
under shade and ngy therefore be classified ap 'shade-
intolerant's This would qualify this crop as suitable
for intercropping orly uwnder conditions of ample light
infiltration.

Photogynthetic fectore appear to be almost exclusively

responsible for the observed responeces ito smaede,

There was en increase in leaf area because of shading
upto the intermediaie (S0 per cent) ehade lovel, but it
did not result in an increage in dry matter yield.
Strong autual shading appeared o be probable even in

the open.

The fertilizer requirement by the crop would be asubstan-
tially loss under shading. Indicabions cre that ihe
nutrient reguirencnts of a crop uptc 50 per ceni ehade
intensity may be about 70 per cent of that for a sole
crop in the open.



Colocasia



Colocasla
{Colocasis gmculanta (L.) Schott.)

RESULTE
1. Plent charactars
A, Biomeiric observations

1. Plant height

The data are presented in Table 22 and the anslysis
of wvariance in Appendix 13,

Sheade hod o slgnificant effect on plant helght in
coloocansia only at 60 end 90 deys after sprouting wien
the plant height went on decrsasing with incrcesing shade
intensity. %he plents in the intenss (75 per cent) shade
recorded ‘the loweet height which was statistically inferiocr
to that at other chsde levelas, The treatment receiving
full illunination (O per cent shode) recorded the maximumn
heizht which was at par with 25 and 50 per ceni shade,
At the earlier and later eteges, the differences between
shaﬁe levals vas not significont.

Over the stages, the plant height increased upto
60 daya_ot sprouting and after ithis stoge a steady decrecse
in height wae noticed. Thae extent of decline after 60 days
of pprouting appeared 1o be stseper at lower ehade inten~-
elties.
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2. Girth a% callar

The data are presented in Table 22 and ths analysis
of varience in Appendix 18,

Girth a8t collar wam significantly affected only
at 60 dgys after eprouting, when tho highest and lowest
values were yecorded by plemts without shading and at
hizh snede intensities., The girth at intense sheds was
stetistically inferior to thet at other shade levels.

Coliar girth wae paximun at 60 deys after sprouting
‘4z all shade levels, and then altarnate decreaso and
inorease was noticed after 60 deye of growth until 150 deys
after eprouting. Agnin, as in the oase of plant height,
extent of dscreace in girth vas more conspicuous at lower

shade intensitlies,
%« Number of tillers

The data ere presenied in Teble 2% and the analysis
of veriance in Appendix 19,

fhede hed a pignificont effect cn this character at
all stages of plsnt growth excepting %0 days after sprout-
ing. At these siages, the plunts at full illumination
recorded the msximua value, Iovest value was noted at
intense (75 per cent) shade lovel at all sizgeas, There



Table 22, Effect of shule on height of plant and girih at collar of colocasia
at differeni growth stages

Height of plants (cm) Girta at collar (ca)
Shade intensity (daye afier eprautmg} ‘ (dsys after sprouting)
(per cent) 30 60 70 120 150 30 60 90 120 150

O (1o ghade)  55¢3  82.6 T35 51e8 456 112 16¢3 8.5 118 7.9
25 (low =zhode) 53.1 78.1 65.9 353.2 52.0 1062 135.7 8.7 10.1 B.9

50 (mﬁd.‘lﬁﬂ ahade) 65.2 68-6 62.4 57.1 51 ol 11.4 12'4 8.8 93 900
7% (high shade) 57.5 51«9 50.8 55.1 51.9 9.4 9.0 8.1 9.6 867
Sin > 4¢3 ‘50 3¢5 Je82 3.0 0.9 1.0 O.4 0.7 04
Ch (0.05) RS 15.6 10.6 BB 1S B 2.0 NS KRG IS

I .l

HS = Fot significont

Table 23. Effect of shade on tiller production end leaf area index of colocaais
at various growth stages

Wl A S -t - the P S S-S T I R kS T s A AT S S . .

Humber of tillers plent™ Teaf area index
(days after sprouting) (@ays aftier sprouting}
Shade interagity -
(per cent) 30 60 30 120 150 30. 60 Q0 120 150

0 (nﬂ ﬁhﬂda) 4.3 11.2 11.3 13.5 1204 0067 1.43 0083 0.83 0.41
25 (low E!lade) 4.9 TeT T 119 11.7 0,71 1013 1.07 0.74 0.55
50 (mediun shade) 3.7 55 7.0 10.3 8.1 0.76 0455 0.67 0.80 0,54
75 (high shade) el Zed 4.9 5¢2 5.6 0,68 0.57 055 0631 0,48
Sm : 0.7 1.0 1.0 1.3 1.4 0.10 0030 0.13 0009 000‘7
CD (0.05) it 31 31 3¢9 445 NS BE KS  0.29 HS

I8 = Hot significant
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'was a steady decreasc in the number of tillers with
increasing shade intensities @t all the siages of  growth,
Though the differencos botween the individusl treniments
vere not elvays slgnificant, the general irend wac one of
decreanse in thb nunber of tillers with increasing chade

levela.

¥ith advancing age, the number of side pprouis
showed an lncreasing trend upto 120 days after sprouting
followad by & slignt fall between 120 end 150 daye of growth
except at the intense shode lavel,

4. Ieaf area index

The dats are preeented in Table 25 and the-anal:aiu
of varience in Appendix 19.

Bignificent effect of ahade on leaf ares index in
colocasia was noticed cnly st 120 doys after sprouting
vhen the IAI in the open was found to be significantly
lowar then &t all otheor shade levels which taemselven were
on poar. .ilo general trend of treaiment differences could
be noted mainly because this obmervation was vioiated by
the damsge of the crop.

Over tho sluoges, LAY was found to he maximum st 60
days after sprouting at lowver shode levels and then thers
wag a decreasing trend untll 150 days after sprouting.



of colocasis leaves at various growin stages

Table 24, Effect of shade on content of chlorophyll *a’ exd *b* (ug g~

fresh weight)

Shade intensity

(8ays afier sprouting)

Chlorophyll ‘at

Calorophyll *b*
{days after sprouting)

{per cent)
80 110 140 170 80 110 140 170
0 (no shade) 1.51 1.70 144 1.23 1.83% 2.18 1.90 091
25 (lov shade) 130 170 148 122 157 2.13 1.94 0.85
50 (pedium shede) 159 1.90 1.58 1.48 1.83 2647 0D 1.10
¢ (0.05) 0.12 0.13 0.10  0.09 HS 0. 17 0.18

0.20

o . W

B8 = Hot significant

Table 25. BEffect of shade on total calorophyll content (ag g" freeh velght) end

chloropyll o-b ratio of colocasia leaves at verious growth steges

daade intensity
{per cent)

Total chlorophyll
(3ays agfter sprouting)

Chlorophylli asb
{days after sprouting)

AP i G AT . E R

0 (o shnde)

25 (low ghade)

50 {(medium zhrde)
75 (high ghade)
GEm

¢D (0,05)

80 110 140 170 80 110 140 170
334 .88 Dot 220 D84 078 070 TedS
2487 383 De42 2407 0.83 0.80 0,77 1.44
3066 4! 35 3064 2. 58 0.?9 0.77 0.77 1 036
Z50 4,02 4,00 2.86 0.82 079 QeTS 1.27
0.10 0.1% Q.09 0.07 0.01 C.01 0.01 0,05

0033 0.27 £e22 0.04 0.02 E}B HS

031

e U Py A

RO = lot significant
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Other then this gencral observation, no valid conclusion
on the trend could be drswn on the stags~-wise variation
of individual treatucnta,

5. Chlorophyll content of leaves

The data on contents of chlorophyll *st, *b' ond
total chlorophyll; ratio of chlorophyll a=b are presented
in Table 24 to 25 @nd the enalvees of varicnce in Annen-

dices 20 to 21,

A} aimost all stages, the effect of shade on the
conterts of chlorophyll 'c', 'b* and totel chlorophyll
were found to be significant. 9t11l1 no general trend on
the variation vith inoreasing ehede lsvels could ba dis-
cerned, Theo effect of shade on chlorophyll atb was found
to be significant only at early sieges. Here again, no
general conclueion could be drawn on the trend of results.

Stago-wlee comparison of ihe chlorophyll contentn
showed thai the contont of chlorophyll 'a' remained the
same wille that of chloropiyll *b' decreaped artéf 140 Qays
of grovwth. Congequenily total content dccreased snd the

ratlo ixncreased.

6+ Total dry weight

Ihe data are presented in Table 26 and Fig.10. The
enalysis of voarience is. given in Appendix 22.



Table 26. Effect of mhade on total dry weight, tuber yield, haulm yield end
hervest index of colocasia

Yield_slaf tuber Yield of Harveni

: .-!)

Total dry weight (g plant

(dayc aftor sprouting) (t ha™! fresh heauim index
Shade. intensity : . weight) (% ha=1
(per cent) 30 60 90 120 150 180 - 4ry welght)
(harvest)Total Side
tuber tuber.

C (no shede) 12.6 54.7 66.6 99.8 105.4 131.4 1751 12.5¢ 0.21 0.948
25 (low ehade) 12,1 35.6. 55,0 70.3 95,5 112,5 16.77 11.06- 0.28 0.947
50 (uedium ehade) 12.2 15.3 28¢5 51e84 753 109.2  15.77 9475 Oud1 0.922
75 (high shade) 9.0 11.4 20,2 20,4 41.5 61.0 7.29 3e47 C.39 0.875
Ska 4 1.0 6.5 Ged Teb 10,0 1249 181 134 0.07 G.012
CP (0.05) NS NS 19.7 23.5 30.9 32.7 5.58  4.12 S 0.038

IS = Hot significant
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The resultes indicated that shneds had a significant
offeot on plent dry weight throughout the growth stages
exoept at the intulel stages, Barring the initlial stage,
in general, there was a decline in plent dry welght with
increasing intensitios of enzde, However, the treatzent
differences were gignificani from 50th day ouwards,

The plent dry weight showed e marked end sieady
increase over the singes. 7The extent of puch inorease was

prograpaively hizher witih decreasing shede levels,
7. Het aspinilation rate

NAR wes elso calculated between differsnt steges
but the date ere not presenied since these were viotated
much by occapional Aocmsge ofthe crop by bligat (Phytophthora
palmivora (Butler) Butler) ond also by the attack by wild

boar.
8 Tuber yield

The dz2ta are presented in Table 26 ard Pig. 11. S%he
analysis of voriance is given in Appendix 22.

The tuber yield was significantly affectied by shede,
The plants in the open recorded ihe higiest yield of both
total tubers end eide tubers, and that et the intense shacde
level ihe lowest yleld. The yield showed & declining trend
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wat Inoreceing shede iuntensities, However, the yield

at full 1llunination wae statistically at par with low
(25 per cent) and medium (50 per cent) ahade levels, It
wes alep noticed thei ihe proportion of side tubers %o
total tuber yield decreaped with inoreasing shade inten-
eities 1.6. T1.62, 65.75, 61.8% and 47,6 per ceni at full
1lluninztion, low, msdiuan and high shede levels, resps-
ctively. Cmlculaied as percentage of the yield in the
open, ihe yielde at low, medinm and high shade levels were

95,8, 90,7 and 41.6 per cent, respeciively.
Reeponse curve

Effect of different intensitiss of chede on tuber
vield of colocasie was not lircear but was exponential,
The logerithme of yleld as a function of shede inteneity
vae founf to give a perabolic f£it to the data (Pig. 12 and
the mnalyels of varience in Appendix 48), The egustion of
the ourve is as follows.

108 .7 = 142311-0,0584%=0,0198x°

The co=efficient of determination of the curve wee
found to bo 0,9103, which showed that 91.05 per cent of
the total @iatim in the rasponse con be sxplained by
the fitted polynomiel,
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9. Yield of haulm

The data ere preeented in Table 26 and the snelysis
of variasnce in Appendix 22.

The lufluence of eshade on hsulmn yileld was pot sig~
nificent end it ranged from 0,21 to 0s41 ¢ ha . Minimum

yield wag obtained from the plante in the open.
10, Harvest index.

The date are presented in Table 26 and ithe analyasis
of veriance in Appendix 22.

1t vas noticed that ghade had a significant effect
on the hervest ivdex of colocasia, The wvalue showed a
declining trend wiih increasing shede intensities. The
plonts in the open and at intense shade ieval recorded
the maximum and minimun values, respectively, but the
valuen at 25 and S0 per cent shade were piatistically at
par with that in the open.

B, Chenicsl studies
1. Content and upitcke of nitrogen

The data on the content of nitrogen in leaf, pssudo-~
atem and tubers and the total uptake of nitrogen by tne
plant are presented in Tablees 27 to 23 and Fig. 15. The
analyses of varisnce ars given in Appendices 23 to 24.
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Table 27. Effect of shade on ritrogen content of leef and pseudostem of colocasla
at different growth gtages

Leaf nit&agen content {per ccnt) Pgeudoster nitrogen content (per

Shede intensity (days after sprouting) (days after sprouting) cent)
(per cent) 30 60 90 120 150 180 30 60 90 120 150 180
(narvest) (harvest)

0 (no shade) 3,84 4,20 4.07 3.86 381 3408 2,14 1,81 1,87 1.64- 1.50 1.63
25 (low eshade) 4e35 3,99 4,18 4,30 BeTS:  Be00 2643 1609 199 189 1,53  1.54
50 (mediuom shade) 4.17 4.09 471 4.11 383 2,85 2426 2406 2,02 1,83 1,34 1,38
75 (hich shade) 4.01 4489 4.75 4.44 4.25 3,07 2,06 1.94 2.10 2,36 1.85 1.74
Ska + 0,03 0.07 0.11 0.06 0,07 0.04 0,03 ‘0,10 0,07 0.02 0.05 0.03
CD (T.05) 0.11 0423 033 0.39 021  0.12 0,10 . X8 0.03 0.07 0.08 0,10

HS = Not significent

Tabdle 28. Effect of chade on niirogen conient of tubsr snd on tolasl nitrogen uptske
of colaocasia at warious growih otagesn ,

Tuber nitrogen contont (per cent) . Total nitrogen uptake (kg ha ')

Shz(zde mt'e:%?ﬁ! ' (daye after sprouiing) (days after sprouting)
per cen %0 60 90 120 150 180 30 60 90 120 150 180
, {harvest) . _ {hervest)
0 (no shaie) 0;44 0;4;? 1.22 118 1.26 14438 3830 34448 55432 53.62 63.79

0e45 0Do44 - 1.34 1618 1624 1537 25.72 32,41 44,95 49.22 53.65
060 0Oedb 0.44 Tel14 1,38 14,39 13,68 20.70 25.61 38.81 56.90
0e56 0448 0467 126 1249 10,56 12.12 16.15 12,14 2625 3%5.08
0,02 0o01 0.03 0,01 0,03 1,24 5S¢40 4407 4.25 5.20 56.85
0.05 0.03 0.03 0,03 0.08 ES 16.567 12,42 13.11 16.04¢ X§

25 (low shade)
50 {mediua chede)
'ég&(hi.gh ghade)

bt
CD (0.05)

HS = Not significont

LB



In general, the content of nitrogen in the leaf,
peeudostom and tubera ond the total upiske of nitrogn
were found to be significantly affecied Ly the different
shade lovels, throughout the growih stages. The average
nitrogen contont ranged fros 2.85 to 4.59, 1.34 10 2.43
and Q.44 to 1.149 per cont, r‘eapootivoly. in the came of
leaf, peeudosica and tubera. The mean total up_téke of
nitrogen renged from 10.56 to 63.79 kg ha”'. Though the
differencecs i nitrogen conient beiwesn different shade
levels were giatistionlly significant at =1l miages of
growih, the variabiliiy in the results were too hizn to
draw apy general ccnclusion. The total upinke of nitrogen
showed & trend of deorease with increasing shade inten-
sitiea. It may be noted that the totel dry matter acoumu-

lation by the plent aloo showed an identical irend,

Over the sieges, the content did not show much
reduction at later stages of growth in the osse of leaf
and psaudosien, wiaile in the tubers, a slight increszse was
noticed at the corresponding period, at ell the ghade
intenoities. The total uptake of the nutrients wont on
increaping with advancing ags, the maximum upteke valuen
being recorded at the hervesi sioge, ai all the shade
levels.



Table 29. Effect of shade on phosphorus content of leaf amd pseudostea of
' colocasie at different growth atages

L;af ghoaphorus content (per ceat) Pezudostesn phosphorus conient (per cent)
Shade intencity days after sprouting) (doya efter sprouting)

(per cent) 30 60 90 120 150 180 30 60 90 120 150 180
(narvest) (harvest)

0 (no Shade) ) 0.46 C.44 0.39 0-43 © 0ed3 0.27 0056 0.60 0.48 0043 0.57 0038 -
2% (low chade) 0a52 0643 Cu3T 0445 0240 0.23 0,59 0448 0643  0.47 0451 0.43
- 50 (meﬁj.tm Bhﬁaa) Ca54 054 0.38 043 D.42 0.23 0eéd5 0-73 0.39 0.46 Oe45 0.32
75 (high ehade) 0.57 0.57 0642 0,51 00 0,23 0460 0.61 0,40 0.53 043 0.35.
Sy = 001 0e01 0,01 0,01 001 0,01 0,01 0,03 0,01 0,01 0,01 0.0%
€D (0.05) 0,04 0,02 K|S 004 KNS D603 0,03 0408 0,03 0.02 0,04 0,04

HS = Hot sigcnificont

Table 30. Effect of shade on tuber phosphorus content and on total uptake of
phosphorus by colocasia at differsnt growth stages

Tuber phosphorus content (per ceat) Totel uptake of phoephorus (kg ha'i)
daye after sprouting) (days after sprouting)
Shade intensity

(per cent) 30 60 90 120 150 180 30 £0 90 120 180 180
" : (harvest) (hervest)

022 0425 0,18 0.21 0,33 2.42 BedB 7498 B.60 9.03  16.16
023 0,12 0.22 0.16 0+29 2e49 5,12 4.92 7.95 T7.40 -11.9%
O0.24 0.11 0.14 0e32 Oe 19 226 3405 2483 5,02 9,51 764

¢ (uo shede)
25 (low shagde)
50 (nedium shade)

L I I B R |

ZS (high shade) 0026 0a14 0025 027 0410 1497 2,19 2,18 2.85 4.565 372
Um 3 0003 0.01 0.01 0.03 0.02 0030 1.07 0033 1011 1.14' 1.14
CD (0.05) B8 0.03 0.03 0.09 0.06 HES 331 2424 3442 3.52 3e52

Lo i e .-

ES = Kot significant
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2. Countent and uptakse oi phospihorus

The data on the conteni of phosphorus in leaves,
peeudostien and tubers along with the toial upiske of
phosphorus are presented in Tables 29 to 30 and Fig. 13,
The analyses of varisnce are given in Appendices 25 to 26.

Thore wae significent.affect of shade on the content
of this mutrient in the.leaf, pscudostem and tuber in
almost all the growih stages. The average content renged
from 0027 to 0,577, 0.32] to 0,73« end 0.11% to 04733
por cent, respoctively, in the leaf, pseudostem and tuber.
As in ithe cese of nitrocgen content in the plent parts, the
varizbility in the phosphorue condent dus to shading wae
aleo too high to draw out any general conclusion. Beiween
the plent components, the content wae the nighest in
pssudosten and the least in tubere, at all the singes of
growth, dJuat like nitrogem uptake, the phosphorus uptake
by plants also showed an identicsl trend ae that of total
dry weight,

Comparison between the stoges, showed that ithe oon-
tent in the leaf and pseudosten decreased aftor 120 deys
after sprouting, while the content in ithe tuber remeined
nearly the somes Ihe total upiake of the nutrient showed
e steadry incresse upto 150 days after sprouting Lollowvsd by



Tadble 31, Effcot of shade on leaf and peeudostem potassoiun content of colocasia
at different growth sioges

o -l

Leaf potassium content (per ¢ent) Pseudosien potassium content (per cent)

Shede intenaity (deys after sprouting) - (doys after sprouting) .
(per cent) 30 60 90 120 150 130 30 60 90 120 150 180

- ~ (harvest) ' (harvegf)

0 (no shade) 5¢T5 5e06 4429 4443 4,01 2,96 8.88 8,67 7T.01 7;39 6.70 5.87

25 (low chade) 0482 5426 4,74 4.56. 4.14 3,14 9445 8485 T.35 T.70 T.08 5.82
50 (maaiuﬂ Bhaﬁe) 5,69 4.81 4.71 4;50 4070 3048 9.64 9.12 8901 3003 7029 5.78
75 (high chade)  5.92 5427 5.00 5231 4490 3472 0477 B8¢92 8.31 B8.55 7.76 6.98
S+ Oc11 0e07 0.06 Qe09 o088 0,09 0.70 0,08 0.08 0.07 0,08 0.15
CD (G.05) 035 0422 0419 0.28 0423 0,30 0,30 0.28 0.26 0.22 0.28 0447

Table 32. Effect of shaede on tuber potocsium content and on total upiake of
potassiun by colocasia at d&ifferent growth siages

- - Wrinte. wy . o —— - o o

Tuber potamssium content (per cent) Total uptako of potassiun (kg ha ')

Shade intonoity {dcys afier sprouting) (days after sprouting)
(per cent) 30 &0 90 120 150 10 30 60 90 120 150 180
_ - (harvest) (hervest)
O (no =shade) 2.63 2,60 2.48 2,34 2489 34.4% 106,01 95.56 118.14 100.10 144,09

25 (low ghede)
50 (medivm shade)
Z? (high shzde)

2eB1 2463 2,T6 225 2,53 40.12 7T5.51 82,06 92.93 98.75 118.06
3026 2.54 2.49 2.28 2,62 35.91 34.53 47.34 B1.17 83.71 110.46
3&58 2692 2072 2.38 2.71 25075 27.05 37034 35.58 51-46 60.45
0.03 0,07 G006 007 0.00 4.88 14.23 10.23 3,91 9.76 12.00
010 0022 Qo017 IS 0.19 NS 43.96 31.52 30.55 30.06 36.98
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a daorenss in the case of medium and high shade lovels
and eubsteniiel increase in the case of plenta in the
open and at low ahade intensity.

3« Content and upiake of potassium

The data on the potassium content in the leaf,
pasudosten end tubers along with the total uptake of
potassium are given in Table 31 to 32 and Pig, 13. The
onalymes of verience are given in Appendices 27 to 28.

The effect of cumde on the convent &nad uptake of
potassiun was significent at all the sieges of growth,
Barring the slizat veriatione: &t some of the siages, the
leaf ond pmeudosten coniente of this element increased
with incressing shade intensities, The range in potessium
in the leaf, pseudostea and tubsrs were, respectively,
from 2.96. 10 6462, 5.78 to 9477 ond 2,25 1o 3.53 per cent.,
The paeudosien and fuber potaasniuz contents were almost
one and e helf times more and two timos less then that in
the leaf, respectively at all the growth stages. The
potassiun uptoke closely followed the pattern of nitrogen
dnd phosphorus uptake, which decrsased wiih increasing
shode intoneities,

Hith advarncing age, the contente in all ithe plant
cosponents eshowed a'dgcreaaing wend at all the chade



Tabie 33, Nutrient status of the soil after iue
crop of colocesia

Soil nutrients

i i A S s Sl W T Y S ety SR W P Sk A B R

Shode intensity

(per cent) Total Avcilable Avalloble
nitrogen phospiiorus  potaamiun
(per cent) (ppm) (ppr)

0 (no shade 0101 1.08 11712
25 (low shade) 0,113 Fe05 - 127.87
50 (mediun shade) 0.098 1457 137.09
75 (high shade) 0,117 2493 144,0
SEn + 0. 003 0.19 2.02

o (0.05) 0,008 0.59 6.25

A0 S ke S iy e R e S Sy e it Gt ik A A T P A e S W A g O P de
-

---—n--------w—
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intenpitico whersso the upitrke showed an increasing trend,

thue moximus upiaks waa noticed at the harvest stage.

I1. Soil choraciers

Soil nuwrient statio

Tine data on tne soil nutrient status after thoe orop
of colocngin are presented in Table 33 and the analysie
ol variance in Appendiz 29,

There was significant effect of shade on Eoil
nﬁtrienm status after the crop of ¢olocemia. lio general
trend with increasing shnde lavels wos noticed except in
the cuse of avalileble potagsium, which increazed with
incereaning inteneities of pande.

On comparison wiih the pre-experimentsl nutrient
atatus (Table 1) it wae observed that available phosphorus
countent decroased while availcoble potaselus vontent in-
creased., The total nitrogon content was found to be

slighitly increaged after cropping with colocasia.
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DISCUSSICN

The dlzocussion of the resulis on colocasim mmy be
done only witn the reservation that there had been some
demaze of the experinental orop at 8ifferent stages. The
damegea occurred because of the incidence of blight
(Phy tophthora palmivora (Butler) Butler) that mminly
affocted the leaven and bocausa of damage 1o the tender
leaves at the esrly stages by ithe wild bosr, Atienpt on
indexing the degress of danage was not nade as it occurred
at varying perlods st widsly verying intenslities, As 1t
wen felt that dajage was grosoly mingr, the yleld lovels
even vith damege were reasonably high and tiw results were

still dependable, the daia are prosenied end diacussed,

Repulis on tuber yield indicated that the yield
decroased boozuse of chading, DBut the extent of décrease
with incresoing shade levals followed a different pattern
from that of other crops, with the yileld decrease being
snall upte 50 per cent shading, Substontiel yield decrease
occurrsd only at the iniense shade level of 75 per cent,
Expressed as psrcentage of the yield ir the open, the yield
at 25, 50 end 75 per cent chade levels ware 95,8, 90.1 and
41,6 per cent, respecitively. A major difference in the
tuber development pattern was thed the contribution by side
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tubers was higher et lower shinde Antensities, The corres-
ponding valuea of the percentage weighi of side tubsrs
(expressed as percentage of the total tuber weight) were
T1.6, 66.0, 61.8 and 47.6 per cent, respeciively, at

full illuairation, low, medium end high chads levels,

The pattern of toial ituber yleld with increasing shade
levels followed on oxpononiial trepd and the equation of

the curve wapo ap followe.

108  § © 1e23110,0534x~0,0198x°

As would be evident from & grephical presentation
of this functiocn, the yield decrense was very emall upto
50 per cent shade and there was a sharp decline afterwerds.
Statistical antlysis of the ylsld dats showed ihat the
ylelds in the opén. 295 ané 50 per ceant shodes were at ;;ar
and the yleld at intense eshade of 7.5 por cent wae signi-
ficantly lower, Based on thie yiéld trend 1t nay be aafe
to apsusne that thle crop has eomé mechenisn by which yleld
decroase is inhibited upto reascnnble chade levels and
that thie crop may therciore be olamsified ng 'shade-tole-
rant’. Ii would therefore gqualify thie crop to be a sud~
tabla intercrop in shede situsiione atleast upto 50 per cent
light infiltration.

A discusaion on the probable meohs

for sucih 8 shade tolerance of this crop may be made with
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the help of the other growth snd growih enslyais observa~
tione. A comparison with total dry matier accumuzlation
(Table 26) would indicate that the petterne of response
on- tuber ylield and dry amstter accumulation were nearly
identical, This sinjleriiy in the trend along with the
fact that the differgnces in ine harvest index ware minor
between chade levels msy be isken %o indicate that photo-
synthetic mechaniem wap mainly resporpsible for the varia-
tion in yield. Unlike in the case of sweed potaio, there
wap practicelly little influence of shade on the tranelo-
cation of photosynthatoam,.

An explenation for the above dry weight and tuber
yield responses may be obtained from the date on leaf acvea
index (Table 23). Unlike in the came of orops- 1ike sweet
potato and colsus, VQere the canoples were dense, it was
reletively a sparse coanopy in colocssia., The LAY values
were well below 1,0 at almoat all the siages with tho mean
mexinun being culy 1.43 iu the open, 60 days after sprouting.
Even in thip treatzent, the LAY values ware well below 1.0 at
all tho other simjes, As indicaied by such low leaf erea
indices, there was practiocally iittle chance of osnopy over-
lapping ond mutnal ehading al any of the chade lavels,
Heports generslly ehow ihat individusl leaf layers of moat
of the crop plents reach photoaynthetic saturaiion at
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one-fourth ihe total solar intensity (Wit, 1967). In the
abgence of a sigificent mutusl shadiung, rate of ghotogyrnthe~-
gle cannot therafore be expected to decrease with ronannaﬁlo
shading, A2 indicoted from the data, it was only at the
intense ghade of 75 per c¢ent, thaot ithe leaves functioned

at sub=zaturation light intensities,

Unlike in the cape of aost of the other crope issted,
lenf donpity in colocasin was alaost unaffected by shading.
It wvae thie inherent inability of the plant to increase
the photosynthetic eurface under shade that was probably
responsibie, at least partly, for the lack of decrease in
yiold becauee of shading. To put 1t in other worde, the
colocasia plant s inherently incapable of utilieing the
solar radietion efficlently when grown in the open. 1%
would nlso follow that when grown in plant communities,
there is sccpe for substentiel increase in the yield of the
crop by 'raleing the p;ant populntion. 7o conclude, it io
the inability of the plont {o produce dense canoples and
the wide spocing thnt was given, that were responsible
for the ghade tolerance of this corop. One related conciu-
sion that may be draown from the general yield response and
the general trond of IAX values iz that there is mcope for
Increesing the yield of this crop substentially by an
increase in plant population vhen planted in the open,
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A dependable measure of the degree of mutual shed-
ing could have beon obtained from the data on net assini-
lation rate, but becouse the values were highly violated
by crop dumage, the results were higaly veriable end, hence,

not presented.

Ag had beon indiosted earlier, ihe ability of the
plants for translocating ‘the carbohydrates to the econoanic
part was not affected by ehoding, The herveet index values
in the open, 25, 50 and 75 per cent shade lovels were,
reopootively, 4.8, 94.7, 92.2 and 87.5 per cent. Though
the differsnces do not sppeer to be conspicuous, the har-
véaﬁ index values a2t mediva and hish-ahade levels wers
significaptly lower than those in the open end in the low
ghede level.

The effect of shode on the growth parameters wae
nearly siniler to that of dry welghi and tubsr yield.
‘Unlike in the came of ewcet potato snd coleus, there wes
no porsictent trsnd of an incrsase in plant heiéht becaune
of shading.-

'The chlorophyll content of leavee (ZTables 24 erd 25)
was found to be significantly influsnced ny sheding and
the contants of total chloroghyll and its coamponentis wore
found to be increased by ehading upto 50 and 75 per cent.
Sinilar observations of increasa‘in chloroghyll contant
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because of shading have been reported in crops 1like
giravberry (Clork, 1965), cocos (Evano and Marray, 1953%;
Guers, 19713 Okali and Cwusu, 1975), tea (Rammewami, 1960
and Venkaiemani, 1951), besn (Haossien, 1970), alfalfa and
birdsfool trefoil (Cooper emd Quells, 1967) and in

pineupple (Radhn, 1979). With advancing sge, the content
was found to decrease. Tho ratio of ochlorophyll a=b at

the lasi stags of chlorophyll estimation (170 days after
sprouting) was found to ineresss shurply &t ell shade levels.
Probably, a faster rato of destruction of chlorophyll *bt

than 'a* ie thao indicaied.

The conients of the manerals puwriento, niirogen,
phosphorus and potassiwa in the plent parts followed no
distinct trend, though treatment differcnces werg aisni-
ficant a2t soms stages. The faot thod e contents of e
nuirients 414 not vory with differences in dary aatter

agcunulation,; By be taken to indicate that nutrient

supplying pover of tae soil was adequais. Zhe upilake of
putrients, on tho CONLIRXY, followed the gone expected
trend 8o ihat of dry matter acounulation, thougn the diffe-

rences in-uptako upto intermediate (50 per cent) ehzde

jevel were not epprecicble and often not sizmificant. 1

mey tnerefore beo reagousble to assume that the feriilizer

peauireaent for this orop grown &5 &n intercrop, ney also



ke nearly the game as that of a sole crop cultivated in
ihe open. Thae total guentities of nutrient removed by
plents et hervest in the open were 63.8, 16.2 and

144.1 kg ha'1 eof nitrogen, phosphorus. znd potassium,

respectively.

The natrient content of the soil afier cropping
(Table 33) followed the same trend as that of sweaot
potato and coleus with the potassium conitent increaping
with increesinz shade levels, Compared to pre-experimental
- 80il analysis data {Table 1), there wae a general increase
in the contont oflpitrcgenianﬁ a substantiel decrezse in
the content of potassium. Variationes in phosphorus con-
tent beiween ghade levelp showed wide fluctuations.
Discussion on these aspeots hos been covored in detail
while dealing with suwect potatio,.

The geneéral conclusions on the results end diBcuseion

ney be sumzmarised as followss

1. There wes & merginal non-significant decrease in yield
becauge of shading upito 50 per cent in the came of
colocesia, though the highest ylelds were obiained in
the open. Thiw crop may therefore be considered es

tshade=~tolerant' apd would bz hichly auitablelfor
intercropping.
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Photosyntiictlic mechaniign apoesrs to be responsible
for tho shade response in this crop. There sappears
to be no marked influspce of chade on the transloca-

tlon of caerbohydrates to ithe tubeors.

At the noréal planting deusity, colocasia produces
only a aparse couoypy, though it appears that the crop
can ptend much deneer cenopies in tne ozen end thet
the yield can bo substantlelly incrsased by closer

planting when grown cs gole orop.

Unlike in the case of sweet potato and coleus, leaf
area 1in colocasis does noi substantially increage

beosuse of ehuding.

The crop reguirement of fLeritilirzer nuirients does not
gppear 1o be very much asffected by shading upto

50 per cent, The fertilizer requirement for the eole
crop of colocaple may “therefore hold good in the casge
of interoropped colocasis mlso &s long as shading 1s
not intense,
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Turmeric
{Curcums longs I )

RESULIS

I. Plent characters
A, Biomeitrio cbservatiions

1. Plant height

The data are presertied in Table 34 and the analysis
of vorisnce in Appendix 30,

Significont effect of shade on plent height was
noticed cnly at the later stages of growth. In genersal,
the height of planis want on increéaing with increasing
intensities of shade upto the intormediate (50 per cent)
ghade lovel snd then saowed a Georease at the intense
(75 por ¢ent) shade level. As normally expected, tae
plant height went on iuncreasing with advancing age at all
ghade intensitles.

2+ Nunaber of tillers

The data are preeconted in Table 34 and the cnalysis
of variance in Appendix 30,

'Significant effect of shade on tiller producuion
by the plant wes noiiced at 60 and 180 daye after sprouting.
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AD Theme nlages, thé number of tillers per plont went on
decreaging with increasing shude intensities. At 120 doys
of growth, the maximuz number of tiller wap noticed at

the low shade Jlovel.

Over the ptogee, no general trend in ine tiller

production wes noticed.
3« Loaf area index

The dats ere presenisd in Table 34. and the analysie
of varisnce in Appendix 30,

The IAI in turmeric was significantly infiuenced
by ehading only at 60 deys of growih., The mean v'alues
varied widely due to different chade levels at different
stages and it ranged from 221 to 15.77. The lovest IAL
values wers noticed at the intense shede level at all

ntagea of growth.

There wag ghexp increase in ithe IAI valuea with
advencing age, the mezioua extent of increase being
noticed at the intermediaie siade level.

4. Chloropihyll content of leavon

The date on the content of chlorophyll ‘*a', *b*,
total chlorophyll and the ratio of chlorophyll &=b are
prosented in Table 35 and the analysis of varience in
Appendix 31,



Table 34. Effect of shado on plent heignt, number of tillers and ‘leaf srea index
of turmeric at different growih stoges

gy Ry S A S Ry W . P

Heiznt of plent {em) 'R’umbeiagi %:l.llera leaf area index
P -
3h?ggr§g§§§?ity (doys after sprouting) (days after sprouting) (dasys after sprouting)
60 120 180 60 120 180 60 120 180

alle Gt o S Y e e S W Wt - - " e S S N -

0 (nD ﬂhade) 64.7 104:5 115.5 5-3 205 4;1 4,05 9057 15.77
50 (medium ahade)65.7 119.4 144.0 349 261 2.2 289 146 13.44
75 (high shade) 57.5 107.0  133.9 2e1 1.7 1.9 2.21 8,91 9,61
SEn + o5 el Je5 0.6 Oud Oed 0.27 1.18 2.00
C¢h (0,05) )1 RS 10.8 1.8 HS 1.1 0.82 Hu ' e

- wie -y " ~ L A - - - -l a1 = ]

NS = Rot significant

Table 35. BEffect of suade on content (mg g -1 Iresh weight) of chlorophyll *at, 'b!
end total chlorophyll; raiic of chlorophyll a=b of turneric. leaves
at different growth stages

Chlorophyll -'at Chlorophyll *b* Total chlorophyll Chlorophyll a=b

(days after (deys efter (deys after - . (days after
st ohd sprouting) _ ®prouting) sprouting) sprouting)

100 160 100 160 100. 160 . 100 160
0 (no shade) 0.78 0.65 1.10 0.78 1.88 141 0.71  0.81
25 (109 ahaﬁe) 0095 0059 1.26 0.85 2.21 1.54 0076 0.82
50 {mediun shede) 1.14 0«87 1443 1.07 297 1.94 0.79 0.81
75 (high shade) 1,18 0,97 1.54 1.19 2.73 2.16 - 0,77  0.82
SE:H 0.04 0.05 0005 OCO'Z 0003 0.11 0.01 0.03
CD (0.05) 0,12 0,14 O 14 0.21 0.25 0435 0.04 &3

- e - - B e A e i W it - -— - -

R3 = ot nignificant

CTT
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The content of total chlorophyll and its components
woere significmnily influenced by shading at all atages of
growih. Also the Tatio of chloropiyll a~b was signifi-
cantly affected ny shnding, except at 160 daye of growth.
The content of total chlorophyll as well as ite componente
increaged wiih increasing shode intensities. The centent
at full illumination was found to ke etotistically lower
than et the different shade intensities viz. 25, 50 and
75 per cent shede levele. IThe ratio of chlorophyll a=b
also incraeased with increasing shade intensity upto medium

shoede and then dscreased,

Comparicon beoilwesn iho siages ehowsd that the toitsl
chlorophyll as well s both of ite componentia decreased
with advancing age of tha orop in all shode levals. DRut
the ratio of chlorophyll a~b incraased wiih advancing sge.

5« Totmsl dry weight

The data are presented in Table 36 2nd Fig, 14. The
analysis of varience is given in Appendix 32,

There wng significant effect of shade on totel dry
weight of plont only at the 60 days of growth. The general
trend poticed was that of a decresse in {otal dry weirnt
with increasing shade intensity. The ary weight at full
illunination wahlch wos oignificentily higher than thet at



Table 36. Effect of shade on total dry welght, net. assimilation rate, tuber yield,
aculm yield ond harvest index of turaeric

1y P T

Total dry weigat (g plant”

E’:?_t aqs%iaj.la- Tgbi.g Haulll = ygorvest
i . . on rate . yie yield
Shade intensity (dayo after eproating) (g 272 gag=1) (% na~1 (1 ha™ index
(per cent) . fresh ary
, 60 120 180 220 larvest Zeiween Botween weight) weight)
' (anerveat)(t ha=1) 60 to 120 to
120 days 180
days

Ay e ol e e e i - Sl - [ ) . = [ o gl s -

0 (no shede)  12.63 37.42 95.22 . 8334 10,85 Tod0  1.66  4B.91 4.94 0,587

25 (low shade)  T.66 38.08 81.43  94.01 - 10.41 1.60 1.63  48.84 3,62  0.657
50 (medium shede) 7.24 37.72 78.41  89.62 12,05 1¢58 -1.54  53.26 5.10 - 0,577
75 (hign shade) 4.67 24.99 62.49 55,69  7.89  1.36 1.49 28,89 2.5  0.649
SBn + 0,94 3.99 11.02  T.05 0755 0.18 0.41 331  0.44 ~ 0.025
D €0.05) 2,88 N5 NS 21,72 24327 ES NS 10.19 1435 S

US = Noi significant -
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ciher ghede treataents, at 60 deys of growth, fell short
of slatistically asigpificant supsriority at later etages.

Over the stggee, the plent dry welght incrasased
merkedly with advencing age of the plant upto 120 days
efter sprouting. Beyond this atage, the change in dry
weisht was not inpressive.

b. Nei asnimilation rate

The data ere grecented in Teble 36 snd the enalysin
of varieance in Appendix 32,

the effgct of shade on HAR between GO and 120 deys
afier eprouting was found to ds not simificent. Ho
goneral trend in HAR with Ioersasing levels of chede counld

be noticed..

Similariy, no mariked stege-wise variation in RAR

wvag evident.

Te Yield

The data sre pressnted in Table 36 end Fig. 15. 1The
analyeis of variance is given in Appendix 32,

The rhizome yield wac found to ve significantly in~
fluenced by the ghsde treataents, Haximua yield wae
recorded gt the intermediate (50 per cent) shede level
whioh was followed by that at full Allumination., Thls vas



119

olosely followed by ‘the low (25 per ceni) shade intensity
end the lowest yield was noted at tre intenee (75 per cent)
ghade lovel. The yield a% intecnse shade wae significently
lowsr ihsn thet at other shade intensitlee, which were

at par,

The ylelds obteined.at the low, medium and high
chade levels were 99,86. 108,89 and 57.78 per cent respec~
tively, of that in the opem,

Reaponce curve

The yield of riizome obisined at differeant shade
iniensitices have been reprecented ap a function of shade
end @ cubic polynominl £itted to the logeritmme of yield
vae found %o give 2 clome fit of the response curve ob=-
tained (Fj.;s_q. 16. end the ennlyeis of variance is given in
Appendix A48). ZThe equation of the curve obiained ls as

followss
Logq oy =1+ 723440,0267x~0,0165x°~0.0072x

The co-efficient of determinstion RZ was found to be
0.9993, It ghowoed thaet 99,99 per cent of toitel varioiion
in the responee con be expleined by the fitted polyncmial,

8. Yield of haulnm

The daio are. pregented in Table 36 and the snslysis
of wvariznce in Appendix 32.



.ff;?.16_ yr'z/a’ besponse o{{ fusmeste to a’:ﬁeéené

levels of Shade

'® .r:-'sfr'mafu/ g/l'eﬂ
551
(e Oﬁscégfea/ ?ic«:fé{.
+ 'Vclue. OB =,
52 4
45 &—
N
5
X
o 4%
\&
I
kY
% 40 2
B —Coag,a Y = 1.7234 +0. 02679 - 0.0165 X% 0.0072
22 0.9999.
I71
34
e § X
281
61(73)1‘ . 28C) ' 50 Q 758y

shade f}ifcnsify ( pet c.:en[‘)




Iable 37. Effect of shede on nitrogen content of leaf ard pseudostexm of turmeric
at different growth stiages '
Leaf nitrogen content (per cent) Poeudosten nitrogen content
(per cent)

Sh?dc mtexéz);iﬂ;.y (daye after sprouting) (doya after sprouting)

er cen )

P 60 120 180 . 220 60 120 100 220
L (horveat) _ o {(harvest) -
0 (no ehade) 2.42 1.73 1.31 0e72 1420 0.58 0.56 0.52
25 (low ghade) @ 2,72 179 1.56 0,84 1.55 0.61 055 0.67

50 (a=dium gaade) 2,34 1.88 1.62 0.88 167 0.06 057 0.55
75 (high phade) 2.60 207 176 1.02 1.51 0.86 0.67 0.64
SEn ¢ 002 002 0,01 0,04 0,02 0.01 0.01 0.01

¢ (0,05) 0.06 0,07 0.05 072 . 0.07 0,04 0.02 0.02

Teble 38, Effect of shede on nitrogen content of rhizome and on total uptuke
of nitrogen by turmeric at different growih atages

Rhizome ni‘hrogen content (ger eent) Totel uptake of nitrogen (kg ha"‘)
(dey= after sproutin {deys afisr sprouting)
Shade intensity - ’

(per oent) 60 120 180 220 60 120 180 220
- (harvest) R (harvest)
25 (low shade) 1.7T1 0.87 0.80 1.27 3650 100.88 172.95 215,42
50 (medium anhade) 1.80 0.96 0.90 1.38 3795 107.52 178,92 216.85
CD (0.05) O.14 0.05 0.07 0.06 13.52 uS ES 5593

HS = Hot eignificant

— e
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The effect of chade on haulm yield was not aigni-
ficant; sloo no gemeral trend with increscing shade levale

could ba obaserved.
9, Harvest index .

The data ore presented in Table 36 cud the analysis
of voardance in Appendix 32.

The harvesi indox in turmeric was not mignificantly
influenced by ehoding end the maximum value was noticed
at low {25 per ceni) ahade level cnd the ainimum at the
interaediate (50 per cent) shede level,

B, Chenaical studies
1. Content and uptake of nitrogen

The dats on the nitrogen countent of leaf, pssudoaten
and rhizome along with the toisl upiske of nitrogen are
presented in Tables 37 to 38 and Fig. 17. The analyses of
variauce are given in Appsendices 33 to 34.

Effeot of shade on the nitrogen content of leaf,
pseudosiea snd rhigome wae aignificont ad all stages of
growih, but totsl upioke of the nutrient was significont
only at the 60 apd 220 daye of growih. In gemeral, the
leaf and rhizome niirogen contenis increcaed with increseing

gnede inteneities, whereas the paeudosten contont varied



Table 39. Effasct of shade on phosphorus contont of leef and paeu&outam of
turazeric at differant growth, stagea

Igaf phoaphorne content Zsoudoaten phosphorus content
{por cent) . (per cent)
Shade intencity (deys after sprouting) (days afier sprouting)
(per cent) , : ot
60 120 180 220 60 120 180 220
(hervest) _ (hervest)
0 (nn ghade) 0.25 0.20 0.15. Q.11 027 021 0.13 0.14
2% (low shade) 0,28 0.20 0,20 Oe11 0.33 0.22 Q.22 0.13
75 high shade) 0.28 0.25 0e23 0,14 033 - 0,25 0,16 " 0.12
0,01 0.01 0.01 0.01 0,01 G.01 Q.03 0.01
cD cﬁ.os) HS 0,02 Q.04 0.01 0.02 0.03. HS 0.02

ES = ot eignificent

Table 40. Effect ‘of aﬁade on phogphorus content of ranizene and on totszl uptake
of phaﬂphorus by turzeric at different grouth atages

Ehizama phospanorus content Total uptake 0f phosphorus
(per cent) (kg ha~1)
Shode inteneity (days after sprouting) | (deys after sprouting)
(per.cent) . go 120 180 220 60 120 180 220
- ' ' (harvest) ol (hervest)

25 (low shade) = 0,23 0.25 0.21 0,30 4,82 18.54 36.91 45.%54
50 (ledium Shﬁde) O.24 0.28 0933 0051 5604 20.06 44‘099 45,08 -
75 (high mhaede) 0.27 025 0.25 0.29 310 13.88 30.53 25.10
Sim % 0.01 0.01 0.0t 0,06 .54 157 6o 11 4,01
¢p (0,05) 0.03 0,04 0.04 NS 1.96 - ¥S HS 12.35

- b dal - T e S e i e S S

A s - Bt e e Sl - - ———

HS = Not slgniiicani

A
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widely with increesing shade levela and no gomerél pattern
could be noticed. In the cnss of uptake of thism nutrient,
there was no psrceptidble d¢ifferences im ihe mean values
between full illwaivation, low end medium shade intensities,

but that at intonse ghade were generally lower.

The contents of nitrogen in all the plant conponents
showed & declining ftrend with advencing age of the plont
sxcept inat et harvest the riizome nitrogen content showed
gn incrosse as compered to the earlier siage. The upiake
went on increzsing with advancing sge uplo hervest excepti
at full illumiratior in which the increase was noied only
upto 180 doys of growth.

2, Conient snd upizke of phosphorus

The data on the phosphorus content of leaf, peeudosten
and rhizome znd on the total upioke of phoaphorus by tho
plent g2a a whole arc presented in Toble 39 to 40 and Fig. 17.
The snalysis of varience are given in the &pﬁnndicas 35 to 6.

In general, significant effeot of ahhda on phosphorus
content of different plont components and the upteke of
this nutrient wae observed at almost all stages of growth.
The content waas found o increcse with increase in shads
in the case of leaf, whereas {this was noticed only upto

120 Qoys of growith in the caes of pasudosien and rhizomes.



Table 41. Effect of shade on potepsium conteni of leaf and pseudosiem of
turneric at differeni growth gtoges

Teaf potasaium contant (per cont) Preudootea potaasium content . .
{per cont) - :
Shade’ intensity {dayo after sprouting) {doys after sprouting)
(per cent)
P 60 120 180 220 &80 120 180 220
. o fhorvest) (harvest)
0 (HO shade) 5.05 4017 30?8 -79 6.47 4.40 3026 2.41

25 (low ﬁhade) 504‘ 4.65 4.22 3068 7.02 5.54 '3.78 3.50
50 (mediun Bhﬁdﬁ) Ded > 4.40 4037 3.62 7-70 4.86 3.65. Peld
75 (high shode) 525 4.90 4.36- 4.25 T84 6.16 4.50 4404
SEa + 0.06 0.08 0.12 0,07 0.12 0,06 0.07 0.09
€D (0.05) 0,19  0.26  0.36 0,22  0.37 0,19 0.22°  0.27

1able 42, Effect of ahede on potassiua content of rhivome and on total uptake
- of potaasium by turneric at different growin stages

- - -

Rhizome potassium content (per cent) Toital uptake og)potaaeiun

(kg ha™
“h?d; 1n§e%§1ty (@aya after sprouting) (deys after sprouting)
r cen
2 60 120 180 220 60 120 - 180 220
. (harvest) - (harvesi)
0 (no shade) 4,682 3e25 2.74 5¢31 155.82 327.04 671.68 546,10
25 (10? Shﬂde) 5-‘5 3.80 3-54 3-40 98051 40‘045 688.14 731027

50 (ﬂedIUB ﬂhaae) He22 .3070' '3.45 3.3‘ 102.19 369.56 660.23 677-04
75 (high Bﬂaﬂ.) 5«40 4-36 3080 3.71 53.68 249071 578.00 489,27
SEa + 0,08  0.06 0,09  0.07  13.30 42.68 92.66  53.05
Ch (0.085) 0.25 0,18 0.27 0.21 40.93 KB B3 163.78.

T B g e i ) e S dpnh e G -y il dm i Sl e Yok, S e S e ol I A S O T P i D S B - Y P T T T N P TP S e Y S T S TS S T T A

NS = Not significant

el
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In the case of uptake, the lowesdt valuee were noticed at

the hiphoet shade, though nod significani,

Over the stages, the conient wenl on decreasling
with advancing age in all plant paris including rhizomes
wherazs the upitake increased with time at all shade levels.

3, Content and upicke of polaselun

the data on the potaspium content in lesf, pseufowien
and raizome and the toial uptakte of potaspiue are given in
Tables 41 to 42 ocnd Fig. 17. The analyses of varience
are given in Appendices 37 to 138

mhe effect of shade or ihe poiassium content of
lenf, pseudoatem cnd rhigonc was significant at all growtn
gtages. The uptoke waes significantly influenced only at
60 and 220 doys of growwr, The content increased with
jnercaging intensities of ehade. In the cose cof total
uptake, the low and medium ghede levels recorded higner
values, those of intense ghade and thet in the open being

low and comparoble.

With edvencing age of the crop the content in all
the plant conponentse (ecrecned gradually so that by horvest
the compouents contained the loveast content of the nuirient.
whoreosa the upicke went on imcreasing with advencing age

upto the 190 days of growih. After this siage, there was
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Table 43. Soll nuirieni etatus after the crop of
turmeric

A e e A Y P - e B W e v v - -

Hulyients
Ehade Aintensity . -
(per cent) Total Avallable Availoble
nitrogen  phosphorus potasoium
C pon eantD CppmD Cppm)
0 (no shade) 0.139 2493 92453
25 (low chade) 0.112 2442 110.98
50 (medium shads) 0,113 3460 97.15

SEn + 0.002 0,57 2.20
D (0.05) 0,005 1.16. 6,78




| AN L

a slight increage at smone intensities of chade and a

decline in somo others.

IX, Soil chareocters
Soil nutrient aitotus

The data en the content of total nitrogen; avoilable
phosphorus ani availeble potassiuva in tho soll after the
crpp are prescnted in Table 43 and the ennlysis of variarnce
in Appendix 39.

The effeci of shade on the nuirient status of the
poil though was significent, no general trend in the
nutrient content with-incressing intennities of shede
could be neticed, Comparison with the pre-experimentol
nutrient statua indicated that the available phosphorus
content increaged and that of available potessiua decreased
The total niirogen wao lower at hich shade levela after
‘the cropping as compared to itho pre-experimenial soll leval,
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DISCUSSION

The yleld of rhicomes in turamoric was the highest
at 50 per cont shade intensity and as compared to the
gield in the open, the parcentege yield at this shade
lovel wag 108,83+ At the low shade level of 25 per cant,
the yield wes nearly the same (99.86 per cent) as that
in the open. Intense (75 per cent) shading led to a
substantinl decrease in yield to the tune of 42,22 per
cent, Tho differences in yleld betwsen the full illumi-
nation, 25 end 50 per cent shade levele were howaver, not
statistically significsnti. Of the various regression
nodels tested:rio define the variation in yield as a func-
tion of chade intensity a cubic polynomial fitied to the
logarithn of yield wae found to be the besi, the coeffi-
clent of determinstion R® beirg 0,9999. As there is an
inorease in yield beczsuse of shading, thie arop nay well
be claseified as 'shade-loving' and as ithe yleld even at
the intepnse shade level is reagsonable. thie crop will be
highly suitanble for inter«lsropping.

& comparison with dry matter yield (Table 3%6) indi~
cated no strict similarity with the trend in rhizoaze yleld.
The data or harveet index indicated that there was also no
ioprovenent in iranslooation of photosynihates towverdec the
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economic part because of shading., As these data on dry
‘matter agcumulation snd harveatl index did not justify

the observed trend in rhieome yisld, it is difficult to
interpret ‘the results, Assuning that the sempling error:
in dry metter estinction wan aubstantinl, en atieapt was
made to extrapolate the dry matier yield at harvsat froa
the dats on yield of rhigome ond houlm and the moisture
percentage of cample plants atl harvest. 7These exirapolated
dota ere elso preceatsd in Table 36, 0On statietical enely-~
sio of thoee data on dry matier yield, it was also found
't.ha;t ithe coefficient ¢f variation for thess data wam lower
(15.22) then thet for the eample (19.55).

A study of the exirapolated dry weight values would
indica:be thot the dry mattor accusulation and rhisome yield
followed = nearly identicsl pattern, Taking the yield in
the open as 100 per cent, tho corresponding values for
rhirome yield st 2%, 50 and 75 per cent shade levels were
99,86, 109.89 and 57.78 per cent, respeciively ond those
of dry matter yield 95.9.' 111.1 and 72,7 per cent respec-
tively. The above similarity in the trend of dvy welght
end rhizome yield indicatses that the photosynthetic rate
hed & dominent role in deciding the observed response io
ghade,

An explenntion for the above variation in dry maiter
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accunulation can be had from en evaluetion of the deta

on leaf area index (Zable 34) snd net assimilation rate
(Table 36). £As'would be evident from the relatively

high IAI values egpeolally after 120 daye of growin, the
turmeric canopy vas fairly dense. The moan moximum LAI
value of 15,8 was noticed a% full iliumination 180 days
after sprouting. Even though the leaf oricntation vas
apparently near vertical,; ss the LAI valueas were exce-
seively high end much higher thapn the optimum reported

for cercals with neer vertical leaf orientation (4 to 7 for
Pice ae reported by Yoshida, 1972), there was presuaably
substantial nutual sheding end probably some leaf para-
sitiea. The extent of leaf parasitilem would have normally
incregaesd bml:ause. of chading, but such & probable effect
1o not reflected on -the 4dry motier accumuleation and it moy
have to be presumed that there were other faciors involved
in thie, One of these faciora could probavly be the sio-
matel closure et intenee 1lluainatior ee haps been roported
in the caase of coffee (Hardy, 19%8). However, reporis on
such & sicmatal bshaviour of turmeric were not availoble
fron literature, Apsuming that this vas the faotor respon-
gible for the shade response of this crop, it may be
daduced frem the data on dry matter accumulation ihat the
siomatal closure had the dominent influence upto the
intermedicaie shade level, DBeyond ithies level, availebility



131

of light for phoilosynihesis, probably, became ithe decisive
1initing factor.

A study of the data on IAI would oloc show that
though not statistloally significont, the moen IAI values
vere substcntially low at intense shede level, An edapta-
tion of the plent to avoid excespive parasiticm by an
adjustuent of IAI is thus indicated in this orop slwo.

Tata on net aspimilation rate indicated lack of
aignificant difference between the differsnt shsde levels,
If the above explenation of & siomatal inhibition at higher
illuminction was operative, the NAR would have bsen the
highenst at 50 per cent shade. A comparison of the msen
values indicated higher IAR values at 50 and 75 per cent
shade than in the open between the first two stages of
obgervation (60 end 120 days after sprouting) whersap bet-
woen the second and third stages (120 and 180 deys after
pprouti.ng). the highest mean velues were noted in the open.,
The only Juetification for tho leck of persisient auperio-
ity in HAR at the intermodinie shade level appears to be
that the sampling errors were'high especially in the deter-
mination of dry motler yleld as had been indicated earlier,

Data on harvesi index did not chow significent
differences betwcen shade levels. Date on harvest index
recalculated from extrapolated values also did noi chow

statistical eignificance. It mny thus be concluded that,
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in gensral, the extent of twranslocation of carbohgdrates

to the econonic pardt wag nol affected by shading.

Auong the other growih characters, plant height
folloved reerly the same trend as that of dry matier
accunnlciion and rhigome yield. Tiller nusber, on the
contrary, schowed a mtesdy decrsaas with increepe in sacde
intenaiiye. ﬁowever, as would be evident from the data on
IAL, this decreage in tiller nunber did not subsiontially

influenoce the lznf aren.

Contentis of chlorophyll 'a', 'h' and totel chloro-
phyll (Teble 35) were found to incrcage stesdily with
incressing gnade lsvels and the differences bstween ihe
differont shade lovels alp o were pignificent. Thouzh
reports on 'the increased chlorophyll content becouss of
shadiug on tuvraeric were not available from.literature,
increase in chlorophyll contont hecsuae of sheding hon bean
reported in crops like sirawberry (Clark, 1965), cocoa
(Evans and Murroy, 19533 Guers, 1971; Okali arnd Owusw, 1975),
tea (Ramooweni, 1960 end@ Venkatamani, 1961), bean
Knogsien, 1970), alfalfa and birdsfoot irefoil (Cooper snd
Qualls, 1967) ond pineapple (Badha, 1979). The ratio of
chlorophyll e-b remained consiant et 160 days after sproutinc
though &t the earlier atage (120 dgys), en increase in
ratio with shading wes noted. With age, the content of
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chlorophiyll and iis components chlorophyll *a' angd *b* .
docreased but the ratio of chlorophyll a=b increased,
The probkable reasocns for such a phenomencn heve besn

discuseed already while dealingz with colocasla,

Ir general, the conicnts of minmeral nuitrients,
nitrogen, phosphorugs and potassiun in the plant parts
increacsed with increasing ochads intensities and the
difrerencen. betiyeaen different shade levels wore signifi-
cont at almost all the atzges. This observation cantoi
be axplained s Aye to the dilution effect me the dry
auswter accumulation end yield were the higheat at the
internedinte shade lovel, Reparts on such en influerocs
of shade are not svaileble in literatore. 7The only indi~
cation that cag. Le given ie that thore appéars to be a
tondency to accumulste nutrients in the tissues under
shade in turmeric. The total; uptake of nuirisnts at
harvest showed oignificent differences beiwveen ithe shede
levels and the ;}att-m of varietion was nearly e seme
an that of dry matier accumulation end rhigome yileld.
Calculated as perceniage of tae uptake in the open, the
total crop removale et S0 per cent shode were 116,2, 120.0
end 124.0 per cent, respectively, of nitrogen, phosphorus
and potagaiune 5.&9 indicated by these percentiasge upicke

valuse, it appsers that a orop of turmeric at 50 per cent
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ghade level would need an sdditional 20 pser cenit of the
applied fertilizer nuirients, then that cultivated in ihe

opén.

The nutrient gtatue of thoe soil showed statistically
gignificant differences after the crop season., Though
significant, the &ifferences betwveon increasing shade
levels were hignly variable, Comperiscn with the pre-
experimental soil nutrient status (Table 1) indicated
an increage in ihe content of total niitrogen and svailonbloe
phosphorus and 2 deorease in avgileble potassiun. She

resesona for these have been discussmed earlier.

The conclusions from the above dilaoussion moy be

given ac followa:

1. Tield of rhizones in turmeric followed a cubic responce
with increasing shade intsnsities and the hignest gield
was noted at 50 per eent shade level. Thouzh thore is
a substzntisl decrense in yield with furiher increcse
ir. shade, the yield levels ore still high at the intence
(75 per cent) shade lovel, Turameric may taerefore be
claesifisd es 'chade-loving' and 411 may be concluded
eiiher that this crop is aighly suited for intercropping
or even that this is more suited to intercroppins thea

for cultivaiion a5 a sole crop in the open.



2.

e

4.

13%

Differeuces in the photosynthetic rate appesr to hava
the deeisive influence on the shade response of this

CI'ODa

Turmeric produces a reletively denee capopy under
netural conditions. But excessive leaf peremitisn
induced by shading in this crop is at least partly

counter-acied by a decrease in canopy deneity.

The harvenst index of the crop is not very much influenced
by ehading upto interamediate shede levels,

It appesrs thal the fertilizer requirement of turmeric
shadod to 50 per cent may be about 20 per cent more
then the generol recozmendation given for = sole crop
in the opexn.






Ginger
(Zingiber officinale Romc.)
Y. Plant choracters
A, Bilometric observations

1. Plant height

Ihe data ere presented in Table 44 and the analysie
of varience in Appendix 40,

Effect of shade on plent height wae significant
at all atages of growth except at the firmt atage. The
value, in general, vent on incressing with increameing
levels of shade, and the plants in the bpen recorded the
lesat value vhich was significently lower then that at
the other shade levels.

2« Numbor of tillers

The data are pressnted in Table 44 and the enslysis
of variance in Apperdix 40.

Tiller production was significantly influenced by
shade only at the initiel stage of growth, & decrease in
the mean number of tillers wes noticed with incressing
shade intensitics, at all stsges of growih.

The tiller nuaber siowed en increase with advencing

age.
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3. leaf area index

The date are presented in Table 44 and the anslysis
of varisnce in Appendix 40.

The effect of ehade on LAl in ginger wes not
significant at eny of the growth stages. The meen IAL
valuee ranged from 0650 t0 0.75, 2413 to 3.45 sud 5.48 to
7.18 st the 60, 120 and 160 daye after sprouting.

Over the etages, the LAI values showed a sharp
increase, but this increase wop more conspicuous at 25
end 50 pexr cent shade levels.

4, Chlorophyll content of leaves

The dats on the content of chlorophyll *s', 'b'
epd total chloraphyll along with the ratio of chlorophylld
a~b, are presgented in isoie 45 and the anslyses of
varience in Appendix 41,

Effect of shade on the content of total chlorophyll
as well as ite componente was significently influenced
by shading. The content ofi thoae showed an increasing
trend with inoreesing shade intensities, In spite of the
eignificent effect of shade on total chlorophyll and its
components, the effsct of shude on the ratio of chlorophyll
2=b remained non-significsnt at both of the stagss.



Table 44, Eftect of sghede on plant height, nuaber of tillers and leaf srea index
of ginger a2t different growth stages

e A D S - 1? -

leight of plent (cm) Humber of tijlers Leaf area index
~ , plant™
Shade intensity (daye after sprouting) (daya after sprouting) (deys after sprouting)
{per cent) ‘
60 120 180 €0 120 180 60 120 180

Al S e Ty S e W Ak o - - - et e il i

0 (no shade) 2848 46.7 46,6 8.7 16.1 16,0 075 345 6421
25 (109 Shﬂde) 31.1 5408 _5806 ,500 15.5 14.9 0,50 3911 6.56

50 (mﬂﬁium Shade) 28.4 .5705 ,5309 be2 9.0 1509 0,55 2;13 7.18
75 (high shade) 281 57.0 . 8605 Sel 118 ' 13,3 0,80 2,24 5.48
SEna + 242 1¢9 . 24 0.8 2e1 1e1 0.11 0.48 0.67
€D (6.05) NS 58 . . 7¢5. 2.6 . HE . RS ° &S uS RS

NS = Not eignificant

Table 45, Effect of shede on content (ug g1 frech weight) of chlorophyll 'at, 'b’

and total chlorophyll; ratio of chlorophyll a~b of ginger leaves at -
different growth atagea

----- { e e St 900 i ap bl - . -

Chlorophyll ‘a' Chlorophyll 'b® Total calorophyll Chlorophyll g=b -

, {days ofler (daya after (deys after (daye after
Sh%ﬂerinteggity sprouting) sprouting) eprouting) sprouting)

per cen - - - , -
100 160 . 100 160 100- 160 100 160

0 (no shade) 0.95 0.84 122 1.04 2.17 1.88 0.79 0.81

25 (low chzde) 1.13 1.18 1.36 1.42 2450 2.60 0.83 0.85

50 (mediuz shade) 1.37 1e3% 175 175 312 209 Q.78 073

75 (high ahade) ) 16‘6 1.56 1.80 1.83 Je25 339 0.82 0-85
Sta «+ 3 0.04 0.19 0.08 0.05 0011 011 0003 0.03
D (0.05) 0.4 0.18 0.24 0.20 0.35 0.34 _ NS NS

L Y - e e - G e -

RS = Hot significant

8T
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The content of chlorophyll varied erratically with
advancing age, but the ratio of chlorophyll e~b rezajined
almost the same at all the stages of growth.

S5« Total dry weight

The data are presented in Table 46 and Pig. 18.
The analyesis of variance is given in Appendix 42,

Ihe effect of chade on toial dry matter production
by & plent was significant only at 120 days after sprouting.
The mexinum end minimum values were noted at full iliumi~
nation and at intense shade levels, respectively: The
velue showed a decreasing trend with increasing shade
intensities at all the stages of growth.

Over the slugus, the totel dry metter produciion
increaped witlh advancing age, ithe extent of increase
being meximus at the low (25 per cent) shade laevel,

6. Het espaimilation rate

The data aore presented in Table 46 nand the analyeis
of variance in Appendix 42,

The effect of shede on not assimilation rete in
glnger was not significant batween any of the growth siasges.,



Teble 46. Effect of shade on total dry matter production, unet assimiletion rate,
rhizome yield, haula yield and harvest index of ginger

" Total dry weighi (g plant") Het aaamilat.t6n Rhizome Haulw Harvest

Shede intenmity (dnaye afier sprouting) rate (g a™2 aay"‘") (iiglﬂ 4, (yield,‘ index
(per cent) 60 120 180 225 Dotwsen Between  freah ary
(harvest) 60 & 120 120 & 180 yweignt) wgight)
days days -

0 (m sbaﬂe) 3.97 230‘8 56.56 54.52 2;44 2039 21.05 2.38 0.542
25 (low chade) 2.11 20,80 62,70 60,92 277 2,26 22,22 Te32 0.566
75 (high shade) 2.31 12,72 42.48 47.75 1.96 1.96 14.03 2.81 0,500
Sh 4 0 2.72 5.07 5048 0.24 0.41 1040 0.37 0.030

CD (0.05) ﬂs 8.30 HS K3 NS NS 4.32 NS 0.092

HS = Not significant

Table 47. Eff.ect of shade onitrogen content of leaf and pseudostem of ginger
at different growth stages

Ieal J(zitrogmtgoment ‘Pscudoa?am nitrgen content
Shade intensity per con P
(per cent) {deys after sprouting) (days agfter sprouting)

_ _60 120 180 60 . 120 180
0 (no shade) 4.10 285 2«54 308 1.14 0293 -
25 (low Bhﬁdﬁ) 4.04 2.97 2.66 2-54 1.26 1.00
50 Enedium Bhad&) 3.84 2.65 270 2.75 1038 0.92
75 (high ahede) %99 3.64 3602 2.86 Te43 0.81
CD (0405) - N8 0,05 Ce11 0.20 0,11 NS

KS = Not significant

0%T -
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The values renged from 1.89 %o 2.82 g m™2 dsy ' Ho
general irend in HAR with increasing ehade level could

be noticed. With advancing oge, the NAR showed a decresse
at low shade and in the open while it ehowed an increanse
at nediunm shade level and st high shede it remsined
nearly static.

7. Yieid (Rhizome yisld)

The data aro presented in Table 46 and Fig. 19.
The enslysis of vorisnce is given in Appendixz 42.

Shede hed a eignificent effect on the rhizonme yield
in ginger, The yield increased with inoreasing snade upto
the low (25 per oent) ehade intensity,and showed a declin-
ing trend with furthor increase in shude intensity. Thus
the mexigun yield of 22.22 t ha™ !
cent shade intensity, The yields obizined st low, aedium
and high ehade lsvels weres 105.6, 92,83 end 66,65 per esnt,
regpectively, of that et full illumination, The yield at
intenoe (75 per ceni) shede wes gignificantly lower than
at the other shade lntenpmities,

was recordsd at 25 per

Reasponae curve

The yield of raivomesn obisined st incrsueing inten-
sitien of shade have dbeon repraesenied graphleslly as &
funotion of shsde and & quadraiic equation fitted to the
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logarithms of yield was found to be the bejter fit to the
response curve.thus obtained (Fig. 20 and the anclycis of
varisnce in Appendix 48). The squaiion of the curve ie

an follows:
Tog.y = 1+3295=0,0292x-0,0305x°

The comefficient of deteraination R° wns found to
be 0,9998 waich indicate thet the proposed modal elnost
fully describes the biological phenomsnon. 7The opiimum
intensity of chede for ginger as worked out froa the
squation im 20,12 per ocent.

8. Yield of hauln

The data are presonted in Table 46 end the anpslysis
of variance in Appexndix 42,

The effect of shade on yield of haulm in ginger uas
not significent. The mean yield was, however, the lowent

at intenne sghade level snd highest in the open.

g, Harvest infdex

The datn ore presenied in Table 406 and ithe analysis
of variance in Appendix 42,

The effact of shede on the harvest index in ginger
was sizgnificant, However, values eshowad a decreasing trend
wiih increasing intensities of shede, which raunged from
50 to 6442 por cent.
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B, Chenical atudien

1. Content and uptake of nitrogen

The data on the' content of nitrogen in leaf,
pssudosten and rhizone along with the total uptoke of
nitrogen are presented in Tables 47 to 48 and Fig. 21, The
snelyses of variance are given in Appendices 43 to 44.

The effect of shude on the nitrogen content of
leaf and pseudosien wae significent. at all etages of
growin excepiing one, while in the case of rhisome signi~
ficant effect wan notliced only at the harvest stoge. But
the differcncos in upitcke of nitrogon between the diffe~
rent chede levels was not simificani at all growih slages.
The content varied froa 2.54 to 4.10, 0.,8% to 3,08 and
0.93 to 3.71 per cant, respectively, in ithe leaf, pasudo-
sten and rhizomes at different siages.

With age, the content of ntirogen in all the plznt
componenis chowed & decreasing trend upto 180 doys after
sproutinzs But in the case of rhizomze, there was an in-
crease in nitrogen content from 160th deay te horvest.

Tven no, the percentage conient of thie nutviont at harvest
vae only evout half ae much as 2t 60 days after sprouting.
The total upinke of mlitrogen by -the plants went on moraaa-;
ing at a rapid rate with advancing ege of the plant upto

C-



Table 48, Effect of sheds on nitrogen content of ginger rhizomes and on toiel
-aptake of niirogen. by ginger ail differsanti growth stages

i -

1

Rhizome nitrogen contont {per cent) Totai uptake of nitéogan (kg ha"
Shade intensity (days after sprouting) (deys after sprouting)
(per cent) 60 120 180 225 80 120 180 225
o - o (harvest) _ _ (harveet)
0 (no shade) 2,88 1.08 0.94 147 - 23403 62.87 134,00 118,95
25 (10? Bhﬁda) 3043 ,1107 . 1.12 . 144 11083 50053 ' 1“037 128039
50 (medium shode) .66 1.4 0,98 1.49 13.25 . 36.75 135,12 - 107.89
75 (high Qhaﬂa) 3.71 1007 . 0093 1.87 12,75 41.‘56 : 98.35 125.80
g?(% 05) 0;%3 0.03 0,05 0,018 3404 Te21 - 14,29 14.73

N5 3 . 0,056 BS N3 - KRS RS

%S o Not significant

Table 49. Eifect of shede on phosphorus content of ginger leaf and
" pmeudosntem at Aifferent growth sieges

ey i e e b Al et e-aie i dre- i W@t L

Ieaf phomphorus conient (per cent) . Pscudostem phosphorus
content (per ceant)

Shede inlensity (days after sprouting) (days afisr sprouting)
{per cent) . :

60 120 180 60 120 1680

0 (no shade) 0.25 0.26 0,25 C.40 0,19 021
25 (low shade) 0.27 0«29 0e23 (.36 0.32 0.21
50 (Eaﬁinm Ohaae) 0.23 0033 0q30 0.35 0028 0.22
75 (high shada) Q.27 0632 026 0638 0,20 0.17
S + Q.02 0,01 0008 0.01 001 001
€D (0.05) NS 0.04 0.024 HS 0404 0.07

HE = Not significant

331
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180 days and then &t decreased excopting at the intense
shade level, The rate of uptaiks with advancing age vas
greatest in ihe cage of plants whioh were grown at 25 per
cent eshade intensity.

2, Content =2nd uptake of phosaphorums

The data on the content of phosphorus in the leaf,
pacudosten and rhizome 2nd the toial uptake of phosphorus
are given in Teblee 49 to 50 aund Pig. 21. The analvees
of voeriance sre givan in Appendices 44 to 45,

The seffect of chade on the phosphorue conient of
plent component and totel upfalca of phosphorue ramsined
significant at simost all the growih atages. FHo general
trend in the variation of the phosphorus content with
inoressing shade initensitios could be noticed, The conient
of this slezent varied from 0.23 to 0,33, 0.17 to 0,40 and
0,17 to 0,61 per coent, respectively in the leaf, pseudostiex
and rhizomen 2t &ifferent growih stages.

The changes in the content of phosphorns with adwane-
ing age wae similor to that in the case of nitrogen con-
tent in the leaf, pecudosten and rhizome._ Phoaphorus uptake
showed a discernible increase wliih advancing stages of
growih upto 130 doya of arowth.



Table S50. Effect of shede on phosphorus content of ginger rhizomes apd on
total npioks of phosphorup by ginger at ﬁiffarent growth stages

Rnizome phosphorus content ’Iotal upteke qif phospghorus .
(per cent) (kg ha
Shede intensity (days after sprouting) {daye after eproutins)
(per cent) , —
- 60 120 180 225 60 120 180 225 -
. . (harvest) (harvest)
0 (no ahade) ; 057 024 = - 017 0.24 243 . Be95 19.42 19.41
25 (low shade) 0.48 0.26 0.21 0,28 127 - 9,53 21,91 30.02
50 (medium ghade) 0461 0.20 0,21 0,26 1.47 De 39 22.61 184,26
CEa &+ 0,02 0.02 0,01 0.01 0.34 112 2.20 J55
01) (0-05) 0.06 RS 0,05 0,02 ES 3.46 6.79 10,94

HS = Not significant

Table S51. =ffect of chede on potassium content of leaf and psendosien of
ginger at different growih siages

leaf potaseiun content Pasudoster poizssiuvm content

{per cent) (per cent)
Shade 1ntenaity (days a:rter apronting) {days afier sprouting)
{per cent) . -
60 120 130 ' 80 120 1280

0 (BO ahade) 3072 3050 2-7‘ 7.50 6.‘0 ’ 5.85
25 {low chade) 4,20 3.76 2693 750 6.9C 590

50 (ledium Bhade) 472 3.92 2095 T80 507" 6.30

SEa + 0.038 0.12 0407 0.09 0.09
CD (6.05) 0.25 036 0.24 0.21 0.29 0,29 \

e e P e e - S s W A e T .

v 9%T
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3, Content amd uptoke of potagsium

The data on the,content of potassiun in tne leaf,
.paendosten eand rhizome apd on the total uptake of potle-
esiun are presonted in 'rabiea 51 to $2 and Pig. 21. The

snnlyses of variance are given in Appendices 46 to 47.

Influence of shade on the potassiua conteni of
leaf, psoudosten and raizome was significent at all the
atages of growih. However, the effect on toial upicke of
potassiuz remajined non-significant. No gencral trend in
the nutrient content with increasing shade level was
gpparent in any of the plent components. Yet, compara-
tively lower concentration of potessium in plent ports
were obtained almost always in plants grouh at full illumi~

nation.

The cheange in potessium content with ege vas gimiler
to that of nitrogen and phosphorus in the different plant
parts. Tae total upicke of phosphorus showed a sharp
increase with advancing stogoes of growth at all saazde

lavels.

IT, S0il characters
801l nutrient status

The data on the totsl nitrogen, available phosphorus
and available potaseiun in the eoil after the crop are



Teble 52, Effect of shede on potassium content of ginger rhizomes and on total
_ uptake of potaaoj.um by ginger at different growth ptagoa

ﬂnizome potasaium content ‘Totel uptoke of potassiwn
: (per cent) kg he™")
Shade intensity ‘ (Gays after aproufing) (days after apmuting)
(per cent) 60 120 180 225 , 60 120 180 225

. o . (harvest) (harveat)
0 (ao shade) 5476 4017 2400 2,80  37.65  172.11 268.87 279.17
25 (1low ahade) 5.84 T 4439 2358 230 19,57 163.81 305.78 320,75
75 (high ghade) .18 4,10 275 Fe25 22.42 09,84 246,64 308.89

010 0.08 - 0,07 . 006 596 21.82 " 31.34 25,50

(0.05) 031 0.24. 0.21 0.18 BS 3 s 2

b an o " L - -r-—---m

HS = Hoil signitioant

Toble 53. Soil nufrient status after tae crop of ginger

’Hutrient

Shaede intensity * ' ~

{per cent) Total nitrogen Available phooghorus Avalleble potassiun

(per ceat) ~ Cppm) (ppm)

0 (no Bhada) ‘ 0.109 2012 95.0 >
25 (low shede) 0.140 2.24 983
50 (wedivs shode). 0,109 - 1.6% 112.0
75.(high shade) 0.087 2224 124.8
Sim 4 : 0,001 Ue30 150
€D (0.05) 0.005 us 4.9

——— e 2 o R — SI——

HP = Mot significant

§%1
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presented in Table 5% and the enalysis of variace in
Appendix 47.

The differences in eoll niirogen end avallable
poteasiua contente beitween the shade levels ware signi-
ficent, In the came of potassium, the conteni were higher
at higher shado levels, %he anitrogen contents in soil
appeared to follow the same trend as that of crop yield
with ths highest content at the low shede, followed by
that in the open. The lowesti nitrogen content was correas-
ponding with the intence ghede level, The differences in
available phosphorus content were not‘smiﬂcant.

Compsrison with the pre-sxperimentzl nutrient status
indicated u decreaess in availlable phosphorus and available
potasmiun and an incroase in the nitrogen content bvecaume
of the cropping.
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DISCUSSION

There was increage in the yield of rhaizomes in
ginger with .chading upto lo'w (25 per cent) intensity.
At nigher chade levels, a decreasing trend in yisld wae
noticed but the axtent of decrease was marginal upto
intermadinte (50 per cent) shads, Even at intense
{75 per cent) shode, the decresse in yield was not as
‘conspicuoua a5 in crops like colocasia 'mid coleus., Iaking
the yield in the open as 100, the compnrable yields for
25, %0 end 75 per ceni shode levels wers 105,06, 92.8 and
66.7 per cent, respectively., Statistical analysie of the
data indicated that there wae no significent difference
in yield upto 50 per cent shede intensity. Auwong the
regrespion models tested, the quadratic equation fitted
to the logarithas of yield wae fournd to be the beet to
define the variation in yield wiih incressing shade inten-
eitice. The optimum shade level calculated from the
eguation was 20,92 per cent. The fact that the yleld
trend is quadvatic amd that there is no statisiically
significant decrecso in Field upio 50 per cent shading
may qualify this crop to be cianaed ag '"zhade~loving'.
It would thus make thie c¢rop higaly suitsble for inter-
cropping. The results also indicate that the crop would

glve reasonable returns even at intenos shede levels.
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Dry matier accumulation by plants (Table 46)
followed nearly the game trend e2s that of rhizome yield
end the percentage vaiues at 25, 50 and 75 per cant ahade
lovels vere 111.53, 90,86 and 87.42, respeciively. These
-data on dry matter accumuletion show that shading aid
not result in eny cppracisble decroase in the rate of
photosynthesis upto the intermediats levele of 50 per cent
shode, Not only that there was no decrease in photosyn—
theais, but cheding also tended to inorease the dry natler
sccumulation by the plents,. buch a bauter perfoémance
of this orop under shode than in the open has been reported
earlier by Aclan and Quisumbing (1976). In crops like
tonato (EBdmond gt ol., 1964), tea (Joseph, 1979), miratro
and green panic (Wong and Wilsom, 1960) also, such trend
han been reporied. Ihe oxplanation given for the hetter
performance of crope under shade then in the open is that
there io often & threshold, illumination intensity beyond
which the stomate of such shode loving planta tend to
close (Herdy, 1958 on coffee). Though the involvsment of
auch a factor on ginger alec canrot be excluded, the
ipfluance of such a factor had been nacesearily mengre on

this crope.

An evalustion of the rasults on leaf sreg index

(Table 44) would show that the crop produced reasonably
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dense canopics after avoul 120 days of .growth. 7The aesn
IAI et this stege waa well above 4,0 at all shade jnten-
sities. Unlike in the case of sweet poiato and coleus,
the depmity of the canopy was Mol vary high end the mean
maximum LAY was only 7.2. The fact that the LAI was not
very high at any Iof the growih stages, and that ginger
leaves are nearly ereci in position, exclude +ihe possibi~
1ity of .etromng mutual shading snd leaf percsitisa in the
open. Ewven though a decresse in the intenaity of 1llu=i-~
nation might havs adverasely aifeoted tae photoaynthetic
rate at incressing shade intensities, these effectm ware
not protably conspicuous izpt;o 50 per cont ghnde, If at
nllﬂthia was operating, the effeot of tails factor wee,
probetly, more than compencatod by the zévenizge of betier
atomatal opening at 25 per 6911'&. shade intenpity. At intense
ghade levels, light bsceme the dominant limiting focior
oo expacted and dry matier sccusulaitlon decreceed subsiane
tially. Decresped yield in glunger when shnding wan over
50 pér cent had beeu reported by Minoru and Hori (1969)
and Aclen snd Quisumbing (1976). Another ocomspicuous
obsorvation from the reculie on LAY is that thore was no
statistically significant increass in canopy density bscauss
of shading.

The harvest index ranged from a measn of 50,0 to
64.2 per cent at the differant shade levels. The higheet



value of 54,2 per cent was noticed at full illuaination
aﬁd there was a steady decline with increasing shade

. levels. There are thus indicationa of the influsnce of
ghade on the partitioning of nasimilates by the crop.
Even though the higheat HI values were noted in the open,
the influence of such high HI values was. not reflected
on rhlfzomne yleld, presuasbly 'be.cauao- these wers more than
compensated by the higher rate of photosynthesis at the

low shade level,

The differences in cesn nst aspimilation rate at
different chade levels were ot signifiocont, The ounly
conspiouous difference wag between the intense shade level

and other shade reglmes,

Other growth cheracters like plant height apd tiller
nuaber followed plightly different pattierns aé compared
to dry satier accumnlation and yield. In the case of
tiller number, thare was alnost 2 sicedy deorease with
increase in ahaaé intoneities at the lapst stage of ohaer=-
vation tﬁough the differaencesware not siatistically eigni-
ficent. In the cage of plént heighi, there was steady
increnss with increase in snads mﬁnai‘&y upto the intense
shade level. The differences in plant height were also
statistically significent. Aclen and Quisumbing (1976)
observed ihat ginger plamis agrown under full eunlicht were
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ghorter and had lesser number of leaves per tiller but

yields were just as high as those obtained under 75 and

50 per cent light intenmities. When shading was over

50 per cent, yield decrssesed. It was slaso raported that
glager perforaed best when grown under alight ghade bat

net in oxcess of 50 per cent shading. The pressent resulis

are also almost in egreezent with that of the above one.

As had been mentioned earliier, cimjilar raport of increased
plant height under ghade are available on other crops like
tobacco (Panikar &t al., 1969) and cowpes {Tarila et 8l.,1979).

The totsl chlorophyll end iic components *a’ aud 'b'
increased with increasing shade initoneities and the diffe-
rences between the varjous shede levelp were gtatisiically
significent, This is in agrecaent with the observations
nade by Evons ond Hurrey (195%); Remaswasi (1960),
Venkatemani (1961)3 Clerk (1965)s Cooper end Quslls (1967)3
Guers (1971); Okali and Owusu (1975) and Radha (1979). The
ratio of ohloroprwll-a-b did not show any distinct trend of
variation with increscing shade inteneities and the diffe-
rances bstween the differeni shade lsvels remained non-

pignificant,

The differences in the content of nitrogen, phosphorus
angd poiossiua ivn thoe plant paris were siatistically signi-
ficant at most of the stages., Thoe rosulis were however,
highly variable, though there wos a téndency towarde a
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higher content of these nuirients under shado as compared
to that in the open. The differences in the upteke of
nutrients except in the case of phosphorus were signifi-
cant at all etages of plant growth, Here again, variabi-
lity vas very high and the only velid comncluelon out of tie
data 1s that the treatment giving the highest yield (low
ghade level) eleo recorded tio hignesi upiake values.
Caloulnted as percentage of the uptake in the open, the
crop removal of niirogen, phosphorus ond potassiuz at this
low shude level were 107,34, 154,06 =nd 114.89 per cent,
respectively. At nedium ond Intenee shede ‘lmlé. the
uptoke was nearly the same as that in the open. It may
thereforse be concluded that the fertilizor requirimant of
ginger under low ehade will bs around 110 per cent in the
case of nitrogen end potessium snd about 150 per csnt in
the case of phosphorus. Tne results alao indicate thaet
there is little scope for bringing down the fertilizer
dosen &% mediun end intense shade levols, though the yields

are comperatively low.

The varietion in the content of azineral nutrients
in eoil between shade levels and the gensral trend of
nutrient contenta es compared to the pre-experidental soil
analysis figaven (Tablg 1) were nearly siailer to ihose
of other crops like coleus and colocasin, The reasons for
‘such & trend have been discuseced already.
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‘The salient features from the above discussion nmay

be sunzerised as follows.

1.

2e

Do

4o

The shede rosponse of yield of rhizomes in ginger
followed a guadratic patiern wvith the shade optiaum
at about 20,11 per conts As the performence of the
crop is betisr under shade than in the open, this crop
pay be conmidersd shade-~loving, Even at intense shade
leval, the rhigome yield is reasonable, Thess would
make this crop highly suiinble as zn intercrop in
coconuti gardens.

Iy matier accuaulation by the plant folloved nearly
the some pattern as thet of rhizome yield. Indications
are thus that photosynthetic mechenien hed a decisive

rolo on the shade rosponse of this crope.

In addition to the photosynihetic factors, partitioning
of assinilates also appenrs to have been influanced by
shade, Plents receiving more of illunination tended
t0 tranelocato & higher proportion of carbohylrate to

the rhjzame,

Ieaf arca in ginger is not appreciably altered by
shading,
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5« Hutusl shading and the conmequent leaf parasitise

Be

may not be high in a sole crop of ginger when culti~
vaied in the open. These factors probably aseume
importence only at intense shade lovels,

The fertilizer requirement for intercropped ginger
nay be 10 to 50 per cent higher than thet of a sole
crop at the low ghade levels, A} the mediun and high
ehede levals, requireaent of fertilirers may be almost
the .seme ap that of & crop in the open.



SUMMARY



SUMMARY

An experiment wae confiucted at the College of
Horticuliure,Vellanikkars o study the ehads responge
of comaon rainfed intercrops of coconut, viz. cweot
poiato, coleus, 1colocasia. turneric and ginger. Rosults

of the experiment ars sumzoriced below.

1. Ba:fiﬁngfﬁ?i z?ai iﬁ”i gof; those crops, swest potato
may be clasaified as, ehede~intolerant, colocaein as
shade=tolerant; ond ginger end turaeric aes shade-
loving., Sweet potato ehowed a drasatio decreame in
yiold with Aﬁcreasmg shede intensity, while in colo~-
capis ihe decreass in yield wae nod merked upto 30
per cent chudé intenoity. Coleus ehowed 8 linear
decrcase in yield almost im proportion to the increase
in ahede intenpity. Jurameric and ginger gave maximus
yielde at 50 and 25 per cent snsuo antensities,

reaspectively.

2. Coleus showved & linear response o varying shode intone
aities, A quadratic equation f£itted to the logarithm of
(g + 1), (whers y 45 the yield at different shede inten~,
eities), was Tound to give a clome fi'§ to the yield Les~
ponae of sweet potato to varying levels of shadg. In
colocapin end ginger, a quadratio polynonial and iu
turaeric o cubic polynomial f£itted to the logarithm of
yield vere tne betier £1it to the response curves obtained.



3. Photosynthetic aschanlam appenrs to heve doninant role
in the shade response of all the orops excepting sweetl
potato. ﬁn the cage of sweet potato, partitioning and
translocation of assimilates was adversely affeoted Ly
ghading. |

4, Crops like eweet potato, coleus and turmeric produced
dense cenopics. The canopy density of ginger was
relatively lowver, Colocasia produqed‘only a sparse
canopy at the mormel planting densliy even in the open,
thus iudicating that there is scope for incréasing the
yield of tnis crop substantially by closer planting
when grown ap & sole crop in the open. Sweet poteto
exhibited a nerked docromse in canopy deneity at higher
shade intensitles.

5. Excepting colocasla, plant height (lengih of vine in
‘eweet potato) in all ihe crops increased with increasing
intensities of shade.

o. Nupber of bronches (tillers) in all the crops signifi-
cantly decreased with increasing levels of shade.

7. The effect of shsde on content of chlorophyll ‘e*, *b?
snd total ohlorophyll in leaves was significant in gll
the crops excepiing sweei potato. In coleuws, ginger and

turneric the chlorophyll content increoaged with increas-

ing shede intensities, while no general trend was noticed
in colocaals,
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9.

10,

11,
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The ratio of chilorophyll a=b remalned almost & con-
stant in sweet potate, coleus and ginger, walle in
turmerio, the raiio increased with increasing shade in-
tensity upto medium shode end then decreased. In tae

case of colocasia, no genoral irend was noticed.

Contents of nitrogen, phosphorus anud potassium in all
the plent coanponents of ‘e difiersnt orops increased

uith incrsasing inteneities of shade.

The uptake of these nutrients by the individusl orops
folloved an identical patiern ae thet of dry matter

accunulation. Thus in eweet potato, ooleus end

©colocasia, the uptake decreased wiih increamed shede

intensity while in urmeric and ginger, the maximum
uptake valuep were recorded at medium and low shede

intensities, respectively.

It appasrs that in aweet potaio, thoe uillisgation offi-
ciencies of the nutrients a.dded would be merkedly

less under shalde than in the opemn. The nutrient
removal ty o crop of coleus grown under interaedizie
ghads lavel wap about 70 per cent of thai for a sole
crop in the open. The nuirient removal by colocasisa
was nearly the scme as that in the.open upto the inte
mediate (50 per ceat) shade level. Turmeric grown at

about 50 per ceni shade removed about 20 per cent more
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of fertilicer nuiriente then a &ole crop in the open,
An afdition=l 10 per cent of the nutrients was remcved
by a crop of ginger under low (25 per cent) shade
intenaity. In all the crope excepting ginger, nuirient
upigice dacressed coneiderably at intsnse (75 per cent)
shade levels, Ginger plantm recorded higher unptake

values at this azade levels as compared to the open.

It was cencluded from the investigatlons that sweot
potato ims unsuitable for intercropping. Coleus might
be sultable only under conditions of ample light sturil-
tration. The cropa colocasia, turmeric and ginger may
be considered highly suited for intercropping.
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APPENDICES



Appendix 1. Weather data (weekly average) for ihe period
Moy 1980 to Januery 1981

Konth

Waslk Tomperature?C

Rainfali Helative Sun~

Soil tompera-~

. hunidity shine ture®C
gg%. So M"' Hing -~ in (mm} (E!G.!' Qmﬁ)(ﬂo. of ( 5 ca ﬂﬂpth)
. Bua nuxn ; hours of Fore~ After-
Pore After-ppight noon mnoon
noon noon sSun=
. shine}
(1520) |
gggbag- 22 31,9 23.1 1146 95,8 82,6 4.0 25,6 32,8
June 4«10 23 31,2 23,3 45.4 94,3 87.6 1.1 24,9 29,
18=24 25 29.5 23,2 40,8 95,3 94,3 127 2449 28,%
25’13!1]\7' 1 26 2943 22.7 36-2 9403 93.6 1.6 24.4 2d.
Ju:l,y 2«8 27 28,6 2243 4303 9400 83.4 3.1 2%.8 29.4
9'15 '28 29.1 22.3 56.0 9500 9103 2'-0 2305 30.6
16=22 29 20,8 22,9 33.7 95,4 93,6 4.1 24,7 30.0
2320 30 29,9 22,2 20,1 95,7 827 2.5 249 28.7
30-August 531 29,0 22,3 7¢5 95,9 80,1 2. 24.4 29,5
6=12 32 30,2 22.5 128 05,3 B6.4 5.6 24,3 23,7
13-19 33 30,5 22.1 5066 97e1 823 2.4 24,3 30.6
20-26 3%  29.7 22.6 12.9 93.1 84,1 47 250 301
2T-0eptn= 55 30.4  22:2 11 95,9 T3e4 546 2447  31.9
Septe3d=0 3t 30,7 22.4 2¢9 95.7 67«4 63 24,7 35.1
10-16 37 31,6 23.4 0.0 95.7 618 8,2 26,1 41,2
17-23 3 32,4 22.8 2.9 89,9 62,4 9.1 23.4 %9,2
000202 40 317 238 12,0 92.3 74,0 6.3 25,6 35.0
8=14 41 324 23,5 TeT 5567 6947 Se2 2%¢5 3640
22-28 43 31.5 20,9 4,7 90,8 69.7 6.4 25,8 34,1
2leved~ 44 32.7 20,6 342 BTs3 49,8 9.6 24,9 ' 33,0
S=11 45 32,8 23.0 440 90e5 62.8 8.5 25,3 32,1
12-16 46 32,0 2£3.0 12,7 922 T70.9 5.4 26.9 37.5
19-25 47 31,6 23,1 1442 89,1 76¢3 7.1  25.% 36,0
26-Decen~ 45 31,8 21,9 0,0 8641 69:9 8.9 242 3742
3=0 49 32.1 20,8 " 0.0 B7.6 67.4 9.3 2446. 3649
10-6 50 33,0 22.6 0,0 89.9 63,7 9.0 24,0 38.0
17"’23 51 3203 2205 Ooo 84-7 6204 82 2309 3807
(193%;31 52 31,9 21,3 0.0 85¢2 6501 Te6 24,1 38,5
Jane 1=7. 1 33,5 20.4 0.0 82,7 5601 9.0 24,0 33.0
814 2 32,9 20,5 060 8241 - 46,0 0.7 24.1 39.1
15-21 3 33,1 22,7 040 83,0 45,4 10,1 24,1 39,3
22-28 4 34,0 22,2 0,0 82,6 49,1 9.9 24,0 39,2

Sources ‘B Class observatery, Vellsnikiara, Trichur.



Appandix 2. The weekly average daily range in meteorological
parsaeters rolaving to individusl crops tried
o crop o o
Motesorologicoal
paraasters Sueat Coleus Colocasia Turmeric Ginger
- potato
Tanperature °C
iaximumn 29,0 %o 29.0 to 2900 to 29.0 to 29.0 to
32.4 324 33.0 335 - 3365
Minimun 22.1 to’ 20,9 to 208 to 2004 to 20.4 to
2348 2%.8 25.8 23%.8 23,8
Rainfoll _
Intensity (mm) 2679.4 29079 3754.2 375442 3754.2
Frequenoy (dayag 75 .82 104 104 104
Sunshi;e
Number of hourn
of bright Te6 to 1«6 1o 1.6 to 1.1 %o 1.1 to
sunshine 901 9-1 906 9eT. 10.1
Relative hunidity
(per cent)
Foremqri 8909 o 69.9|tﬂ B84.7 %0 821 to 8241 to
97.1 97.1 97.7 97.7 977
61.4 1o 61.4 to- 61.4 1o 45.4 1o 45.4 to
Afternoon 943 9443 9443 94,3 9443
Soil tomperaturs |
at 5 cm depth (8,)
Forenoon 23¢5 to 29,5 t0 23.5 to 23.5 0 23.5 to
2044 23,4 2044 284 23.4
2843 to 23.3 to 2\3.3 to 28.3 to 2843 to
Afternoon 39.2 39,2 . 39.3 89,3

29.2

* A rainy day is ome in which

ie = 2,5 mm,

the rainfell intensity



Appendix 3., Annlysss of verience for the effect of shade om lengih of wine, nuaber of
branchos and leaf area index of sweel potato

Hean squares

Iength of vine Humber of trancies plant | Ieaf erea irdex
Source &f (days after planting) {dsys after planting) (days efter plonting)
30 . 60 90 30 60 90 110 30 €0 a0 110
: (hoarvest) - (harvent)

Block 4  602.03 2497.29 9514.20. 6,85  9.37 9.66 1548 0.63  2.07 853 -5.70
Treatment 3  462.44 6727.35 15990.18 41.63 244.74 191,07 172.35 2,62 33.25 19,75 58.18"
Error 12 310,31 1346.55 1583.70 2,72 4,75 9.68 14,80 0,50 2,36 172 4.07

¥ Sigrificant at 5 per cent levsl
#*# Sigrificant at 1 por cent level

Appendix 4. Am.lssas of warience for the effsct of shede on content of chlorophyll *z', b’
.and total chlorop_lwll; ratio.of chlorophyll a=b of sweet potato leaven

lean sgumres

Chlorophyll ‘'a’ Chlorophyll 'b* Totel chlorophyll Chlorophyll asb
{(deys after plonting) (days after plenting) (deys sfter planting) (days aﬂ?r plant-
. - ing

Source af

80 . 95 110 80 95 110 80 95 110 80 95~ 110
- (harveeﬂ (harvent) _Sham’met) (harvesi)
Block 4 0,01 0,02 0,003 0,01 0,03 0,02 0,03 0,08 0,04 0.0014 0,004 0,002
Treatmont 3 0,01 0,02 0,036  0.02 0,01 0,09 0,06 0.04  0.24 0,0001 0.002 0,002
Brror 12 0,01 0402 0,003 0,02 0403 0,03 0.06 0.10 0,07 0,0009 0,002 0,001

* Significant at 5 per cent level



Appendix 5. Analyses of wvariance for the effect of shade on tolel dry weight,
net assimilation rate, tuber yield, haulm yield snd harveat index,
of sweel potato '

‘Mean sguarec

Total Ary waight plent ' Het assimilation rate Puber Heulm Harvest
Source az  (days afier planting) - yield yield index
' 30 60 90 110 Between ‘Betwean '
L . (narvest}s & 60 days 60 & 90 dmya |
Block 4 15,64 215,03 748.17 997.42  0.72 0.40 04060 B 0.005
L& ] 3] E3 ] L e %% 24 »
Error 12 20,74 . B83.67 . 383%.25 644.354 B Ca35 335 0,015 .80 0,009

* gimificant at 5 per cent level
«¢ Siemificant at 1 pexr cent level

Appéndiz 6. Anulyees of variance for the effect of chads on nitrogen. content of leaf
ard stea + petiole and for toial upinke of niitrogen by sweet poisto

L T 1 - [

Hean gqueres

Ieaf nitrogen content Stem 4 petiole nitrogen  Total uptake of nitrogen

(days after planting) content
Source df ' o ‘ (days after planting) (dsye after planting)
30 60 90 116 20 60 90 110 30 60 80 110
{hervest) (harvest) "« {hervent)

Blook 4 0.132 O.O‘liiIE 0.689.0.012 0_.003*‘0.01:»“0.024 0.00§: 72.31» 803.17"1435.'25'e5024.41"
Treainent 3 0,077 0.234 0,552 0,080 0,178 0.19§ 0,036 0.035 862,15 15360.43 17970.28 35766.60
Brror 12 0,065 0.004 0,058 0,015 0,004 0.004 0,019 0.001 89,04 368.25 583,58 2501.16

* gignificant at 5 per cent lavel
¢ Sipnificant at 1 per cent level



Appspdix 7. Analyses of varience for the effect of shode on phosphorus content of
leaf and stex + petlole and total uptoke of phoaphorus bty sweet potato

Meaxi aquéres

Leaf phosphorus content Gtem + petiole phosphorus  Total 'uptake 6i‘ phds;,ib.orus

Source a2 ' content
(deya afier planting) (deys after planting)- (dsye afier planting)
30 60 90 110 30 60 90 110 30 60 90 110
(harvezt) . (harvest) (harvest)
Block 4 0.0012 0.0004 0.0'002 0.0023 0.0050 0.0053 00005 0.00()54 '3.44 13.36 10.71 73069

Treatucnt 3 00063 0,007 00067 0,0024 0.011""0,0017 0,0002 0,00241" 8,54 267.85 515.34 516456
Error §2 0.0001 0.0021 0. 0001 0.0G010 0.0002 0.0017 0.0004 0.C0015 1.27 - B.BB  Ted6 2585

2 Signi&eant at S per cen'a level
** Significant at 1 per cent level

Appendix 8, Anslyees of varimnce for the effect of shude on potassium content in leaf
and sten + petiols arnd toicl uptake of potaesium in sweed potato

- - - -

Hean cquares

Leaf potzmasium content Stem + petiole poteasium Total uptake of potessinm

coatent
Source af (daye after planting) (days afier pleniing) {daye after planting)
30 60 90 110 30 60 30 110 30 60 ‘80 130
{hsrveat) ({mmst) (hment)

Block 4 0.1 0.2 0.0 0.033* 0.09 0.07 o0.0f 0+197 305.70 4024.15 5317.45 13664470

Treatment 3 0.21° 0,317 0.147 0.193% 2.55° 0.48" 00337 1.077" 2846.50"71673.68"24440.75 15306535
Error 12 0,01 0,05 0,01 0,002 0.06 0,014 0.012 0,004 397.75 1629.76_ 2553.22 5103.60

endam e e i G B S - . -

* Significant at 5 per cent level
*#*  Bigznificant at 1 por cent level




Appendix 9. Anolyses of veriznce for the effect of .
snade on the aoil nuitrieni status after
the crop of sweet potato

S A S alr Ow o sy e S

Eutrient

Source daf
Total nitrogen Available Availsble
phoephorus poinssium

Blook 4 0.0001 1.356 52.99"
Troatnent 3 0,0012" 10,228 756456
Error 12 0.0001 0.475 13,52

* Bignificant at 5 per cent level
#* Significant at 1 per cent level



Appandix 10. Mnalyses of verilance for ihe offect of shade on plant helght,
nunber of brenches and leaf ares index of coleus

desn squares

Plant height Kuaber of branches leaf srea index

Source  4f (doys after planting)  (days after plenting) (days after planting)
35 65 95 125 35 65 . 95 125 % 65 95 125
. (harvaat) ____(harvast) (harvest)

Block 4 1.89‘ 44.55 115'329154'61 4-61 36,52 104,70 31307 087 9.79 2,77 S50
Irestaont 3 4.37 T75.40 3542.94 125,08 59.81 33.10 162.07 32,60 1.81 8.18 27.43 1.85
Error 12 9.21 34432 46451 52.85 12,76 14.08 064.98 104,24 086 10,10 16425 5.51

* Significant at 5 per cent level
%® Bignificent a8t 1 per cent level

Appendix 11. Analyses of variance for the effect of shade on the contente of .
ch%erop%yll ‘a’, 'b' and total chlorophyll ratio of chlorophyll a=b of
coleus leaves : -

Hean squarss

Source ar

Chlorophyll ‘a’ Chlorophyll *b* Total chloroplyll Chlorophyll asb
(days afisr plonting) (days afier plenting) (deys efier planting) (du{;n:iggg
S
80 110 125 80 110 125 ~ 80 110 125 80 110 125
(harvest) (harvest) (harvast,) (harvaet)

Bloek 4 0.00?* 0.05'* 0.01‘. 0.01" 0.05.* 0.07' 0.02'* 0.17" 0.11**0.012 0,02 0,01
Treaiment 3 0,195 0.20 0.18  0.28 3,06 0.16 1.04 0.99 0,67 C.,001 0.02 0,03
Error 12 0.019 0,03 0.005 0.01 0.02 0,03 0.003 0,10 0,006 0.014 0,01 0,01

* Significant at 5 per cent level 3
*% Significant at 1 per cent level



Appendix 12. Anslyses of verience for the effect of shade on total 4ry matier
production, net assimilation rate, anumber of tubers, tuber yield,
haulz yield and harveat index of coleus ]

" Hean squares

Total dry welight Ket assimilation ?umt;ar g:g tubsrs Tuber Hau%:i Hargest
raie days afier yield yle indox
Source  ap ‘deys afier planting) " planting)
e 5 . 125 . Deiween Betweecn 65 95 125
35 53 Lharvest) 36 & 65 & ? (harvest)

. e 65 days 95 daya o
Block 4 O0.54 30.43 81,22 58422 0,35 1.82 0,12 5.05 681,87 24.08 0,31 0,603

Troatment 3 5.55 180.097621.5% 663.78 2.65 3.78  1.88" 241.56 155.69 525.48° 5.50 0,017
Error 12 0,76 26,98 68,30 127472 0s59 1a65 024 6488 76.70 22,21 1,38 0,003

* Signifieant at $ per cent leval
#» Significont at 1 per cent level

Appenfdix 13. Analyses of variance for ths effect of shade on nitrogen contents of -
coleus leaf, stem + peitiole and tuber

leen ggusares

Nitrogen cantient of leef Stem + petiole nitrozen Tuber nitrogen content
g : {daya after planting). content
ource  4r (deye after plonting) (days afier plsnting)
35 65 95 125 35 65 95 - 125 3% 65 - 95 -12%
(harvent) - (harvest) (harvest)

’

Block 4 0.,01°" 0,08 0.05 0,003 0,006 0.004 0,002 0.002 = =~ 0,005 0,004
- P E. X 3 »® & 38 F L. L T d E 34 L
Treatnent 3 073 2430 185 0407 04573 0.558 0.664 0,152 = = 0,004 0.118
Error 12 0,002 0,02 0.01 0.003 . 0,003 0.003 0,001 0.0003 = =  0.008 0,002 -

i w-

* Significant at 5 per cent leval
2 8imificcnt at 1 per cent level



Appendix 14, Anelyees of varisnce for the effect of shade on totel uptake of
nitrogen by coleus and for the conient of phosphorus in teleus leaf
.and etem + petiole

L L4 ]

Kean gquares

Total uptske of nitrogen Phosphorus content of leaf Stem + petiole phosphorus
(days after plenting (doys after plenting) content
(deys sfter planting)

35 65 g5 125 35 65 95 125 35 b5 95 125
(harvest) (harvest) (harveat)

Source daf

Block 4 269.50° 63.22 71.41 37.58 o.og'é 0.0004 0,001 0,0002 0.0003 0,001 0.0003 o.oooa,:
Treatuent 3 115,72 51468 97.02 117,19 0.003 0.0233 0,0002 0.0021 0,0021 0.0059 0.0046 0.0005
Error 12 42455 53439 86452 69.39 0.0001 0.0003 0.0006 0,0002 0,0008 0,0008 0,0001 0.0001

* Significent 2t 5 per cent level
** Sienifioant at 1 per cent level

Appendix :lS. Analyees of varlance for the effect of shade on phosphorus content of
colsus tuber, total uptake of phosphorus by coleus smd potaesium content
in coleus leaf

iean aquares

Tuber phosphorus content Total uptake of phosphorus Ieaf potzssiuz content

Source af  (d4ays afier plenting) (@ays after planting) -~  (days after planting)
95 25 = 35 65 95 125 35 65 95 125
- (hawes‘_t:) B {harvest) (herveat)
Block 4 0,001 0.0007" 3,00 " 1,63 2,24  1.30 0.04 0,02 0,02  0.03
[ ) & & & [ ] »E [ I3 [T 3 &
Treatuent 3 0,001 040025 2,08 438 17.90  13.34 0.74 2405 1.18  0.29

Error 12 0,001 0.0001 0.52 1,56 2.23 2,46 0.01 0.01 0,04 0.01

* Significant at 5 per cent leval
*# Significent st 1 per cent level



Apperdix 16, Aualyess of variance for the effeot of shede on potassium content of

coleus siem + pediole end tuber; and for the toinl uplake of

potassiun by coleus

-k -

ifean sgquaros

Sten + petiole potmssium Tuber poinssiun

Total uptake of polsssiuan

Source af content content
(days after planting) (doye efter planting) (days afisr planting)
35 65 95 128, P 13_2-81.) 35 s*i 95
Block 4 0,05 0.04" 0,05 0.14" 0,12 0,02 479,58 397.15 1703.84  350.60
Treab= "3 138" g,38" 2.68" 2.887 0.0 0.0% 207.15° 708.95 3309.50 1629.76
Error 12 0;01 0.01 0.23 0,04 0,06  0.04 84,61 290.21 819.60 468.16

¢ Significant at 5 per cent level
** Significant at 1 per cont level

Appendix 17. Anelyeis of voriance for the effect of shade on
goil nuirient staiae after the crop of colous

‘Hutrient
Source  4f Total nitrogsn  Availeble Availeble
phosshorus poiassing
Block 4 00,0001 . 2e23 87 084'“
Treatnent 3 0.0011 4.81 1211.98
Error 12 0.00005 1.96 29,38

=% Significant 2t 1 per cent leval



Apperiix 18. Analyses of variance for the effect of shede on plant height and
~ollar girith of colocesia

Mean sgusres

Plant height Girth at collar
Source  df (dsys sfter sprouting) (deys after sprouting)

30 60 90 120 150 30 60 90, 120 150

Block 4 463.99 32,33 33.05 55.53 47.54  17.53 142098 429 0.73
Trontment 3 159417 859.74 446.01 49.43 46¢55 4,30 46.40° 0.49  6.26  1.10

* Signifiosnt at 5 per cent level
*% Siegnificant at 1 pesr cent level

Appendix 19. Anemlysee of varience for the effect of shade on mumbsr of tillers
and leaf erea index of colocaaia

. Kesan sguares

Sourca  d4f Number of tillers plant""’_ leaf area jindex
(deys afier sprouting) {days after eprouting)
30 60 90 120 150 30 60 90 120 150
' Block 4 0,65 130 9.16 7432 1,33 0,217  0.93 0,02 0.14° 0,02

Treatment 3 2488 55.28 40012 6448 50,57 0,01  0.93 0.25  0.25°  0.02
Error 12 2,34 5422 5,22 8415  10.46 0,05 0.44 0.09 0.04 0,02

S . M L e - M o ik W o

® Dignificant at 5 per cent level
*t Sisnificont at 1 per cent level



Appendix 20, Anslyses of varience for the effect of shede on content of
chlorophyll *'a' and 'd' of colocasia leaves

g ] - . W - - - s

Mean gqueres

Chlorophyll *a° Ghlorogﬁg.ll 'he
Source 6 (days eftor sprouting) {@aye after sprouting)
80 110 140 170 80 110 140 170 .
Block 4 0,002 0,005 0.007 ©0.017 0,024 0.025 -0.010 0,057
L. L 3 £ e »E§ % =5 % » %
Treatuent 3 0,083 0.043 0,072 Ce 138 0,117 0111 0.153 0.19% |
Error = 12 0.008 0.009 0,005 09005 0,060 0,021 0016 . 0,018

- - - el A NI e D S P R T i - S A W S L

* o4gnificent at 5 per cent level
*# Sipmificant at 1 por cent level

Appendix 21. Analyses of verisnce for the effect of shade on total chlorophyll

content and ratio of chlorephyll a=b of colocasia leaves

Hesn equarss

_ Total chlorophyll content Chlorophyll a:b
Source at - {(days after planting) {8oys afier planting)

80 110 o 170 80 110 140 170
Block 4 0,047 0,046  0.032 o.13§: 0.004" - o.oacs:‘ 0.0004  0.023.
ﬁ’ﬁﬁtﬂlen’b 3 \Oo 588 0.290 , O. 434 00653 0-002 0.0'009 0.0‘003 - 0.032
Error 12 0,051 0,057  0.037 0,025 0,001  0,0002  0,0004 0,074

® Significent at 5 per cent lavel
*% Significent at 1 per cent level



Appendix 22, Anslyses of variance for the affect of snade on itotal dry matter
production, yield of total tubers, side tubers and hailsg for harvest
index of colocasia

' leon squares N
total dry weight Yield
Source  4f (days affer sprouting) RIS TRE T - indes
30 60 90 120 150 180 tuber tuber
(Qarvest)
Block 4 109.95" 115.1¢  297.15 536.67 589.67 285.75 17.27 8.56 0.035 0,001
. * % L% »nEg 4% ¥ *e *
Treetaent 3 14,03 1976.13 2460.32 5375.29° 3980457 4495043 112,93 79.53 0,047 0,006
Error 12 13,53 237.96 205.01 291,07 501.22 828,89 16.39 8.93 0,023 00008
* Significant at 5 per cent level
#* gienificant at 1 par cent level
Appendix 23. Anslyses of varlance for the effect of shade on nitrogen content
of leaf and pseudoatem of colochaia
bagn gquares
Ieaf nitrogen content Pseudoesten nitrogen content
Sourcs ar {(days after sprouting) (days after sprouting)
30 60 90 120 150 180 30 60 90 120 150 160
——- {narvest) - (horvaat)
Block 4 0.0iﬂ 0,05 0,07 0,03 ' 0.04 0,01 0,01 0,08 0,01 . 0,01 0.05 0,004
%5 %4 . 1 » % L. & & AW »% LS e
Trestaent 3 0,22 0.835° 0.63 0431 027 0.08 0013 0.13 0.05 0.45 0.23 0,118
Exrror 12 0,01 0.0 0.06 0,02 0,02 0,01 04005 0,05 0,004 0,003 0,004 0,005

* g4 icant at 5 per cent level
%% gignificant at 1 per canti level



Appendix 24. JAnslyses of worisuce for ths effect of shade on nitrogen content of
tuber and ro:.' tota]. uptcke of nitrogen hy colocasin

Kean squaras

_ Taber nitrogen content Total uptake of nitrogen
Source ar (days after aprouting) (Gays after gsprouting
60 90 120 150 180 30 60 g0 120 150 180
— __(horvest) - (harvast)
Block 4 0.002 0.0007 0.005 0.0001 0,005 165,33 18.77 76.95 140.06  129.97 63.72

Troptaent 3 0,034 0.0015 0.754 0.013° 0,163 22.62 742.41 376.74 1669.85 741,88 752.59
Error 12 0.,0012 0.0004 0.004 0,001 0,005  18.62 145,55 81422 90.49 135.42 234.67

* Signifiecnt at 9 per cent level
8 Significant st 1 per cent level

Appendix-25. Analyses of wariance &r ihe effect of ahade on phoasphorus content of
lenf and pseudostien of colocasis

Hean sguares

Sourecs ;ﬁ g?gsghorua gg tﬁnt Ppsudoatg gthEhoiis goptent |
20 150 180 30 60 90 120 150 120

(horvest) - (harvest)
Block 4 0,002 0,002 0.002 0.G01 0,001 0.0002 0. 0025 0,014 0.001 0.001" 0.001 0,001

Treataent 3 0,012 0,025 0.003 0,008 0.001 0.0022 0.0248"  0.049 0.005 0.010° 0.018° 0.017"
Ecror 12_0.001 0.0003 0,001 0,007 0,001 0,0005 0.0004 0,004 0.0005 0.0002 0,001 - 0,001

*® Sigmificant at S5 per cent 1evel
*% Sipnificant at 1 per cent level



Appendix 26, Analyses of variance for the offect of shads on iuber phosphorus conitent

of colocasia and for the total uptake of phosphorus by colocasia

Kean squeres

Tubeyr phomphorus caonient Total phosphoruc uptake
Source  af (days after sprouting) (days after sprouting)
60 30 120 150 180 30 60 90 120 150 180
) (harvest) _ : . (harvest)
Block 4 0,003 0,001 0,005 0,002 0,005 5.26° 1,62 2,99 2,58  3.57 2469
L L. "y _ hib 2 &e «% . * % - » - & S
Treatment 3 0,002 0,027 CG.010 0,025 0.0%33 0,27 39%9.19 35,24 35,94 24_'.07 144027 _
Be46

Error 12 0,003 0.,0004 0,0006 0,004 0,002 0.46 5.77 2.65 6.15 6451

¥ Sigmmificant at 5 por cont level
*#% Significant 2t 1 per coant level

Appenrdiz 27. Ansmlyses of variance for the effect of shade on potassium content of

leaf ond pseudosien of colocesia

opn squares

lesf potessium content Paseudostea potassiua content
Source 4ar (d&?ﬂ glfter Bproutmg) (dﬂy& after Isprou'hing)
30 60 90 120 150 180 30 60 14) 120 150 A80
- _ (harveat) ' (harveat)
Block 4 0.16 0,27 0401 0.12 0.07 0,06 0423 0.25" 0,18 0.13° 0,05 0,08

"

Treatmont 3 0,92  0.25° 0.5 0.74° 0.92" 0.58" 0,77 0.18 1777 1.25"
Errer 12 0406  0.05 0.02 0.04 0,03 0,05 0.05 0,03 0,05 0,02

0.98" 1.88""

0.04

0.12

* Sygnificent st 5 per cent level
*% Dignificent at 1 per cent level



Apperndix 28. Analyses of varionce for the offect of shade cn potaspium content of
colocaesia tubsr and for the total uptake of potaasiun by colocamia

~ Hear squsres

o ’ Tuber potassium content ' Total uptake of potassium
uguroe (% 4 (daya afier aprou'bing) : (aﬂyﬂ after Bprgutmg)
60 90 120 . 150 180 30 60 90 120 150 180
{harvest) _ (harvest)
we ' ap » ™ ) L .

Treatment 3  0.00° 0.43 0,117 0,02 0.12"182.07 6830.64 3833.71 5970.T7 2934.60 6117.53"
Error 12 0.006 0,027 0015 0,02 0,02 119,57 1017.70 523.00 49143 475.79  720.04

* Significont at $ per cent level
** Gignificant at 1 pexr cent lowel

Appendix 29.  Analyses of varience for the effect of shade on soil
nutrient atatus aficr the orap of colocaesia

Mgy aqvmma'
Soures  df Total nitrogen  Availsble Avedlable
e phosphorus po taseiun
Bloek 4 0,000002 3.99:: 84.67:‘
Treatdent 3. 0.00044 11,28 848.79

Error 12 0.,00003 0ed3 25,69

* Significant at 5 per cent level
»e Si_gniﬂcam at 1 per cent level




Appendix 30. Analyses of variance for ihe effect of shade on plent height, nuaber
of tillers and leaf area index of turzeric .

dean sguaren Leafl
Source as Plent height Number of tillers plan't'1 ILeaf arez index
(daye after sprouting) (doys after sprouting) (days after sprouting)
60 120 180 60 120 180 60 120 180_ -
L &3 o - * & »* ~ -
Block 4 1525 1103.8 1247 = .34 101 317 147 25,08 411,11
Error 12 61.2 68,0 6147 1,66 0,79 0.62 0,35 6499  20.04

* Significent at 5 per cent level
e sygmificant at 1 per cent level

Appendix 31. Annlyses of variance for the effsct of shade on content 6: ‘
chlorophyll 'a’, *b* cnd total chlorophyll; chlorophyll a=b
ratio of turmeric leaves _

Msan sguares

Chlorophyll ‘a’ Chlorophyll *b* Total chlorophyll Chlorophyll asb

Source 4f content .content . content (aays arter
- {days after (dsys after ) ay tins
mﬁ%ﬁﬁﬂ% sprouting) sprouting) sprouting)
100 160 100 160 100 160 100 160
Block - 4 0087 0,02, 0,09, 008, 023 0.0 0,002, 0.0036
Treataent 3 0417 0413 0.18" 0,18 0,71 0.6 0. 007 040001
Error 12 0.01 0,01 0,01 0,02 0.05 0,06 0,001 - 0.0043

* Siegniticant at 5 per cent level
s% Sienificant at 1 per cent level



Appendix 32,

Anelyseps of variance for the effect of shade on total dry mattier

production, net assimilation rats, rhilzome yield, haoulm yield,

gnd hervest index of turaeric

dezan sguares

Feil assimilation

Total dry welght(g plent ) Rhi=zome Haulm Hervesi
Source ar (deye sfter sprouting) rate yield yield Jndex
60 120 180 220 220 Betuecen ZEBetween
(harveat)(h&wemt) 60 & 120 &
. o t ha™ 120_days 180 days ~ -
Block 4 17.1?}230.65 1301.71 619.87, 6.0 0s03 0.19 . 95.32 0.98 0,003
Treatzent 7 55.32 203.61 902.54 1481, 57 18.43 0.08 0.52 594.08 6.26 0.009
Error 12 60739 248.64 2,85 .15 1,10 54.75 0,96 0.003

4.38 79.70

A dro.

* Significant at 5 per cent level
¥#® Sigpificent at 1 per cent level

Appendix 33.

Analyces of verience for ihe effect of chnde on nitrogen content of

leaf anﬂ pasudosten of turmeric

Hean squares

Isaf nitrogen content

Peendonten nitrogen content

Source af (days after sprouting) (daye af{er sprouting)
60 120 180 220 80 120 180 220
T ®3 = & =y T * T
Block 4 0.012 0,008 0.0063 0.0C01 0,005 0.00003 0.0002 0.G01
& k- -2 % 5 # % &% L& 3 %a
Treatizent 3 0.162 0.108 (0,174 0.077 0,200 G057 0.016 0.026
Error 12 0.002 0,002 0.,0004 0,007 0.003 (C.001 0.0002 0.0002

A i oy g A (U e e A R Gt A ol e SN

® Cignlficant at 5 per cent level
2 Significent at 1 per cent level

— o - — -




Appendix 34. Analyees of varisnce for the effeot of shade on nitrogen content
of turmeric rhivose end for the total uptake of nitrogen by turameric

, Hean squores
Rhizome nitrogen content Total upiake of nitrogen

Source ar (deys after eprouting) (days efter sprouting)

60 120 180 220 60 120 %0 = 220
— (horvest) :  (Harvest)
Block 4 0.005 0.,0001 o.oog; 0,005 '391.33“2470.18‘ 6618.29  3605.94_
Ervor 12 0,010 0,001  0.003 '0.002 - 96,30 546.12 3066.65 1531.21

® Bisnificent at S per'eent level
#* Bignificant at 1 per ‘cent level

Appendix 35. Analyses of varience for ihecsffect of chade on
- phosphorus oonient of leaf and pseudosien of turmeric

Hesn mguares .

Source at ?53§5?§225%°§E§g§%2§g ® Ppaaceriet 35g33£§;g8°“*=nt

60 120 180 220 60 120 180 220 -
....... _ {harvest) o (harvgat)
Block 4 0,001 0.0003 0,0003 0.,0002  0,0001 0,0001 0,003 0,0004
Treatment 3 0,002 0,003 = 0.006 " 0.0013"" 0.011&" 0.0015"  0.006 0.0008"
Error 12 0,001 0,0002 0.0008 0.0601  0.0003 0.0004 0.005 0,0002

% Significant et 5 per ceni lewsl
** Significert at 1 per cent laevel



Appendix 36. Anulyses of verisnce for the effect of shade on phosphorus content
of turameric rhizomes end for the total upicke of phoephorus by turaeric

[ 4 - N S P AT S S o

Mean aquares

) fihizome phosphorus content Total uptzke of phéaphorus
Source at (deys after aprouting) (deys after sprouting)
60 120 180 220 . &0 120 180 220
' (harvest) - (harvest)
Block 4 0,003 0.0007 0,001 0,015  7.75.  63.08" 238.34  M5.91
Treatzent 3 0.0029 0,0091 0.015  0.013 12,47 36418 175.20 450,39

Eprof 12 0.0006 0.0009 0.007 0.017 2,02 17.57 186.47  B0.32

* éi@jficant at 5 per cent level
T4 Sienificant at 1 per cent ievel

Appendix 37. Analyces of variance for the effect of shzde on potassium content
+ in leaf gnd peeudosten of turaeric

dean aquares

ag Isaf potassium content Peeudostem potaspium content

Source (dsys after asprouing) (days after sprouting)
60 120 . 180 220 60 120 180 220
e L (hervest) | ' (borveot)
Block 4 0,018 0.100  0.119  0.015  0.021 0.027 0.173:‘ 0,029,
Treatuent 3 0,161 0.50% 0.364°  1.808 " 2,020 2.977 1.341 2,306 *
Brror 12 0,019 0.036 0.069  0.026 0.072 0.019 0.026 0.038

* Oignificont at 5 pér cent level
*2 Simmificant at 1 per cent level



hppendix 38, Apalyses of variance for the affect of shede on potussiva content
of turmeric rhizome and for the toisl uptake of poizssium by turmeric

e,

Meaon agquavres

o Bhizome poizssium conient Total upiocke of potassium
vourcs ar (Qays afier sprouting) (days aftor sprouting)

60 120 180 220 60 120 180 220
| (harvactlaaa.. (azrvead)en.
Block 4 0.0%  0.045 0.013 0.013 3039.02 42892.4" 98760.6 39894.0
Treataent 3 0.409  1.040 1.028 0.170 5B898.,93 22212,2 12021.3 63093.8

Error 12 0,033 0.016 0,038 0.024 884,03 9107.4 42925.3 14124.1

= Significant at 5 per cent level
#& Significsnt at 1 per cent lovel

Appendix 39. Analyses of variance for the effect of shade on soil nutrient
astatus afier the orop of turmeric

s
L2 SN S-S

Mean squares

Source af
Toial niirogen Available phosphorus Avallable potassiva
Block 4 0.00GGL _0.106. 5276
t 13
Trestzent 3 00,0048 2775 1055.23

Brror 12 0.,00001 0TI 24.19

* Sigonificant at 5 per cent lewsl
ve Significant at 1 per cent level



Appendix 40. ‘Analysea of wvarispce for the effect of sh=fe on plant height,
number of tillers snd leaf aree index of ginger

/’

.

g o S R Lo

NHesn pquares

. Plant neight  Humber of tillers plent™ ' ieaf area index -
Source  A4f  (gays after sprouting) (days after eprouting) {aaya afier sprouting)
60 120 180 60 120 180 60 . 120 180
Block 4 - 17.90 6155 15,17, 406  21.33 22,117 0.02  0.68  2.80
Treataent 3 8493 125,01 387.TA4 13.13 56051  7oT4  0.06 2,10 2,53
Error 12 24,57 17.84 29.23  3.54 M.87  S.89 0,06  1.13  2.24

® 8ignificant at 5 per cent level
- %% gienificant at 1 per cent level

Appendix 41, Analyaés of varience for the effect of shede on content of
chlorophyil 'a', *b* anfd totel chlorophyll; chlorophyll aszb
of ginger leaves

Neoan sguares

Caiorophyll 'a' Chlorophyll 'b* Total chlorophyll Chlorophyil asb

- (days ofter - (doys after (dayes after (days after
Source af aprouting) sprouting) sprouting) sprouting)
100 160 1C0 160 100 160 100 160
Block 4 0.04:' 0.07:* 0.07_ 0.23:: c.19__ 0,51:: 0.006 0,025
Treatment 3 0.26 Ouib 0.40 Q.66 1.51 219 0.002 0,006

i

*e Significant at 1. per cent level



Appendix 42. Analyess of variance for the effect of chede an total dry matter

production, net zssimilation raie, rhizome yield, haulm yield

ond harvest index of ginger

Feozn squares

Totel dry welght

Het apaimilation rate

Bhizome Haulm Harvest

Source a (Cegm after sprouting) yield ygield index
60 120 180 225 Bstucen - between '
(harveat) 60 & 120 &
_ , ' 120 days 180 dags -
Blook 40,82 .. 25,32 153.61 245.49 " 0.1 0.11 2473 0.22 0,00
- - ' *

& Significant ot 5 per cent level

Appendix 43. .Ansiyses of varisnce for tae effect of shade on content of nitrozen

in leaf, pecaudostica and rhizome of ginger

fean squares

Leaf nitrogen Pasudoster niirogsn Rhizons nitroger content

Source az copient content
(deys after aprouting) (days after sprouting) - (days after sprouting)
60 120 . 180 50 120 180 60 120 180 .225

. - : (haryesi)
Block 4  0.10" 0.007° 0.078 0,007 0,006 - 0.036 0.421 0.006 0,012 0.008"
Ireatment 3 0.06 (_).919 0.207 0170 0,083 - 0.027 0.733 0.007 0.039 0,231
Error_ 12 0.02 0.001 0,006 0,021 0,006 0.042 0©.541 0,004 0,015 0,002

¢ g fiocant at 5 per cent level

*% Blgnificant et 1 per ceant level



Appenrdix 44, Aunalyeses of variance for the effect of shade iu total uptake of
nitrogen by ginger and for the content of phosphorus on ginger leaf
snd peseudoatenm . .

Hean squaras

T:(;gal ugft?‘ke of nit.ro,g%n {gaf'bgggphdrua chg;%t' | Paeu&ostmtph%aphoml

aye nfter sprouting ays after sprou conten

.Sourco ar (daye after sprouting)
60 120 180 225 &0 120 180 60 120 180

- . ' {harvest) — -

lBlOOk 4 30,32 1759.79 612.11 1694.12 0,001 0.0002' 0.0002* 0.0006 0.003‘ 0.0003

Treatnent 3 137.02 876.52 2056.26 419.22 0,001 0.0045% 0.0037 .0,0021 0.015 00,0027

Error 12 46.35 260,17 1021.03 1084.77 0.001 0.0007 ©.0003 0.0007 0.001 0.000

#% Qignificent at 1 per cent level

Appendix 45. Analyses of variance for the effect of ehade on phosphorus content of
ginger rhizome and for total uptake of phosphorus by ginger

Hean squaros

Dhigome phoaphorus content Total upteke of phosphorus
Source ik 4 {(deys after sprouting) (days after sprouting)
e0 - 120 180 225 &0 120 180 225
o (hervest) {harvest)
Block 4 0.001' 0.003 0.000L 0.1 50245 0.33 4.291! 12, 82* 132,29
Treaiment 3 0.015 0,003 0.0029 0.,00%0 152 26417 91.59 166.04
Error 12 0.002 0.001- ©.0003 0,0002 0«53 6.31 24.24 63.01

® Dignificsnt at 5 per cent level
&% Significant at 1 psr cent level



Appendix 46. Anmlyses of varionce for the effect of shnde on potassium content in

leaf, pseudosien and rhizome of ginger

Source ar

Heen squares

Zeaf poitesniunm content Pseudomtem potussium aontent
(duys efter sprouting) (deys after sprouting)

Bhicons potagsiua
content
(deys sfter sprouting)

60 120 180 60 120 180 60 120 189
. _ (hervest)
Block & 003 0,25 0.0 0.3 0.04 0.01 0,03 0.03 0.0} 0,003
Trentment 3 0,88 @ 0,59 0,60  1.07° 1.00° '0.63° 0.18" 0,26 0.55 0.231
0.03  0.07 0.03 0.02 0.0 0,04 0,05 0,03 0,02 0,016

Error 12

* Significant at 5 per eent levsl
% Sienificant at 1 per cent lovel

Appendix 47. Analyses of varismce for the effect of shade on total uptake of potascium
' by ginger and for the soil nuirient status afier the crop of ginger

Hean squaree

Total potossiuam upitzke

Soil nuirient atatue

Sourae ar {(days atter sprouting)
60 120 180 225 Toisl Available Avanilmble
- (ham‘ag:ﬂz _ nitrogen phesphorus potssalum
Block 4  96.75 1378.13 2576.78  6447.87 0.00005: 0.21 13.25 -
Trsataent 3 327.69 T7531.54 6195.45 2787.95 0.0024 0.99 1133.8
Error 12 177.3:5 2361.29 4909.,6% 3251.08 0,00001 0.46 11.56

#* Significant et 5 per cent level
% Significant at 1 per cent level



Appendix 458. Analyces of veriance for ihe yield response of different crops to

varying intensities of shade

Source df (log ly + 1)

Crop
Sweet potato Coleus ‘:aldcs.s.ta Taraceric Ginger.
(y) (log,_ ¥) (log, ¥) (log, ¥y
eum of mesn  cum of mean sum of neon sun of L wmean msuz of wmesn

sQUAres SQUArGS  SQUErCHE SQUATES  WQUAres sguares  Squares Squares gouares squares

Treatzent 3 2,7966 0.9322 .1576.44 525.48 0.4865 0.1622  0.2144 0.714 0.1217 0.0406

1) Tinear 1 2.5241 2.5241"° 1562.62 1562.6% 0.3037 0.3037" 0.0995 0.0995" 0.0817 0.0817"

11) Quadra=y 02690  0,2670° = 8.33  ©8.33  0.1630 0.1630° 0.0850 0.0850° 0.0400 0,0400°
111) Cuble 1 0.0055 0.0055 5e49 5049  0.0138 0,0198  0.0293 0.0293" 0.0000 0.0000
Error 12 0.1736 0.0145 266,57 22.21 0.2264 0.,0183 ~ 0,0585 0.0049 0,0613 0.0052

- - -

§ = actual yielda
# Significent at 5 per cent lsvel
#% Gignificant at 1 per cent level
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AB3TRACT

An experinent was conducied at the College of
Horticulture, Vellaniickara during 1930-81 %o study the
shade reesponse of five common rainfed intercrops: of

coconut garden,

The exporiment was lald out in rendomised block
design with four levels of shads and five replicéiions.

‘The study revealed thot sweet potinto camot be
culiivated under ghede ap it ia a 'shade-sensitvive' crop,
while coleus le pultiable only where light infiliration
is high. Colocasia, turaeric and ginger wers found sui=
table for intercropped situctions. Colocasie appecrs to
be‘ahade-tolerani while ginger ond turmeric are indicated
ag 'sha&e-loyins’. Thene two shade-=loving crops are
best suitod wnder shaded situations upto 25 and 50 per
cent chadoe, respectively. -Ehoiosynthetic pecnaniam apoears
to have a decisive rols on the =mhade response of gll these
exropo excepiing eweet potato., Excepting colocasia, plont
height (longth of vine) in all ithe crope increcsed with
increasing shode Intensities. Lunber or'branches (tillers)
in all the crops slsmificently decreascd with incressing
inteneities of shade. The conient of total chlorophyll and



its componerits were significantly influenced by sheding
dn 211 the crops.

The cqntents of nitrogen, phosphorus snd potassiua
in all the plant components of all the crops increased
because of aha@ing. The upiake of all the nutriente
followed an identicsl pattern ag tast of dry metter

accunulation in all the crops,



