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INTRODUGCTION

In neny of the crops solar caergy avellable is a
oructol footor detormining the £insl yield., This foctor
ig to be considered vhen recormending intensive croppizig,
gyotenme like intorcrovping end mltiple croypi.ng along
wifh cocomut, a5 the returns from the agcocigted erops
would depand on thelr reoponse to ghode. Resultis |
reported by the Central Plantatlon Crops Repearch
Ingtitute, Kasaragod, Kerals, indlecate that intercropping
iz coconut gardens hes bright prospects for maxinieing
profitebility of coeccnut gerdens. But the speclen
cmployed ghould be compatible and competition ahould.not
deter she yield of either the main crop or the aaeoeimjed
CTop.

The profitability of intercropping in eny oropping
oyoten is dependent om the extent of competition for the
three bogic inputs of production, vis., light, vater and

sricnts, OFf these factors, the porformance of the
agoociated crops reiped in the interspaces of tall
perannial crops i1g oainly dependent on the competltion:
for light. The growbth hebit and canopy disposition of
coconut paln is such that the quantum of light that
infilters through the ctmopy ie naricedly offected by the
ege of tho paln. It has heen estimated to range. from |



10 to 70 por cent depending upon the age of the palim in a
space~planted coscmut plantation. To geh reasonable pr;:afit
fron the esggoclated crops, they have to be _eeleeteﬂ fox{g
shade tolerance and the extent of tolerance will be 'th(?f
critoric for £itting these crops wmder varying ahado ;
oituationg. In a siniler ctudy téken up during the provious
year, five tuber crops wvere gcyreencd for their shade .1
vesponse. In tho present study, four loguninoug crops ave
included. |

. The pri.mr:y' cb;]cctivea of the present obudy are:-

1. 2o study the y;.cld response of common rainxctl

leguninoup crops uwnder varying intennitics of sghadc, '

2. To select legunminous oropp sultable for
Qifferent intensitics of chodc and 40 prodict their yie_lde
wder verying eucde situations.

1

| %. T0 enbegorise leogmes ag shade loving, shede
tolorent, chode intolerent ond ghede gonsitive.

4.. To study the nutrient removel of the crops
wder chado 60 that it could be used ae o tool for
ventotively arriving ot fertiliser scheduleo for these’

crope wder shode.
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REVIEY OF LiTERATURE

The experinental resulte on tho response of crops
to varying intensitieg of shade are highly variable. A'
reviey pertaining to this aspect is given bolow, clascifying
the o effects on aiffevent characters wlth e brief sumary
of tho genarel trend. Singe literature avollable on cheds

----- -

rooponse of legumes alone io nmeagre, similar works on other
orops exe aelgo included in tho review.. The shade levels
tried in cech of these experiments apparently hed been
highly variable and theee had not been mentioned in meny
of the reporto. UWhercver the ghade levels ave mant.j.onea__,
these are included in the review. Where these are not :
ovellsble, the oversll effects of ohade (irrespective of
it intenolty) arc only presented.

1. ‘Plant height
Review of work donc indicates that effeot of shade
on plent ﬁeight varies videly. Regponse t0 shede may be
positive as in the case of coybean, ginger, covpen cto,
or negabtive as in grain sorghum. In tomabdo, the responée
was yeported as pési-hivé, negative or neutral. -
Alien (1975) noticed that soybean grown under
70 per cont shade grew much teller (120 cm) then those in
the open (€0 cm). In ginger higher light intensity reduced
plent height (Aclen end Quisunbing, 1976). Terile et agl.



(1977) reported that in cowpea, plantc grown under shade'
verc taller than thoge in the opoan. A ghode responce st:izﬂy
conducted by Lelitha Bai (1981) revealed that plentlheight
in 21l the crons studled, viz., coleun, colocagisa, .Em:traeztll
potato, ginger end turmeric, increased with increosing
intensitiecs of chade, |

Contrary to tho above reports, height of grein sorgl'nm
wap found 4o be decreazsing with increasing shede from 0 to
50 per cent (Palis end Bustrillos, 1976) .

Cooper (1969) oboerved that in the cese of temato,
shoding elther decréaped or had no effect on mean stem ,
extengion rate. It vas also noted thet the offcet of shade
on plent holght wag either posibive, negative or neutral.
depending on the time of the ycer and age of the plant.

2. HNumber of brenches
In geneoral, the shede effect on branching io fowmd
$0 be eoiverse. DBut in chilii. branching wos found 0 bo‘
wmoye in plante sheded during their early vepetative grouwth.
' Tarila ot al. (1977) reporied that in coupea highei'
light ensi.ty inereagsed the nwber of bremehes. In rice,
tillerm.g wvas found 40 be greatly reduced by shadmg plento
t0 20 per cant of full pumlight (Kemp ond WVhingwiri, 1980).

Bud in chilll (Copsicim frusesceng L.) more flowers wore,

produced a3 o regult of imcreased branching, vhen they vere
. exposed 4o loy light intensity of 800 foot eendles then §1t



1600 foot condles (Deli and Tiesgen, 1969).

3. Oodulation in legunes

Investigetions have yrovell beyond doubt that the .
nodulation and nedule activity in leguwes ere affceted by
iight intensity. The three  componento of total nodule
activity (TNA) that could account for the response pabttern
aye, number of nodulco per plant, welght per nodule end
specific nodulc activity (Wehva end Miller, 1978). In .
general, muzher of nodules per plant uwes more in washeded
plonto, bub the ppecific nitrogeonase activity wes fomnd ;_f.o be
affecbed di'?ferantly in differont crops.

Pritchett end Weloon (1951) obgserved that in alfalfa
nofulation cosonbtielly stopped abt light intensitles below
257 foot cendlen, Wahua and Miller (1978) roported that in
soybean nitrogen fixation wes highest ab 20 per cemt shade
and it decrcosed- ln decreaging emounts ag shading increased.
Nebie end Rubazewa (1979) 6bserveﬂ that in goybean, si.ze. end
mmber of nodules decreased by eheding. Houwever, in naturgl
"light the highest veluop of nodule gize corresponded to |
lover nodule numbers. The decrcose in nodulotion wnder low
light intensity was essociated with deeline in canopy
rhotosynthesio and reduced photopynthate cupply to nodulqs
(Alligon, 19353 Lawm ond Drum, 1974 and Datinore b gley
1977). Trang end Giddems (1980) tried four shade intensities,
ViZes Oy 19, 40 and 62 per cent, in poybean, The plants



' "‘ﬁfﬁh-no chade produced higher nodule moss end punber than
those ander shode., However total nodule activity (acetylane
reduction ansoy) wen greatest abt 18 per cent shoding, I;éa—m
and Dmm (1974) observed declining nodule activity at 50
por cend light cub off in soybesn.

4. Leaf developnent

Struetural end morphologicel charachberistics of leaves
ere reportcd to be influenced by sheding, Generally leef
+ expznoion incresseo end thicknens deereases with sheding,.

Hordy (1958) studled the nature of leaves of cocoa
oecdlinga wier varying intensitics of chade and observed
that léavea produced ﬁslﬂer heavy .chade were ouch larger,
often attained a length of 20 to 24 inches and vere thinner,
heavier, aznil conbained highcry proporticn of uater. In clove,
thoush the moem nunber ;of leaves produced per plant remalned
nensignificont, increased light intensity resulted in groster
leaf oven (Doinmhavt, 1963). Cooper and Q\xeils (1967) observed
that leaves of both alfelfe and bivdefoot twefoil (Lotuma
cornlculabtug L.) when gram in the sun were thicker than
ghade leavos, The thiclness eppeared 10 be rclated o bgﬁh.

& larger nurber end groester size of palipade and nesophyll
cellss Peniker gt gl. (1969) obgorved thab in tobacco
lengbh end breadth of leaves wewe incrcosed by 15.1 and '

170 per cant respectively under shede as coopored o mshaaerl
plonts. Obgervabions on the cpidermis of chilli '



(Conslcun gunmum) indicated that cheding increased leaf
ourfacey cell divipion and eell expension (3chockh, 1972)..
Shefing treatients cauced sone delgy in the Benescenco. of
leaves in plgeonpea, but the senescance retording effects
were fex t00 lopp gpeotaculor thoan those observed with chick-
pea, (Sheldrale and Harayensn, 1976). Terilo gt gl. (9977)
roporbed that in cowpoas higher lipgnt intensity ivproved
leaf arco end tho leaves of shaded plents were thinmor,
ehoving poor developsent of palisade ticsue end cpongye
negophyll cells,

5. Chlovophyll comtent - .
General obgpervatiom was thet high light intensity -
destroys chlorophyll in plents. DBut in crops like peo, a.mi
vheat, increaping chade intemoities have been found to reve
adverse effects on chlolrophyll content. OChanges in_ the -
poaition o;f.' chiloyoplasy according to the diffcrences in
light intenglity hove -2l3o been recoxdcde. |
Theasicn (1970) mt* ced reduchion in leef pi g.faem.s
at high light intenaiby in the case of bean planig, m
evaluation vos mode of the chlorophyll comeentraticn of
dazit green (novmal) ond pele green (chlorophyll deficient)
© shenotypeo of e goybean mubent, when growrt abt 10 sad 50 klux
light intensitics (Koller end Dilley, 1974). A% 30 kiux
chlorophyld coencentration of tho pale green phcnpﬁype
srogressivoly deolined t0 onc tenth of the smewnt ot 10 kiux
inteneity, while that of the derk grecn phenotype romained



maffected, Ckali end Owuou (1975) observed thab in cocon
plento, the chlorophyll eontent per unit leaf fresh welgub
vas olgnificently greater in decp shede. Collard gb Q. |
(1977) observed thot in weeping fig (Ficus benjening L.)
inoreaping chade levelp inoressged chlorophyll content, plént
sizc end visible quality. In rice cv. Vijoya, the chloroﬁhgll

contcnt wag high cven under low licht, suggecting the |
~ positive pogociotion of tho trait with tho sdeptability of
the cultiver to subducd light corditions of the Kuarif
{Fayal and Muwty, 1980). Djorkmen and Holmgzren (1963)
observed that chlorophyll content per unit welght of lca£;
was fommd 0 increase in the ease of plants grown eb loucy
light inteasitien, but the chioly phy_l contont pex unid
orea of leaf gurface wao vory ofben 1ower than that in plan-bs
grotm in open. Sinlley observetions vere nade by Goopox- end
Qualle (1967} in 2lfalfa end birzdofoob trefoil.

Contrary to the above reporin, Higooy ot ol. (1975)
obgerved thet in the case of pea (Pioun poivam), the -

coneentration of total chlorophyll as well e ilts componente
'al end 'b' Gooreased by increcsing shedc intensities, In
wheat, 2ll pigoents dcorcosed slgnificanitly with inorcaping
ghede intensitlce vig., 100, 60, 40 eﬂi 20 pey cent full
sunlisug, bub the ratio of chlorophyll asb repoined consbent
at pll chade intenpities (Mouros gf al., 19?63%



Pricotly (1922) opined that the chlotroplasts in
leaves under lover light intensitices adjusteld thonselves for
greater light gboorption. Shoded leaves hed only limited:
munber of plogtids and they were found arronged et right
sngles to tho light royo, thus inorecsing the avea for ligat
abgorption. in bean, tho chloroplawts hed only reduced
ctarch in spito of cxbennive grana (Croockston gt Bl.s 1975).

6. BStonotel Zrequency and stonatel beheviour

In plents like cocor, elfalfa, barley, Copgicun
gnnueun, birdsfoot $refoil etc. the ruober of stomata por
mit arca of leaf was found %o decrease with incveasing chade
ievels. As for stomatol behaviour, there were gpecific |
threchold valuce of lighd intonsity for cach of the crops,
ot which stonoba otart o open and close.

Handy (1958) obgerved that in cocoa loaves growm under
shede, the epiderrial colls werc longer end they had lesoer
nunber of stonata per wilt erea, thom those in t.hg ‘Open.
Coopar and Qualls (1967) oboerved that alfalfa snd blrdsfoot
trefoll hed loos stomabe per unit evea of leef in the chade.
Fuober of palisode and meeophyll colls and the coll volume
oppecred greatest im leaves cxpoged 0 gw end palisade |
layer ves nore cleorly differentisied, Holmgren (1968)
conelwled that highor intensities of light duwring the growth
of vlembo generally increased the stomatol frequency bub
the;*e was no significont changes either in the length of the
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stonatal pore or in the slse of the guard cells. Stomeﬁ;al
frequency on the lower surfacc of the flag leaves of 64.9
cultivars of barley wes tcsted end 1% wes found that
increaped light intensity resulied ir higher stomatel.
frequency (Miekin and Resmuggon, 1970). - Schoch (1972)
reporbed that shede decrcaged the number of atonsta per‘jma
and the pereentage of stomata in relastion 0 other cella .
in Copploun annum, |
Hexdy (1958) dlffered on the poseibi’.lity of coocoa.
being a shode loving plan%. By api»lying the oil
infiitera.ti.on method for aséesoing the degree of atoma‘sé,l

glosure, it hed beem showm thab tho otomata of cocoo leaves
exposed t0 foll intense and d.’.z_'et;t Lllumination (13;500
foot candlen). remsined completely open end tromspired |
freely as long oo uater supply was plwl.tim, As agalnot
thig, tho stoma;.ta of coffec leaves wez;é reported to
pertielly cloge whenever the intenoity of illumination
axeceded B,000 30 8,500 foot cénﬁlea end in the shode, theoy
eluays remained open provided the light intensity was not
80 leps = a eharact.eristio phenomenon of ghode loving
plonts, In the dese of coeos, the stonata begen o close
when the 1ight :iﬁtenslty was reduced to lese thon 500 .to
700 foot cendles, which was sbout 5 por cent of the full

‘ sulight. Under oxrdinary circunptances, the stomata bogen

%0 open at ebout 6 A.M. and pointeined their mazimem size

10




batween 8 AJde end 4 or 5 P.M., after uhich timo they
~sterted clooing because of diminishing light intensity. -
Transpiretlion neasurenents uere pede an ebtoched
leoves of three 0.3 spaeic§ - vheot, borley end dendelion
end three € 4-apeeiea - molze, grecn foxtoil (Sehowia
viridip Li.) and pleweed (Aparenthug petroflexus L.) in

difforent light intensitics. Stomata of 03 gpeelien were
lcsg prone $0 closure then werce stomate of € 4 spec}.eza, als)
the light intenoity woo decreased. The greaber water use
efficlency of C, plenba might be due in par‘b %0 the better
conbrol of water loog, because the gionata were nore
repponsive to anvironmental ehanges then were the stonata
of 03 apecies (Alrita end Moam, 1972).

7. FPhotogynthesis end dry matter accwmilaolion

Smii@‘at being the source of encrgy £or plents for
photosyrthesis, the rote end subseguent dry natter :
ecoumulation in genersl ave found t0 be odversely affeeted
by oheding. Dut in ginger, coffee etc. positive influence
wes ropordod. S541L in como other crops like pimeapple,
there wen no apprecigble decroase in dry natier accmllﬁtion
even upbo 75 per cent chading. | o |

Singh (1967) noticed tuat exposure of glnger %0
intenge light was dei;lrimem;al %0 photo&yn‘&hésis.. n
arabica coffec pecdlings cheded to provide 25, 50 or 75 |
por oemb light, the bcét growth vas with 56 pey cent 11@13
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(Silvci?m' and Mesotei, 1973). In pﬁmapple, dry nabter
accumnlation in legves was comparable both in open and under
chede upto flovwering otage (Redha, 1979). Wong and Wilgon
(1980) from the otudics on tha effect of chading to 100,
€0 and 40 per cent of full sunlight on the growth of green
ponic gracs and olratro in pure and nixed owerds defoliaded
at 4 weelzs ond B wecks Stage, roporbed ;‘:hat individual
loavcs of cheded grecn ponic hod greater photos;mthetia
‘activity than those from full pualight.

In pea (Pigun sadiwim L.) eversse dzy welight of tho

plant was 7.2 g in full omlight and it got reduced to 5.4 &
in 50 per cent light (Dolen, 1972). Crookston gb ol.

' {1975} repomca that in bcaz; pho%osymhcsi.stper mit areo
of ehaded leaf wap reduced by on aversge of 38 per combe
I-l@ai. gt ola (1976b) cbserved that the efficiency of aqm
energy coﬁverién in wheat decreased w:?.t;h increasing chede
(100 to 20 per cont full sunlight) from 1,44 o 0.37. In
ohade experiments with cogon gress (Inpergte cv:linﬁrica),
Patverson (1960) obeoerved that after &9 deys, bhe plents

of . three ccobypos produced on cn averege three tines eg
rach total dry welght in full sveiloble sumlight o9 in

50 por cent full liaht and 20 times 209 wuch as in 11 per
ceny full gunligat. ‘The plentg fmm the cbhoded and cxposed
habitats Aid not differ signiflicently in their response ﬁo
dhading.. Benjenin ot al. (1981) obgerved that the stavch
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concentration in the choded lecves of soybesn declincd
oteadily over 24 hour period. Further more, there wag
esgentiolly no edditional incorsoretion of ¢t into starén
in the sghaded leoves, indicabing that starch synthegis had
coascd within 30 minutcs of sheding. In soybeen whon tho
phiotosynthetically active leaf ares wes decressed by 70 |
per cent by choding, the rabe of phojogyntheois of umehaded
leafleds increased by 50 per éeat. within 2 days after shoding
and thig compensated for 50 per cent of the logs in net
carbon agsindlation which would heve cccurred wlthout ey

- choding (Peet end Kremer, 1981), - |

B é:rowbh énalyaie
Brperimental reoults on effcet of ghade on crowsh

enslysls fectors show wide variation betwecn plomto. a
Pevemetero like leaf aves inder (TLAT), relative growth rate
(R(}ﬁ), net egsinilation rate (IIAR), specific lcaf ueight:'
(SLY) cte. ave consideved hero. - -

| Cooper end Quells (1967) acssociated the incresse 'i'u
the ratio of leof arca b0 lenf weipght which ‘OGOBEB dne {0
ghading of alfelfn end birdefoot trefoil, with changes in
tholr lecaf movphology. In ali‘alfa, both gpeeific leaf
welght and net photogynthosis were higher under intonse :
light then under chade (Peavee end Lee, 1969). These
foatures of the leaves changed with chonging light intemoity
at 21l the stages of maturity messurcd. Woll and



Blager (1972) reported that in slfalfa vith 100 per cent
noznal ﬂey_ light, thep ospecifiec leaf weight (SLY) end net
corben oxchapge (NCE) values remeined high through the
grovth cycles houever thege value'b declined shoyply wibth
1ight Intencity of 27 el 45 per ceonb of noxmel light. The
dote suggected that tho deeline of thotopynthetic efficicncy
and SIY of the bepel leaves were caused by lou light -
intensities in the lower lsweral 0f dense canopicos In shaded
green ponic swarde, the LAI wap foumd increoced, uhdlc in
girabro, the DAL decreaseﬂlwith increasing ghede (Hong a.nﬂ
Wilcon, 1960). |

Hardy (1958) obsérved the lowest AR ab highest
thede level sad vice verse, in cocoa. In the case O0f cocoa
gecdlingo, VAR ump not influenced by shade intenglvy :mnging
fron 25 to 75 per cent (Gopinathan, 1981), Ia colgug,
there weo o Gragtic decline in nean WAR vhen cheding wan i
move than 50 per cenb, whercos in twrneric, no gencral
trend iv UAR with increaning lovele of shade could be
noticed (Lglitha Bai, 1981). In cocoe, Bvens and lurray
(1953) recorfed tho greatept RER ot o light lvtensoity
Botween 30 to 60 per cent of £ull day light, Okali cnd
Cyusn (1975) obgerved thabt RER was naxingl for cocoa
planto wnder nediun chade. Jenavdhan and Furky (19€0)
obgerved that in rice wnder low light conditioms, the RER,
WAR end SV wers reduced whereas LAI, leaf arco ratio (DLAR)
and relative lea? growth rate (HLER). vere incrcaced,



g, Yicld oni yleld attributes

Baccd on the lovel of shodle tolerance, the finol o
yield 'of crope 1o reporied 0 either increape, decrcace 6.‘}
remein waffected wnder varying light intensities. In orops
1ike bonato, tea, chilli, chiclpoa end Ginger partial lj
oheding was found bencficial whilc soybean, cowpca, bean
ond gromdmt recorded reduced yleld wnder cubducd light.

Bdnond et al. (1-964) copducted shale cxperiments m
tomato ond noaximm yield vap obiolned from plents receiving
only 45 per comb of £oll gunlignt. In Capglcun gonmmn L.

more flovera wcre produced on plents exposed to low light
intcengity (Deli ard Tiéssen, 1969). Aclen and Quiswibing
(1976) reported that the yicld of ginger under full mm—'::;
Ught was just ao bigh e thosge obtained wder 25 md 50
per cent illunination. Joscgh (1979) noticed that the tee
clones wnder shade gave mach higher yield then in cxpoged
plote. Bub in snother experinent it was roported that |
choding the bushes to eboubt 45 per cent light intensity
with oloth norecn about 60 cm above the plucking toble
depreooed new choot growth and yield of toca (Acno gh gl.
1976) . |
Mojor end Joknpon (1974) recoxded tho effecta of
15.@3:1*&;' intemoity ronging £rom 2 40 100 klux on deyo to
floucring ond pogt flower developnant on two soybeon
cultivars. Dayo fron plmbting to flovering, final plent

135



beight and internode number increased ag light intensim‘r' '
inereased bub no detectoble effocts of 1ight intenpity was
obgerved o days fron flowering to begimning of pod till,
flovering to termination of flowering, flowering to maturidy
and Final seed yield. Prine (1976) roported thet in noybeen
yield reduction wos fownd maximum, vhen the pla'msa vore
ohaded just prior to flowering. Vdhus end Millew (19'?8)’?
found thab mumber of pods per plent end ceed yield lm
soybean were highly and negatively correlated with shade,
Seed yields of soybean plants shoded to reduce sunlight by
20, 47, 63, 80 ond 93 per cant were 90, 75, 48, 18 end 2
ver cant respectively of thabt obtained from wnohaded pl&ms.
Gramsn (1974) observed that decreaning the emownt of
photogynthetically active radiation by 40 to0 60 por cent by
sheding in beons (Viecia fabs) resulted in decrcased _
production of flowern, though it decreased the shedding ':of

young pods., Porila ci gl. (1977) roported that in cowpea,
high light intenglty deleyed flovering, bub increzped
blosson end pod nunber and ipproved seed yield. Leelavqthi
(1979) oboerved that in blackgren greded chading of 25, 50
and T5 per cend reduced plot yield by 5.11, 22.%55 end

16

42,43 per cent regpectively of the contrel value. Pod number,

seed number end pod lengbh were luproved at 25 por cem'.:
chading but with sovere sheding every abiributce declined
in value. OSaxene and Sheldreke (1976) reported thab in:i
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chickpen, pod number per it area weg found improved wmdider
tchaded sondition in Hydershad, while siniley triels ab
Higsar with 77, 45 end 10 per cent light trancmisslon
rogulted in yield reducbicn. In anothor experinent witﬁ
chickpea Saxena gb al. (1980) obgerved that the flovering
in el}) the cultivara trled uas enhancea by cnriched light
Intenglty, end that the critical intenglity was higher for
cultlvers of late durstion then the esvly cultivors,
Williemg (1900) reported that the growth of gromdnuis
during the preflowering stage wes varied by chading treatn
nento and that it infivenced subsequent growth end
development by varying the estcblisiment of reproductive
pink., An (1982) conduched o siknde ropporse stuldy in
groundnut, cheding the crop ab flovering, pogsing, ped £11ling
gnd moturity. Sheding et poek flovering reduced the number
of £lovers per plant, cheding at pegelng end pod filling
stagea reduced tobol peg end ped nwber md reduced éeed
yicld. Shading for 21 deys during pod £illing causcd the
greatest yicld loog.

10. Quality of produce . L
BEffcot of chade mm quality espeets of croph nroﬂucc

varice widely. In genercl, protein content inc;eases-agﬂ

carbohydrete content docrecses with shading, |
Adcdipe and Orowed (1974) reported the wfaevourable

effect of greater light intencities in cowpea in terns of



Feduced plant heipght, Ancreased leof area nd with a marked
décmase in csrboh:;dréte conbont. Graded ohede levels of
20, 47, 63, B0 ond 0% per cent on eoybeen was found 40 havo
1little effect an oil end prodein contento of seeds, excoph
that protein conmtent wop higheot end 0il content lovest ab
93 per cent chale (Wehue end Miller, 1978). Deelevathi -
(1979) reported thet sheding in blackgram resulied in

18

increased carbohydrate stetus of the seed end e larger pool :

of poluble nitrogen. In pes, shading of the perlearp Of.
fruits increased the rate of upteke of sasimilates into
sced fron lemves, slowed down the hydrolyble proccsses and
inercaged the accumilation of gucrose in soceds /
(Chotverilkova, 1981). Uhile invesbigobing the Light
intenolty effects onm mebaboligm, grouth ond development "
endl yield componento of groundmub, An (1982) observed théﬁ
shede increassed the oil content of older frulis, rege..vﬁléms
of the dete of fyult formebion and the starch end re&uciﬁg
guger contents of sseds. Tolal cavbohydrabe contend waal
higher in the ghaded frults end it weo correloted pooltively
with oil content. ' '
Busng (:1968) reported that oheding in pincapplc
afser flovering gove higher grede fruit thom wmahaded, tﬁe
unshaded fruits suffered fron gumburn ond gave lower canning

ratios then ghaded treetuente due to sunscorch., Redha (1979)

" obperved that the quelity of fruite in gencral, decreased in



pineapplo wder cheded condiiions. While acidity of fruito
increased, Hhorc was & general reduction in sugor aad
apcorbic acid combtent., Aono gt gl. (1976) found that
chading the tea bushes to about 00 %0 45 per comb light -
intensity vith cloth cereens aboul €60 cn obove the plucking
teble ingroved the green tea quality. The quelisy wea
direstly related t0 the chade intemsity smd this inprovement
in quality was tho greatest during the first plucking B0,

11« GBubtrient contend

In genergl, tho mineral nutrient status of plem'bs.:
hes been foumd to improve wdér cheding as in the cape of.
apple, cocog; opinach ond tea. (n the contrary, the
cdveree effect of shode on nutrient content hos been
veporbed in goybson, slratro end cocon peedlings.

Kreybill (1922) rcecoxded higher contents of moisture
end nitrogen in cheded leaves of apple. The potagsiwm
content of come grase specles vaen wmder £5 to 90 per cent
shade was nearly double then those in full dey lighb
(:-i:;,-lm and Sasbo, 1969). In cocoa lcaves dlge the nitrogen
and moigture content wes higher uyhen the plants were grom
wnder ahade (Guers, 1971). Cantiliffc (19‘?2) obgerved
that in opinech, the concembratlion of pobtagsium in the

tiosues incrensged with meduction in light intensity.

Rodrigoes b gl. (1973) enalysed Dracoecna ssndermiensa plents

grown ab 5 ghede intensltics for follar nitrogen, phosphorun,
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potocogimm, celeciwn and nognesivn emd 1t was found that the
different shades hod little coffect on the leaf nutriend ,I'
content ezxecpt that high shade intenslby increaged potaaﬁiwn
and magnesium espeeclally in young leoves. Dalibha Dai
(1961) reported that in all the plant conponents of the .
diffcrent crops tried, viZ., coleus, colocapia, suee-ﬁ pqtato.
tumeoric ond ginger, contents of nitrogen, rhosphorus anﬂ
potessiun incrcascd with increasing inmtengitice of shade.
Webo end Miller (1978) reporsed that in soybean
totel leaf and s.;:tem nitrogon contents were largely and
negatively correlated wi uhlEih(}ElG. Trang and Giddens (19?:‘;0)
olgo got sinilaor reoults vith poybean. Vong and Wilsca :(1980)
obgerved that the nitrogen yield of siratro in pure sward
declined with ohalding. In the cege of cocoa seedling,
Gopincthon (1981) noticed higher percentoge of nitrogcm,f
phosphorug and potassiim in plonto grown wiler direct '

gumlight then in the cheded planta.

12. Suscepbibility bt0 diceases and peeis | ,

The glightly higher hunidity and slower drying @er
the shade in gone cases were found to fayour discase o:ﬂ
pest oubtvrcak. Bub contropy regulis erc alego reported as
in the cose of o0il paln end hybrid noizc.

Hosa azzd Stinson (1961) while studying the differenticl
responce of hybrid coin to choade observed that stoll ro*r,:

attacked 66 per cent of the hybrids toleromd of thick planting
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in the open end 55 pex cent in the shade. In conbrags, %hg
intolorans hybride vere 7 por cent infested in the open end
completely frec of stalk rob in the ghede, Thus although,
there woo dramatic differences in tho degree of stalk x‘o%
infostation, the differences favoured the intolerant hybrids
énd 414 not explain the differential reopemso in the shede,
Reje ﬂGPJm (1974) poticed that in.oil palm over o pev*iod
ot % mlrsew seagons, shading of seedlings partlculerly -
during the bot Ary peried (Scptember = Jmwavy) vas highly
effeesive to the contryol of blash discasae coused by g
Eythiun pplendens end Ihizochonia lamell.,fem. Gomra!w_l to

the obove reports, the ineidence of I?I;?zbophtlmm palinivorg

on Amozen coécon wes conglotanbly anﬁ.e;mificm’cly hipghér
an plote uiti}. nediun end dense chade roginen (Delewa, 1979) .
Gareia ¢t ol. (1951) reported that yicld of tannier .
(Xenthosoms ©p.) In a £icld affectod by 'mal seeo whibh

destzoys ite Toot gyoten; was higher under 57 per cenb |
arbiflcial chode when compored to full cunlight, In
enother ezperiment vhere ‘mel seco' did not ocecuw, yiclds
decrpecsed wmder 5% and 70 per cont ghode. Invca*tsigati.oﬂ
o the ineldence of coffec berzy horer in coffec 11&&:1.1;&1;10219
revenled thabt the abteek vas nwore severe in shaded plota |
{Grener and Godoy, 1971).
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HATERIALS AND METHODS

Uith o view to aspess the cffeet of shade on thei
loguninous orops and to study thelr sultebility for |
inscreropping in coconut goxdens, o field tricld was
conducted with sone of the common leguminous crops of
Xorala, vif., cowpea (Vigne uwnsuiculata (L.) Welp),
blackgran (Vima mmgo (D.) llepper), groundrmut (Argghiej
hypozaes L.) and redgron/pigeon pea (Cajgnus caojen (L.)'
Millsp.), wnder different chede inbensities during the year

1981,

The experinent waes conducted et the Coliege ef
Horticulture, Vellamildara, Trichur, Kerala, India, which
io situated ot 10°32' W latitude and 76°10' E longitude

&t on elbitwio of 22.25 netcrp cbove nean oce level.

Cropping history of the cxperimpental field
The present otudy was coanducted in the same plot

in wiich anobher chade rosponce study was conducted during

the previocus year, with gome tuber cxropsg.

2011

The soil_of the exporimenteal site woo deep, uell:
dreined sandy clay loem. The dete on the vhysical and
chomical cheracteristics of the goll are glven in Table 1.



Table 1,

of the soil.

A. Hechoniceal compogition

Coanraoc pand
FPinse sand

Silt
Clay

B, Chenical properties

Mechanical conposition and chemical propertics

29.05 per cend

27..81 per ocent

23,19 por cent

25.95 per cent

23

lethod used for

Constituent Contont in  Rabing
goil esbinetion

Potal 010395 Meaivm  Miorokjeldehl

nitrogen (Jackaon, 1958)

Availeble 2.149 pin Low Chlorostannons

phosphorug reduced polybdo=

(Broy=~1 phogphoric blua

extract) colour method
(Jackson, 1958)

Avallable 105,565 pin Medlun Flane photo-

otageiun motric

Neutrel nornal (Jackson, 1958)

Amm.acetobe .

cxbrach)

™ (1:2.5 soils 445 Low vil moter

water ratio) |

(Jackaon, 1958)

Beagon end clinate

"

The cxperinent ves conducted during the periecd i‘roﬁ

Moy to October 1981,

Auwonyg the fouy crops grown, redgran

was sovn on Moy 29th, blockgram on 30th MHay, cowpea on 2nd: June
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enfl groundnmut on 12th Jume 1981, Hervesting of 21l $hae '
crops was highly stéggared meinly because thoe days to . '“
nmabtuelty differed with levels of cghode in all the crops.

The neteorological data for:-tha orcp poriods aroe l :
precented in Appendix I. The arco hag o humld troplenl :'
climgte, The weekly average renge in noteorological para=
neters relaoting $0 individuzl crops ave given in Appandilx i1
end the nonth~uer details of climatologicel parsnsters for
20 yearo ere glven in Appendix 111, As evidenced from t;tacse
deta, the climatologicel conditions were norasl with folrly
well distributed rainfall, throughout the growing senson,
although the nazimm rednfell was recorded in the nonth of
-Jlme in the present ycar, with a greatcr thon aversge
intenoity. The temperature rcceived ranged f£rom 20 .9'5'0:‘ 50
30.00°C, during the cropping secacon.

Matorials
Seeds

The follouing verietiesp of the crops wore used for
the trial.

Cron Vexricty Yerictel descrintion Snacing
i
Coupea Kemekanoni  Released from Rice 30 x 15 e

Repgearch Station, Pattanbi.

Hedivm duration. Dusl !
purpose = ag grain :
ond vegotable., ]
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I

Crop Variety Varietal description Svaginge
Blockgren  T=9 Doveloped at Xenpur. 30 x 15 co

Barly maturing crect
ad bleck sceded.

Crowdnut THV-2 Bunéh types yield 1100 15 % 15
‘ to 1650 kg of pods per
ha with 49.4% oil.
A copnopolitan variety.
Hedgron C0=1 Short eteturcd rodaren 45 x 15 e
voriety releaced from j
Colmbatore.
In all the cooes, the secds wore sown dibbled in

rous abt opacingo opecified above,

Pertilizers ;
Tach of the crop recelved the regpective culturall
ond menuriald practices as por the packase of prectices
recomandations of the Kerala Agriculbtural Univeralty
(anen, 1978), litrogen, phosphorus end potassium were
gupplicd through urea, supcrphogpheic and murlate of potosh,
resppctivel . .
‘Sheding ‘~
Unplaited coconut leoves wore used for providing
.ghede $0 the desgived level.
Hethodg
Loy out of the experinent |
The experinent vas laid ocut in a rendonised block

depign with five replications. The chode treatnents were
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comaon for all the crora tested end thus four different
cropo vere tested togother in a conbiguous area. Tho lay

out of the cxperinend io given in .Fig.l,.

Treatnento |
The treatnents conolsted of four intenaltios of

chade ag given below,

8 - 0 per cant shede (no cuade) i

Sy - 25 per cent shade (low shade =~ remge 20-30%

S, - 50 per cont ehede (uediun shede = renge 45-551)
3] - 75 per cent chade (high shede - range TO=C00)

Ul

fi

Provision of ghede

Artificial shnoding to the degired level was provided
by placing tmploited coconubd lezves on erected ypaminls,
Pendels of size 11 1 x 6 m wore individuelly erccted for
‘cach shede level by fixing wooden reonera on wooden pobBtoe.
Jufficient opace (35 n) was proﬂded betuwecn the troatments
go thet mutuol ohading of chede levels were minimiaedl.:
‘Tach pandol was covered on all the sides vwith unplelted
coconut leoves except fron the ground for 60 co lovel, to
avold dircet entry of slant royo. Ralged beds were '
talien leaving a boxder of 1 o within soch ghoded mf.‘ea:;
to0 avoid glant. ray border effeet. An ‘Aplab’ 1.u:-mct6r
wag used for adjusting the shede intconolties. FPrcguent
checko werce made throvghout the couroe of experinent ond

f
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appropriate odjustments nade t0 maintein the chode
Intencities at the desircd levels,

General grouwth of the erop |
Grouth of cowpca, blackgrem and growdnub in i

g_eneral wao sebkisfactory. Ao for redgron, CO=I1, a variéty

reputed for ite chort stature elscuhere, grew co tall

in 75 deys, - that they overgreu the pendel ond so for

this crop, the dete on shade reoponge during the ecariy

vegebative growth glome were recorded,
Obsenrvabiong

' 1. Pleat choracters
A. Biometric observesions
Ten plento werc token et randonm after elininating
the border rows end all the biometrie observations werq;
recorded from these plents at 30 days intervels. A
sepergbe sempling area wag marked for destructive senpling
t0 record the nodulation counts end for grouth analyais,
These semplen collected were uscd for chemical analysia"

guboeguently.

1. Plont hoight

Trom the observation plente marked for bionet:r'ic
observations, the height of the plent was neasured fron
the base of the pleat to the growing tip of the longest
vine or the tollest branch as the case oy be and the I;



averagze worked oute.

2, .Iurber of bronches
The nunther of braﬁohea on $he observation plan'bé'

wore counted and the average worked oub.

5, UHodulation :

| Plentg for destructive sanpling were used for t.h“:e
nodule comb. Plents vere dug out carcfully after |
loopening the soil cround them with thoe help of a hand hoc.
The total munber of root nodules and the effective nodéles
were counted and the average worked out. Grouping of
nodule into effective ond ineffective were made uging
visual obpervations of colour of tho nodulo cantre. Pinl
colour of the cub ém:'face of the nodulc wao tekon oo the
hidica;tion of effectivmosd . Thig grouping wao nobt done
in the case of growdnut becouse of practical difficulbties
in moling out the differences in colour.

4, Chlorophyll content of leaves ;
Chlorophyll 'a', °*b' and totel chlorophyll contento
of cach of the crops 'was esbimated poriodically by
spechrophotonetric nethod as deseribed by Stornes and,
Hadley (19605). The last fully nature lecaf from each of
the erops was used for the estinntion. !

A Imown weipht of the reproseatetive sanple,

collceted from the plento ot rondonm, was tekom in o



morser in the ‘precence of exrcepp acetone. A pinch of
-caleiuwm carbonate woo edded to provent pheophyiin
forpation and the contents were then well groumnd end |
£iltered through a Duchmer funnel. The brei was weshed
repeatedly with fresh acetone (80 per camt) until wasghing
wag oolourless. The exbtrect end weshinge were thon nado
upto 250 nl. The optical density (A) of en allquot wos
neagured using o gpectrophotoneter (Spectronic-20) at wove
length of 645 npa end 665 nm. The contents of chlorophyll
a' and 'b' emd todel chlorophyll (o g'ﬂ frogh weig,ht)l
were then eptinated using the follouing relationships, '

Chlorophyll o = 12.72 A663"2 58 Ag A5
Chlorpphyll b = 22,07 Aoas4 6T Ao

Totel chlorophyll

(Chlozophyll (a+b) ) = 8.05 Acp3+20429 Agas
5. Leaf grea index (DAI)

Leaf ares inde:; of each of the crops vas voried

~ outb following the gz'wime'tric method (Ruck and Bolag, |
19560) . Destructive sanpling was followed end five plento
fron each of the plotn were uprooted ab different growth
s{;ages and thelm leaves goperated. Taon leaves ab mn:lém
were choscn and thelr impreesions traced accurately om
quality bond peper of kmown arce por wnit weight. The'
troced portions of the paper wera then cub oub and veighed,
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Fron this, the ereca of the sample leaf was calculated f£ron
the weight $0 area relationship.

The legves were then dried, in a hot eir oven at
" 70#2°C %0 constent welght end the dry welght of these leaves
end the rest 0f the leaves weroe recorded oeparately. Total
leaf grea for the five plento sample was then calculated
uoing the weicht to area relationchip azd total dxy welght
of leaves. Thus the DAL for each of the crops was calculabed
Cab differm'b stages uping the folloving eguation.

T,AL - Totol leaf avea of five plants
Land area occupied by five plents

6. Specific leaf evca (5DLA)
opeeilfic leaf ares was worked out ag follous:
SLA = (LA,‘/I-W,I) + (LA2/L1'12)
2

thore,
IsA.l =  Total lecof aren at 186 goage
Lo, =  Total'leaf orea st 2nd stege J
3:-1'.’.I = Total . leaf weight at 1ot stage
i, = Total leaf welght et 2nd stage '

7. Lesf weignt ratio (LUR)
Leaf weight ratlo was calouloted ag follous:
IMR - (T /1) + (I.z-12/1~12)
| 2




Whera,
I:’.'J.' - Total leaf dry weight at 1st etoge
Lwa - Totel loaf dry weight ot 2nd stage |
¥, = Total ary weight of plent at st ctoge
o - Totel dzy weight of plent at 2nd stoge

8. Total dry welight :

Plonts narked cut for desbmétive gampling were
uprooted and oven dricd to constant weighto at 70x2°C. 'The
veight of the naterinl wag fourl out cnd total dry oatter

yicld wao oxpresged ep g pleat .

9. Net asoimilation rate (VAR)

The procedure given by Watson (1958) as me&..fied by
Duttery (1970) was followed for ca..culat..ng the UAR. The
following fortrila was used to arrive ab the IIAR exprcosed
as g o e aagy ',

’ =l

NAR = 2 1
(t5m89) (A4*hp)
2

Uhch. |

1-12 = Total dxy weight of plemb g 1:1"2 ab tine 152

4, = Totel dry ucight of plent g - at time b,
(t =b4) = Tine interval in doys

- o N e :

- A2 = Leaf ereca o © ab tine ta

A, = Toaf eree m @ ab time b
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10.  Abgolube growth rate (AGR)

Abzolute growth raje wos worked out os followss
C U
Lg-‘ﬂ.i
HhGI‘O, n .
W, = Total dry velght of plent ab timo by “
Uy = Total dvy weight'of plent ab time 44

Be Yicld and yield componments g
1. Yield of podg

The podo harvested Lfron tiie net plot arca were oun
dried to the desired moisture level for safe storoge. In
the case of blackgram end coupes, the pods wero threshc;i.
winnowed, cleaned end welght of the clean seedn was 7
reecorded. In the cope of groumfnut the weight of the
wmshelled pods was token. Yield wes exprecscd in kg ha
in 2ll caseg. L '"'

1

2. Date of flowcring
The dates on vhich 50 per cent of the planto in the

net plot avesn hald flouvered wap Pecorded and the days fron

sowing to f£lowering vere calculated as the date of ‘
flovering. '

S« Days to maturity o
The date of hovvend of each of the crops under each

breatnent vas noted end doys from sowlng to harvest we:ée

32



33

worked cutb.

4. Tuober of'pods por plont

Avorege nusber of pods per piant was worked out ’:'le
combing the totol mmber of pods from the obgorvation
plentse ‘ |

5 Uelght of pods por plent ,
Averape wolght of pods per plamt was caleulated Zron
the total welght of all the podo from the oboervation plonto.
' [

0+ Humber of seeds per pod

| Tuenty pods were pelected at rondon fron the |
obscrvation plantc, the total number of seeds counted ond
the average worked oub. ' o

7. 100 aced weight . ' '
Fron each plot, 100 éry =scedg were talten at randon,
end their veight recorded. |
8. Shelling nerecatoge
‘ Shelling percentuge wen celeunlated ab harveod uaing
the following formmla.

Suelling peveentege = gg :;S.%gg of gﬁﬁs % 100

9. Yiecld qf homln

. Stover obtained Zron each net plot woag omm drisd
emd total veight woe recomded. Yield wes expreosed in
Irg ha
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10. Harvest inflex
. Hervest index velues for the diffcrent erops wexe
calculated ag £ollousi ,

¥ j

i coom
Tpiod
Where
Yo oon = Pry welght of geedp 5
Y’bi.ol = Total dxy weight of plents (oxclwling .

ro0ote)

C. Guzlity choractors

1. Perceontoge of well formed grains

Fzon eech plot, 100 dry seecda vere tel:en- et rendon
end the nunber of well £11led grain wes recoxded by *.rimiﬁl '
obgservation, Fron this, the perconboge of well formed
graing was onleulated.

2. Frotein content of seeds

The nrohein contamt of sceds wag caloulatod by
maltiplying the nitrogen content of air dricd seeds with
the foctor 6.25 (A.0.A.C., 1950). |

5. Proticin yicld :
The protein yicld was celculanted fron the protein
content of sceds and totel seed yicld ond exprossed in o

kg o™t . I-
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. 4. 0il content of sceds !
In groundnut, the oll ocontent of cven dyicd sceldo
was eatinated by using cold percolation nethod and .

expreosed oo percentege (Nanbudiri gt gl.y 1070).
D. Chenical studies

1. Witrogen, phogphiorus end potassiun cantents of planto.
Plont somplep collcotedlfor recoriing dry waig;ht.:
wvere used for chemical enalysic. The sample plents as a
whole werec ground and total analysio wes donc. The nit:é:dgen.
phogphorus ond potegoiun contento were determined uoing
microkjeldehl mothod, colorimetrically (Vandomolybdopho!g-
phoric yellow colour nethod) and Flame photooetrically
respectively (Jacksom, 1958).

2. Uptale of nubricnts
The total uptele of nitrogen, phosphorus emd
potesoium by the plonto was coleulated f£from the mutrient

contents and dry uweight of the plant ond expropsed a9 kg m"1

I1. B8o0il charachtors .
Conposite s0il samples were taken replicationwisg ‘
before the oberst of tho experiment. After the ezperinent,
individual gemples were collccted fron the erea occupie"d
by ezch crop. The totel nitrogen, available phosphorus
end ovallablo poteosium contents in these semplen were
estimated uning picrokjeldehl) method, coloéimetrieally




(Chlorootonnous redueed molybdophosphoric bluce colour
method) end Fleme photometrically, respeetively (Jackson,
1958) 4

Statisticol snnlysoins

The data on different characters were subjected tp
stgxistical anelysio by uoing the enslysls of veriance
tecinique for Renmdomioed Blook Design (Ponge ond Sulthatnge,
1978) . | |

Response curves also wore £itted to describe tho
relasionehip botween inteneitico of chade and yiold of
the crop as per bthe methol cuggested by Sncdecor end
Cochran (1967). The total percentage varistion in yiolé
expleined by the fitted models weo elso eveluated by

£inding the cocfficient of doterminstion R°,
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RESULTS AND DISCUSSION

Herein, the results on the ghade zesponsc of
the four crops involved in the present study ave furnished
end discugsed geperately for individusl crops. A brief!
suﬁmary of the major eonclusions drown oub of the study

: |
succeeds each discussion.
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Coupca (Vicna unmuiculata (L.) tolp) -
RESULTS

: I. Plant charscters
A. Bicnebvic obgervations
1. Plant height
The daba arc prenented in Toble 2 and the o.m:x.’l.:;m)J.I
of varisnce is glven in Appendiz 4. '
There wes no si@ifiémt differenceo in plant height
due to different chede levels at any of the growth otegeo.
1% wao also notod thab there weo a three fold incresse in
plant height during the period betuecon 30th end 60th days
and thot after G0th Aoy, the incressc in plant height was
noninal,

2. Thmber of broacheg ‘
The deta are presenﬁed in Table 2 end tho ennlysig

of vaziance is given in Appendiz 4. :I

| The data roveeled that the munber of brenches ot
gll the stoges of plant growth wes reduced oignificantly
by cheding. During the eerly stesge, viz., one nonth afilaer
gowing, bramnching wes thore only in plents growm in full
ounlisght. At all the chede lovels, the number of brmo&;.eo
increased withk advancing oge,

5. Hodulotion
The date ere precented in Table 2 and Fig.2. Tho



ablc 2o Tffcot of ohede on plant helght, mrmber of braaches oand nodulation of coupen ab diffezant
grouth otosed.

ubﬂﬂc intenscity Flont height (eo) [uober of brenches_, Total nunior of Tlo. of effcetive
(pow cent) (e ofber . ploat nodules plant™ zggaulco xglmt 11 )
AUETO ex. A4 T4 N (¢} 0 am_af gowing
R - ’ 2 & - =0
0 (no ghode) - 30401 116.65 160.04 1.56 2430 SeD22 27612 6.08 18.64 1.20
: ' (1.59%) (1 o32) (2.00)  (5.208) (2.58) (4570 (1.43)
50 (medivn 3107 141.24 151.25 0 0.92 1.00 11.52 3400 Ge32  (Qe32
ohle) (1) (1.32) (1.42) (3:3)  (1.90) (2.500) (1.14)
75 (high ohode) 30.83 146,44 157.52 0 CeT76 092 11.32 1.60 592 0465
: (®» (1.20) (135 (3.45) (1.60) (2.62) (1.27)
St o+ 0.24 9.40 550 0603 008 010 Dee3 0.32 De24 G5
CeD(0.05) U8 19 us 0409 026 0432 0.70 1D 0.74 LS
T3 = lob significont Tigares in poyenthesis indlcate =x+1 Sranoformed velues.

Table 3. Lf2foet of chado on contonto (og g =1 evcon veight) of chlorophyll 'a', ‘bY, total
chilorcphyll and chlorophyll asb rotico of coupea logveon at differond ;_:roath chbeiCoe

Shnade Inbonoity chloror.ayll 'a Chio po Uhyl]. D Yotal chloroynyll Chlormgll m‘a

{pcr cent) __@Lg_gfter gcxdﬂ.ﬂ,z (dg,gg aftop aouimz {a %gg eft@ @“ig}ﬂz d..,yﬁ a¥sor goumg)
0 (no ohode) ?.04 _1.05 0.7 0.96 2402 3.01 1.08 1.09

25 (low ghode) 099 1.22 1.19 1.16 217 227 0.97 085

50 (modinn chade) 187 1724 130 1.09 257 2425 GoS7 1.04

75 (hish chode) 1.7 129 1.10 1.27 233 257 1.01 1.02.

9T & = 089 0G0 000 0,10 G106 0415 0«05 005

CaB3.00403) ‘s i3 I3 53 1ig 3 s S

= = Y

5 = Uot pigaificand

gt



Fig. 2 . EFFFCT OF SHADE ON TOTAL AHD FFPECTIVE NODULES

I COWPEA AT DIFFERENT GROWTH STAGES.
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cnelysis of varience is given in Appendix 4.

lNodulation in torms of both the total nunbor of
nodules ag well oo number of effective nodules vag sigli-?-
flicently infiuenced by shading during the carly shtages. '
Nodulation decrcased sbeadily upto 50 per cant chade md
vith rore intensc cheding, the differenec was not poreeptible.
Though the trend in pomn ﬁélnes renpined the oonc, on 60th
day, the differcnces fell ghort of statistical significonce.
The moxirmm nodule nunber ves recorded on 30th doy end czrll
758h day very feu if any, nodules were found retained on:
the piontg,

4. Chlorophyll eontent of leaves .
The datp arc presented in Teble 3 ond the enalyolo
of varignce is glven in Appendixz 5. !
The effcets of shade on total chlerorhyll as weli ag
ito componenta ‘e’ end 'b' werc not significent at any of
the stogen. Though the contenta recoxded were minimm in
planto grown wdor full sunlight, no distinet trend coulé’li be
elucidated ap $0 the regponsc 0 increéaing ghede levols,
The ratio of chlorophyll asb remained olmogt constomt ab

different chede intenoities over the obaces.

5. Doeaf arce index (LAI)
The dato aro wesented in Table 4 end the anolysip of

varience io given in Appendixz O.
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Shading falled to influcnmee leef area index at ony
Of the grouik stoges. DBub in general the DAT was found to
increage with mbreasing intenoities of light. Over the
stegens DAI recorded was moximm on GOth doy end tow&rﬂé
moturity it decreascd pubstomtlally at all the shede lev:cals.
This decrcace wags nore disbinet in plents growm under fzﬁl
quniight. |

G. Specific leaf arce (SLA) }
The Gaba arc presented in Teble 4 and tho enalycic
of vartanco is givem in Appendixz 6. o
The gpeeifie loaf area of cowpen wao foumd 0 be
sisnificantly =affected by sasding abt all the gtoges. 'm;e
nazimn end ninioun SLA were recoxded f£ox plants vnder 75
noY ceﬁt ouade end for plmto without shade roopeetively.
Conparison between stoges imdicoted a deecline in spcoifi;c

leaf? arece with advenocing egc. ,

Te Teaf wolght ratio (LiR)
| The data erc prosented in Table 4 .anﬂ the enalysis

of varience ig given in Appendix 6. !
The data showed thob the effect of shade on leal

velght rebio vas oignificans only betweem G0th 2nd 75th

deys of sowing, vher it incrcesed vith increasing |

intergsitien of chade. It wos elso nobted thabt the leaf |

welght ratio decrcascd over otages, and thip trend ves nore

cangpicucus under bighcr light intcmsitics.



Table 4., Effect of shade or leaf area index, apecific leaf area and leaf ueight ra.tio of
- coupea at- ﬁifferen'b growth stages. '

Shade intensity Leaf area index Specifn.c leaf area - Lieaf weight' ratio

(per cent) (days after sowing) (ca -1)
30 60 - 75  Between 30th Between 60th Between 30th Betwen 60th
SR _ _and_60th days_and_T5th_d days_and 60th_days_gnd 75th deys
0 (no shede) 0.71 . 3,97 . 1.81 376,54 339.09 . 0.46 0.21
25 (low shede) 0,59  3.00 2.53 447 .08 446,78 0.45 0.28
50 (medium shede) 0,37 2,99  1.91 533 .26 464,36 0444 0..32
75 (high shade) 0.55 2.15  1.62 © 621.8%1 557 .93 " 0.48 0.34
SEn + - 0.08 0,64 0,38 20.24 26,12 0.02 0.02
¢.D.(0.05) NS NS NS 62,36 . "81.67 NS 0,06
N8 = Not significant

Dable 5. Effect of shede on total dry matter production, net assimilata.on rate end absolute
grovth rate. of coupea at different growbh stages.

Shade intensity Total p1£n$ dey weight. Net aosimilation rate .  Absolute grouth rate.

(per ,cent) (g plant” 5 gn -2 day 1) (g day"1 plant'1) .
(days after sowing) etween 30th Betueen Between 30th  Betueen
end GOth 60th andw ¥ and 60th 60th and
30 60 _75__Hervegt deys - deys days _ 5th dayg
0 (110 Bhade) 0.95 15 94 17 .04 17-04— 4076 3027 ' 0048 . 0.20 ,
25 (low shade) 0.67 887 13.30 12.34 | 2.5T 1.65 0.23 . 0,34
50 (medium shade) 0.43 6,02 6.29 6.55 1.90 0.84 047 . 0404
75 (high shade) 0,48 4441 5.44 4.58 1.76 1.1 ~0.12 _ 0.06
. SEm - - = - - -.0.08 'LOTO 1 087 1 056 - 0.72 - . 096: - 0.12 SR 0013 o --
C.D.(0.05) 0.20 5,20 5.77 4.82 2.23 NS 0.16 0.18
o NS = Not significant ' ' | -~
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8. Total plent Avry welght ‘

\ The data are proponted in Table 5 end Fig. 4. The

onalyols of voriance ie given in Appendiz T. ‘
Total dry ueight of planb at ell the steges of cﬁ'op

growth wap eignificantly higher for plants growm wﬁ."bhwi;

. ohede and there was a gheady decline with inercesing a}mﬁie

i.ntensit}.es. At oll the shade lovels, therc woo a

opeetacular inercase in %otel dry wolght betueen T0th ar':ui

60th deys. | ,_ ,

9. let assimilation rate (NAR) ;
The date arc presented in Teble 5 and Pig, 3. Tho
enclysis of varience ip given in Appendiz 7. . ?
During the period between S0th cnd 60th days, WAR
wag found affected significently by shedlng. Tet f
cosindlotion rate was fowmd mexioum in ploto withous shade
ond & lou shade of 25 per ceab resulided in roughly S0
per cent decrease in NAR veluc. With further incrosse in
zah_ads intensity the NAR decrcosed fuvther, Though '
ptatigtically Gh pery the net assicilation rate rqcordéd
. bokueen GDtI:g and 5tk Goys was aloo found neximun for
piomtg growm uvnder full ounlight.
10. Absolute growth rate (AGR) !
The debe ere precented in Tehle 5 and the analysis
of verimee is given in Appendiz 7. ' ;
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ghading had slgnificant effect on gbsolute growth
rate at oll the growth stogen. FPlonts without chade recorded
& higher AGR, axd the value was found decreasing with
edvencing age. DBut betveen 60th and 75th days, the AGR wao
found 4o be the highcat et 25 per cendt shede and it wan 5
evan higher thon that of plemts without chade.

B, Yield and yicld componento
1+ Date of flowering

Tho data arc prescated in Table O and the analysis
of varionee is given in Apperdixz G.

The data rovealed thet full lipght intonsity hostons
flovering in cowpea. The delay in flovering increcsed
rrogressivoly with increasing intensitice of ehade.

2+ Daye 10 maturity .

The dabta arc presented in Table 6.

The maﬁurity poriod wes llonger vith increasing
intenoliles of ghade. Plants wdler 75 per cent ghade 'i;'oi;ok
18 dayo more to reach hoarvesting stoge, vhen compeyed %0
plonto grovm under £ull sunlight,

3. Y¥igld of grein

The data are presented in Toble 6 and Flg. 5. The

analysie of verliance ié glven in Appondix 8. |

The yield of grain wes slgnificontly influcnccd by
i
shade. The graln yiecld -deolined drootically cven with low
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able 0., I::‘r.’fect of, shade on dote of flowering,.days to maturity Jicli of @.’M yield of
Ny anﬂ hmcst mﬁex of coupea. " ) ! . ?

N h

" 'Yield of

Shode ' intenolty Datc of Days" to Yield of Harvest
(poz cent) fiovering - oaturity -groin. ‘hauln index
(Coye ftor * {Qays Stvor g o) (kg o)
0 (no chode) 46 75 1502 .22 3037 09 0.34
25 (low shade) 49 81 664,79 - 2118.31 0.26
50 (Dedivm shade) 56 8o 40%.56 1111.24 0.27
75 (bigh sh»ﬂo) 59 93 145.78 976.14 0.13
Skm 0.46 ‘ 76490 308430 0.03
CeDe (0.05). 1.41 237.13 050414 0.10.

Teble 7. Bffect of shale on number .of pods per plant, veight of pods per plent, nunber of
geedo per pod, 100 seed velght cnd shelling percentoge of couwpea at hervest.

shade intaoelty hunber of podos Uelght of podg Wuabor of gecds 100 gecd Sl—aelling
(per ccnt) Blont™ ) (e _plax1t"1) nod™ welght percentase

0 {(no ahnde) 0.92 .82 15.56 11,96 75415
25 (lov ohade) 4435 3458 14.81 9486 72.22
50 (nediwm ghade) 370 1.10 14.65 9.72 05 .88
Ste * G«30 , 0250 057 0!41- .14
C.D.(0.05) 0.93 1.62 1.74 - 1.26 NS

N 5oy - Hot gignificent -
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ghade of 25 per cent, end vith furthor increase in ohaﬂlng
intensity, the decline continucd. UWith intense shading ;of
75 per cent, the ccononle produce obtelned ues very mcegrc.
Calculated oo percenbages of the yield in tho open, the o
yields ab 25, 50 and 75 per cent shade intensities vers !

42.02, 25.51 and 9.21 per cent respechively.: |
Regponae curve S

A quadratic polynomiol wao found to glwve the beot
£it to the ylcld dats (Fig. 6 aml the analysis of veriaice
in Appendiz 35). Tho cqustion of the curve is glven

" below.
Y = 495.13=228.48x+41.21%"

. Tho cocfficient of determination B2 of the equaticn
belrg 0.9870, 98.7 por cent of the total vorietion in the
rooponas con be explained by the f£itbed polynomial.

4, Yield of haulnm

The data are presented in Table 6 ond Fige 5. The
anelyois of varience io given in Appozﬁix B. ‘;

Though not as conapicuous‘as the grain yield, thga
houln yield also registered the nmoximum value when the «
plonta were grown in full munlight. Vhen shoding inerenced,
the hawln yield deolined progresgively, the ninlmn volue
being vhen the crop was receiving only 25 por cend lig‘a'%.




YIELD RESPONDSE OF COWPEA TO
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o Estimated vield. -
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(-)Value of .

Y 2 493, 129 . 220.48 x +41.21 x?
R2 ., 0.9870.
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5« Hevvest index (HI) )
The date arce poescnted in Table 6 ond the analysip
of verience in Appendix O. :

The horvest index choued oigmificent wvariation due

$0 shoding only bebtuecn nmedivm end hish ghade lcvelo, The

naxioun I of 0,34 cnd pinioun of 0.13 were regiptered
mﬂev full gunlight ond 75 per cent shade respectively. .

6. Tumber of pods per plent

The debe aze precented in Table 7 and the enelysis
of variance is given in Appg:mlix 9. |

The pod mumbers wmder low, Rodium and high shade
wore found t0 be 48 706, 41 48 mﬁ 27.1% per cent of t-hat
in the opémn. Betueen 25 anxl 50 per cent ghole, the value
wag found to bo statlstically on par, end botween other
chade levelg, therc wao significant difference in pod |
nunber pexr plant.

7. Height of podo per plemt

The (ata mre prosented in Teble 7 end the amlyaiﬂ
of variance io glven in Appendix 9. '

The veight of podp per plont dcocrcased cherply with
ﬂ}wdmg and 1t followed more or less an ldembical trend as
thet of the grain yleld. | |

8. Uwmber of seeds per pod ,
The data arc preocnted in Teble 7 and the mawais
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¢f warience in Appendlix G.

The mmber of ceeds per pod remained elnogy the
same with verylng cheds intcnolties upto 50 per cemb,
Farsher reduction in light intensity reduced the mumber
significently. 15.56 amd 12.9 wore the mexioun end |
ninimm values recorded in plote without shode end tnosé

cheded 0 75 per cent regpectivelye. T

9., 100 secd welght
The data are presented ln Table 7 and the anaﬂys?.a
of voriance in Appendix 9. | '
~ The 100 geed welght wao the highest in plote withoub
ghade. The velue registered o significent decline ot 25
yor ccnt ohadle, bub with further increase in shade lutensity,
the ehange in 100 oeed welght was not statistically
plgnificany,. |
10. Sholling pareentoge |
Tac deta ere presented in Table 7 and the enclyoin
of varicnce ipg glven in Appendix 9. J, -
Though the sghelling percentage wag highest i.n plote
without chade, the difforances betucen varying intcnseitics
of sh.de were nod conspicuous emd thege yemained ;i

it

gbasiobically at pare . y




C. Quality aopects

(0 I’i*a:bein content of soeds

Thé daba ere presented in Teblc 8 end the enalysie
of varionce is given in Appendix 10.

Shoding failed to influence the protein content of
cowpea secdo. The probein content remeined noro or 19551;1

conpbant at verying chade intenpitien,

2+ Protein yield _ .

The date are presented in Tgble O and the applysis
of varionce ig given in Appendix 10.

The protein turnover fron grein was highly end
significantly inrluenced by sheding. The ploto under low,
nedium end hich eimae,inteﬁaities recoxded protein yields
of 321-.97, 26,60 emd 8.80 per cent of thet in full mmlilght.

3. Percenteoge of well formed graing. .

The dete are presented in Teble 8 and the enalysis
of varience in Appendiz 10,

Betwean open and lew shade trecttients, there ves
oignificant difference in the percentage of well formed
greins; the value at lov chade boing only 69.38 per ccat
of that under full sunlight. DBetueen low, nedivn and Iiigh
shade levels, the percenteges of well formed graims Gid
~ not differ significently. L
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Table 8. Effect of chade on protéi.n content of scefs, nrotein yicld end percentage of
- well formed groins of coupeaz.

Shade inbtenoity Protein conbent Protelin yleld Percentage of well
(per cent) (por cent) (k2 b a—-‘l) formed grains
0 (no shade) 22,95 359457 73.60
25 (lou shade) 19.25 125.76 51.21
50 (zedium ohade) 21.00 95.98 : 46 .84
75 (high shado) 21.18 31.64 48.64
Sim & 1.52 1725 5.06
C.D.(0.05) s 55.15 15.58

IS8 = Not pignificent
Table 9. Bffect of shede on nitrogen, phosphorus ond potasoium content of cowpes.

vhede Intensity IIitrogan contenb Phogphorus content Potaspsium content
(poxr ccnt) (per cent) (per centb) {per ccnt)
{days aft.er souinm) (dayo_after sowing) (days after sowing)

75 Harvesth 75 Jarvent 75 Hovrvest
0 (no shade) 1,98 1.8 0.23 0.23 - 1.50 1.50
25 (low ghode) 1.92 2.03 0.21 0.2 1.66 1.70
50 (medium ghada) 1.82 1.80 0.25 C.24 1.74 1.81
75 (high shade) 2.02 2,02 0.21 0.21 0.82 1.87
St + - 0.21 0.22 0.08 0.08 0.12 0.06
C.D.(0.05) - u3 s s jots 013 0.18

1S = TNot significent - SR
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:D-a Chenical ghudics
1. Combeand anﬂluptake of nitrogmm

The dote on the coatont of nitrogen of the wholo
plont dlong wlth the total upteke of nitrogen by the planto
gro pregented in Tables 9 ond 10 exd Fig.7. The easlycic of
varience i given in Appendices 11 and 12,

HEfcat of chodo on the nitrogen comtent of tho whole
plont wag stulicd 75 dayo afker plonding ag well as aes
bazyest of the crop. Since plots under fvll conllisht were
harveoted on the 75th day, these otages coineidel. The
content of aitrogon did not diflcr oigniflcontly bLetueon
ghade intencitico of any 0f the sboges; o0 algo, over the
aboges the values wora alnogt conotond.

Ao for total mitrogon uptao by the »nlanso, tho trend
wag identicel with the effcoct of chndice on tobel dyy matiar
production. The upbcic recorded wog maximun for planto
fengeit il uﬁder 2ull sonlicht, the rcoverse val tzrue for plonto

wder heavy chade.

2. Contcat ond upbeko of ﬁhosPhorus

The daba on the conbent of phosphorup of the planto
alony with the tobal phoshorve upteize of the plonto ore
mresanted in Table 9 end 10 end Pig. 7. Tho onelysis of

arience is gilven in Appendicesn 11 end 12.

-

<}

The goacrel trend of the phosghoruo content and total
upbolic was identical %o that of nitrozen. Oveor the sbosoo,

the phopphoras contant incrococed with oivencing ofCe



Table 10. Effect of shode oa nitrogen, phosphorus end potassium uptelic of cowpet.

Shode intcongity Hitrogen upteke Fhosphorus upteke = Potassium uptalke
(per cent) . (xgnah (kg ha~ ) (kg Ba™ Yy .
gaa;gc: after sowing)  (daye efter sowing) (dava ofter sowing)

75 Iervest 75 Harvest Vi Hexvesh
0 (no shade) 70,64 ~ .  70.64 8,95 9.05 55 .43 55443
25 (low shade) 54.52 55470 5 .56 6434 45 80 4755
50 (mediun ghade) 22,02 26.70 2.79 3450 21.09 26.79
75 (high shede) 17,55 20.50 - 1.8% 2.19 15 .42 19.11
SEn 2.35 5«04 1.07 0.82 6.22 6.16
£.D.(0.05) 25.74 18.29 . 3.3 2,53 19,19 18,97

Table 1. TNutrient otatus of so:.s.l after the crop of coupes

Shade intenolty - Nutrients

(per centd) Total nitrogen Availebic phospho:ma Available otaspiun
: {per _co cent% (ppa) §

0 (no chade) 0.09 5.09 143.24

25 (lov ghadle) : 0.16 © 5499 ~ 152.83

50 (medivwm ghade) 0.11 © 5414 ' 154 .41

75 (kigh shade) 011 - 425 : 16322

ST+ 0.02 . 0.78 - 12.40

C.D.(0.05) S - IS . 08

IS = _Hot sigpificont .
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Fig-7. UPTAKE OF NITROGEN, PHOSPHORUS AMND
POTASSIUM AS AFFECTED BY VARYING SHADE -
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%+ Content ond uptoke of poteseiwm

1 The Gate on the potassium conbent o well aa total
potessivm uptalte of the planto ore presented in Table 9 and
10 end Fig. 7. The enelysis of varience io glwven in
Appendices 11 and 12, _

At both the obteges sobudied, tho effect of ghode on
the potasaium conbont of the planto was olgnificent.

. Potosgium content increased with increasing intensities of
thadlz, For plonis wder ghode, the content incmgasgﬂ with
sdvancing agc. )

Uptake of potasolum incrcased with alvancing
intensltico of 1llght oo well es with advancing age, but wes
not in dircch proportion to the dry matter production, as
the influence of ghade on conbent of pobegoium end the t:otal

dry matter production was juet ‘the Teverae.

11. Soil charscters
Soil nubriecnt sbabtus

' The data on the eoil mitrient ctatue aftor the
cultivation of coupeas are presented in Table 11 and the
enalysin of variance io given in Appendix 135,

Hone of the nutrients studied, viz., altrogen,
vhosphorua, and potegoium showed statioticolly significant
difforences in plote mointained et verying shade intens;il,t'ies.
As compared to the pre-czperinental nutrient ptotus of the
s0il, there ves a narked inercase in the contend of;‘ all

the nutrientn.




DISCTITI AT

The reaulte of the present sotudy indicoted thab §he
geain yleld of cowpea fallo cubstenbially beeouse of chading.
Bven the loy chede of 25 per cont reduced the grain yi.e‘.?.d
by nore than 50 per cent end with nore intcnge shoding, the
yieldo progreosively decroosed. UVhen the light intonolty
vag reduced by 75 per centy the yileld potential was only 9
per cont of that at full ownlight. It oay be -canclwed :
front puch 2 cgbnrde ragponoo thab coupea is e lepune with no
pspeclal adaptotion for growth under shofle end that it ney
be clegeifled s ‘chode ocneltive'. This crop nay theroforo
not be sulted for intercropping.

The above yield trend wan, however, inconaistentl
vith the extent of reoponse of the crop in termo of dry !
nobter accumilation and other growth charsctors. The dvy
notscr cccumilation wder low, nediun end high levelp of
chale vhen expresscd cg porecontoge of that wmder full
iilunmination werse 75.12, 39.79 and 27.91 per cont
ragpcetively, while the yields wnder these chade lovelo
uvere to the tuno of 42,0, 25.5 ol 9.2 per cent reopeétively
of that in the opon. Sﬁcb e larpger extcenb of aecliﬁe of
graln yield, thon dry natter yleld with incrsasing chade
intensitles noy be tcken to indicate that cowpea failed to
tronglocate the accurniloted carbohydratbes to the econcnic
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part in proportioncte snounto wnder chode. Thore vcre
pzjobably poue pore factors thet affected tranglocation of
pynthogiced carbohydrates to the grain wder chede, in
addition o the aevallability of cerbohydraten. The dabe on -
hervest indes would furthor ocubstemtiote thic. Another
inportent concluslon that moy be drowm from the gbove is the
betscr suitobility of this crop for cultivation for fodder
purpose than for grain. '

The dcoline in dry matter acoumlation ig in egreenent
with the £indingg of Dolen (1972) in pesy Crockston g gl.
(1975) in been end Benjanin et al. (1991) in eoybeem. This
decline could be attributed to mubual shoding and leaf
poragition. Sincc vhen gheded, the light reaching tho
canopy wan limited, a larger proportion of leaves would tend
to fall below saburating light intonsitieo or even below
conpangation point. An aopegenent of the extent of nubtnnl
ghading that night heve ccourved cem be hod from the date
on leaf areo indox (Table 4) and pet sogimilation rate
(Toble 5). Shading foiled to influence DAI ab any of the
geowbh sboges. With o canopy having the leaf arca index
on pay with that of plants crovn without chade, the louwcy
leaven of the chaded ploants tush bove guffercd substonbiol
porasitica. The data on net sgoinilation rate would farther
indicete the oxtent of ouch mitusl ehoding., A expesctod,
there was o significent fell in AR ab highcor ohade 1eveifs.
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The c&aopy wes aperse during the eorly steseo ond bECaﬂG
dcnoer be'tueen Z0th end 60%th days. Aftor that, thewme vas, 6
drootic decline in LAIL, which ig attributable to the leef
Benescenee end chedding. Contraxny l'so the cxpected trend,j"
tha UAR aloo vent dowm during thio periocd, presumsbly due to
the deterioraticon of photogynthetic ability of the leaves of
this stoge. The speeﬁ!.fic loaf orea showed o significent !
increane with increasing intenoitics of shade. This beiﬁg
the ratlo oli’ leaf aveca 40 leaf welght, an incresoe in SDA
vith gheding pay reprosent an aldeptive mech.anim. since for
onch wmit welght of dry natter pertiticned imto leaves, o
geeater‘ encunt of arce 1o exposed Yo available light

{Cooper end Cualls, 1967). The differeﬁoea in leaf welght
retio remained ponsignificant during the esxly sbtoses but it
ghowed a substentiol ineresce with shading besucen 60th aml
75th days vhich 1o ettributeble to low loaf cenceccnce and
lecaf foll wnder chade, Sheldreke cna Harayenen (1976)
obtained ginileor resulis in chickpea and pigeonpeo.

The dabe on hervest index reovealed theb paz’titlon;:lng
of cesiniletes to the alconomié Payrt wos siézaii‘icantly
influcneed by sheding. A quontitetive estinete of the |
diecorence in the pﬁrﬁi-bioniwg of aoeinilates cen be hed’
fron the data (Table 6). The percentages of Ary matter
sronolocated to the grain were 34.1, 26.2. 27,9 ond 13.6'I
at 0, 25, 50 and 75 per cent shade, regpoectivaoly.

9%



56

Tize above effects of lowor rateo of photogynthecls
end translocation were rcflected in oll the prinary yield
componento, vViz., nunber of podo per plant, oeeds per pod
. end tect welcht vhich regiotored significont deorcaso with
incronging shode levels. Algo, the plents wnder ghade toolz
nore tino to reech flowering obtoge. Doth flowerving and |
horvesting were doleyed progropeively with incrcosing lovels
.of ghede intensity. This ip howover, contradictory 40 the
evidence given by Tarila ot gl. (1977). '

As in tho casc of yleld conpomonto, the gSrowdh
conponento and nodulation eloo genmerally shoued e decline
with increasing shode lovelo. The only excepbion was in‘-the
cace 0f plant height which was not afifected nignificantly
by shading. DBoth tho total nunbcr of nodules @il the mmbor
of effective nodules aloo were lower wnder chodoe. A
Gecrcage in nodulation and nitrogoen f£ixntloan due to deercased
availcbility of corbohydrates infuced by chading hng beon
roported widely (Allison, 19353 Wileon, 19353 and lerdy cnd
lavella, 1975). Such a decrcasc in nltrogen i‘iizaticn by
legumeos wnmder shade io olso of practiecld imporsonce especially
. a8 en expected cdvantage of inborcropping with logwmas :.d
the goin in oymblotically fixcd atnogphcric nitrogzen. Though
on opgesament of the extent of contribubion fron soil
nitrogen could not bo made f£ron the present otudy, o nob )

loos of mitrogen fron the soil by removal by the leguro under
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glicfle canmot, hovevor, bo oxcluded especiolly vhon thig
crop 1o roiged for grain puIDOSC.

Chlorophyll contento, both in torms of totel
cilorophyll é.e well os ite componento 'a' amd 'H° were nob
affected by shoding. It may e recalled thet the review
algo shous vide opeeices difforcaces in the oo repponce of
. crops im termo of chilorophyll content. )

Of the quality agpeots, the proteln content of geeds
reowined nore or less the pane ivreppective of the intensity
of light reoeived. Thig is in ggreement with the regult
obtained by Wchua end ¥iller (1970) in soybean.

Tho conteabi Of mitrients, nitrogen end phoophorus’
in $ieemes uere ncorly the ceme ot all chode levels. On .
the contrazy, the tétal nputrient uptake folloécd the ome
trend as thab of dry natter ecownulation with plamte in the
opan recoxding the highest uptalro emd those at imtenso ahaile,
the lowest. “Bhe olu’;sian 0f the exzpected dilution cffeot |
nay be expleined by tho botter foraging capacity of the |
pient ro’ot‘s reeelving £l suhlight. In the cagse of nitrogen,
the grooter nitrogen fixing capaclty of the plontp in the
opcny 6 cvidenced By the better nodulation ot hove i'urj{;ho;r?
.ne:l_p'ea the plento gebting full cunlight to maimbain o hieh
level of pitrogen. Hovever, on identicol tremd wap not n:;;)’aea
in the cape of potossiv contont which showed o poraj.ataﬂ%
increage with increasing ghode intensities. Sinilow reaui‘t-s



of increasec in eontént of potagsiun by ohafling hove been
widely reported in severcl eroés (Myhr and Saebo, 19893
Contiliffe, 1972 cud Roax-igugz gt al., 1973). The uyta'{zlé
of potegolum on the contrary, registored glgnificont
decrease with incx;easing chade levels which indicated thaot
the effect of deercesing dry matter production had the
domingnt influence in deciding tho total upteke and tha"s:
it could nore than empensa‘bé the increaged contents "
regulting fron ehw:iine; Mother point of importance ig -
thet tho extont of dcerecse in yleld io much more thon ish.e
extent of deerease in upbdke of rutrients whlch indirectly

a3

indicates thet tho utilizetion officiency of these nutmients

would be 1@53 under ghede then in the open.
Datea on the enalysis of coil aficr cropping |
(Table 11) indicatod that they weve gtatlotically on per

between ehode levels. Dus the availeble potecoiun conteab

registered en increase with increasing intengity of shad'e,
which might be ebtributed to the lgwer uptake of potesoium
by the crop at higher shede lovels. A oinilar trend we.s:
not noted in the cage of phogphorus presumebly beceuse t'ht,
total crop romoval of this nuirient wes amoll es cmzmcd
$0 potessiun end lir\ the cage of nitrogen beoaune of the
interfering influence of nitrogen fixotion. As comrm'eq
$0 the pre=-cxzpevimental nutriend status of the soil, théro

vas a marked incrcose in the content of oll the mutricats.
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This is abbtributeblo 1o the shedding of leaves and

congequent addition of orgenic debris which in tum {being

b

2 legune) was rich in the ﬁutricnts especielly ni.{';rogm.

The added fertilizers must also have contributed 0 tho |

ioprovencnt of the soil nutrient gtatus. '
Tha ganeral conclusionn on the rcoults end dlscuosion

nay be cumarised as follown.

1. There wao drastic decline in yield of cowpea
cven with low levels of chede end hence the crop meoy be
clegpificd ag ‘shode scneidive'. It nay not therefore Lo

suited for ilatercropping Ior grain purpooc.

2., Oince the recduction in the totel phylbomasg

—~—r

production vas not oo sharp, this crop may be better suited

for intercroppinz in coconubt gerden for fodder purpooe.
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Bloclkgron (Yigmeo mumgo (L.) Hepper)

RESULTS

I. Plant characters
As Biometric cobgervebtions
1. Plont holgant

The date are prescnbted in Table 12 and tho exlalels
of varience 1o given in Appendiz 14.

Shading failed %0 have emy eignificant influence on
plent helght abt eny of the steges. Uhen compared to the
early stogey the increesce in plant height between 30th anﬂ
GOth days efter souing was very rapid at ell the phade 1:avels.

2. Nuober of bronches

The daﬁa aye presanted in Teble 12 and the a.nal,;sie
ei' veriance 1s given in Appendix 14. |

Bronching vas pignificently effectcd by shailng at
8ll the stoges. Puring the firet 30 days of plant growbh,
only the plento grown in full sunlight hed brenches.
Betwean '50&1 end 60th doyo, choaded plonts alsoo brmmho&,

bubt with intonoc chading of 75 per cent most of the plantfss

renained 9ingle ctemmed throughout the growth period.

%« Nodulabion
The data ere presented in Table 12 and Fig.8. Tho
enclyslo of vardonce is given in Appendix 4.
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‘oble 12. Tffeet of pghode on plent hoight, number of brenches end nodulation in blackgren ab
different grouth stageo.

Shade intensity Plont height Tumber of branches - Totel aumber of Humber of cffcotive

(pgr cend) (cm) (days

lant™1 - nodules plont ™| nodules plent !

a sing __f(day : days aftcr cowil dayn aftcr gowing) -
30 ____ 60 30 60 © %0 60 30 60
0 (no ghade) ©19.27 49.76 0.54 T 2490 5468 3.32 1.56 324
- (1.23) (1.95) (2.08) (2.03) (1.56) (1.9)
25 (107.'-7 Shﬂﬂe) ‘21 037 55'50 0 . 1.24 4.96 2.52 1.24 1.08
. | (1) (1:5) (2:.36) (1.8) (1.56) (1e4)
shade) - (1) (1.46) (2.1) (1.79) (1.42) (1.38)
75 (high chade) 18,79 64.11 0 0.%0 132 S48 0.12 0.96
(D (1.16) (1.52) (2.07) (1.05) (1.38)
St + 095 0.03 0.04 0.24 0.28 0409 0.23
C.D.(0.05) IS RS 0,08 0.1 _ NS NS 0,29 0.71
I3 = Nobt gignificant ' Tigures in parenthepis indicate =x+1 transformation

Table 13. Effect of shadc on contents (ng g~ fresh weignt) of chlorophyll *a’, 'b', total
chlorophyll and chlorophyll asb 'ratic of blackgren leaves at different growth sotages.

Shedc intensity Chiorophyll 'a' Chiovrophyli *b' Totol chloropnyll  ChlOXopRyLil &b .

(per cent) (deys after gowing) (dayo ofter sowing) (days efber sowing) (days after gowing)
45 15 ' a5 15 45__ 5 _ 45 15

0 (no shade) 0.74 1 .35 0.79 1.41 153 = 2.87 0.94  1.03

25 (low shodc) 0.88 1.01 0.89 1.81 ° 177 Se44 ' 0.99 0.90

50 (medivm chade) 1.01 1.75 1.09 7«80 2011 3.01 0.92 0494

75 (high shale) 1.03 1.73 1.18 1.82 2.22 355 0.89 0.55

Sim ¢+ 0.0 0.08 0.05 0.09 0.07 0.15 0.03 0.04

C.D.(0.05) 0.08 __ 0.24 0.14 0.28 0.21 047 _ S IS

S e c WS- - = Rov-oignificant - . T - o

I3




Fig- 5.

EFFECT OF SHADE ON TOTAL AND EFFECTIVE NODULES

N BLACKGRAM AT DIFFERENMT GROWTH STAGES.
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Ir general, nodulation in blackgram ves sparse end
it 4id not chow significent difference betvecn the shede
lovels in torms of sotel module pumbor. Bub effectiveneds
of nodules was slgnificantly higher in plents gotting hipgher
iﬁtmsﬁy of 1light at both the sbtoges stwlled. Touwards
ﬁaz'vesh, the plante did not rebain the nodules at all.

4. Chlorophyli content of leaves -
The data are presented in Table 15 =d the enslyesis
of vorionce is given in Appendix 15. ,}
Doth the total chlorophyll emd its conponents 'a® and
'hH! vere affected by the verying intensitico of light.
Vieual obse:rvationa oleo ghoved that plents under shode heﬂ
greeney leaves. It was elmo noted that the ehlorophyll
content incycesed comgpicuously with edvencing age, ab gl
the chede lovels. At all the otoges, the maximun and .
ninimom velues were reeorded by plé.‘.;.ts wder 75 per cand
ochade and by those grown in opem regpectively. Tho rotio
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of chlorophyll aib remained more or less wnaffected by ehading.

S5« Loaf area index (TLAI)
The data arce presented in Table 14 znd the analyéi.s
of variance is given in Apperdix 16. ”

The effceet of shade on leaf nyes index vao Diglif{‘icmt ,

on 30th day of sowing but it remeined stetistically on per
on the G0tk day. On 30th doy, ploato groun without chode

hed moxioum LAT and i% progreesively decreosed with mcgfeasing



Table 14.

of blackpgyren abt 4i 1fercnt grow*th 8%05C3.

focct. of ghade on leof area index, specific leaf area and leaf weig;ht ratio

Shede intensity

Leaf agrea index

Specific leaf

_Deof veignt ratio

gbgolute growth rate of blackgram at different g_rowth phages.

(per cent) (Geys after gowing) area ¢ em2 21y
30 &0 Detuecn Z0th and Letween 30%h end
: - 80tk dsys 60th days
0 (no Bha&e) De35 237 4-74-66 0078
25 (lov sumde) 0 .25 1.02 52577 0 .60
50 (medimm shade) 0.13 145 563.79" 0.60
75 (high Bnaae) 0.13 1.03 602.01 0.42
Sfa + T 0.05  0.44 1734 0.12
.D.(0.0S) 0415 s " NS IS
IS = Hot si@nificmt ' )
Table 15, Ef"‘ect of ghzde on uotal dry maobter proﬁuctian, net asainilabwn ra"be. and

Shaode intensity

(pee cent)

Totel dry weight

(g plent s

)

Nebt aasimiletion
rabeq , ,_n:a g@;—‘l 3

£ day

-1

L

' Abgolute groubth
rato

lant-“)

30 60 lervest Betuween 30th end Batuecn $Oth and
: : 60th days COth_doys

0 (no shade) 0.29 6.65 20.34 5451 0.22
25 (low chode) 0429 3450 9.2% '2.02 0.10°
50 (medivm ghade) 030 2067 6.42 - 1.66 0.07-
75 (kigh ohede)’ 038 . 1.57 4,85 1.24 ‘0.03"
Skn » ‘4.9 0.95 1.45 '0.11 0.07"
" C.D.(0.05) s 2.94 4456 1.85 0,09

N3 -

= Not oignificont

€9
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intensities of ahede upbo 50 per cent shafe. Uith nore |
intense ohading, further decreasse in LAL was not pevcopbible,

G. Specific leaf arca (SDLA)
. The date eve presented in Teble 14 end the anclyels -
of variance is given in Appendix 16, ‘,
The spceific leaf avren hod sn inercasing trend with
inereaoing intengitics of mede, bat the Aifference fell
mor-b of ctatiobicol sﬁ.@:uficame.

7. Leaf weight ratio (LUB) |
| The data are presented in Table 14 cnd the anélyais’
of voeriones i gﬁ.@ in Appendix 10, |
The deba revealed that sheding did mot have any
olgnificent influence on leaf welght ratio.

8¢ Tobal plant dry welght |
' Tho date ore presented in Table 15 end the Fig.10
enelysis of verignee is glvem in Appondix 16,

During the €irot 30 dayo of plent growth, the dzy
natter production wndey vavrying intensliics of light
remoined more or less the same. But by 60th day, the plento
in open recorded significantly higher dry ueight end there
was a pteady decline in total dry welght with inoressing
ghede intensities. The tremd wap the very sane at the tinme
of hepvest well., Dry welght et boxvest when oxpressed
ng poreendage of that in the oper wos 45.4, 31.6 end 21 ;9
rospectively ot low, medium ond high chade. The gej.nm
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- dzy wéight during the periocd between 30th cnd GOth dayo |
after oowing was highly perceptible at all the shade levels,

9. Net assimilation vate (WAR)

The deto on net agsimiletion rate betwemn 30th ond
60th days afﬁer gpowing are presented in Table 15 and Fiz.0,
The enelysis of varience is given in Appendix 10, \

The net assinilation reto was significently higher

" in plents without ohade. Tho maximm value of 3.5 g 3.11-2

doy”V end minimm of 1.24 g o2 aoy™

wera recoxded by |
plante growm in open end plaante wmder 75 per cent chade

regpectively.

10. Aboolute growbth rate (AGR) .
' The data cre pregented in Table 15 end the anslycis
of variance is given in Appendix 16.
Absolute growth rote was significantly higher in|
Iplantﬂ g;r:;:wm vithout shede, vhen comnpared to ghaded plonte.
But bebvean the plents expoged o different shxie
intenolties, the ACR chowed no sigmificont diffepence.

D, Yield and yieid conponents

1. Doto of Clowering
The dete arve }_Jresen'bea in Tablc 16 end the !malyisis
of verionce io given m Appendix 17. _
- The date reveeled that plenta getting fall sunlight

flowered much eerlier, when compared to the sbaded -oneé.



Table 16. Effect of gixle on date of flouor..ng, days 0 maturity, yiem of grain, yleld of
houlnm and horveot index oi‘ blacltgmm

Harvest

Shade mtcnss.w Date of flowering Days to moturity Yicld of grein Yield of
(per ccat) (deys afser souing) (days after souing) (g ha"1) heall .4 index
(e b )

0 (no shede 37 90 1500.74 1963 .26 0444
25 (lov chede) 40 99 528.29 1184.25 Q.32
50 (medivn chade) 43 103 289,63 9883.44 0.31
75 (high chede) 46 105 216.29 510.89 0.31
Shm *. 0.54 158.02 278.81 005
C.D.(0.05) 1.05 485 .94 859.1T . LS

Table 17. Efi’ecn of

Nob mignificent

shode on number of pods per plant, weight of pods por plaont, number of
sceds per pod, 100 seed wei{,nt ond shelling percentoge of blackgram of horvest.

dhade intenslty Number of pods Weight of pods Nunber of , 100 ceed Shelling
(per cent) . plant"1 (o plant.'q) aecids pod wveight (@) perctnbage
0 {no chede) 44,30 10.93 6 .83 4 .40 61.82

25 (lov shade) 20.04 330 6.50 4.12 20.73

50 (medivn shode) 15.60 310 6.44 403 55 .84

75 (high chade) 9.52 1.62 | 5.68 3,74 56 .64

SEm * 430 1.79 0.26- 0.12 3.87
C.D.(0.05) 13.24 3459 0450 0.36 12.00
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Daye takten for flowering vere progreseively nore as the |
intensity of chode increase(.

2 Doys to maﬁufity
The data are presented in Table 6. ,
Atsainnent of me.turii';y v Bagtened by more intense
smﬂ@tmbmw@m,TMdﬂwwﬁhmmmgmsmm
conapiocucus between plente in copen and the plants cheded

t0 25 per cent.

S¢ Tield of grain .
The date ore prescabed in Table 10 apd Fig.e 11, ;ﬂhe
enalysio of variance is given in Appendix 7. "
The grain yield was significently affected bty |
shad_ng WUhen expresged as percentage of the yi.eld in the
open, the yiclds at 25, 50 and 5 per cent chade were

3542y 20,0 end 10.5 per conb reapmtively.
Responac curve

Tﬁe yield date were transformed to 1oge£itlms usmg
1og,, ¥ trensformation. A qusdratic polynomiol weo found
50 give the best. £1t to the brensformed yield dode |
(Mig. 12 ond the snolysis of variance in Appeadix 35).

The cauntion of the cuvrve io glven below.

Togyy ¥ =  2.6436-0.1320%+0,0125%° - ;

The eoei‘fi.ci.enﬁ of determinabtion R2 of ‘the obove

eé,uqtipn being 0.9920, 59.29 per cent of the totel ;
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Fa‘g-_m. YIELD RESPONSE OF BLACKGRAM TO
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variatlion In the response can be exploinad by the fitted
pommalo

'4; Tield of haonim
The data ore precented in Table 16 and Fig. 11. The
. cnalysie of veriance is given in Apperﬂii 7. h
Shading eipnificantly decreased the hanlm yield of
blackgrem. The haulm yields at 25, 50 and 75 per cont ohado
levels.wei'e 6503y 50.4 end 206.0 per cant of the haulm yiéld

‘in the onone.

5¢ Harvest infex |
Tho dota are prescated in Table 10 and the armlysis-
oa’:; varience is given in Appendix 17.
- The data revealed thet the ﬁaweot index wes not
plgnificently affected by shaoding.

6.I Thumber of pods pex plent

Tho dato are preseated in Teblo 17 and the analysin
of varieance io given in Appondix 17.

The pod numbers uwnder low, medivm end high shado
were found to be 45.2, 30.7 and 21.6 per cent of thot in.
the open. The decline in pod mumber was gharper hobueen
plots receiving fall light intycnoity ond those that uere
ghoded 0 25 per cenb, |

T. Ueight of pode per plonk
The dete ore precented in Table 17 end the analysio
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of veriance io given in Appendix 17. .
The declining trend in welght of pods per plend |
when shaﬂed-tqas nore or less identicel to the ghade effect
on grain yicld. The plots getting full sunlight registered
pignificantly higher pod weight per plants end the walue:
deereaged drastically under lovw shede., Bebween differen%
chade levels, the difference wap not consipicucus. |
8. Uumber of seecds per pod f
The deta ave precented in Table 17 end the analysilé
of vavience ig given in Appendizx 17. _
The nunber of secds pexr pod in'ol:sm -glot.é uag
si.mificantly higher than that in ploto which received 25
per eem.t of full sumlight., Uith further inereape in shaiing

Intonaity, the differcncen were statictically nongignificont,

9.' 100 seed welpght
The date are prescated in Tablce 17 and the analysfis
of verisnce is given in Appendiz 17. |
100 peed weight was the higheob In plots receivin';g
masizum 1ight intensity. With decreesing light intensitics,
the value shoved a decreasing trend. ]

10. Shelling percentoge _ _
The deta cre presented in Lable 17 and she analels

of vaviance is given in Appendiz 17. ‘
Conpared 0 that of shaded plots, the sholling



Table 18. Effect of ohole on protein contont of seedo, provein yield ond percentage of
vell formed graino of blackgram. _ :

Shade intenoity Protcin content Protein yield Pevcentoge of uell
(pexr cent) (per cent) | (k&m."' ) formed greinoc

0 (no ghade) 18.38 276.40 B83.83

25 (low ghade) 16445 85.81 ' 69.02

50 (medim shode) 16.10 - 64.47 60.64

75 (high shade) 17 .46 5717 67 .60

3Fm + 1.20 24 .47 5.72
3.D.(0.05) 5.90 34,60 17.62

fable 19. Effect of shade an nitrogen, phosphorus and potaseium content of blockgram.

hede intenalty Hitrogen content Thopphorug content Potoselum content
(pex cent) {per cent) (per cent) (per cant)
- (dayo aftor gowing) (days after powing) (dayg after gowing)
GO Harveot 60 Horvest GO Norvegt
0 (no shedc) 2.5 2.42 0.25 0.20 .59 1.03
25 (low ghade) 240 2422 0.32 0.27 1.78 1.76
30 (mediuvm chade) 24,57 2.17 0.34 0.28 1.69 1.78
(5 (high chede) 2440 234 0.35 0.29 1.73 1.80
S & 0.71 - 0.192 _ 0.01 0,01 0.03 0.18
2.D.{0.05) S NS 0.03 . NS 0.11 WE

' US = Not significont

0L
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percentage of open plots was significantly higher. 'l‘h.e‘.
value deerenced sherply whan shoded 10 25 per ecnb, but with
further increace in ghoding the shelling percentage renained
stat.iatically non=-significant betuecn verying shede

intengitica,.
C. -Quality caopects

1. Protein’ coru:.emt of seeds ‘.
The data are presented in Table 18 end the unalysia
of variance io glven in Appendix 18,
Shading Q1ld not have eny influence on protein
conbdent of peeds. The content remained more or less

congtant ab vorying shade intensities.

2. Protein yield

The deta ere preseated in Table 18 ond the analjsi.a
of variance is glven in Appandix 18, ‘

Uniil:e protein content, protein yield was signi-:
ficontly influenced by cheding. The plots uwnder lou,
pediun end high chade intensities had protein ylcldo
which were 31.7, 23.0 end 1%.06 per cent of the protein
yield wder full sunlight.

S Percentoge of well formed graing
The deta are preoented in Table 18 and the unalye;is
of verionce is given in Appendix 18.



The pereentage of well forned groing decreascd
charply vith chadlng. Dub betwveen differcnt loevels of ghade,

the difference was not pignificent,
D. Chemical gtudies

1. Content and uptalze of nitrogen

.lThe date on the content of nitrogen of the whole
plent along with the totel uptoko of nitrogen by the plonto
are presented in Teble 19 and 20 and Fig. 13. The ennlyeis
of voriance ig given in Appendix 19.

Bffect of ghade on the nitrozen combent of the vwhole
plent was studlicd ab 00 daye after sowing oo well o b
harvegt of the crop. At Doth the siages, the content
renained waifected by the light Intensity. It was aleo
noted thet towerds meturity, there vap some dilubtion effccy
in nitrogen content, exeept in plots recelving full sunlight.

Total nitrogen upteke by the plonts wos significently
higher in wnehaded plots and this trend wes nore or leos
congiotent with the dry nmatter produetion. There was
congpicuous increase ln total upteke at harveot, vhen
compared to0 the uptake valuss at O00th day.

2. Content cnd uptalce of phogphorug |

The date on the content of phogphorus of the plaato
along with the total phiogphorus uptake of the planto are;
presented in Table 19 end 20 end Fig. 15. The enelyels |
of verieice io given in Appendix 19.
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Table 20. Uffect of

ghade on nitrogen, phosphorus ond potesosium upteke of blackgram.

Shade intenolty

itrogen upbake

~ Fhosphorus upteke

_Potegsiun uptalke

(per cent) (s ha'1) (g ha~1y (1 pa=h

(days efter gouing) (doys after powing  (days aftor souwing)

60 Harveot B0 Hoxvest - 60 Hervegt
0 (no chade) 32,04 109,03 " 3,76 15410 123,32 91.18
25 (lovw shade) 17.98 46 .04 . 2,50 5«46 15,66 34..36
50 (mediwn ghaie) 15.27 .42 1.94 4 .08 9.39 20 432
75 (high shede) 754 23.27 1.03 5405 5.14 17 .09
SEn * 5.03 9.80 0.63 1.05 5455 6400
CDe(0.05) 15 .49 %0.21 1.84 5425 10,93 2097

Toble 21. Nutrient statuo of soll after the crop of blackgranm.

dhaede intenolty ' -Hutrienta
(per cent) .Total nitrogem Avallgble phosphorus — Available potassium
(per cent) . (ppm) (ppn
0 (no chade) 0,10 3459 162,00
25 (lov chade) 0.11 539 160.00
50 (medium ghede) 0.13 4.60 167460
75 (high shade) 0.16 5469 166,80
SEn + 0.02 0.99 4499
i TS 1S

£.D.(0.05)

LS

—-—.
-

ot sipgnificant

gL
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- The phosphorus contant of the plant, "showed w
‘aignifieen‘a inercase with incressing intemsitles of emae
on GOth day, but abt harvest schade falled $0 have any
influenee on the ghosphorus conbent, On 30%h dey, the plots-
uithout ghode had e phosphorus content of 0.25 per cond "
while that increased $0 0.35 pewr canb, wher; the plobo vere
choded t0 75 per cent, Dub upicke values were gtill higimat
for plots receiving full sunlight end it declined to o
nininun value at 75 per cent shoie.

o

%. Content and upbeke of potassium o
. The date on the poteosivm content ags well ag 'tota,l.
potassivn uﬁﬁalze of the plembs ere presented in Table 1§‘
and 20 ond Fig. 13. The muelysis of variance is glven in
Appendix 19; '"
The trends in potasaiuvn content and uptake were
similar to that of phémﬁoms. On 60th dey, choded plants
hod significently highe» pobtassium content, when compared
to the wchaded plents, bubt vith inorscsing inﬁcnsiisiea]
of shode, %he content ves found to deeresse. A% horveots
no aistinet trend could be nade oub end the values rempined
gtatisiically on par, , |
'©  Uptele at both the steges were higher for wnsheded
plonts and it degrossed with increasing chede levelg.




1T, Scil characters

Joil nubrient otatus

The date are preogented in ‘j.’able 21 end the enalycis
of varionee is givon in Appondix 20. |

Soil nutrient atatus after cropping of blacltgran
did not Aiffer aig;aiﬁcentlj botween verying chade levels.
Dub vhen compared to the pre—experimeatal stebus, a markgd

improvenent wos noted in the content of all the nubtrients.
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DISCUSS1ION

The results of the preocnt study indiested that
blackeren ig otill enother leguminous crop for ubiéh high
light intempity io eomentiel for repliging ite full yleld
potential, The grain yield wgs found to decline so
drastically with shoding that the yicld at low, medivn cnd
high shade when éxpresaeﬁ as percentages of the yleld in
the open were only 35.2, 26,0 end 10.5 respectively. TFrom
the responpe curve,it ic pceen that this crop is highly
ghade sensitvive and s0 nay not be suited for raioing under
particl or heevily shaded conditions.

In $hig crop, the yield regponsc secmg 40 be ncarly
identical to the dry matter production. This similerity
in the trend alﬁng with the fact that the harvest index:
wag not offected by gheding pointe oubt that the photo-
oynthetic nechanion wos mainly respongible for the drastic
decline in yleld. An innight into the probable rcasono

for such differences in photosynthetic officiency of the

plonte under varying intensities of shade cen be hed from

the data on leaf area index ond net noeimilation rate

(Table 14 =md 15). The canopy wes denser for the planté
in the open during the early stage, bub by GOth day, t.hc;-
phaded plands developed leaf erca index on par with that
of plants receiving full swmlight., Though the TAT gtill
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Tennined low, more inbenoe mubual shoding muot hove becn‘
there wder shade eg evidenoed by the louer not assinilajion
rate_of the ghaded pleﬁts. The NAR was distinctly higher
in tho open, which indicated thet the mean photooynthetic
efficiency per unit of leaf area waso higher for planto
recciving full sunlight, This higher nican cfficlency along
with the highor LAL, especlally during the corly stoge must
hove contributed 0 the pipnificently higher dry nabter |
cccumalagion in the open. The dry mabtter production undeﬁ
low, meodium and high shade levols weﬁe 4548, 51,0 and 21,9
per cent of that under Fpll illumineotion. OSuch a draestic
decline in totael dry matvter production by chading ab varlious
lovcle is inconsistent with the trend of repults on cowpea |
in this study and of the reported trend in gimilar shaﬂe;
intolerant end senoitive cropo like coleus ond sueel potato
(Talithe Dai, 1981), which gaherall& registered dry natter
acouniulation in proportion to the intensity of lignt. Such
e tread, of course, ig posoible if the degrec of tmbual
sheding 1s gevere under shade. HHowever, the ocouzrence of

. ‘such a higa degres of mutusl shoding is not probable in f
thio caso, oo the mean LAL were quite low (in the rénge of
1.0% 0 2.40) end were well bolow tho opbiszmm reporsed for
moot of the cropn. The only possible explanation could be |
that even ot low lecf densitico, there hol been substentisl

cffectn of mubtual leaf sheding induced by the lew branching

17




of the crop wnder chaded conditions, leading thug 40
overianping of leeves. 1t noy glso be reecolleld thab !
obgervations on the branching of this crop indleated signi-
ficent brenching suppression under shede. It shouvid aloo
be noted that there weso no speelal adaptation in blackgrem
in terms ef opcelfic leof aves. The leafiness as meagurced
by the leaf weight rotio 2lgo was not influenced by sh:'zﬂj:ng.

Alnost 21l the yicld companente were fevoureld by the
recelpt of full gunlight, vhich in turm wag reflected in
the ﬁna]: crein yield fecorﬂed. The mmber of pode pez
plent, rumber of seeds per pod end 100 seed weight were
pignificently higher in the opsn. The shelling percentage
wao elso higher in planis i*eceiving fﬁll sunlight. Also,,’
the flovering end atteinnent of maturity were bastoned by
hirher light intensitien. !

An eveluation of the effect of ghede on growbh
componends indleated that branching wes glmificantly. hiéhor
in the open, which is in lme uith s;or:se other reporis _
(Gourley, 1920 in neacheso; Beinh::.z't, 1963 in whlite clover
end Terila ¢t gl., 1977 in cowpea). Bub pleas neight ves
waffeeted by the verying levels of light. Hodulation in
genoral uas Sparge which indicated that the native rhizobium
vao nos tuch Infective. The total number of nodules was |
not affected by shaﬂim.g but the effectivencess was dcfmi.tel;

higher in the open which indicabted that for bebier nlbrogen
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fization aléo » full sunlight wao favourable. The roaoons
gor this hove been discussed elready vbile dealing with
cowpet. '

The chlorophyll contcnt of leaveo (Table 13) wea
found oignificantly affected by ghading, The total .
chlorophyll and i%e componento werce found t0 be increasing
gteodily vith gheding. Siniler observations of imreasing
chloropnyll content beesuoe of shading howe been reporsed in
other crops 1liks bean (Khosolen, 1970), soybean (Koller and
Dilley, 1974), cocoa (Okeli omd Owusu, 1975), weeping £ig
(Collerd eb gl., 1977) and elfalfa and birdofoot trefolil
(Cooper and Qualle, 1967). The chlorophyll asb ratlo was
found offccted nelther by chede levels nor by tho edvencing
08¢0

Though the total drxy natter cccurmiotion wao
si@ificantly higher in ploto in the open, the expceted
dilution effect wan not obamerved in the case of nitrogen
content of plent tleguc. This i astributable to the nore
eZfcotive nitrogen fization veder full eunlight. It moy be
noted thet tho nunber of eoffective nodules olso was
significently higher in the open. The tread in the nutrlent
uptake hovever vas similay %o that of dry niatter aceurmalation,
op expedted. The phogphorus content increosed stendily I;i.'bh
increaning intenoitice of shede and the maxitmn was recerded
at 75 per ccat ehede. This is attributable 4o the gbove




menbioned dilubion effect. On the contrary, the uptcoke was
nigher for the plots in the open, which indiceted that the
greater dry rabtter nroduction more than conpensated for the
deecreope in the phosphorus conbent at higher light intempiﬁy.
Pobospiun content followed a trend more or less similar jto
'"that of phogphorug, both in terio of content and uptake.
The extant of decline in uptdic of the nubtrients by choding
was found to be ncerly the some o thet of grain yield which
indicated that the foraging ability and not the utilization
efficlency of nutrients was cffccted adversely by chading.
The date on the coil nutmient otatus (Table 21)
revealed that the zmutrient content was not influenced
slonificontly by shading. Thic must be beceuse, the greater
uptalre under full sunlight woes counterbalanced by the
oignificant shedding of leaves end conoequent addition of
organic debris into the soil. The marked increpse in the
nitrogen otatus of the solil when compared to the pre-
cxperinentel nutrient contant cen also be ettributed to
thisc. The sddition of fortilizors must have helped the,
soil 40 gpin in the contento of phosphorug ond potessiun,
The general cornclupions fron the discugsion can l;';e

gumnerised as followos~

1. DBesed on the ghode responoc, blockgren io to:be
cleoped s 'shade sensitive'. It 15 hemce not sulted for

bereropping in coconut goydcnSe.
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2. The phobosynthebtic mechanien wos neinly reoponoible
Zor the voriabicn in the yicld wnder vorying ghede intenglivicS.
3. Horveot index wos znot oueh aoffechbed by shadling

in blackgran.
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Groundnut (Arachis hyporaca L.)

I, Plont choraoctorg
A, DBionotric obscrvabions
1. Plent heigt

Tho dete are preoented in Teblo 22 ond the onolysio
of variance is piven in Appendix 21.

The plont keight inereoned with inereooling
intonoitico of ohode at all the pbagea, bub the difference
woo otablatically oigaificant only during the Lirst stoge.
It was clgo nosed that the rate of imercouc in plont hoight

wags nore or lescg sbendy bobtvecn e gbteges.

2., Hunber of branchen

The daba arc preacnted in Table 22 end the analyois
of variance 1o given in Appendix 21.

Though thoe plants under all lovelo of lisht
intenoities hed bvenches during the corly otege ltoolf,
branching was sigpificently hisher for the unokaded plonio.
The numboer of branches inercaced with adveaeing age
irrvegpective of light inscnoitieo recelved. At all the
oboges, the munber of broncheo wag oigniflcantly higher

in the open.
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Table 22. Lffect of cghode on plent height, number of branches and nodulation in groundnut at
Adifferent growth otages.

Shade intensity Plant height (cm) ' Nunber of branches Totel number of fzoaulea_1
(por cent) (deys after ooving) Lent~? : leat’
: {’days aftor_sowing) (doys after cowing
_ 30 ___ 60 .90 30____ 60 90 30 60 _90
0 (no ghode) 20491 59.64 B2.88 Bodl 4428 444 10.04 39.12 18,808
. _ (3.27) (0.28) (4.19)
25 (lou shade) 26,52 G0.16 84,35 2.21 372  3.60 Be.42 ' 29.12 1778
, ) ) - oo (3.03)- (5.63) (4.05)
50 (medivm shade) 28.88 03,84 886.04 1.94 - 2.96 = 3.72 7«84 - 30436 19.45
" . , . , (2.92)  (5.54) (4.47)
75 (high shede 29.53 60.04 B6.64 1.04 . 2.24 2,32 T.28  25.60 1582
S , 3 , (2.27) (5.14) (4.08)
Sra + 1,53 2426 0.22 0.26 0.20 0.22 0.34 = 0.28 041
NS = Not significont - Figores in perentheois indicate -  x+1 transformation

Table 2%, Iffcet of shade on contonto (1:1{3'@;"'1 fregh weight) of chlorophyll 'a‘, 'b‘', total
chlozrophyll and chlorophyll a:b ratio of groundnut leaves ab different growth stages.

Shede inbenpity Chioropbyll ‘'a’ Chlorophyll 'b° Total chlorophyll Chlorophyll asb

(per cenb) (days efter sowing) (doys eftor sowing) (days efter souing) (deys after gouing)
45 5 45 15 45 5 ‘ 45 il

0 (no shede) 2425 - 1.24 2.28 1.26 453 2449 0499 0,95

25 (lou ohade) 233 1.38 2.46 7452 4480 290 0491 0.91

50 (medium ghade) 2449 " 151 2.61 161 510 312 . 0495 . 0.96

75 (high shede) 2,50 . 1.51 2.65 1.63 5.16 3.1 0,94  0.93
S - 005 0.07 0.07 0405 0.09 0.10 0.03 0.03
C.D.(0.05) C0L8TT T 0.2 T T 0421 0440 T 04297 T 031 00 Tm8 ms

I8 = Uot silgnificant

£8
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3. Uodulation
| The date .ape prepented in Teble 92 and Fig. i4. The
analysio of vericnce is given in Appendix 21,

.Toval nunber of nodules was not aifected sigaificantly
by varying intcneitlies of light ot emy of the stages. I‘Ioldule_
nunber wag moximm on 60th dey a.nﬁ by 90th dgy, the nodule
punber décreased at all the chode levels. Dato on effective

noduleps werc not coliected in this crop.

4. Chlororhyll content of leaves

The date cre presented in Table 23 and the analyels
of variance is givan in Appendix 22, |

Shading hﬂa pignificant effcet on cnloromwll content
0f leaven both in termg of total chlorophyll ag well ao its
conponcnte ‘a’ end 'b'. The totol chlorophyll ond ito
conponents increased with incressing chede intensitiecs and
the maximn volue wes noted when _'the plonts were ohiaded to
75 pexr conb. It was sleo noted- thab touards maturity, the
plement content decrensed conspicucusly. Over the stages,
the naxdmm yelue was recorded 45 dayé ofter sowing ond oﬁ
75th day, the content wao visibly louwer gt 21l the shade
levels., The ratic of chlorophyll a:b renained nearly the
sone abt all the shaode levels, ot all the g::m-rbﬁ stages.

5. Lee? orea index (LAL)
The data erc presented in Tabic 24 and the »zxalysis

of variance io givon in Appondix 23.
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‘ The leaf ares index wog significently higher for
plonto grouving wsheded, on 60tk day. Ab other otages,
though the value was 611l highcr for piant'q grouing in the
open, the diffcrencen weré not statlatiealiyl pignificant.
There vwas & very congpicuous incxfeas.e in Is,{\I dujring :the |
period betueen 30th end 60th days efter sowing. Towards
naturity, the LAL deoreased substantiall_slr and ;;his decrcage
vag more percepbible for plants 'g;r*ouing unghoded,

Gs Specific leaf avca (8LA) ‘ .
‘ The data ave présmted m Table 24 ond the anslysis

of verience io given in Appénﬂ.‘!_.z-c 23, ,
Shading affected specifie leaf orea sigaii‘iegntly

at 2ll the steges. SDA of pls;nts inoreaged with decreasing

intenoities of 11@t, but between 50 per cent and 7 pex

cont shede the spece ific leaf erea wes more or less the

some. With edveneing age, the SLA imcrcaped though not |

significantly.

7. Deaf weight ratio (TMR)

The da:ﬁa are presanted in Teble 24 and the enelyols
of variance ié glven in Appendix 23,

Shading did not affect the leaf welght ratic at any
of the stoases. |
8., Total plent dry weight

The data are presented in Table 25 and IMpg.16, The
analyeis of varience io given in Aprendix 24.
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Table 24. Lffect of shade on leaf srea index, specific leaf crca end leaf welght ratio of
gromdrmat abt different growth otages.

Shade intensity.

Leaf area index

Specific leaf avea

Leaf yeignt ratio

(per cent) (days efter sowing) (en® g-‘l
=0 Betueen 30th  Bebsween b0tk  between 20Gha  bBetween 60tk
_ end 60th days ond 90th days end 60th days and 90th_daye
0 (no shade) 0.50 251423 263,64 0445 0.28
25 (Low ghade) 0.71 291432 321,39 048 0.36
£0 (medivn ohade) 0443 344421 364 .84 0.44 0435
75 (high shode) 0.50 340451 T 30843 -0.44 0.33
Stn + 017 13479 12,92 0.02 0402
C.D.(0.05) s 42450 3982 HS us

Table 25. Effect of shade on total dry

= Hob significont

growth rate of gromdnut ab differcent growth stoges.

patter production, net assimilation rate, and absolute

?hafie in%c)ansity - Total 4 : Heb ass%milatgi.on rate Apgsolute grouth r%a,te
pex o (days artes omann) (g ™ day™) (g doy”" pleat” )
30 ©0 D Horvest  Detwecn 30LhR Detwueen o0th Between 30th Between 00th
' cmd 60th end 90th and G0th and 90th
days days days daye
0 (no ohale) 1.48 11,00 T 8455 2352 033 0.20
25 (Llow chode)  1.37  T.86 . 2,68 1..56 0.21 0410
50 (medium cheode) 0.88 4,94 2.64 1,10 5.10 0.05
75 (high shede) 130 Tell " . 1688 2.00 0,06 0.2
SEn # 0.28 0.97 0,36 0.58 0.08 0409
G.D.(0.0S)_ us 2.98 1.10 BS 0.11 0,12

Not significont

38
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Puring the fi;rat 30 deys efter couwing the totol dry
éei@% of plonto reneined stabtlotlcally on par. Labter the
gein in dry welght by plents grown in £nll sunlight ven
clgnificently higher end the maximm dey v.-zeight wag recorded
by the wnshaded plants, The dry weight decreased
mo@esaiwly with Increaning intengities of shade. Ab |
harvest, the pllants in open end wnder low chade level had
a s8light decrense in Hot0l dry weight uhen compared to that
cn 90%h -dey, but Lor plem'.é widey mediun end high shaﬂe.:
the dry welght voo naximm at harvesi. Ab all tho shade
levelg, the goin in dry welght was very congpicuous ba-&ééen
206h and GOth deys after oowing. |

0. Uebt oggimilation rate (WAR)

The date are prescnted in Table 25 and Pig.i5. The
snelyole of verience la given in Appendix 24,

Unshaded plots hod significantly bigber nct
agoinilation rate between 30th ond 60%h doys after acwir;g.
A%t othory sﬁagéa the difforence remainec} statisticel;y on
- por. In plonto under full gmlight and also wnder Low,
and medium phode levels, the naxicwm WAR was noted betueen
30th end 00Lh doys after souing, bub with intense cheding,
the change in UAR was small, |

10, Absoluts growth rase (AGR)

The dabta avre presented in Table 25 end the analyois




of varience lg given in Appendix 24. |
The ebsolube geowth Tete ves significently higher
Zor plants grown under full owmlight ond it decrcesed
oteadily with increcacing chede levels. The AGR Qecressed
with edvencing age in plots getting upto 50 per cent shade,
but wnder more intense shede, the value increased towvanls

naturitye.

Be Yield and yield componento
1. DPate of flowvering o

The data are precsented in Teble 26 end the cnplyois
of variance is glven in Appandix 25.

The deta revealed that the Llovering datc wos
ﬁasﬁsneﬁ with the receipt of full light Intcenoiity. The delay
in flovering in phaded plotg increased stealily with

inérenoing intensitics of chade,

2, Doys t0 moturity

The Qota ave prescated in Table 264

Gromdﬁu’o, vaecn shaded, I;eguirea more time to0 reach
maturity. Tho planto under 75 per cent chade could be
hervested 02113 after 11 days of hevveoting of plants in-a
the open. |
3, Yield of pods

The deba ove presented in Teble 26 end Fig. 17. The

anplyeis of varicnce io given in Appendix 25.



Table 26+ Dffect of ‘sbale on date of flowering, ddys

of hatﬂ.m and ha_waat index- Gf geomdnube

%o matm'ity, yiold of g.min, yield

Shade .Lntem:zity Date of Deys to Yiéia of ".{ielﬂ of Harvest
-(pcr cent) flovering asburi ty pods " houln index
(daye after (dayo after g , -1

~ gowing Sowing) g hs ) (kz bo ) o
0 (a0 eheds) 16 105 1980 444 255615 Cidh -
25 (low shade) 19 111 688,44 1314 506 034
50 (medium shede) 22 114 389 « 35 . 992.27 029
75 (high shede) 25 . 116 236444 939.04 0.25
St 0.56 9727 200.40 0.04
C.D.(0.05) 171 229,76 618.84 Cel4
Table 27, Lffect of shode on number of pods pex t, wveight of pols per plent, mmber of

ceecds per pod, 100 seed weight end ahc rereantege of gmm:ilnut at harvest.

-zhade intongity Number ?f pods 'Ieigh‘b of pods Pe;-cerztagg.of , 10(5)_ sced Shellix%g
per. cents) (plant™ ) (g pl mt ) ggggseeclo iz)ght percentage
0 (no. shede) 14.62 4446 87484 3130 66.60
25 (low shode) G.64 1455 63.80- 2707 43.85
50 (medium ahode) | 2.64 0.83 52,81 22.68 41,18
75 (high shhde) Sedl 0:53 45.21 15 447 34414
Shin 0.74 0.22 T30 . 0.74 55483
C.D.(0.05) . 2428 2251 2,20 11,’579

o 0.67

68



_Fig_17. POD AMND HAULM YIELD OF GROUHDNUT AS

AEFECTED BY VARYING INIENSITIES OF SHADE.
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The pod yield wne significantly effected by shodibg.
Vhen cxprecsed as percenbege of yleld im the open, the
vieldo at 25, 50 and 75 per cent shode wvere 34.8, 19.7 and

11.9 per cant respectively.

Reoponge curve \
The yig’sla data vere transformed t0 logorithnge using

logw Y troanoformetion. A quedratic polynomial was found

" $0 give the beoct £it to the yicld data (Fig.18 end thoe .

. anelysis of wvarience in Appendix 35). The equation of the

curve is given belov.
Togyy T =  2.6989-0.1513x +0.01512°

Tho cosfficient of debormination of tho eguabion
vas 0.99838 which ghoued that 99.88 per cent of the veriablon
in response can be explained by the fitted polynomial.

&, Yield of hanim
The date are presented in Teble 26 and Fig. 17. ‘The
analysio of veriance is given im Appendix |
With the shaﬁing the houln yleld declined
aienifioantly but besween Alfferent intcnsitics of shade,
the difference uas not significont, The houlm yields ab
25, 50 and 75 per cent chade were 51.4y 35.8 and 36.7
per cent of the haulm yicld in the open. .



Fig_18. YIELD RESPONSE OF GROUNDNUT TO DIFFERENT

NTENSITIES OF SHADE.
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5. Horvesh inﬁex (GI)
The date ore presented in Teble 206 and the l:amalysis
of varience Lo given in Appendix 25. . |
' The h.arvesu index of the crop was naximu for the
wmphaded plotg. It went aoun vith sheding ond wao mz.ni.mm
for the ploto Teceiving 25 per cent light.

6. umber of podp per pleat
The dete are presented in Table 27 aml the analysaig
of variance is given in Appendix 20. .
The rumber of ‘pads per plant wae slgnificontly higher
in ungheded plente and it decreaced with increasing
intenglties of shede,

7o Uelght of pods pey plant
The data ove procented in Table 27 amd the enalysio
of verience ip given in Appendix 26. ' -
| The trend in effcet of ghade on weight of podo por
pleant wves oiniloy to the trand in pod yield. The ﬁlan"ss
groving in open end the highly sheded plots hed meximum
and minimun welght of pods per plent respechively. - |

8. Peroantozge of two peeded pods

The dabta ave presented in Teble é? endl the anelysis
of varignee 1o given in Appendix 26

87.8 per cent of the pods “oauced under full simlignt
were $1o seeded. I went down %0 63.8 per cent by cheding
to 25 per ccnt, which was significently lover them that in
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the open. OUnder mediwn snd high chede, the values were ‘as
10w 89 52.8 ond 43.2 per cent, respechively.
9. 100 oced velgtt |

The dato ore pregented in Table 27 and the enslysis
] of .varian.ee 'is givcn in 'Appenﬂix 20,

Pods doveloped under foll sun light recorded
aignificontly higher 100 seed welght. The 100 oeed weight
decronced cteéﬂily with inoreacing intensities of shede,

10+ Shelling percénbogoe

The da‘oa are preoented in Toble 27 end the enaleia
of variance iS givc—zn in Appem’iix 26

The shelling izercentage wnder lov chade was
ohgnificantly lover thon that wnder foll mmlight. Dot
botwecn plonto exposed t0 low, medium ocpd high intonsitics

of &Shade, the differcncc weo not statisticelly significant.

C. Quality aiapects |
1. Froteln content of kernalg
The dabe orc presented in Toble 28 end the an&.ym.s
of varience ié glven in Appendizx 27. '
’ The protein content of kerngls repained nore ov less

- eonstant wider different intcnoities of shode.

2, Proteln yie_d
The ﬂaﬁa Bre yreaentea in Table 28 and the malmia
of vaz'_ance is givezz in n.ppenﬂ iz 27.

1



zable 280, Effect of ehole on protcln contant of gecds, pyotoin yield, peroentaze of
ucli forned rraimand oil contamt of gromndnud.

Shodo inbonoiby Frotein contont Proteim yicld Pepeontoge of Cil content
(pory cent) {por cont) (L ha= 1y yoll forned scedo  (poPp cent)
O (no chedn) 20,25 22872 0580 44488

25 (low cdhode) #5415 62,01 66«00 45486
50 (nedizn ohodc) 85.75 2930 99,40 . 50430

75 (high ohode) 26.00  15.63 22460 40 466
g s - 094 - 13422 2.29 1.28
CaDe(0405) 2.01 594273 707 3.94

Tablc 28. | Pffect of ohode ca nistronen, phoophorus and pobagoivn content of pgrowndnub.

Shede intenoldy Oitrosen combent Flwsghoruo conbent Fotapoiu content
(per eond) (por cont) (por cont) (per cent) -
(doys after scwinng) (doyo gfier ecwing)  (dave after gowing)
_ 00 Inrrooh o0 Bezveph S0 arveoh
0 {no dhnde) 185 2602 019 0«10 1.42 137
25 (lou chode) 1.74 2.02 3620 0e20 4456 151
50 (pedivwm ownde) ,. 1.60 - 2,08 0.20 0e2D 165 1.0%
75 (higa chade) 2.1% 2423 020 © 0420 1.60 1.6%.
JEa # 0.22 S Pery | 0004 0.02 004 D08

€+D4{0.05) g B3 a3 g 0413 0.1

I3 = Dot gignificant
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Frotein content of sesde belng olmont comatant, tfae
protein yicld folloved o trend identicel with that qf pod
yicld, unier verying intenoltles of shede. The ylote in
the opam produced siglificaz;tly Iﬁgher oonount of protcin
wvhen compared o that of ghaded plobtos "'

S« Fercantoge of }fel;l. foxmed keynels :
Thno dota are pregented in Table 28 end the apelysis
of verienco ie given in Appendiz 27,
Podn developed wmader full gunlight hod well fﬁmed
kernale 'in-th'ei':i, emd they reglotored the highest porecntage
of well foroed secds. The value decreased steadily with

incrensing intensitics of chede.

4. OLil consent of Leraals
The daba are precented in Table 20 anpd thé @alyais
of varignce is giver in Appendiz 27. | '
The oll content of growndmut secds inercased with
increé.siag ghode upto 56 per cenb. liore Ilntense ghoding
aecfoased the oil content. The nmeximm value of 50.3 per

cent wog vecordcd at 50 per cent chode.

De. Chenleal studies
1. Conbent and uptake of nitrogen _

The dete on the content of nitrogen of the i.-:hole}
plent eolong with the t0tel uptcke of nitrogen by the plents
are prescnted in Table -29 cmﬁ %0 and Fige 12. The auolynis
of varience is given in Appendices 20 and 29,




- Witrogen oontea{x'r. end nutrient upteke velues uvers
gbudicd 90 doys afier sowing as well as abt barvest. The
nitrogen conbent of $he plant remoined ptatistically on por.
The contcenb van higher at harvest vhen compared b0 that as
90 dayo after sowing.

The uptcke of nitrogen wos significantly bigher fow
| unshoded plante at both bthe cbages and it decroased
steadily vith increasing intengitics of shade. The upbeke
velues 4id not differ umek betucen shages for plants in
opcn exnd those unﬂcr low ghede bt for nedivm and heavily
sheded plota, the u;p*ﬂ?*e of nitrogem at hervesth wes

porcepbibly hichem.

2 Content ond upbake of phoszﬁoms '
The date on the content of phosphorns of the plonts
along with the total phosvhorus upteke of the plants ere
”emento& in w.ble 20 and 30 end Pig. 19.. The enalysis of
variance 15 given in Appendices 28 and 29,

' The trend of zﬁlésphoms ‘conbent emd upicte wder
varying dhade inbensitics wes more or. legs iﬂeﬁtical 0.
thot of nitrogen. The uptelke was meximm for unshaled plote
end it decrecsed wlth increasing intenoities of shnde.
Over otages, both tho content and upbolte velues did nob
differ mmch,

[

%. Potapoiun content end wupbake

The datas on pobagoium conbent and upkoke of plonts




Table 30. Effect of shale on nitrogen, phogphorus end potassium uptake ot groundnut.

Shode intenglity _ Witrogon uptake FPhogphorus 'uptake Potaaai.um uptals:e
(ger cant) (155 ha™) (g be™) g ha™)
(deyg after gouing daye ofter goulng) — (days after aﬂwgg)
90 Harvest 90 Hervest 90 Harvent
0 (no shode) 134497 148.35  14.52 15.69 18.82  96.83
25 (low chade) 90.74- 76.10 - 10.24 7448 7833  61.55
50 (medium shiade) 36.60 ~ 69.03 - 5.03 6.71  ©  40.24  52.58
75 (high shade) 49 .55 6191 494 5 .40 30.94  43.68
Shm &+ 14.43 9.62  1.43 119 .9.82 5.84
C.D.(0.05) ‘ 44 .45 29,65 4,40  3.68 30,26 17.99

Table 31. Hubtrient gtetus of soil after the crop of grounfnutb.

-

Shode inbtenpldy Nutrient
(per cent) Total nitrogen Available pﬁodphorua Availlable potesoiunm
(per cent) {(ppm) (prm)

0 (no chade) 0.7 3430 _ 160.00

25 (low ghode) 0415 , 7419 160,00

50 (medimm shade) 0.14 5419 _ 163460

75 {(high ahzlﬁc) 0.11 ) 4.95 o 157.50

SEm + 1.76 . . 0.T4 _ T30
CeD.(0.05) ot 2.28 IS

NS = Hot algnificont
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ape presansed in Toble 29 and 30 end Fige 19. The onnlysis
of varionce is given in Appcxﬁiceg 28 end 29. _ g

~ The potessiun content of both the stoges otudied
was plpnificontly higher for chaded plote and over tho
otages it did. not diffor congpicuongly. The potassiun
content ot barvest was 1.37 per'ccmt in the opecn ond the
bigheat value of 1.6 per cent wes recorded by plente |
receiving 715 pcr cent ghade, .

The ﬁptake values were highey for vmshaded plots

end it decreased with inecreasing intensitlies of chade, but
thio deeline waé not ne consplcuous as that of nitrogon

ond phosphorts,.

Il . Doil choracters
Soil mubrient status

The da‘ta ave prescnsed in Table 51 c»d the enslysis
of varisnce is glven in Appendix '5{).  . .

The total nitrogen content of soil ‘d,id not ghoy ony
olgnificant variation betveen differcat chode levels,
though it chowed en increesing trond with inereesing
ghode levels. Dut the orailable phogphorus wao oignifi-
cantly highor ot 25 per ceanb shade. The available
potaggiun confoen’o olgo was highest abt 25 per cent shode
but the ai.ffe;eme fell sghory of ptatistieal significonce.

Conpaved t0 pre-experinentel nubrient gtetus of the
g0il, 0ll thé nuiricnto shudied, choved a narked

inercoge efter cropping uwith groundnub.
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DISCUSSION

In $he preooent stuldy, groundanub registered a nean
yicld of 1920.4 kg haf1 in the opon. Uhen calculated as,
perceatage of the yield in the open, the meen yieldo at 25,
50 emd 75 per cent shode levels were 34.8, 19.7 and 11.9 ‘
pee cent respectively, This drastlc decline in yield
indicated thet as in tho cese of cowpea and blockgram, in
torms of pod yield, graundnﬁt is elgo not suited for
intereropping in coconut gevden wnder parsticl or heavy
ghedee. As evidenced by the regsponse patbern, groumdnubt cay
be included in the cleps of chode senpitive crops vwhich
will not be generally suiteble for intcreropping.

In this crop, the dry matier accummlation under
differcont shode levels wes almosy in proportion to the
snount of light avallable to the planits on 60th day |
(Teble 25). At the other stoges, thers woere conociderable
leaf shedding which affected the obgervaotions on totel dry
matter production. Even with suqh loss in plant porbs, 'the
extent of decline in dry natber production at thic sbtage
wan considerably less then the extent of yicld decline.’

A dceline in dry natter accummletion in proportion 10 the
ipbtenoity of illunination is cn cxpected trend as heo been
noted in tho caae of cowpea in the prescent study end in -

ﬁhe cage of colcun end sweet potato as reported eerlicr
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(Lalitha Dei, 1981). The reasomns ‘for thig have becn
discussed whilé depling with cowpea. The fach that there
hed been mrach pbre Aragbic decline in yield by shoding than
dry mabtter rroduction né.mmlly points o the inwvolvemend
of ocome soxb of inhibition of tronslocation of gymbhesiocd
materfals $0 the economic port induced by shedinz. The
data on horvest index will suppord thig comcluslon further.
It moy also be recelled that the scme trend hos been noted
in the cage of cowpeo also in the progent study and in
sucet potato in the cerlicr stuly (Laolitba Dei, 1981).

The decline in dvy mester yicld with lower light
intensiticn can be explained by stwiying the data on lcef area
index (Table 24) end ret oosimilobion rate (Table 25) wherein
the trend vag eluost identicol with thed of cowpea. With
the leaf arca index well above 4.0, Bubuel sheding would
" bave becn thore oven in the open. With increese in shade
lgvels, matual leaf gheding and perasitism would have gone
up cubstentinlly. Hovever guch excensive parasitisn ves
comnterbalonced to en extent by a steedy and nerked
decreasc in I'ALI with increasing shede levels (Teble 24).
But this could not complcetely take care of the decreased
avallability of light as cvidenced by the simidltaneous
decrease in net agsimiletion rate. Similar obscrvabions
were mede in c'oz-:pe_a in the present gbudy ond in sweet
potato (Le.?.ithé. Bal, 1981) in the cariicr work. [Mother



notable featize ip the incrcace in specific lcaf arep.
According 40 Cooper end Qualls (1967) this is ean edaptation
for exposing larger area t0 availeble lighnd. Hoi-:ever, this
probablé edvantage nay not be offective in crop canopies
os it Iis a decrcoose in DAl that may be bheneficial 40 avoild
‘pargpition wder ehade. Anong the factors responsible for
bringing down LAl under chade, am imporbtant role probably .
vas played by branching behaviour., The number of branches
wag considerably lowered by shading.

The role of $ranslocation efficiency in deeiding

the finzl pod yield cen be quantitatively estinated from the

data on harvest index (Table 26). Tha hervest index ranged
fron o mean of 25.2 t0 44.3 per cent at different shode
levels. The moximn value of 44.3 per cent in the open
declined ctendily with incrcasing chede levels uhich
indicated the influence of shode on partiitioning of
copimilates. The significance of this in contributing o
the shede responoo of this crop had been diseusged already.
Ag in the cepe of other legumes gbudied, the trend
in yield componcnts end growbh components measured were
neerly identicel to the yield pattern. Houcver, mlike in
the case of cowpea, nodulation was wnaffected by the levels
of ehade in terms of total nodule numbsr. Flowcring emd

ebtainnent of naturity were deloyed in this crop also ab

in the case of collpea and blecligron,

180
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The totel chlorophyll content ond it componcnts |
'a' znd *b' increooed with increaping intcneitico of shede.
Such ar increcse in chlorophyll contend with ghading was
noted in memy other crops also as cited in the disduasion.
on shade responge of blackgram.

The quality of the lkcrnals in terms of protein
conbent was mot influcnced by shede., Simlloy reculto hed
been obtained by Webua and Hiller (1978) in soybecm. Bub
the oil content incrensed with Increasing intengities of
ghade upto 50 per ccnt end with more intensc chading, the
conhend decireaoed (Table 26)., This is in cgrecnent with
the regulde of An (19682) in gvoundnub.

The treads in nineral nutrient contont and the
uptake by the plenbts vere necorly identical wlth 'ishaf of
covpea and go the poooible reasons es discuesned for that
crop magy be applicable for groumdnut also.

In the caso of nutrient content of soll, significent
differeonce bstueen shede lovels was oboerved only in the |
cage of availeble phogphorug. Ilowover, the trond wos
crratic end no velld caﬁclusions could bo drawn. The
marked inprovement in nubtrient status after eropping of
eroundnut may be attributed to the eddition of orgenioc
debris through leaf £all end the addition of nutrients
thyough fer‘tillizers.
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The general conclusions fron the digcussion can bo

gumariocd as followss=

1. Based on the shedle rooponse, growmdmibt noy be
grouped as o 'shode seasitive’ crop and hence it ic not

suited for intercropping in coconut gerdens.

2. The photogynthotic mechenisn along with the
tranglocation efficiency wes responsible for the decrease

in yield wndcr shade.

3. Excecoplve leaf porasitisn wos counterbaleonced
t0 an extent by o steady and parked decrease im LAI with
'mcfeasing shade levelo,
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Redgren (Cajemug cajan (L.) Hillsp.)

Ao eclready indieated in Meteriols and Methods, for
rvellgron, the data tm shede yegponoe of carly stapes alone
were yecorded, So this payt of the gbudy nay be traa‘beal
ag a trinl 4o find out the effect of diffcrent intenaitics
of shade on early vegebetive growth and the Results and
Discusgion ere given accordingly. The probable indications

of the rooponse pattern obtained are also diccussed.
RESULLS

I. Flent cheracters
A. Dionmebtric obzervations
1. Flent height

The da{;a are prescented in Table %2 and the analysis
of varience lg given in Appendlz 31.

The height of plents uwes foumd significantly
effected by chade ab both the stages studied (30 dayo
ard 60 daya after soving). The height rccorded waa noxiom
for the plembs vecelving full illuninstion cnd it decreased
gteedily with increasing intenoitios of chode.

2. Nunber of branches
The daba are presented in Taoble 52 end the anslysis

of verionee is gilven in Appendlz 31.




Table 32« DIffect of cbode on plont helght, number of brenches in redgram ot carly otogeo.

‘Shagde intenglty

Plont. hoight (cm)

Humber of brenchen plont”

(per cent) (doys efter plonting) {(doyp efter plontingm)
‘ ‘ 50 6o _30 60

0 (no glinde) 59«90 131,52 5,06 19.52
L . (2.818) (4.53)
25 {(low ghade) - 44,70 98,14 1.18 TH2
o . (1.414) (2.85)
- 50 (pediwm shade) 32.48 71448 -0 1480
. . (1) (1.57)
75 (high sghede) - 52420 G1.15 O 0.48
(M (1.18)
ST 2 2.23 5.+26 0.11 0417
C.D.(0.05) 0.88 160.21 0434 0.55

Pigures in paventhegis indicote =x+1 trensformation

Table %3, Bffect on chade on contents (ng £ pregh weight) of chlorophyl: 'e's "b*, Sobal

chlorophyll a:b ratio of relgrem.leaves atb eorly grovth. stoged.

Shade intensity  Chlorophyll ‘o'

Chlorophyll 'b*

Total chlorophyll

Chlorophyll orh

(pexr cent) (Qoys after souinm) (days sfter sowing) (daye afser souing) (days after gowlnn)
, 45 . 45 T 45 5 45 75
0 (no shade) 154 134 1.64 1425 2,82 2.59 0498 1.06
25 (low E‘ﬂfme) 1.69 1648 1080 137 2096 2.33 0.94 1.05
50 (medivm shode)  1.73 1447 1.89 1.42 T2 2,89 0.92 1.01
75 (high shode) 1,55 171 1490 1.59 3444 3429 0.80 0.06
Sm . . 011 0.03 0.09 0403 0.19 0.06 0408 0.02
C.0.(0.05) . ~ ES 013 @5 009 IS T0.19° T mS NS

S = 1lot significent

701
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Tho plants in the open hed eignificontly m‘-gher
nunber of branches vhen compared to the chaded plonts. On
20th day, the fully illuminated plento hold on an average
0496 branehes,: wnile under low, medium and high chade 1(_3véls,
the mumber of. 5ranches was as lov as 1.18, 0 end 0. regpec=
tively. Uith advaneing oge, the sheded plante slgo branched,
bat the trend in branching behaviour remained pore or 1@5
identical.

e« Hodulation

in reﬂgram, the notive rhizgobis were found non-
infective, in the present study. Only a few planto in the
open had nodules if eny. Uone of the pleats in the chade
hed eny nodules, irrespective of the intensity of shadc.

e Chlororbyli content

The data are pregented in Teble 375 and the ansliysie
of tarionce 18 given in Appandix 2.

The comtent of chlorophyll in tcrmo of totel
chlorophyll aa well o3 ito eonponents *a' ond 'bh* increased
with inereosing intensitice of chade. The difforence was
obatiotically significent only on 7S5th day vhen, the plantg
in the open low, nedium ond high chode lovels hod 2.59,
2.84, 2,69 end 3,20 ng g1 frech welght of leaves, of
chlorophyll in them reepeebively. The radioc of chlorophyll
atb remained more or less the geme under diffcrent chede
levels, \but the ratio increcped with sdvonecing ago.
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5« Leaf avea index (LAL)

- The (daba are presented in Table 34 ond the analyeie
of variocnce is glven in Ap;_:ewlix 55

The dota reveoled, that the leaf areo index wag
ﬁighly affected by cheding. The leaf ares index ranged'
fmﬁ 0.16 t0 1.16 on 30th day in the highly sheded ond bprm ‘
plota respcctivcly while on 60th day the ronge was 0.62 to
9.12: The leef eves indox wao naxinum in open plote and
i% declined showply with sheding ot oll the shagea. It
was also noted that from 30th 4o G0th doys after sowlng,
the increase in DAL vas very conspicuous especlally in the

open.

6. Specific leaf areo (SLA)

The data are presented in Table 34 and the anal:,r;.xis
of variance is given in Appondix 33.

The specific lecaf avea vas not influenced by shading
in this crop.

7+ Leaf weight ratio (LWR)

The dota ave presonted in Table % and the analysia
of veriance ig given in Appendix 33, _

The deta rovealed thet sheding feiled to influcnce
loaf woighb ratio significantly.
8. Totcl plent dry ueight

The doto exe presented in Teble 35 and the enalyois -



Tavle 34+ Effcct of chade on lea_ opea. im‘icx, snccific leaf areca Emﬂ lea.. noight
.-+ votio of redgran st early gmm‘th stages.

Sha&e inscnaldy Leaf syea index S:peeiﬂc' leaf avea Leaf woight ratio

(per cent) (Gays f‘i,er aowing) ( o g- y .
30 60 ‘Between 30th end, 60t Between 30%h ond

: doys e 60thdeays

0 (no ghede) 1415 9.12 506,58 - 050 -

25 (low chode) T D639 2,63 " 530489 * S ¢ 17 Y S

50 (medium shode) 0.26 . 1.98 . 518471 0.50 '~

75 (high ohado) 0.16 0.62 548,40 . - 0.48

Shn + 0409 0469 . 3B.08 . 0403

C.D.(0.05) . . . 0.29 243 s NS

NS = Nob significont

Table 35. LfPech of crede on total dry matser pro&uction, net assimilation rate and
abgolute @outh rate of redgraie .

Shode inbenoity Totel dry weight Hot epoinilotion rate Absolute ‘prowth rate
(per cenb) P . =2 5 1 -1
(g _pilent ') (g ) (g ggv plant ')
(days effer plenting) .Do%uem _;C)th o Betveon 70%h and
30 40 00th doys . 6oth_days
0 &39 phade) 4;'57 22;11 p 2.01 . . 0059
25 (low ghedo) 1.38 6.9 X 2.32 , 0.18
50 (mediwm chade) 0.7% 4422 2.28 . : . 0414
75 (hige ghade) —  0.32 2424 | 2,04 - , 0.06
-SEm # . ST 0429 0 233 0 0.37 g 0.0 7

€.D.(0.05) 2.63 7.19 1S 0.32

IS = ot sipgnificomt

LOT
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of vm:*i:m;c; i given in Appendiz 34.

The dry mbter production decrcased slmificantly
with Qocrcooc in intensity of iight ot both tho nlegoen.
Uherny oxpreoged oo poreontoge of tho dry wolght m OpaTy
thot wndor low, medivn and high ahode lovelsn wore Z0.7, |
19.1 and 10.1 respectivoly on GOth day. AL all tho chode
lovelo, tho dry wai.ghﬁ incyenced conopicuously fron J0th
‘doy to G0th dey ofter cowlng.

9. liet essimilation reko (TAR)

the date aro prooantcd in 2able 75 and tho onelycis
of variaaee in e,lvan in Appendis S4.

The not essiniletion vate wes not affccted by sheling
botweon F03h end O08h deyo aftcr eving.

10, Absoluto growth roto (AGR)

Tho dota ore pregenbted in Tablo 35 ond the caolyseis
of vordence io piven in Appendiz 4.

Abzolube m’owtn rabte vao oirmificontly hiphor fop
the wnchoded ploto cnd it doorecoed otecdily with incroooing
inbonsibico of chaldca |



DISCUSSIOH

In the present study, the effect of shading on tho
biometric growth componento was wery drastic indlcating the
posoibility of redgran being highly chede sensitive. The
generel loss of vigour with low light avallebility woo
avident in pll the grouth components measured.

The plont height was highest in the open and it
deercascd obealily with decreasing levels of lignb. This
is in confirnity with the resulis of Falis and Bustrillo?s
(1976) in grain sorghun., The adverse effcet of ehading on

brenching wao very drastice Thio norphological feature .
gt have hod a veyy ioportant role in deciding the 1eefl:
arga index and conopy dlgpositiong.

As digcusoed cerlicr in othor three crops, if dry
oatter eccumlotion could be token as en indicetion of
the finel yield, the conclugion that could be drawn io
that in redgran, the ylcld resligoble world be very low
uder chede. The meen value 0f dry oatter accumuilation |
uwnder lowrmedivn and high chade were only 30.7, 19.1 end
10.7 respectively of that in the open, which was ieg th.ém
proporticnnte to the omount of light awailables The leaf
area indez wag very bhigh in the opon, but the AR wao
unaffected by the extent of 1light available. Thip shows
that the plent hed devoloped en edaptation to reduoc the
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extent Oof mutunl shading by bringing ebous a drastic
decline in DAL, which wes more or leso effcetive im thiB:
crop. No edoptive mechonion in terma of SLA was noticed,
and it may be concluded that the extent of nutual chaeidlng
in low light intensitios vap gubstanticlly low, |

Ao in tho case of blackpren thus, growth Of 1313311-;::
end conopy doveloment appearp o have been drogtically
inhibited by sheding in the cage of yedgran aigo. The :
gxbtent of depresasion of vegetative development of this |
crop wao the highegt anong 21l the crops incluled in the
present otuly cand those sthwdied ecrlier (Lalitha Bei, 19?1) .
Though the finol yleld treai of the cxop could nob be
studicd in the tricl, it oppeavs thot the yield decline
would be substantisl under dhade even if synshepioed
nateriols ore trancloccted in proporticnatc amounts O -z,he
ceononic perbt.e It would %pus ngke thla crop wmsuitable
for cultivotion undcor shaide both oo 2 grain orop and elso

g green LaMre.
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SUIMIARY

A field experinont wag condueted at the College 63?
Horticultuvo, Vellonilkicern, during the period fron Moy to
Octobor, 1951 %o study the chede yresponoe of gome 1eg¢mi}nous
crops, Viz., cowpen, groundmat, blacksran and redgram. h‘l‘he

repulteo of the oxpervimmt are sumnariged below, ’

1. All the legumes trlcd, viz., coupea, blacltgrém,
growdnub and redgran were foumd chade sensitiva. A
guadratlc polynomial £itted $0 the lognrithm was found to
cive a cloge £it to the yicla vesponwe of blackgron ana
groundnuat. In covpea, quodeatic pnlynonial with ne
transfornation wop fouwmd to e;ivg o bobter £it to the
vosponse curva obtaimed. In all of them, the yield |
decrcased Arastically ovem with low chode of 25, por cenb
ond with nore intance ghoding, the decline continued |
progrensively. The e’e;j?ly vogetative growth of redgram
elgo wap found highly suppreooscd by shadlng.. |

2. In blacksran, the photosynthatic 'é.eohaxfa.i.sm |
appeavs 6 have the donminant role in the shode rosponse,
obteined. In coupen and groundnut the portitioning cnﬂ
tronolocation of sosimilates aloo wore fowmd to heve a -
decipive wrole in decidm the final yield. In reﬁgmm,"
2ll the biometrie cheracters rmeasured incluﬂing brmCMg
end LATI were highly suppressed unfer ghede whlch vag |



. vofloeted on the shavp docline in totel dry naber

production, ‘

3« The declining cffect of shade on 'photosyn’nheiais
and trsnslocebion were reflec‘bcd in all the primory yleld
componients. In all the crops, thoe numbor of pods per ,.
plenty nunber of sceds per pod, besht weizght and cholling
percentoge dccreased eignificantly with MGreasinQ chade
levels. The flowering ond attainnent of naturity in all
the crops 'weré dolayed progressively with increening
intenoltien of dchede, )

4, Total dry natiter production in all the orops
studied vent down with cheding, In couwpea and grmmdnu‘t,
it was proportionate to the amount of ..igh?:. avalloble, ‘
vwhile for blockgeon and redgred, it wes lens thon '
propor’cionate-to thoe. quentuz of light available, i

5« Pleat heig‘ﬁ;.ﬁ in cowpea and blockgran yao '
wmaffected by the intcneity of cicde, Tor growdmut,
plent height incrcesed with inovcasing shedo intensitiecs,
wvhilo the reverse was truc for redgran. L ;:

6. Bronching in 21l the erops wass-,l‘-' edvergely
affected by cheding. oy redsren and bleckgraon, the
branching puppression wag [ore eonsplcuoud.

| T« In ooupea, nodulation both in i.eme of wtal
number ond mmber of eRfcetive nodules wao higho.:. in nlots
recoiving full sumlight. Por blackgrem, the total numb{-ar‘
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wag noh affected by sheding, wvhile the offectiveness of
nedules was olgnificently higher in the open. The totel
L;.umber of nodules wes not influenced by shading in :
promdnnt whereos in redpren there was prectically no i
nodulotion at all, )
8. Total chlorophyll and its cooponents ‘al, 'b'
vere unaffected by shade in coupea. But for cll the other
oropd, it increascd with increasing intcenoltien of ahmlé.,
The ghlomphyll ath rabtio wos not influenced by shz—:ﬂing.;-!i.n
any 0f thc aropd. j
9., In genefal, the wnshiaded plonts hed denger
cenopys Bub for eouwpca, the differcnce im LAI was non-,
Bignificant at ol thle gbeges. In blackgran on 30th da,yzjr,
it ves significently higher in the open , while in t
. groundnut, significont @ifference was noted on 60th day.
Por vedgren et oll the stoges studied, the plote in thel
open hed higher LAL,

L

0. In cowpea end groundnub, speelfic leaf areaj'v;:as

nigher for choded plote while for blackgeon end roigren’
1% was oignifloantly higher in cheled plote bebwcen GOSA
end 75th days after sowing. '

11. In all the cropg except reagﬁ:’m, the HAR waéx
significantly higher in wncheded ploto. For redgrem, i%
rerained maffected. '

Y
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12. Of quelity aspects, protein content was .
ﬁnﬁfedted by the intensity of light received in o1l the
cfops; wvhereas the 'pz'otein yield and percentage of well '
formed grains were significently higher in the open, Ini
groundnut, the oil content increased with shading upto SQ

per cen£ and with more inteqse ghading it came down. "
13 The content of nitrogen in the plant tissue"?fl
was not affected by shading in eny of the crops. Phosphorus
contezi’g. wag also unaffected except fox in blackgr.‘am, wherey
on 60th day, phosphorus conmtent was gignificantly higher"
in sheded plots. Potassium content ghowed & persistent
increase with shading in all the crops.
'14. The uptake of all the nutriénts increased wi:‘ah
increasing intensities of light in all the cases: It wei:s
e2lso noted that the dry matter production had the dominent®
role in declding the total uptake emd that the higher dry
weight of the unshaded plots more than compensated for the
higher content of pbtassium in sghaded plots, " |
15. There was marked improvement in the nutrien-é,
status of the soil after the cropping of all the legumeé;
vhen compaved to the pre-experimenta:t: nutrient status.
Content of nutrients in the soil was more or less unaffe;cted
by sheding, except that in cowpez, aveilable potagsiumi

content increased with increasing intensities of shade.

!
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Appendix 1. Ueather dete (weekly average) for the period Mey 1981 to Cctober 1981.

b—donth and

Soil temperature °C

Vleck _Temperature °C Reinfell Relative bumidity Sumshine -
date Ho. m (mm) - {per cent) (Ho. of cn_denth
Fopre- After- hourp of orc- Aftci-
noca - noon bright noon - pnoan
sunshine) : .
Moy 28 to :
Jme 3 22 29,53  23.00 53,14 92.07 87463 1470 24.41 29.21
4=10 23  20.32  22.83 37.14 94.21 95400 .44 22,85 29,29
11=17 24 2736  22.54 55486 04486 86.25 2426 23,39 28.23
18-24 25 28,26  22.09 39.0% 95,17 . 85430 1.26 22,68 28.40
25 4o July 1 26 29,16  22.08 6.43 90.77 1779 3459 2340 50«29
July 2 - 8 27 29.80  22.80 23.19. 80443 . 81,00 537 24¢T3 0446
9=15 28 20,10  22.00, 22413 91493 83,30 350 24459 29.66
16-22 29 30.66  23.14 4.60 88,70 . 69,07 6404 24.38 31.13
23 =29 30  28.00 22,70 21.43 95,07 86.75 . 6.46 ' 23.60 27.29
30 $0 August 5 31 28.50  22.37 1167 93.36 . 83.67 343 23460 28,30
August 5-12 32 28,64 22,04 3«71 93,07 83.36 3427 23457 28,50
13«19 335 28.46 22,96 37.71 93,14 81479  1.71 22,93 27.67
20-26 4 28,14  20.93 5491 94471 73433 5417 22,93 29,62,
27 t0 Septe 2 35 29.06  23.27 1427 93457 7029 5.07 23490 31.00
Scple 5=9 50 3024 23423 13.33 092,57 70.14 7400 27.05 32.68
16=16 37 28,64 22,53 17.00 93.64 83.50 . 379 23,54 28,96
17=23% 33 270 2290 39.83 94.28 8?067 1069 2540% - 238,52
.- -24=30 39 30,24 23.01 4.83 92.57 71.43 7400 23414 3029
Octiober 1=7 40 ~ 30.87 22,83 157 89.71 T3:28 "7 6497 < 24437 - - 3261 ...
Source: DB Clasg Observatory, Vellanikkara, Trichur,




Appendix ‘3. Hont hwa.r dataila of eclimatological parameiers i‘or 20 Jeara from 1961 to 1980
. - (Average for 20 yesrs talken together) :

Month Tenperature Tupldlty Sunghine  Xainfell  Ho. of

Maximin Minimm Porenoon  Aftermoon  hours in mrm# égiigy
Jennary - 51.90 21,32 78.20 44.04 845 1046 3
Fobruery 34437 21.97 7733 38.61 8433 275 .0 24
Maroh 3567 23,47  85.61 45.41 " 8421 3585.0 " 27
Aprild 35454 - 25.00 . BBJT5 54459 T.29 . 1257.0 112
May . 53e2% 24.78 . 89.07 - 64.37 - 5,20 4867 7 259
Jume 3034 23.46 . 93.23 T7.84 3.31 12646,.0 524
July © 28,58 22,95 94 .69 82424 2402 17490.5 570
August 2957 23.14 94437 78436 2465 83035 476
Septemnber | 30415 23.47 . 92,68 71471 4.32 448444 . 340
Octobor 30,78 23434 90,78 T0.49 4.66 52475 351
Hovenber 31,02 22,89 84457 63497 6.36 29129 = 170
December 30.77 22.22 TT.86 50435 6.63 944 .3 . 43

*Total ra.‘.i.nfall received for 20 years
.:mcez Iigtcorolog.lzc_:al Station, Manouthy



Appendix 4. sio of varience for the effect of ghale on plont height, mmber of branches
. &l nodulation in coupea at different growth ptoges.
] M uayeg
Source ag ‘ Piont keolght ) Tanb er"eg branchen ogngial noig;f -1 Htfxgbefiof
days alter sowing - n es plent ° effective
g%ﬁg) (daye efter (days after nodules plent -1
sowing) - (days after
sowing)
30 60 T 30 60 75 30 60 30 60
Blogk 4. 3.1121 1620.56 725.08  0.0046 0.0880 0.2212 0.7678 04633 0.8423 0.0358
Treatment 3 0.7451 600.66 278.31  0.4431 0.2813 0.5138 3.5611 0.7064 3.5401 0.1899
Lyzor 2 -0.2801 44327 1151.63 0.0046 00361 040548 0.2557 065037 0.2867 0.1149
*Sigxii’icant ab 5 per cent level **Simwant at' 1 per cent level
Appendiz 5. Anglysis of verisnce for the effect of shale cn contents of’ chlorophyll ‘a‘, 'bY,
total ehlorophyll and chlorophyll asb ratio of cowpes leaves at Airferent. g;:rowth atagen.
Meen squsres
Source df Chiowphyit 'a’ Chlorophyll ‘b’ ToiEi chlorophyll  Chlorophyll asb
(deys after o dave a:i.‘ter gowing) (days after sowln days after oou
Bloek 4 0,0109 0.0217 0.,0238 0.0313 0.0459 0.0776 0.0244 0.0129
Treabment 3 00430 0.0548 0.0917 040849 042553 0.2622 0.0159 _ 0.0081
Frror 12 0.0396 0.0210  0.0402 0.0512 0.1302  0.1142  0.0131 .0134




Appendix 0.

Anplyols of verimcee for the effecto of shade on leaf area index, specific leaf
area and leaf weight ratio of cowpea at differcut growth staseo.

Heon sgunren

" Sourco ag Tcal arca indox Bpecitic leal orven Yoot weignt ratio
(doys after powing) Hotween 30th  Letween 00th  Detween 30th  Setween 00%h
_ and 60th deys and 753k dayo ond 60th deys ard 75tk deys
Dlock 4 0.0332 3.85814 0.1416 %6350.08 39C7.14 0 .0084 0.0065
Treatoent 30,0982 2.7711 0.0532 54995 ,31%# 20248.63#* 0.0014% 0.01588#
Brror 12 0.0304 2.0703 0.7167 2047715 3511.85 0.0025 0.0024
¥S3igpnificont ot 5 per cent lovol #eSimificant ab 1 per cant level
Appendix 7. Anolysio of verience for the effect of ghade on dry matter production, net assimilation
- zobe ond abgolubte growth rate of cowpea ot different growih atoged.
‘ Mean sguares
Source a£ Total dry weighb Het agsimilation rabe Absolute growvth rete
. (dayg after gouving) .
30 oG 5 llnrvest Between Lgtueen Betuecn Betveon
30th eand GOth and 30th and th end
O00th days  T5th davs 60th daya 75th dayo
Blocls 4  0.1107* 31,83 11.26 25,37 2.87 5404 0.1674 0.2526
Treatnot 3 0.2804%*130,25%% 156.406%#157,920% 9,03 5.98 0.,04911# 0.4095%
Exrozx 12 0.03512 14.42 17.56 12.25 2,62 4403 00739 0.0859

*Gignificont ab 5 por cent level *a3imificant at 1 per cent lovel



Appendix 8.

Analyoie of variance for the effect of chede onr date of flowering, yield of

&grain, haunim 31@1& and herzvent index of couwpea.

Hegn gquares -
af Date of flowering)  Yieid OF @& — Yield of houim

Source Horvept
(doys aftor sowing) index
Block 4 0.8751 . 08230,.62 67945 .58 0.0097
Treatment 3 181.6071%s 1957653 .02%* 4642805 ,62## 0.03726%
Error 73 1.0417 20606.84 - 475339.99 0.0053
agimiticant at 1 per cent level

Appendix Q. Analyai.s o? vorlance for the effect of chade on number of pods per plant,

Ue:l t of pods per vlmb, number of ceceds per pod, 100 secd weight and

‘ clling percentoge of couwpes at harvest.
Mean ggueres -

Source ag Hber of pods Welght of _,  Number of 1 00 ceed  ohelling

' ol ent'1 pods plent scedsa pods . = weight percentage
Block 4 0.9160 2.0093 1.0029 0.5232 50.17
Treatnont 3 40 .0052%# TOL5910%% 6.32710* 8:1611%+ 124.41
Error 0.8307 49430

12 . 0.4562 . 142601 .f 16010

*S1mificant at 5 per eent level 2eS4mifiomt et 1 por cent level .



Appendiz 10. Aualysic of varience for the effect of schale on protein content of seeds,
Co protein turn oveor and percentage of well formed grain of cowpea abt harvest.

' Hegn ‘sauiregs o I
Source af rProtein content Protein turm over Percentoge of well
- formed grain
Bloclt 4 6.4724 5085 «99% ’ 5707
Ercatnent 3 11.2744 104362 ,21%% TO3.41%%
Error 12 11.5974 1488.19 127,77
*Significant at 5 per ceant level #*3ignificant at 1 ver cent level

Appendix 11. Aﬁalyais of vaviance for the effect of shade on nitrogen, phosphorus and
potogsium content of cowupesa.

Mean oquares

Souvce df  Hitrogen content Fhosphorus content Potassiun content

‘ ' (deys after sowing) (days after goving) (days sfteyr sowingm)
5 Harvogb B Horvesh 13 Harvest

Block - 4 . 0.1179 01290 0.0005 0.0013 00032 0.0032

Treatment 5 0.0380 0.0562 0.0008 0.,0047 0.0909%+# 0.1500%#

LErrom. 12 02238 0.2405 0.0347 0.0014 0.0088 0.0171

##3imificent at 1 per cemt level




Apperdlix 12. Anelysis of verieonce for the effect of dhede on nitrogen, phosghorus ond
potesgium upteke of cowpene

¥Mean pquorves

Source - ag Hitrogen uphoce Phosphorug uptake Tobaooiun uptake
' {deys after couwing) (dayo after sowinm) (dayg after gowingm)
5?5 Hopveat 5 llgrveot N Horvest
Block 4 269,18 257437 6.24 7499 182,16 .357.04
Troabnent 3 5282,.96%% 2752,56%* 45..92%%  46,70%% 1655 .01 1472 4965

##5lenificant ob 1 per cent level

Appendix 13. Analyoio of wvariance for the nutrient stabug of solil after the crop of cowpea.

Mean sguares

Soures ag Total nitrogen TTAveilable Iﬁxoaphoifas Available potesgium
Dlock 4 0.0024 - - 2.6340 : . 15%«21
Treatnent 3 0.0052 545525 33593

Toror 12 0.0015 30107 T{T(3




Appendixz 14. AMnelynis of verisnce for the effced of shade on plant height, number of bronches

and nodulation in bleckgran.

lMean squaraes

Source ag  Tiant heigzht Tumber of branches

(days after sowing) ?lemt""

days efter souing)

Totol number LY
nodules plent

lunber of effec- _4
tive ncdules plent

(days afbter mowing)

(days after gouing)

30 60 30 60 30 60 20 60
Bloclk 4 3.1156 163.03 0.0049 Ox1575 0.2310 0.1259 0.0728 0.2725
Treatoent 3 Tel462 205,21 0.00671"* 5,4133%% 00,6207 0.1126 0.2830%% 043335
Erpror 12 4 T407 93.72 0.,0049 0.2567 0.2929 0.3867 0.0450 0.2685
#2giomificant ab 1 per cent -level

Appendix 15. ol of varience for the effect of chade on contents of chlorophyll ‘a’, 'b’,

total chlorophyll and chiorcphyll astt ratio cf bleckgren leoves gb dlfferent growth

agbagzes.

Heensauares

Source arf Chlorophyll 'a' - Chlorophyll -'b* Totel chlorophyll Chlorophyll asb

8 after sBowin

dayn afier gowin dayg afbter po d
45 45 75 45 5

) gdg,za after gowing)
5

45 5

Dlock 4 0.,0026 0.0083 0.0088
Treatnmt 3 0.0885%% 0,0905 0.,1034#% 0,2145%*
Error 12 0.0036  0.0291 0.0105

0,0364

0.0413

0.0201

0.4923%% 0,5815%

0.0226

0.0239

0.1164

0.0062 0.0163
0.00e0 0.013%2
0.0052 0.0019

¥3imificant at 5 per cent level

#%31mificand at. 1 per cent level




Appondix 16. Analysis of verionce for the effect of sghade tn leaf areca index, epccifie leaf
aree, leaf welght ratio, totol dry maotter production, net cosimilation rabte and
" gbgolute grouth rate of blackgram ab differcnt grouth stages.

Mean squaros _
Source df Ycef erca Index opecific Loot Tobal plant dry welght Uel nani=  Absolute
- leaf areca welght (dgys after gsoulng) nilation grouth rate

mblo rate
30 00 Betucen  Bebtween 30 00 Horvest Betueen Betueen

F0th and  %0%h and Z20th and 30%th =pd

60th 60%h 60th 60th

doya daya dsys deys
Bloelr 40,0041 0,3556 8321.58 00,0159 0.01685 1.0504 _ 25,99 00,2173 0.0073
Treatment 3 0.0958%1.6875  14788.54 01092 0,0006 27.2071 251.75 4.8903 0.1601%¢
Error 12 01157 0.9471 1503221 0.0663 0,0083 4.5601 10,98 0.,5340 0.0241

#Significant at 5 per cent level
#u5imnificent at 1 per cond level




Appendix 17. Analysio of veriance for the effect of ohade on date of flouering, yield of grain,
- yield of haulm, harvest lndex, nunber of pods, weight of pods, mumber of sceds per
pod, 100 aeeﬂ uc—:-ic,ht end shelling percentage of blackgran ob harvesh.

. __Mesn agyarea

Source ag Date of Grain yield fHewim yield Hervest No. of lelght No. of 100 Sheliing

_ floucring 1.nﬂcx pods 4 of po&m seeds aeed percen~
(dzys from J plant™" 5 .=t os~1 welght togo
soving) P

Block 4 2,75 18837.55 477402,70 0,0088 116,72 4.82 0.0790 0.0303  5.01

Treatment 3 75.0000 1656920 .27%% 16827066.21* 0.0197 1216.’:"*}.&3,02*@ 1.385T* 3.7030% 269,18

Error 12 05833 124848.39 38007625 040100 92424 6.79 0.3445 040699 73.61

o ¥Significant ab 5 per cent level - **Significant at 1 per cent level

Appeﬂﬁié 18. Analysio of veriance for the effcct of chade on protein content of seeds,
' - protein turn over and percmtage of well formed grain of blaclkgral. .

‘HMean gdueres -

Sourece -4¢  TProtein content Protoin turn over Percentage Of weﬁ
' _Tormed prein

Block 4 76162 3522.80 5751

Ireatnent 5 542804 58915 .,51%% 298,18

Exrvor 12 8.,0002 2994405 163461

se3ipnificant ab 1 per cenb 1level




Appendix 19. Anelysis of voriagnce for thc content and upteLa of nitrogem. phospho:-us cnd potaspium

l&dﬂ@.‘m.
B o B " Mean squores ‘
source df TNitrogen rhosphorug Fotagsium Nitrogen thoaphorug Potassiwm
. contend congent content uptele uptoke uptalko
(deys after (doys after (days after (deys after (doys efter (doys after
gowing) aowing) gouing} sowing) Bowing gowing)
Block 4 040407 0,0603 0.0020 0.0066 0.0204 0.1358 - 32.02 954425 0.495 12.96 7.20 234 .65
Treatmens 3 041578 0.0557 0.0183 0.0005 0.0336 0.0765 547.54 7653.57 6.52 103.58 513.35 53550.51
Teror 12 _0,0557 0 .0698_ 0.0008 0.0005 0.0067 0.1546 126.4_5 480,53 1.99  5.58 62.93 231.63
#Signiflcent at 5 per cent level - »ugimificant at 1 per cent level

Appendix 20. Anslysis of wvariance for .the nutrient pistus of the aoil efter the crop of blackgranm. -

Moon squares

Source ag  TotdT nitrogen Available phOSHAOTUS Avalloblo potascium
Blocik 4 0.,0004 3.1279 : . 58.80
Treatnent 3 0.0034 36119 - 42.53

Txror 12 . - 0.0011 | 449300 124,66




Appendiz 21. MAnalysis of warliance for the effect of shade on plent height, number of branches
and nodulation in growminut at different growth stages.

Mean ghuares:

Plemt height Wumber of branchaa 1 Total number of nodu%es -1
ant
Source ' gd%a after som.ng) gaggos after aowi_ggz gd%vgs afther souiggéo
3
Block 4 7.4080 28.3411 11.6351 0.2325 0.1050 . _.2031| 0.3146 _1._2337 2.8558
Trestment 3 84.0685 19.1914 10.9200  4.9055 3.9600 3.8381 0.2185 1.1216 0.1823
‘Error 12 ' 8.7812 25.4815 4.6112 0.3207 0.2051 0.\2363 0,5680 0.39%50 0.8225
*Significant at 5 per cent level #*3ignificant at 1 per cent level

Appendix 22, Analysis of voriance for the effect of schaode on contents of chlorophyll 'a', ‘b, -
. ~total chlorophyll and chlorophyll e:b ratio of groundnut at dlfferent.. grovwth stages.

"ﬁorom;ll Iy Chioro M cﬁlorophyﬁ Chiorophyll aib

(d after sow days after gowin days efier goy doys after @ying,)
Source az 45 i 45 15 45 75 45 Vb
Bloclkt 4 0.0047 - 0.0085 0.,0183 0.0202 0.0286 0.0526 0.,0440 0.0124
Treatnent 3 0,0716*#*  0,0858% 0.1452** Qe 1414** 0.4179%# 0.4508%% 00,0040 0,0046
Frror 12 0.0107  0.0228  0.0226  0.0107 0.0432 0,051  0.0044 0.0061

*3ignificant at 5 per cent lcvel **3ignificant at 1 per cent lovel




Appendix 23, Anmlysls of varience for the effect of shadc on leaf erea index, specific leaf
arca and leaf wvelght ratio of groundnut at different growth otages. '

Mean sguares

Source df Teaf erca index Specific leaf areca Teaf weight ratio
daye after souing)
Between 50th Betueen 00th  Betwesn 30th Eetween oOth
and 60th  end 90th ond 60th @md 90th
30 60 a0 daye anys dayg days
Bloclk 4 00373 1.5656 344365 2717.08 870,96 0.0007 ‘0.0109"’
Treatment 3 0.0820 14.6504%% 44,4522 104900 ,99%= 11945 S54%% 0.0015 0.0065
Exror 12 0.1468 1.0039 1.3612 851.08 834.99 0.0016 0.0027
#Significent abt 5 per cent level ##S5ignificent a% 1 per cent level

Appendliz 24. Analysis of verience for the effect of shade on total dry matter production, neb
cosinilation rate end absolute growth rate of growmdnnt at different growth otages.

Mesn sguares

.'i

' Total dry weight plent” Net assimilation Absolute growth rate’
(days after soving) rake .
’ Between  popucen Between = Uetween
] 30th and 60th end 20th and  60th and

Source af 30 60 90 Heorvest - COMR day3 gapy days_ 60th days 90th days
Bloclk 4 0.1529 10.2899  6.0139  1.6445  1.9053  4.7562 0.0692  0.0153
Treatnent 3 03389 74.7465**167.050## 93,1125%% 0,3490%* 2,8837 0.3760#**  0.1004
Error 12 0.3822 4.6855 5.0529 3.4758 0.6450 1.6734 0.0326 0.0404

*#3ignificant at 1 per cent level



Appcmdi.:i 25,  Analysis of vavionee for the ef £fect of shade on date of lowc-rim,, 31.eld

of podo, yicld of haulm and hervest index of groundnut at harvesh.

. Meen gouares :
Date_ of Tlowering ~ vYield o%"poa Y¥icld of honln Horvest
Source ag ‘ indoex
Bloclk 4 '- 345751 - 4951403 - +399112.01 0.0079
Treatnent 3 | 7505413 - 31490625 ,52%% | 2854315 .90%# 0.0349%
Error 12 - 1.5416 - 47310.18 1 201643,50 0.0100
#3ignificant abt 5 per cent lewvel ##5imificant at 1 per cent level

Appendix 264 Analysis of variance for the effect of shade on number of pods per plent, weight
of pods per plent, percentage of two seeded pods, 100 seed weight and shelling

percentage at harvesd,

Mean squaren

Mmber of _4 Telght of . Percentage of 100 sced Sheliing
‘ . podo plont poﬂc plmt two g eeded weight pereenboae
Sourece ag - ' nodo : ,
Block ) 4 2.18 . 0.,0250 , 10.05 . 0,44906 142,09
Treatment 3 . 64,78 15 9476w : 1844 O6#* 2348110+ 080 .E2*+w
Rrror 32 L 2473 0,234 , 2235 . 2.7111 73425

##Bignificant at 1 per cent level



Appondizs 27. Malyai& of variance for the effect of ckade on protein condent, probein
~ turn overy vercentage of Ucll formed grain end oil content of groundnub.

Mean meouores

Frotein Efrotein Percentege of 011 conbcnb
: conbent turn over well formed
Soureo. af : % frain
Dlock 4 C4.0270 . 309.95 24.84 .12.32
Treatmont 3 L 2.7604 4500%5.67R% . 4031.01%% o, B1.02%%
Txror 2 . 4.1785 1e47.53 . . 26.3% . BT

veSipnificant at 1 per ceant level

Appendizx 28. Anclysio of verisnce Zor the effeet of chade on nitrogen, rhosphorug end
‘ potosgiun comtent of groundnub,

Heon squares

Witrogen content Fhosphorug emtent Potassium cont ent

(days ofter sowing)  (doye “after gowing)  (dayas afber powing
Source ag 90 Herveos 90 Harvost,_ 90 Haxvest
Block 4 0.0034,  0.3463 0.0002 0.0022 0.01335 . 0.0011
Treatnents 3 0.1986 0.05355 0,0002 0.0001 0.,0094%% . 0.,06254%= ‘
Loy 12 0.2354 042166 0.0001  0.0075 0.0089 0.0065

#58ignificant at 1 per cent level



Appemdix 29, Analysic of wvoviance for the effect of chade on nitrogen, phosphorus and
potasaiun upf,alm of groundnub.

lMean pouared
nitrogen uphdke i"hosphoms uptake Fosageiun uptake
doys efter sowing) ro after powir {days after souing)

Souree af£ 90 Harvests . }.10 Hervent ” 90 llaxyvest
Bloclk 4 152.06 552 44 6437 345 289,26 83 .85
Treatnent 3 OB72.05%% £032.,51%*  106.54%* GT.B81%*  3114.,49%*  26958,10%*
Frror 12 1040.57 462 .85 10.19 711 482,17 170 .42

®#23imificant at 1 per cent lavel

Appanddx 30. Analysioc of varioncc for the nutrient stabtus of soll after the ecrop of

gromdaut.
Megn sgiquares
Souree ag Totel nitrogen Avnileble phogphorus  Avalloble potasstum
Block 4 0.0048 ’ 6.1589 197.64
Trecattnient 3 _ 0.00%1 12.7215¢ 510.61

*Siegnificont ab 5 per cent level



Appendlxz 31. Mdlyoio of vazionce fox the effeet of ghade on plent heizht end xmmbc:c' of
bmnohoa in redgron ab early B8tazCT.

Neon sguares

Plont heipght Thanber of broaches plent =1
(8syo afber gowing) (days afteor gouinsg)
Source as 30 60 50 60
Block 4 55 .60 " 211,61 0.0816 043213
Proatment 3 821.00% 4913.108# B, 7184%0 11.0514%#
Leror 12 24.90 " 138.31 0.0601 01605
*Vignificont at 5 per cent level ##83iemificent ab 1 per cont level

Appendix 32. Analyols of variance for the effect of shade on contents of chloropkyll 'a’, 'b',
totel ehloxorhyll and chlorophyll asb ratio of redgron leaves at early growth stages.

Mean sq__ua.rcs

Chiororhyll "o Chloromyll ‘b’ Totel chlorophyli Chliorophyll asb

(deyg ofter sowing) (doyo efter sowing) (dsya eftor oowing) (daye ofter sosing)
Source ag 45 75 45 75 45 B 45 5.
Blocts 4 0.0146  0.0178 0.1206 0.0154%  1.8085%% 0.7113* 0.0230 0.0017
Treotment 3 0.0541  0.1130%%  0,0741 0.1030%*  0.4870  0.4409%* 00,0316 0.0025
Lrvoy 12 0.0562  0.,0085 0+0414 0.0033  0,1802  0,0192  0.0299 0.0023

R #3ignificent .ab 5 per cent level #®Significant ot 1 _per comtb level




Appendix 53. Apalyols of varience for the effect of shade on leof orea index, specific
leaf ovea and leef welght ratio of redrron gt corly gprowth atoges.

leon gauaze

Tcaf arez index smm ¢ lcof arca - Leaf weigat ratio

(doys efter sowing). Betueen 30th end Betueen Z0th ond
‘Bource ag 30 60 GOoth doys G0th days
Dlock 4 0.1063  10.1940 4998.15 0.0071
Treatoend 3 1.0221=8  71,5807*% 1592.92 0.0379
Trror 12 0.0445 2.3802 7599.70 0.0043

*Sipnificent abt 5 per cent level #231znificent abt 1 per et level

Appendix 34. MAnolyoiso of waricnce for the effect of ohode on total dry matter production,
net agpinilotion rete ond abgolube growth mate of redgran.

Hean gounres

Tobal dzy welght ot apainilotion rate  Absolute gxowth
(doys after souing) rate
Source ag 30 G0 Botwecen 30th and G0th  Botween 30th and
- : aayo 00th dave
Dlock 4 1.4609% T2.T5 0.4678 0.1845
Treatnent 3 16.8210 408,C8% - 0.1692 7.20312&

2S5ignificant ot 5 per cont lovel

¥#3imificant at 1 per cont level




Appendizx 35. Analyoig of voriance for the yield repponse of different crops o
_ varying intcuoltics of shode,
Hean squoncs '
Jource ar Coupen Blackgram Groundnut
(Y ' (loghoY) (log10Y)
Total _
Regzeosion 137830.16" 1185032.,00%* 15286018,40%»
Error 12 35190.81 16691.060 3607.05

b4 = Actunl yield
# = Bignificant at 5 per cant level
uh = Significant at 1 per caent level



-

LLAST

1

A generol vicw of tho coxporicontal £icld

£H



PLATE 2

Groundnut os affected by varying abode intensities



H.AIE 3

Effect of shade on redgrso In early growth stages






SHADE RESPONSE OF COMMON RAINFED
INTERCROPS OF COCONUT PART !l LEGUMES

BY
SANSAMMA GEORGE

ABSTRACT OF THE THESIS
Submitted in partial fulfilment of the

requirement for the Degree

Masgter of Science in Agriculture

Faculty of Agriculture
Kerala Agricultural University

Depariment of Agronomy

COLLEGE OF HORTICULTURE
Yellanikkara - Trichur

KERALA - INDIA

1982 -



An ozperinont was coaductod ab the Coliege of
Ho%icultwca, Vellemiklrera, during the perled from Hay o
October 1901, to study the chode respomaoe of four common
leguminous crona of Kerpela,

The experinent wao laid oub in pandoniscd bloglk
degign vwith four levels of shado ond five replicationn,

The otudy revealed that 2ll the legumes tried, vize,
coupen, blocksren, growmdnut ond redoran, were oll shade
gensitive. In redgram, oboervabions on the shade responge
of the crop, dvring the cerly veszcetative growth 2lone verc
teken. Thosce obosrvotiong chowed thab the groubih componenio
wverc ell highly ouppressed under shadc. In the other crops,
ped yleld wos reduced by move then 50 per cent evenr by low
shede of 25 per conbt, ond with nore intense ghading, the
decline conmtinued z:ro@cssivgzly, In bYleglgren and vedgpen,
the photogynthetic mecheniem oppeared o be mainly
regponoible :fc‘c.ﬁa declding the finel yicld vhercos im coupesn
ond grovwndmat the partitioning opd tronslocation of |
cgoinilates also appenred to have 2 decisive rolae. All the
yicld conponento lile nunber of pods per plant, mumber of
aceds per pod ond bead weight ware highc:é for the unoheded
plombdo. Fop eovpez and blackzgran, -'bhe nlant height was

maffected by shoding, In groundnut, the plant height




inereoged with incrcasing chade inbensity while the
Teverse uas the caso with reidgran. Dronching in o1l ‘tné
QTOn3 éeo:@easea piepificantly with increasing intensltices
of ohode. The consans of bobal chiorophyll imercosed with
ahading in blackgron, growndnub end redgram, wvhile in
coupeny it ves nob influonced by sheling, [Flowering and

-

tine of maturity woere hagbened by the receipnt of full
gunlignt in all the cropo.
The eontents of nltrogem ond phosthorus in the plont

isgves vere moffected by osheding, vhercas povessiunm showed

d-.

o pergistent increage with ilncreasing shede. The 'patﬁem
of nutrient wphate was morc or less identicol to thab of
dry oobber eccurmlation. In all the coses, the nutrient
gbetus of the goil afber the cropping of tue legmes
chowved 2 naxtzed inprovenant, t‘_:hen conpared w0 the

pre=csperinental nubriant status.



