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Arecanut

The arscanut paln (ARogq gatsqly Linn) 4 one of Uie
grageful and slegant trece of the East, It is grown
mostly for its ssed commonly roferred €0 48 betelout whiah
is a pooular masticatory of both great antiguity and anong
all Asiatic races and iz best Ma>wn an guvaka, 2uda
Reapia (Sanskris) and as fufla) (Avad). Blatter (1926),
Quoting Watt (1809) stated that arecanut "is sywbolicel of
festivity) Lt is aseordingly a fi8 offering for the gods,
and is an esontial at the betrothal ceremamy. Prom the
@ost anclent times the presantation of pah has been & polite
tormination of osremonial visits, henoes ghe exression
Moadons -~ e disnissal. T™e well known vernacular nanes
for the nut are: SReclh. SNGATA. BAMAlS, Mach. Sambul.
o Mamaes adike. Bunsl, etc.”.

Eitake and Jolmson (1975) have stated that the arecanut
pala As not well Maown in Busope or in america, though it
fanks as one of the world's most dinportant cultivated pailm,
™Hhis they attributes 90 the cusmuon wee of chwwing gus or
tobacco in Gurope and the Amegicens Fatiwy than to chewing
betel which is the analogous prastioe in the Indo-ialaysian
regicn.



Arecanst pals i sssentisily of the ssoples and bas &
the Pacifie Zslancs (Xitake and Schneok, 1975). Wowewver, it
Ralaysie, Indomesis and the Phtlipolaes (Fig. 81,

In Indda the uss of aseomul and i%s sultivetion
Amportent thel Shat of othar stotmic QEOos. watt (1908
tndta, weote “fu Rastern and Sopth Bengal and Asens, i
segular plastatioos of § 90 30 or oven 100 scves ooour, kte
eultivation has proved to be of the greastest value froa the
tmportanos off India's production of betelmuts say be
Wmmwmmwmmmmw
the snoual Gonsption of Detslouts in Indie iveslf®, e
Stmports and Indian produotion, 38 would sedn sefe G0 offies
Shat the aanual consusption of beselmuts in Iodia Leself
m.ummwummummmd
silitoas) or & 1,500,000,

quite diftevent then what 1% wes in 1902, 7he parsition of
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50 per ceut of the Wl ares UAder aEeoanut to Sash
Pakistan (mow Baggla Sesh) B0t w0 saphasiss Ciw wwen prior
internal desacd. Haturally $iw sttustion worssned slber
Yiw sepamation and the oountyy bDagan segularly o lapore
1ine sri anke, “alaywie, stc, In fant, the aacual laport
of «pe0anut was 48 Bigh a8 50,600 toanes, valued ab 3.38.7
wilitons in 195183, since shem, Iadla hes Calen G wbepe
O sucourage protuction of aressnuts ia the esuoaRy, The
osilings on the volume of AspOrets but als> levied a daty on
il arecans iaported into Indla,. sfforts were alse nede,
T™he above mcasures resulted is ehe Ancveass of arecanst
proSueticn progressively (Zable 3} ead as o resulet, the fmoores
gos gradaally seduaed, The Lmports An 1967«08 were & weare
156 oonnes end almoet nil theresitesr words (table 2,
Arecarss has pot anch Lmpotqanos in She empors sarhel. Galy
Dosm #3108 Ancrease in The Gport siooe 197374 (Tabia 3.

stace She sreowpnt naln fs 808 glven She sams AxOrtanos
o8 Osher plankation orone 1ike pubber, tes, ovifes, eta,, in



Table L,  Area, production and productivity of apeanul
in Intia

00 Ao o A oy

Year (%000 ha.) (1000 somnes) ingma)
108) - 62 116,83 28,17 as
1963 » 83 118,38 99,00 a7
1963 » 64 123,13 98,48 800
1984 » &5 135,93 107,52 54
1968 « 46 238,10 119,90 e
1966 » 87 142,10 130,10 ne
1967 «~ 6B 147,40 135,40 218
1968 «» 60 157,00 138,70 200
1069 « 70 160,70 37,7 as?
lm - ” 357g3° 141‘00 . 843
127 e M2 173,80 147,20 846
W7 -1 178,20 147,70 820
1973« 74 184,50 167,40 907
1974 = 78 199,30 164,70 on
V1B -7 177,50 160,00 0
1976 « 17 170,70 168,10 o567
1977 - 19 170,60 175,30 1036
197 « P9 1’9'” 101,90 1018
1979 -« 80 183,30 189,90 1034
1980 « 01 104,50 191,40 1037

g 0 oSNNSy

(sources Velappam and Seorge, 1982)



Table 2, Tports of arecaat
Mmmmm

Your Jmantity dnported  Value in millfon

in tonnes Upees

e R R -

1981 - 923 508600 85,73

1986 - 57 9903 54,46

1961 -~ 62 10041 4.9%

1786 - &7 ”"7 0.38

1967 - &0 136 0.11

1968 « & - -

1989 = ” - . -

190 = 'ﬂ - -

197y - 72 "0 0.007

1972 - T 16 0,002

D T SRR

(soupees Velaopan and Paulose, 1774)



Table 3, Expowt of arecanut

e R SRR R AR R

Year Wﬁ-‘! xported  Value msg ’zum
T o A
1987 - 58 S 09
9% - &0 - 200 1.2
1964 - 68 230 | Lo
1966 - &7 220 1.3
1970 - 71 0 | 2.0
1975 « 76 560 . 6.8
77T - 530 6.0
1970 « 79 380 7.9

(sougzees anon, 1580)



00t othaw parts of Whe vorid, data on L8s aulnivesion, aves
and prodectios are elther 0ot avallable or soenly. Asuording
produaing countay in e world (Teble &),

above Y000 Seet (S8 m) in aluisuds, Tt flouwrishas, however,
ia the dry platesu of Mysars, Xanewe (BoWh Dow io Karvmebas
sate)®, Mlatter (1926) vaves Shal "ahe betel nut pein Lo
that fringe the goast of Indis and precticelly wiohin o bels
WMWU&WQNWMMMM
for mose than 200 odiee (330 ). It saswly eascends %o
altitides of 3000 fect (918 s ond grefuslly dlesppecrs,even
1% 48 Lotecesting G0 ROLe the sresent ares of culsivation
absarvitions of WMt «bd Slaster, ssoopt that due Lo
intensificion of its eultivition, the exop has in swosnt
dats 4ce 908 avallable, it is mowa from ewperisnce Shat
e areosnat pelm Shwives well within 3 Sesparstuzre senge of
34°C and 36°C ehough 1t Ls grown in abeas where the



Table 4, World ares and production of areeamut

[rromRRRRe RS R I R B

Qouatey agaa (he) Peoduction (tonwes)

ISR PRIReRmmpmS S SRS ISR R B
Idia 164500 192400
Bangladesh 79521 57086
Szl Lanka 19450 . 36670
Balaysia 4113 12000 (esti~

mate)

ronemeesemesaeSIRRIESS IR EE R R

(*souprce: KRrishnao-a, 1973}



tasperature ranges fron o aintmus of 4°C €5 a vaniemis of
about 4U°C (Dhal and hacer, 1063), Decauss of ite
saeoustibiiity %0 lowe teupetetures, The nals aleo dovs
ot cooe up weli ot altitudes above 1000 swtexs of w9a
lewpl, Safeh (19501, whdle desgribing

of the cultivaised calmo, Feporte:! that &5 Tlorids dus o
o Mght frost on owosrboy 2, 1957, Sollowed by hawd
Sgecans on (sodcbar 12 and 13, wiwn sialoua of 20°F
(wfef cl an’ 27°F (w3.8% ] waze swoorded, the foltage of

is cultivabed i Iodia A0 4 wids gunge of weather
oonditions (Table $i, cowverin: the otatus of Herala,
Earnabakia, e wghalaye, Tandl dadu, est Deagel,

e avecawt pala eones U woll in 8 varicty of solle
peuvided water and nutrionts aze availadleo i edeguate
quantitics and dpeloage is good, hey grow well &0 latovite
loezy ond alluvial moldis it 1 panjing from 1.8 90 B0,

Caowo

2ad Sagig (e} oFf the trew MDown in
quoted by Chatt 1953).
1730¢ Chabt (12563 wrote chat “she ctofos of IRachmpone
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FIG.2. ARECANUT REGIONS [N [NDIA
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(Gwesk for food of gols’ wae a gradeful Gompliaent to the
aythology of the astecs, who fhmmly belisved in the divine
origin of the sesed, oording o thelr Sradition, 4% wae
a gity fvon e gods in Saradien, mem'w
uaessalooatl, the Ood of adr®, The history of cacwd begias
in Gantral aserdics wAth the Maya Indiane, Wi wepe thw

gizet knows peosle € have sealiee: the valuable ualities
af the Do, Cofad Was 826 only 4o Focilated by the netives
a0 a highly asourdshiog driank, Dut the Deeug ware also used
a3 & subssizuee Sor wondy for the pupchase of sleves and

other Juxuriee. waxmmwwtwmwm
ootably the ssbncs of “Brico end the Hayas Lo

Central vwerelos, was weil sstabilahed loag beiore the How

Befors further orooesding with the subjecs it ds
Auchspary 0 nake & distiaotion Detwean CaRe0 4Bl ONODN.
Shast (1983) abeerve:s that “although no cewclise convenkion
s followet in thw literutuse o lagiish, there Le &
teudengy o uso the adfactive Gecwn when writing about the
avop and row aeterials propared fros A8 and w0 Mestrict the
wopd ocoa 00 the desartytion of the P10Lshed pEOduOY®.
Later 0o and NyaneeJonus (1974) ppefor-ed o ifait the uge
of the word cated 2 naw the plant and cocoa for the orop
or fratt and the ssmufactused product,. fooe ather writers,
Upahart (19010, thogold (3978) and “0od (1979 ceed the




the convention sug coled by Chage (1953).

Earepe and ware aloo the ploneces win Introduced it o
& plangtion owoo to suny oountriss of the wrica, Feos
wolli as oo seny of the caribbean Islaxia, hie pleantition
Beitich and Preuch a0d laber on by the iiberated slaves.
In the sevoateonth osatury it wes eureed over 3 tho
atostesth century 1t was fotroduced to the South sucific
islands of Semoe 303 Sew Juloen (UPjuhast, 19631, Laryes
(1974/, in Mis forowosd $0 the ook sntitled “Cased in
wagt Africa® acthored by are and Owynoe-Jones (19741
stated thut cusay Lo oftan desarilwd as the ‘dolden Tyee’
in vest Atyicae, because of Ates comeributions ¢ thele
sconsaic MWelanne:t.

meo Indla cacar is Deliewed S0 havwe been Enssodsond
aore than 200 years ago. woosding & <agt (1993}, cacwd
was belng grown %0 & linies: sxtens in the A0th oentrary Dy
tho uan Cettinlic missionardes 1o Nalabew, Satoss (3963),




a horticulvarion vorkiog in the Sadgas (now Twskl Sadun)

of chw tast Indis Company. e found thek eight ceoun

{erfol io} seediings were firet intwoduoed in 1799 from

the aboyna Inlands of esh Indles by Ghe Zest India
Company e the valieys off Coustallas in “afivus fresis
dengy (Bow mostly comprised of Tesil Hada) during the

tiom of Jamew oura, then spllector of MMeumlvelll
district. Thess wepe geows along ~ith eladlar other
togroduce: plaves An speclally aulotadoed gurdeus, By

3619, 67 young plants had beds Faleed from she seeds
»20duasd on these pisbto. aer o 13¢3, thw Boaxd of
sevence 1otrod.o ¢.cao seedlinge to xolli hills of salen
a3 later javo miigirie. In 1373 the Jovernsent +f ndia
outacenal fron Goatwsalay Dot there wes 0o fugther

santion about the .t of these sesdlings ubbas, 1961),.
Momoriing o verdous other agounts aleo, ssall
totroduotions of GaCu> DOME € huwe besn uafe certodieeily
Bpom Coylon imow oyl Lapiel and alers (oow fQlayelel |
wnd grown salnly is botanic gardins and goweusuent famly —

anerice grew moet of she GsGar the worid remived €411
the top produnar of the comeodity. 7w lead was DOWOwer
orefuslly Saben over by “est .frica which has sinoe then



attained its predoninent position and maintained 1t for
the gast four decudes. Ia resent years, the growveh of
world cacs0 bean pEoduction has teen rather small whea
stcn in the light of the rapid expansion which teok place
in the late 1950°s end carly 1960's whon the produetion
Juwwped (rose) by almost S0 per oent, In Africa, the oute
DUt sipended sharply as & result of nev plasting and
intensive cultivation practices. The rets of tnoreage of
world produstion of ceced from the neriod 1937-50 o
us:uum¢.4mmmmmmmmm
mmnxmmmmummmrmw
omt (Anon, 1972). The oukous has ones again expanded
considerably in gegent yeuars in Ossania (fapus end New
Gainsa) and in Asis (Malaysia). Casao production ia
difterent regions of the world is given in Table 6,

Cager has & multicuds of uaes, the aaln one Deing as
mmasmmmmm
mmnmwunm

)

s INCIEITLD
(:ndm

Regional Sations
S K,
]
&
|
i
1Hi
H
i
i

mum«m.ammmummm
=]
S wide scale end newt cnly % tea and coffes, but is et the
* sute time, even better Imown for ivs other uses. Couoa
butter ancther product of the fruit, $a uged in the
menufacture of acametics and pharmaceutioal preparations.

fm!r'{u{c.



fable &, rroduction of cacao bouns (Warld) - {(1900«81)
{in 000 eomes)

mww 1980«81 Aegion and country 198081

Coata Rica 7.8 angole 0.2

Cube 2 Camaron 118,0

m fepublic 33,0 Comcepo Islands Oud

Suatenala %:.g Equatorial Guine :::

. i 4 5%

Halet 2.5 Gabon 2.3

tonduras 0.3 Ghana 395,0

Jamica 1.8 Ivory Coaet - 812.,0

Pemena 1.0 sigeria 15900

Teinidad and Tobages 3.0 fas Toou and

4 s i 18

Total ™ o Tensanis 0.7

Togo 15,0

Uganda 00l

South americe Zaire 6.0

Solivts &30 Total t R g

Colenbia ss:g e gy o

-~ °: e 2.0
Surinam 0.1 b

' Malaysia 47,0

e T RRL %8

sSolomon Islands 0.2

Szl Lanka 1.8

Vamaata 0.8

Wastern Sau0a 1,8

Total o ; ™ §

Grand Totals 1899,.%

Soupces Tore ageiculture Clroular, 05 1-82
il ™ o * .
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Caoud 1s oultdvatod fo the trooical lowlands 1%8g, 30,
2073, the aaln Hrudegtion areas are sitvatod within & beis
Sxtanding 10° nogth and south of equator, Cacao i gEowmn
froa oea Jevel W S0 4n clevaton Of agound SO0 m., It
tiwrives best 1o the lower altitudes below 209 a & 30O a,
though: 8% 18 growo suecesofully $o shelteyed walieys at
altitadens w o 1000 m, a0 altitude whepe It is reported
that the lowar SeRCefatuce oa. be the ohis? limiting fackop
{dpgabart, 1983). Upgehast (1951) otated ta:t the aintews
ralnfall re i teed by w0 In the abaeno® of ir-igstion i
Aesendent on the distribution of relnfall ind the tye of
soll and its cacacity & WOl solsture, A mean mintwes of
90 o 100 3 e moutd with an ennual precisitation of g
lcast 1500 oo 2000 mnm ia dowans neowscar: uniess suo-lesen-
wigroalizsts eround the Gscao plents is ounsidered of
congldersble sigolélicenve in 16s growth and yield of fyults,

Caeed has 3 oxtimm growth teunoratuce of 28.5°C
within & sange Of 15.0° to 38,5°C {(veigley, 1971),
sroabola (15948), as citad by Urquhert, in Bis otudy of
conolitded that oultivation of sacac on conwpeial acale As
daes not fal: nelow L0%C (507} and the an'mal mean
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wpegatase 18 not loas thas 23°C (90°r), asveeding %o
M a0d ckelvie, uoted by wigley (1971), cagad io
sange, 357C (98°Flwwl3 G (B5°7), fa wide Dut when the
voukly awan of suxiwas Sespepature falls bolow 38,3
(83°F}, flashing gots supneessed. “hem the massn dedly
tomperatuce Salls Delow 9,0°C (B5*F), At agoeurs & be
fol lowe: Two months lates, DY & swiuou! number of £lowers,

Chatt (3983) steted Shut Cuwoeo #oiis should be
Pelatively high fn their aollodid concent. Thelr nutrient
Stitus, acoordiagly deponds an the death of opgenie layer
ad thw ohesdeal oxvositica of stl organic matter ia
intloenced by thw GorposiSlion of the Herent rook on
mmwmmummmmummxw
the gwowing plank, idity Is satd &0 Do fadicative of
Butricot deftolenay. also, in sotls having an autd
8olid pook should oot Do less than 150 o (fiwe fect)
mmwm««wmsm;wuwa&wmmm
for oot duvelooment. Urzubact (1961) ptated Bhet 08D
Teulzes & soil waich can bu essily sonetwsted by fes
mhM&me&maﬁmmM&mm
DRIt the oirculation of sir sod Pelsbure. A guest
pRopoetion of the cuces of tin workd 1e QPOWS on Btructured
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mmmummmmanugmww
Se8 and uowards, the nost ferSile of them heing/Whe renge
of 5.5 %0 7.0, wid solls of pH &3 or Delovw, aNe Ysuelly
low in nutrients eod henoe unouitable. Cecs> cen be
grows on goile uy U0 pi 8,8, But such alkaline eoils ape
sone ines aeedalated with an exoens of celelun CORIBNEDLS,
wiigh may give riow & chlorosis in ¥he lsuf of Coow
WS, A2 and Jwysne=dones (19746) have stresesi the
davelopnant Of catan FOOtE, WWEMng % thes & *Ldeal’
mm&uwmmammmem
of Gotal wilune,

Cosan, Wives natural enwisonsant iz the lower stageys
of she fopeoct, ussally welooaes shade A4t slanting out ang
there was 1 furtber sosponee € fercilicer in the shede
plots wharwas with A-crvasiog light intausivy the yield
foorenest Jogarithatcally up € 785 ver eent of il

with Oor vithout shade, is realiy of o fundsuental Ampostadoe
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ta swootoal ageiculture a8 on it depunds the Balanoe betwesn
of the ghade i ™ reduste tho nriduction of owbohydrabes
by ohtoaynthesis. If one wishes © RBeop & caseo Sree
thmsls rate, longer 4t will: wesaln alive, Cooverssly, &
arean of high AMght fotonsity with s shale, the tees will
Dave €5 Suls W) ultersls 4t incressed lovels ¢ belanoe Whe
aocrxlasing ppoduots of shotosnthesis whioh othwewies
are toxio. t™his isplies, both & sdejuate spoly of sinseral
outeisuts end o pormsable soll whioh doss Bo% hecons
fowage, for instauoe, in the wolowmic Lslands of the
mmmmymmmmm, n
Syinided, o0 G other hand, the OGO TEUE CWANOS Cope with
e that 75 cer cost aumlighh (Vepubart, 19615 .

Though Gacar was Anteoduaed ines Dnvife some 200 years
ayo, B0 serious stumpt Nad beun cale o ssBablish Lt e
a agricultural plantation arop in Shw wountey unlike
oofton or e, «fter India sttained indenendecoe in 1947,
she Unian Governsont began > feal that this cotemiality
should b exploped and 4f possibie sxpiodsel ot lesst
oake Indis selfegufficient &n 4ts seuizwaents of gugads
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Mopdinglys It pegaseted Nr., D.H. GEqubart, o sotherity on
owgac, to vistt india end subndt & yeport Ao the SEoereots
for geowing oamed o Indic, Ia bis Popost, Upqunase (1999),
and the fook hilis wy S 2000-1300 o slwwatiiong ehove M55 on
Uprer wmamon. e found that the groveth and stand of most of
ooe % woll Ao ssvecal »arts of Indla.

slowly, the sultivution of st bogen o plck wo. M
1960, the wree under Gaoee 1o Indila was estisuted v be
about G0 s (Ran, A98R). The variety recomasaded ot Shas
tiom vas aluost Winlly Ortolla, Wt tio gunerel de:and By the
nufasturere within Indka was for the *basic’ o
ivdomi at around 4000 tonnes annually feam an cerlise 2000

In 1963, Saraaings %4 o solentisbe-aTrinistrator of
the Indias Gounchl of gricuitural Aeseapch, New Deilki wade



1o

another seview of the progrects of casad cultivation in
India, 84noe almost the entire area of cacad was under
Criollo, he made the plea to grow Criollo caoes omly,

anéd smolusively for expore, He had seasons to Deliewe
that India then wag the only "sepository* of pure Criollo
in the world and contended that "4t nseds pagtioular
enphasis that from all the evidences on hand, and with
the unbiased viows elicitsd by enguiries, it nay de
safely assertad shat 4%s pewformance {n India compares
vory well with the basic Forastsro types grown elsewhere
and from purely the geowers'® podnt of view, it may be
tiken with confidence that it i an exoellsat tyoe o
gtow, all other factors being equal™, He then weat on @
Gigguss about the surerior performance and wider
perfopmnos for Forastero slsewhere in Uhw world and
proposed that until a4 fimm decision was taken about the
cholce of a sultable variety for India based on field trials,
o further expansion of area under caceo might be taken une

sxi Ram (1964, 1965) an Indian Council of agrigultusal
Research selientist made & further review of the sisuation
in India, He opined that selected arvas in Rerala, Temil
Rioobar Islands, Maharashtra, Orises and Madhya Pradesh would
be saitable reglons for cucao cultivation (approximately up
to the 20th paraliel morth), He zecommended the cultivation
of the basic types, particularly the Amescns and their
hybrids,
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I the ssenwhileo, curing the IIT Slan (196301967) of
the Jovermant of India, a sohene %0 develop cecad cultie
vation in the theee southern stutos of Kexals, Tanil Nafe,
and Xamdataka was &osove: J(or ssceoution, UYader thie
peogranne, At vas aleo pronosed §0 fntroduoe smotic
slanting material of the Porastero or *hasic® woe iato
the oountry (Rao, 1948), Howevar, © olwiate the risk of
@ oix up Detwesn the bulk (Foarastero) and €ine (Criollo)
varistice, 4t was prposed that Criollo would beo grown in

-

By the end of the sisties, the susorior attribution of
PoRrastors bocaxmm & aront o the southesrn states also, ¢
walk ot this tiae o decision was tuen ¥ Feplant thoe entise
arsa with this varlety. <8 & wenult, during 1907«197),
ndis Amported through the coustesy of Vs, Cadbwpy Pry
wore dietributed o varicus dcets asaoies for relsting

tion ceae to & halt, subsement distrivatha of seedlings
Has bewt cagried 0.t by usln; 8e:cip collegted from within the
Qo RE: MBilye The wGate OF Rurala and Ragnaaka have
satotained aureeries for this vartety siade 19494 and over
248 @411800 9ecdiings had bewn estimabed to have been
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g W % 1979 by tae state Lepartoents of geioule
ture and torsiculture (of Xerala and Rugnakoka) .  Aooronle
natel ;y & ke nuober of seedlings was 1fely 0 have bean
dianrivated by nrivete agencics 0d oursery men as well,

In 3075, the Iadian Council of agedcultural Reseapoh,
bas constituted a toolnical grous consisting of sclsntists,

ha of land 3s subteble for plecting csowo in the states of
189 sugented the establiighment off two seed gardons, It
iduntified zosearch crobleng iike (1)
sasuring, culturel, sruciag ed pruatng cecitnloues,

i2) bresiing for Mgh yield and dgo olopmnon,

{1 Acentificstise and conteol aeasutws for pasts and
aisvascs, (47 dovelooment of the tectminue Sor fermentation
of sxall batcies of cadad beans, ad (5! staadardisation
FARAE Dapaaetons, subetitution of cuoed fak (lnstees
ogher edifbhie fots hithures belng usvd) 4n Dakery DPEOAUCLR.

Ia 1973, the doveroacnt of Indla cwvensd anothor grow:
meoting of the gexegentaives of Cats0 HLLCOSEOTDy JROWOTS,
dvelopment aguencies and pepposentstives of SSa0e _
and Nattonal Insettctlons ongege: $n Cacas sessaseh and
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Gevalopnent 00 consider various Lemes selating o sessaveh,
Govelopaent, ssrheting nd peoowssing of cacad An the
countzy. The following saliens decisions wvose talwn in the
meeting: (1) ¥he avea WNCAr caceo 1o India wae sotimated
4% azound 13,200 ha and ho production off cuceo beans by
1990 was esklnated 80 Feach around 20,000 sonoess (3) e
Iikely sequirenent of the existing industrial unies being
apound 4,000 tonnen, steps should be talen for exporeing
the sumslus, and (2 agricultural Zeswarch should be intenst~

ooxmenood in Sodia much cardier, in tact 4o 108S, The fizet
station, sallers Pasdl Budu (Rellasam et al,., 1564).

e Cantrel Plant.tion Cpops deceasch Dastitube (CognI)
tursl fsseapch (3CAR) ia X970 as the 2eidn ewmtww in Indle
for resssroh OB Gacuo (with @ bulk of the load % be
carried out In 1ts ueglonal Statlon ot Vittsl, South Xaoera
vade in 1004 at Vittal 4 a alued arop with apecenuy
(A5G4 QAREEG L+) PAln which was the princinal ceop at this
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wan wnown for, Larlier, Unmhart (1959}, vhile discuasing
the potontialities for slanting cacac &n India, sy owted
shw sugrestion of Pasiulah Khan an IDAR Solontist-
adsinistrator, thit caao Gould perhaps Le with advantege
faterarop ing cacad in cooonut gerdens also, Two SOre

3 #iold experionnts €0 stady the culturel ¥
maztmmmwbssnmmaMama
under the CACRL (Bhat, 191@. Bocides tho agronomie
paste and dlessuas £ oatad oxop have becn inftlsted &t
Ccxmi, Ouher universities and Lostitutes huve aleo Lo
recent yoors taken u: Xestarch oo the fmorovensent of the
oeop (Bhat aod Bajar, 1979 unoublished).

sultisle csop:ing

Antegeran 4ag, SAltietoRuyedc Grop dng. Al QEap Ang, @C..
ale soos of the teme that are wing frejeently weed by the
All thess Sasme, though convey diffeswat msanings, o
Fealivs thuy all weun o intonsive land uee YDereby Swo,
theec or OVaR Ofe GRODEe oFe clubher siaultansously ox
suscesuively felood ower 4o arcve of lend 40 a yvour, Theso
ayotons are ataed st AncEeasiog FOGNCELi D per DIt ared and
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per undt tiue and incidentaliy prowids addisional wosh W0
the agrisultaral ladour, alyes (1940) defined Ww cepn
nined oeopolog s o systen Of gROWARG SwO OF BOXY OWODS
(or varteties: An the sane f£lield, garden oF plemtstion,

of then alwed together and oocupyieg jolotly the saw
ground and shariog fo cosson the oultural opesationg of the
SROp, i SoWn OF planted cither proniscucusly in he
aldet of sach oWtwr or syotenatioslily &n altesaating sows
or othorvwipe,

-

Aonording o Aodwews and Kassaa (1978), muieiole
eoning s tatensificition of asondng in tloe and spaoe
Hoensions, growing Swo or oOre Groog on thw seve field in

ed atght safjor sultinle groxiag
petterng wiich afe besed oo o underliving orincdisles. viz,,
Je Meaning geuwing orope siaulsanecusly in
nixtires and sequential aNopAng, L6, gPowing Andividual
QEOHS N ASJUANOs. They grouped miael, row strip and
dxuidle (and todoole, 9tc,) and rotdon oroppning on the
lstcor ordociple of eesmotial Grooping, Sevesral other
forae of mltiple opco 40 patterus ape durive? sheough the
oyetaas, Trembath (1976; opeferred W use the tora, niaed
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dty for the oyeten of intererupoing whers the
componente of the oistures are usually Giffegcot agon
spuctes (or varietics: and are sovwtismes of different
age=clesses of the sase genotype, wooeding to Nelltat
and Iyer (1977} the vegs interesop iang a8 applted &
rlant.eion arose refers ©o growing anmsls or bleooals
in the Lwegensoee of the ouin aron, T tern aiwed
aroroldog as related ¢ plactition arops Lo confined o
pereanial awops, iliey (1983) peeformed ¢ cover under
the e intercEupoing @l syobem whurs there is o
simiticunt anount of interoworn ovmoetiticn. 8 A9 the
cmvention with the workess of Cantral Plantation Croom
Regs.pch Institute, Hasaagod Indial, tne teea mixed
awo:r iy is petadnes in this trestise sines the cmmonents
fnvolved in thw sty are o serenilal orove. The
generval tarm sultir’e aing Le uee? when & dlstingtion
is ot desdped Dovueem Litexeronstng (vith sunusls op

Soope end faportence of sultiple awopdong

AB e Rahz, deector, Institute of Ysopiloal and fabe
taupicsl Lroo glence, W@&ﬁ%ﬂmmm
in his forewosd to I, aa&% tintensive ~uleiple
Sroaning with cononuts in India), *Multisle oxorsing wish
twess ac the dminant cozponent is ooe of tlw satfest and
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regicns, It has a loog swadicion io SOVEheE Abd.a, Shough
only &0 Feows® years scientific invootigetions hevs beun
initiated on its saological orinotsles and ways of fooproving
cpopdng caRricd out ot the Central Plantation Crove
amsxole of these endeswiurs”. “Ho tise should, therelore,
be lost io doveloping highly productive systems of agrieule
Sural and siivicultuzal lend use fully adaoted to Precaricus
ecology of the Tuntd Sronlos®. heress “r. Sale's book
deals on the spineisles, Crogramsen and APasHeots witn

reforence § maltlisle cronaing of cxermata Ln relatt o B
several other plancs studied at wnl at KaoPajod, the work
mbodied fn this thesis is the outoons of Anwe el rationy
gapried out by the ssthor, on another lovaluabis nalm

1o fa00 a wOBOPOly Crop of the subotutinont whe Detel naln
or the arecx:ut sala when it {s cultured alone or in
cosdinats 0 {as whxed aropl with saother pevemntial in this
dnotance an LOrted eotis tree, wis,, the casao twee,

at the vittal seglonel 9tation of the sane Instituts,

hareas Jusdng the canturies anl, e cootiousd €
reotriocli ae faooed Sy the land on the ooe hand 20 ¥
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inoroasss that hus cosurred among the aninals » sostly she
ununs - on the other, asd bDas beun cowpelled %0 eliminete
many vlant spocies e restriot his oholoe & o few
hundred of selected spacies of plante for his S00d ad

for other ourposcs, wbilst 80 Aokng, man bDas however Deen
cageful saough & ctooss the Fight gunetic Yypes (Stough
o the process e has 1ot for ever oany othurs! a8 Me
ie abjective has Deen S0 AENAOGE OXD DIGBICEE I, SR LTS
whidoh be Ras chosst 0 be oonducive ¢ his weifure as he
pereeives ot aoy tine on the tian soale of his life on thie
satwr e bhe wummmuuwm.@-

Traditionally agricultural ress.rcnh siooe ne Oxberhed
on & sclentific aporoesh 2 look iato whw prinscisien
frwnlved and conducted Bls expeditions in its tectnology,
has 4ll along Bewn, o suy 1t 40 the ©oet accented senee,
in oo dlemnelons (1) Laoeeasing the cultiv.ibed ares and
(2} attesotiog o fooneans She yield per unit sgwe, bhe has,
durio; recant youre Barged on GSVer CoNBENts, or l:oweased
the dlssasions of his soooe by adoosing Shaw and eoale
{as shall be woplalow: ot lenjyth lates) in Me outlook,

u is this that bas pxovided Bia with o nev oow of coatle
auing o live on this globe oot withstanding the &ubling
off the sopulation that occurred within 5 decads and the
threat the populatisn enplosin poses during even the eevly
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yoars of the onoconsing afllieniss, This Dope lioe in the
promiscs the aaltipls cxopoing holds o the future
agricultuse stlll %0 spladn in this direotion,

Though nature Sagvels herself &n suleisle ezope wd
the histoxy of aultiple oW ing a0 4o aFt 15 &8 old &
fapaing of arpe by sasking the science of sultinle ocsop-
Saring recent years. e widemwead ractice of Lt an of
day, towever, 18 aoestly srevalent {0 sreas of high raine
£all in the troodos where both the sotsture, Light and
tmerastures are fawourabis £Or year raund aron neodueti o
and whare otheswdse labour hae & idle ﬁ:w%“hmw
1508 on the peinciole of muiti le oron 4ng as the erea for
cultivition can nover be commusur:te with the Lerease
beaught ioto dle.r foous the advasteges this oromping sysue:

retuen o the gultivator act % nention the misimal utilifice-
tion of the land gpegource of che stall farmers, with all
kinds of lmittions ia his resousces, Mo actial saaner
in whioh such faring As tesorted eo and benefics 18 Wil



thom of the land, rainfell, the kind of woil, the demand
mmmmm«,mumwm
Fosources dsesentiel for aohieving saxioun orofit within the
mﬁgmummvm»mmmmmwxm
intensive the orod 0 ie A% high lewel oven fo the
WWWWMMMWw
I & country like Indds wherein 80 por cens live tn whe
chewing® and provide ococupetion for the wural populetion,
parforce «dopted for all weotical puEpogsco. Foptultously
mmmuwmmmwmm
42 hoth the asisture end sunlight for suoch aropoing, end
mmmmammwwzm
8o Jooger Reen the wolf at the dgor,
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™he prestios of smaultipls appping Ao aFeganut gaNdens
has Deen in vogue even in eurly yeers {xams, 1000, Blstter,
1986 adyer 1949 Bambiar, 1949}, west (1893) repowted
that several fyuit Ssees are intopplanted wish erecanut in
Kigmataha and ooconut with arecenat in Koleba, Alyer(li94s)
Feported the praotioe of plantiog several fxuit trows Like
CoOxINS with amwcunut Sreas S whigh *the gardens e
fuily shaded, the arowns of asany Wees single, others owey
their canopies higher, Fesulting in SWo Or WONe WWEe &t
Arregular Detghte”, The gystea of nlenting aaRy ewops 1ihe
capdeasn, popper, botelving and Danane 40 arecEat gardens
of she galagin of wstern Rapnetalts and the Konken are
form of aimed asopoing in respoct of pormanent crone®
tatyes, 106%), HSabiar (1049) stated that the custon of
growing othey oxops in arecwsut gardens is faimly
other frult ouops are Falesd A0 the asecwnut gerdens of
. Maladar {(Reralal. Abgubas (1956) osbtioned the advantage
of guowing pepDer USing AINcACUT CEFECE a8 StANGIds.

But the objective of growing the sceondary cxops ia
peesbearing (Juvenile) age of § % 8 years, the low iagoone
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in W saply yoasrs of Beaming, the fluctuation in the yield
of the maln aryn due 20 pests and dloegses (which had w0
They Dad 10 BaPkOta NeUr About of were sosotisve ot off
transpore (o in the invertor malnagd of KamaSaka SSa0) .
™ faraers wore thersfore compellies 9o geow thelr day 0
day requizensals, vegetadbles aud Spults in thw arecsnut
gardens, The erups chosen a8 fnter or niwed ooy aleo
ahanged firon et O Graot, tivugh a arop ke Dasane was
shesyved ©0 be moge eusashly sployed, 1 growsye ot stwst
{Ramatalia) prefer csvdanon and pepHer as oterowons, the
uzmanmmmmmmmmm
mm»mmaymtm».

soientific investigations on the different as)ects of
AOCHKS RsGauh SSakions o Indis by she erstwhiile Indian
Central ageosut Convdttes ‘Ghat, 19852 08 Llater contimed
at the C-CuX ot 483 feglonal and hesessoh Centzws, snd
mmmmmmm
Cibpabase L9768 Shandaw s 1976; Dhat, 1974, W"g Brabumay lms
Ehader add Aoy, 1940; marelidharan and Hapar, 1079
Bagarals 19747 Halau, 1959 Hoyaw, 1999 Aoy, 1974y
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Sadanandan, 1974 Saanasarapoa and Marslidharan, 15823,

altinle oroping with ceoao

In the traditional systen gacao is grown in assoclation
with forest tree comunities end these latter speeies nerve
a8 shade toee (Chatt, 1953 sugray and tiichols, 1264y
urgubart, 1961). an eccount o0 the suitability of a variety
of shade plants hag bes: given by Benstead (1931, 19%)),
De verteuil (1985), murcay (1557) and wood (1975), The use
of sconomically fasortint trem (other than forest treds)
like coconut, oll palm and rudber for shading in Malavsia
is reporced by severail woskers (Chalmers, 1968; Blenowre,
1962; Blenoswe and ikbdard, 1972 MoCulloch, 19683 Tanm Tal
Kin, 196}, Urqubart (1961) roported that in Ceylom eaceo
vith cocomut, Rodrigo and angobat (1964) peported the
pecforuanon of cacss under cocamuts in the Philipoines,
Cacao 1is aleo deing trisd under the aixed evooning systen
in India (Bwt and Davappa, 19727 telliat et al, 1978
1979: Nair, 1979; Nellist, 1579) and the present area undey
the erop, largely se a ained arop, is estimated at about
29,000 ha (Table 7),

in India at the Central Plant:tion Croos Reseageh Institute,



Table 7. %\m under cacao in Indla

State Area (ha)
Kerala 24,118 )
Karnataka o 4,252
Tamil Nadu 600
Others 30
Total 29, 000

AR

BEAEZY SOV Y
*Estimated
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(Bhat ant Ieela, 1568 DDAt and Bavappa, 1971 Bhat, 1078ta),
1B, 10M9).

Cacao as & mined Gpop An aPfecanut gurdens has been
thought £ under cestaln special slrunetances, apart fron
the usual advantagecus of nixed erop-ing as pointed above,
Pivetly, thw arscenut oran is o eomptible to the dissase
mawmtmwmmmmmmw
Mmewiwmmm&MWQMt.m
WMW%M%&IMWW. 2oen the
Wﬁmmm;mmxwmmqafwm
beca:ws almost fapossibie due O csatinudus and heavy roine
fall dustog the aoasoon, Secondly, the yellow lesaf dlsvege
of spocenut, which resains today the uost serious probles
faving the arecwnut geowars, iwhose etiolog: is ot pedll
clear] La prevalant in ciffegeot invensities in several
hﬁMMM&W%M;M&QW
prineipal cause of the slow death of palms in the infected
AMSas, 4 AN major faotor ds Shw llwly ower produstion
of arecanuts Lo the oouotry. The country bas slaoet
reached to gelif-suf icienay In arecanut, &8 stabed sarliew
prioes of avaganut during the sarly seventies. Thewe g
ﬂn»mmwmmmmmmww
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ottty in populerising its uge ar a ahewing matorial,
Puegkill (1935) weote Shat “Heeders should seamber Weas
betel 16 the et coaplen of luxaries of A%s Datume,
reuiring several ingeediants, although soowtioss, as in
Sorth Chine, the woommut is ohewed withoul 4te wewal
auonpeninents: therwiore the custos of chewtiog bDetel cone
"t eastily bo transplanted Lako & Bew Cxrmtey usless
several saterials can be asseabled there, The vesils is
that the habit hes spoeed mowe slowly than. say, the hadis
TACAD 48 & BONOGEDD iR SR Gountuy Des TOMUlted in linking
of gaceo vith aronuout palas o8 slwed aro in aresenus
Sardens.,

ummmmmmxmmm
recnnt weseapch {fadings, ®he seobles of alwed ewoooing
ArUSeRUt ViSH Qwoad FEgUires gEeiter oaNe, Gaution and
oousege, in the absense of adeguete Mowiedge. First of
sll, cuoeo 18 DOV W the couotey as an agrioulturel

of srvoanat and Gaou® BOSR Whe GNops inwvolved, §¢ ney he
fEmbess s 4 of peremnial nature, iaed aropoing systens,
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of phytcelomunts will var, bHoth 48 Spaos ¢nd Sime depends
159 won ineerwpeciilc comietition as vell s tatgeepeete 0
£1c competivfon” (Allen et al., 1976/, Based on WS NeS
effens of SnNtercosions betwesn Species populations, Bart
(157¢) modithes odus’s (1971) owiginal eoncepts of Antape

apufion hetween Wwe species population as follows:

mmaum;wunwteﬂmmmmm“

arans spyecies has a negative ot effect on ooe spccies and

apan species Das a positive net offeoat on ane spwcies and
a oegstive effect on the other species.

aroy epecies has & Dot nugative effect on all species,

Plant incersgtions have Hech cefleprad 90 as *invewiesence
efifecce* (lagper, 1961} ox *neighbour sffeets® (Twenbhath
and Barper, 1973,

Riaser (1969, while dlacusaing the relaticnshine anong
whiah Belp olants 0 cope wish the ewisconeatal odaslex §n
a oampetitive yelstioashi; are ©5 De exanined. osing



Debamire (19G0) e enumsratod a muaber of adeptations
which under specific clzrocumelanees asy DEOWE € bo alge
aiftoant in competition: (a) tioes of oot ponew

{¢) enturanoe in drought or a>il of poow esresion,

(Q) longevity, (o} gbundant soed seodussion and effictent
e dissendnation, mmwmm
(b} faod secerves availeblis v young plants, (i) Siase of
intucial grovth, () zate of geoweh, (k) mutefent wtaks
ability, (1) vegetative meorodunstion, (n) geastic varie-
biliwy, (a) plamicivy, (o) vigour and siee of plant, and

Ad eroos like arecanut and Gacan, A fev of them ave oertals
%0 have infloence in bringing about the interection in the

present studies ware therefore SR u S ascertain goms of
the fachors iavolved io the competition and detemsine A€



IX. HATERIALS AND METHODS




33
MATSRIALS AND NETHODS

All the investigutions reported in this thesis wexe
carrisd out at the emperisental gasdens atteohed %o the
Contral Plantation Crops Msesarch Institute (CRCRI),
Rogicnal Stavion, Vistal, Rapnataks State, India, Vittal
is 48 kn soutinweet of Mangelowe oity oo the west-coast
of the Gountry and is about 200 m above mesn sea level.
3% 1ies on 12°15' nopeh latitude and 78°23° east longitude.
™e Btation has & fars covering an area of 69,0 ha, It
Foosives on an average 3169 mm rainfall spwead over
period of 139 guiny Gays (Pable 3), Othegwise the ares
She day. The average suashine per day is 7.2 houss, The
Saximem tesperature panges fron 38,3°C 0 39,0°C and
She alintoun Semparature from 18,5°C to 20,0°C, Orester
part of the soil is typicel laterite which has been
classified as sendy olay lows with an average pit of $.4
Cohapatre, 1977), It is falrly decp end well drained,

Fox tiw vurpose of field chesrvations an exporisental
mamummummmmmmu@,tei
planted in 1970 in 4 6 u 2 x ¢ confounded asymnesricel
factorisl design was utilised, The Gesign of the ewperiaent
wes originally finalized in censult:tion with the Deputy
Statistical Adviser and Zenior Professor of Statistiocs,
Insuitube of Agricultural Aesearch Sgatistics (ICAR), New



Plate 3, Boperisental gardem vith niged



Plate 1
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Delhi,. The cecao eonsisted of Forastero vapiety introduced
from Malayeisa end avecanut of & well Maown looal (South
Kenara) variety. At ¢he tise of plaming in the f£ield in
1970, saveo esedlings were 13 monthe 0ld and areoanut seeds
3ings 18 monthe old, e experimentsl lay out had six
difterent spacings (8) and two fertiliser (¥) levels (rig.4).
T™he different spacings consisted of: (1) arccanut et 2,7 x
2.7n and 02020 At 2,7 x 2,7n (2) avecanut at 2,70 x 2,7
and cacad &t 2.7 X Seéa (3) arvcanus at 2,7 x 2,73 and
ca0s0 at S.dn x Su4a (4) both arecanut and Cacao at 3.5% x
3.9n (3) Dotz agpecanut and Gace0 at Jedm x 3,3 and (6)
AOCANUL At 1485 x Se4n and 0asa0 at Je6n x 5,40, The
fertiliscy levels were: (1) Doth erecanut and guceo fertilized
et 100 g ©, 40 g P05 and 140 g K30 per Sree per ysar and
{2) arecanut st 100 g i, 40 g P20s and 140 g X30 &nd cacao
at 300 g K, 30 ¢ Pa0s and 280 g K30 per tree per year,
uring the first and second years oaly 1/3 and 2/3 of thw
above doses of fertiliaers were apolied and the full dose
vas oxmmenced fzon the thisd year, The fertilissrs uged
wEe ures, supsr phosphats end muriate of potash, In
addition to the fertilisers, the arecanus palms were epolied
wvith green leaf manure and cattle manure esch at 10 hg
PR palm per yeaxr. The fertilisers were applied in two split
@cees, onoe in Septender and for & aecond time in March each
m.

Bosh cacao and arecamut evedlings after planting were
provided vith sreificial shade with pals lesves during tihw

M
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first GO years in the fisld, CJave was tien S5 see Shat
they vere also trrig:ted usiforaly during the dry westher
perisd froe last wesk of November $0 Apsil oF W anget
of rains eesh year, COther cultural opevations normally
sallet far in similar plantetions were also astended %o,

8ince the amperimsng origisally dasigned had no trsst~
nant, sole exop (of apscommut OF Gaca0), WO ssparats
blogks planted with sole arape of sach unier identical
asoditions eontiguous with the maperimsntal gardem were
ullised for obtaining addisicaal infomation,

nmmmmueﬁ;am?mmmm
under sach chapter ia Whe body of the thests,
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GRFIN, PLOMSATNG A0 FRUIT 8RT IR ARBCADUT ABD CASAD MIXED

Qrowing plants sequire 1ight, water, nutrients,oxygen
deaand for these factors by  oung plants whioh have
sectriched canopy elae and raot rasificition, &s low. As
factors fnoreases rupidly snd ccupetition for these factors
#0ks in if any o008 18 In shork supply. The rescls de thet
the pate of growth of the individual plest wetapds t> the
extaat of inserfersage. Aleo, plants geowing 40 an  egow
Syston or in &4 coummmit; bDehave in a different way than
those Asalaeed plants Ao tevns of geowsh sosphogonvelis end
physinlogy dlaplay. Ooneld (1963) shates that plants show
sxtrene plasticity and respond pecarkably in sise and fogm
0 swvizonmensal coadision and he considess the procence of
focoes, Competitisn freo noighbouris tEess may Fecuce a
8 of this type
have been the subjecs of stud; of agrononists and  hostle
rospoRees with deasity e ultimately reflecked in crop yleld,
AgEonomist’s snxiety is o study how much of chenge e
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got suxinon yield per ubit areas Migh Gensidy plenting mey

20t anly sffeck the overall archisesturs of the plank and fts
flowering beliaviour Hot aisc cab bedng An & reduced yieid of
GO

Mcording to Helle (19T9), Ghougs it has Deen well
Mmmemuﬁmmuumm
' steristie of the plast, yes escolagigally lsposed
vartations con often bring in ohanges in the form, Jwosing
Rahn (1975}, he reports smenples of seweral wwwes, Hunbortls
SetHataig HBAENra ARGACE ior 0tt.,
mmwwmmwummu
assrthuted to etwironsoot and 2et clowely with the amount of
Angideat 1ight, The degive of shading and the amutot of
somponents Ao alued geop oomauntties, ssosolally when
the age of tho tEecs as in the case of COCOBUG Holoted by
Selllat ot al, (1974), In the initial Juvenile preflowesing
stage, the cateoy of cooonut 4s ot fully develaped and
dstsroepts cbly o snall feugtion of thw solar energy. &
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solar enesgy and for soil sutrients, In the pepsodustive
or miadle age of the paln, the cancpy swanhes A6s full
sise and enly wery little AMight i Srunsaifced., After
shbout 30 years Of ago, shading slowly deareases and quantum
of lght passed down ales Ancreases. In suoh & conditfion
arop ahosen Mast be ebis 2 adept o Ahe ever changlog

ingwease the net yisld or coupensets ¥he icas of yield My
aploiting the anvizonment 15 ¢ e efficiens way. This
Such comlenmsatary use Of rescurces is “amnidetion” (tudwig,
fpios ie ene, The better or omuloasntary use of above
SEund speoe Ls posaible when the leaf canonies of nbwed
SRop oxponent odcuny Glflerent vertisal layers., ™He talliew
high hoaldley s Siallariy oomplenentasy use of Delow subwe
Mummmmmmmm
syaten sploft differant layers of tiw soil by virtus of
thelr different xoot systens, This Libter aspect of peot
s okens in respect of arecanut and gunec ained owopning hee
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Boen studied and the results precensed in Whe following
ehapter. In this ohapter an akcecot has Deen made o
precsent the mwsults of stud ou ¢he groweh petterns of
the ebove ground nostions of the $wo Soecies inwolved,
planting stage till the trecs are sbout Sen-year odd.
ground snece 18 effsctively utilised by the Swe ComOLNE
flow: Mg wd fruito st of the two QLU 4n thie Lnskenoe
Arecanut and GoNad.

tal gapden whnse detulls are given saglier. 0 the
thmmmmmMmuy
fzom she year of clansing in 1979 so 1940,

Holght of Srecey, girth of stez, intezuodsl Glstanocs,
nasbor of nodes and ouber of leaves,
pecnroed,

Hoight of tewe, girth of ston at 0 o Adove ground
lavel, soread of canioy Lo two Glrootions (oiat-weus and
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Yo § »
,

on the soedicss Hrodeond, fesale flowess npesoduced and
esuuammmmmfmmmmemmm
Wmmmwwmmmnm
1979.80) . In cuoas Wre:cs aleo the ousber of teees Flovered
SaPh YRR Wi FecoRded, for datermindng the frult set, 3100
MMWMaWMQﬁm&ua!mm
mmmmm@mmmmmmu
ommenoed developiog,

Results
1. Growth gharsosers
Baber of lesvns’ Darasoterve of the agcoanus palns
boginning from che year of £iald planting (3970) and gfor
UDAEUENE CO vears (1771 und 1973) are given in Tadble B
mmmwmm-mmwm. ]
ummumwwmmmmm
of stem and nuaber of leavos ave 162.0 o, 10,4 on and 4,6
R respecciveiy. There i no significant A1ff%spence in She
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& shight sedostion in the Teight vhish is Gus W0 ¥he shorime
104 sondition, There is ineneese in the gioth Shough mot
is mumber of 1oaves, AS the end of sosund year ¥ plants
have attalingd & wesan Deldght of 245,5 o and 25,5 on gloth
vith & mean of 6,3 leawe, AL the end of G yoars slmo
O palue beges € auposs Alsdingd sodes and Wy end of Sowrsh

iatesnodal distanses &% 60 en Jeight (where & pomvuaneat ek
ot e end of aintih (1976) ¢o tenth (3980) year are sumserised
in Tables 95 10, and 11, 1In all Wheee Jears o8 ages Ve

An She sixth year, A% the Geath yeer alse the intesmodal
diotanos at 40 on hedohe and amber of leaves shoved sigaifis
whigh is 2320.2 on a8 e oot of sinth yoaw, seashes S0 823.2 en
& e Gtk year, At Yhe seae period O giwth (newenens

§s Sron 45,3 om % 45,0 on cnly, The usan mslber of lawves
faaveases fvom 8.4 W 9.1,
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8ince there s no significant Aifference in tho height
of the palms due to various treatnonts, the sverage hefahe
of palas at the end of euch yo.r was worked out and is
dosicted 1n Figure S, It &s ovident from the figure Shat
the arecanut paln grows alaost linesrly till the end of
tonth yoar, |

he data on enr..d of arecanut palm crowns recorded at
2 yoarly totarvale from eecond yesr afesr planting are
given in Table 12, It may be obeerved that the rate of
mwmmugmuwwwuuﬁammwu
gets reduced in later years, 7The rite of increase is only
2.2 por cent betweon eighth and tenth pear,

SaGad SEEGR The data on growth (height, glirth, sorvaed
of tree¢ sistwwuot and northeso.th) cohagscters during
ditferent stages of growth beginning from the yeup of fiesld
planting till tenth year are given in Tudbles 13 o» 16, It
L5 evident thit till the ead of tuwo yeuirs none of the
significantly duo to treatmemts (Sifierent spacin;s), In
1971 $.0., 900004 yeur £rom placting the eastewest sread
of trecs under wideot mpacing (S.4a x S.4m) 18 the laryest,
Fron 1976 or sixth yoar omsards the trees comwence to show
significant differanoe in height due to spacings. The
trecp under the closest spacing of 2,7m x 2,75 eontinue to
be tillest and those with the widest eracing S.4m x 5,40



Mean total height (m )
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Table 22, fpresd of srcoanut egown during inietal

10-yuaw growsh e riod
e of DMewnter of Agea 31“
palng arown ~ % Loovease { nd)
( s i
] M8 - 1.8
4 383 53,4 S.43
¢ 317 20,8 T
- 15,8 10,50
30 W 2.2 13,06
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” Moan "t ” Mean

33,1 32,7 334 6315 4533 3.3 4075 A0S 413.0 418, 4343 436.8
333 32,8 300 IMW.3 405,08 MWL0 32,0 4450 €319 639,53 ATL.S 457.0

414,38 412.¢4

08,8 4068 406,80 4083

%8
358 93,0 334 39S IS M0E.1 413,35 422,85 419.0 420,80 415.0 4179

36,7 3,0 33,5 9.0 3.5 I 435 4.3 4184 Q4.0 4223 418,
34,7 38,5 8 377,53 352.3 3649 4188 4330 4359 40,3 436,50 4381
Nean 33,8 33,1 333 300,99 M0 WS 417.8 30,0 4.5 823,30 433.1 428.3

33.2 32,8 33,0 389,83 38,3

2.6

6.5

12.3

42.53

1412)

ANFFA in Appendiz, Table
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mmmnxmmemmmncmm;. In
mmmmmmwmu.www
18 2.7 % 2,7 spacing, The caceo plants which record &
wan height of 85 on at the tinme of planting attuin o oesn
muwamt.u..mms.vmmmmmm
in v yeurs, T™e rate of increass of height up to the
mmumgmmmmmuummm
still as the age adwvances, The soread of trees also
mnmummmdmmhﬂmucm
till eighth year, which later declines, The mean girth of
mtw«&&ommmmx.mmua.am
mmpmmgxmummzummmw
4541 on when thoy arc ton yeor old f.e,, the incroase s
about 9.6 tines the original sise,

™he differunce in the girth of plantse nlanted undey
diflerent troatments do not show any significant difference,

‘nnmmmwnmmmmmwmmtmmm
mtﬁtmgmaﬁzmlwmmamwuwm
m:mmmmmmmmmmmm
Table 17, nmummimmamaemg ko
hﬂWvle«tMWmWsu&mmmm
the firet two yoars. Thercaftor the agecanut palas taks a
lead, The ratios in the height remein almost sane (1,0
O3) till the end of seventh year after plantiag and there-
after it widens with the apecanut troes groving faster than



2
2
3
.
s
6
v
®
0

| ol
-]

as2 200
268 250
3a8 206
811 k4
§38 364
éaé 416
8 44
870 478
954 496
10%% s17

Fx v ?,\ g o ‘AVA ( g fv—/ ﬂ Cﬂ"h.—v/fy‘

0.57
0,58
0.52
0.50

*From ground level to top of canopy
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the cacao troos, It L2 aleo seen thut though the total
height of arecsnut palns is more than that of cacao
troes, even from the early years, it is only after seventh
warﬂmmmt&romaﬁummwxmm
u> above the lercl of oucuo canooy (Pig. 6}

The area avatlable per plant and the projressive
covarage of the canony of 0.0a0 trees thorizontal soread;
under different sractings are given in Table 13, It &s
clear that the rate of pire.d and the ero. covered by the
trece are falrly uniforn at difforent ages Ar-egoective
of the troatments {spacing given ¢o the trecs) ue &> eighth
your feom nlanting, At the end of the tenth ye.r the trecs
undur the closest axacing of 2,77 x 2,74 huve
comyirtively lesssr horisontal soread than trees with
wider spaolng. It is also seen thut the rste of sowoad
18 sa5id €111 eighth year and thercafter there is & tendency
to slow down (P13, 7}, In #0 far as the space available
Der tree is concerned it may be obsurved thut the
peroentage of area covered increases with the danoity of
planting, Under the closest epecing of 2.7 x 2.72, 51,0
per cent of the avullable space is covercd within two
Mwwmmemwmmmmmum&.ﬂmr
ot of avalladble spaoe $,0,, ONly about sne-third of the
Canopy 4s vithin 1ts one and Ewo-thirds of bronches extend
far beyond the tree in the row (F13,8(1)., T™he steuation in
the widest spacing (5,40 x S.40) 48 thit about 8040 peg cent of



Mean height (m)
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AND CACAO IN RELATION TO AGE

Total height of arecanut paim
( stem + crown )
——~ =~ Helght of arecanut palm
excluding crown )
o—o—s Total height of cacao tree
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FIG. 7.

- HORIZONTAL SPREAD OF CACAQ CANOPY
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the available space is covered only after six years end

evan then not fully coverod at the end of a9 many as ten
years, 7The areas coversd by the canopios of arecanut and
Cac30 at the tonth year are showm in Fig, 8{it),

A comparison of the arecanut trees grown under sole
eropsing (epen without shade or mixed erop) and under
aixed cop oondition made st the tenth year is given in
Table 19, It 43 seon that the two gets of Halms 4O oot
ap:peciably differ in oversll vigour or growth,

A oomparison of the Caoad trecs grown under oHen Qon«
dition (without shale) and under the »ixed cropping systen
made at the tenth year 18 give: 4n Table 20, 1t is seun
that thers is 0o aporeciable difference in the vigour and
overell growth of the trees grown under the two conditions,
though the helght and enread are slightly more undcr the
- mdned erop shaded condition,

2, Floworing and frultset

ARRGADNS palas The percentages of palms flowered st
different ages after planting are given in Table 21, e
first floworing was noticed on the fourth year of planting,
™he percoontage of mean ounb r of palns flowered at Seh, 6th
Teh 0th and 9th year wore 20,5, 51,9, 61,1, 75.8 and 96.6
pecsectively, Various deasities of agrecanut and cscad or
levels of fertilimers have o> significant influence on
the percentage of palme flowered at different ages, T™he
analysed data on the avorage nusber of spadices and female



FIG. B(i.HORIZONTAL SPREAD OF ARECANUT AND CACAO CANOPIES
IN RELATION TO AGE SPACING 2.7mx2.7m

Cacao canopy

Arecanut canopy

. Cacao tree
x Arecanut palm

10 Yr.
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FIG.8 (ii). HORIZONTAL SPREAD OF ARECANUT AN

IN RELATION TO SPACING ( at ;oth yr. )

ARECANUT

Sg

2:7%2-7m
27%2.7m
27%x2.7m
3.9x3.9m
33%x33m
8 x5:4m

CACAO

2:7 % 2.7m
2-7% 5.4m
54x5.4m
3.9%3:9m
3.3 x3.3m
3:6 *5.4am

Cacao tree
Arzcanut paim
Cacao canopy
Arecanut canenv
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v table 20, Wmmﬁwmuw:
open yg shade

Charscter Mean value

MMW . PAfferenge
ddgeh (cm) 0.5 0,49 002
Beight () 8,39 5.9 0,20
(2ank Wang) S.46 699 L S
Soread (x)
(Rorth South) 5,5 6.0 o=l 08

*Siificent at 0,08
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flovers produced and fruits ot HAF PAlM per your are pre-
sented in Tuble 22, Mere also none of the chzucteors
obsarved differ siguificatly due to various ocombinati-ns
of planting or levels of fertilisers, The nesh number of
nurber of ferale flowers foduced,
mmber of flowers aot and peroentage of fruits eat per
PAln DOr yeur Ar® 4,52, 720,3,369,0 and 34,6 raspectively,

§3090 $£899; The moroentu-es of trees flowesod at
Gifferent agos after planting are given in Table 29,
T™he first flowering wis oeen during second year of ~lante
ing, The percentages of nean mader of trecs flowered
Suring 32 and 4eh year ame 56,9 and 90,1 respective iy,
During Seh year there has been ot per cent flowering.
The dats on frulte set are given in Table 26, Thore is
0o significant diffcrence in f£r.it set betwecn differenmt
trastments, he 2ean sergentage of fruit set i only 2,5%.

Exploftation of tiw eavigomwnSal resourcves or f.otors
hxtMWWMammﬂmMMr
on campetitive way 1o stresoed very much in the succes: of
aixed cropping . Ia achioving this, several manipulatiocns in
the selection of craps and managing the crons in the Field
have been arrived at with regurd to anoual erope in several
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Table 23 Effect of densisy on £ , in cxwan
* (mmtmamﬁm

feost 1972=73 197374
s 63.3 831 7.8 100,0 07,5 93.0
83 40,7 88,6 53,1 84,4 96,9 90,6
2y 56.2 68,9 63.5 7.5 87,8 87,8
84 ”’Q 3 “oﬁ w.& ’1.’ ﬂj’ 3‘.?
88 83.4 50,0 5140 T 9348 79,2 93,4
“ ml‘ Mgﬂ mg‘ 1”.@ “;3 MQG

Moan 5044 3‘,‘3 53.8 329 th $0.1

s8/plen Se1 303

oV (%) Be9 ‘ 3.7

B1=54 == for legend, see Table 8

ANOVA 48 Appedix, Table 23(1)



Table 24, Effect of density on fruit set in
cacus

mm”mmm
WM

ments n ry Moan
8 1.8 3.8 2.6 .
82 3.8 245 3.2
5] 3,0 18 2.4
84 2,0 2.5 2.3
58 2.8 2.0 204
88 1.8 2.3 2.0
Moan 2.5 2.4 23
8&/plot 1.4
oV (%) 58,6

S1~88 <= for legend, ses Table O

AlOVA in Appendix, Tai:le 24(4)
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eountries by verlous warkers (as 1 ovidenced in o mmber
sywosts co multiolo/inver eroppingly (vependior et al,
1576 willey, 1961; Gomes and Gomesm, 1983), sdntler eoSovts
nmmmmmmmm trods are limtted,
@mumwwmwmmm
wmmwmtmmmmm
ARIEQene Videe Mpace, Swanlnathan ‘A5B0) skated that in

mwimmmamwmmmm
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At ds indicated thut within d4rfocant nooulattn of APBC A
BUS a6 welli as Cats "I JPth .4 Vigour of the former
u' unifora when both the ermos e l.ioted sl itaneous

Lie
In othor woods QROWA) Cucad a8 a dixed oras with arecanat
4t the dengities teobed hae m adverse ofoct on the
vigour of the lattor. 2ut olodiaf obascpvations o¢ caoan
reveal th.t differeces in the vigour or sverali gooweh .
of the exees ocouur wxicr the different densitiss after the
trecs attain the uge Of foul yo.uWD. TEUCR undse She
dunpiest snuchny 0f 2,7 & 2.7+ “Ath an egmal daensity of
“Beganut Al Jeow talior and N.Ye A losser ooreld o
SPecs uader tiv wioest soaclng of leest Jeasit, with S.4 x
Sedrn for catunr and 2,7m x 2.7s for arecsist, iz g
wualaly De due 80 the muiual shading 5F £ cue.ss teous
‘uhich was Maabmers) under this saacing at the et ntal
soute and thus foros the trecs £ exoloit the vertiosl
Spave to aoliect aowe Light, it is qloo evideot tigt

h the aros are 8 cuvlng the mutual sneding offoct at
iouor during the Firet t.o W Of gEsrth Shough Shere-
sfter they huve the musual shading effect fron the aides,
It Lo voly after the seventh year the arcoaaut ste:s attalog
significant hefght and the cpown gets Mifte wo above the
canxy o7 Catao tEWeS. o A8 Can B EXHeotsd Ghat ehe

ﬁwwammammmﬁwwmwwm
be cupoctet €0 fall only aftez goventh year, In other woeds
the intopoention of versical Maht by eho canow of arocanug
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my have greater iafluencing effect on Cacad canony after
soventh year and till thon it is mostly the intoreention
of slanting rays that may L0fluence bHoth arecanut and
Gacas  mutually,

It 15 als> indlcated in the prosent studies that the
horisontal coverage of the enace is very efficient when
cacao is mixed oropped with arecanut, It is mose efficiont
&t the slosest snacing of 2,790 x 2,73 adontod for S0,

In the widost snacing of 5.4n x S.4m even after ten years
the ground 45 not fully covered by the cancay of gacao
treca, Shotiarly tho space thet becone available 4 ediately
abowe the ground level aftor the erown oL arecanut Jots
1ifeed up after abiut seven years 1is advantagorialy

utilized by the sur- aling Gacao cunody. ™S crown of areca-
nut paln and the canopy of cacao trocs occupy Aiflerent
varied levele vhich is »eobably & good axamole of amaidation,

The comparison zade of on o' Jrowth of the cacso troco
unier the aized oroning eondizion and under the sole
eros-ing revesls that in the former cuse the treve are
slightly tuller and have significantly larger canony gorcad
than the latter, The jirth of stens under the two condie
tions do not differ signifsoantly, The envirommental condie
tione under the aized erooning syste: is oobably responst-
ble £or the better growth of cusoad teoos,



o0

e aoventage of daving & tall tpee canopy of arecenut
over She comparatively shogeor tave canopy of caced is that
zmmm,}mmwumm Amehere
fagtoy whioh Savoups arecawt as & ained aron with caoe fa
as the pe of the arecanut SYeos &ivenoes i view the ozowns
of the arscanut palms gelting 1ifeed gredually higher we
A% Uhis 8Sege It may ROt be out of plaos to mention that
avecant palas abtals & ight of abows 18 0 30 meters
Whereas cacs Srevs zeash caly ebout 2 %0 10 meters et
shat ages It may De possible S0 restiriot the growth of
gresher demand of Ligh0 Ly Che ceoad trecs as they grow
(13 ¢ 30 o= dlemetay) afecanut palms 90 400 Dart capeo
o and docs serve as on sffective protecter for the
apasure o sun in the warly yours «s She latcerwr awe
highly susospticie & sunscogch. Another benefis of
growing cacas Lo that und:«p ¢he wisd ervp eonditions,veed
of W ombined effect of shade as wll as of leaf Mtder
vhiah gets dapoeited on thie eurfaos (Flate %), "tw sale
axop Ang with arwoanus provides conganial oondision fowr




Mate 2, et lisver of casan deposived
on the floor of the garden



Plate 2
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sapamt growih of weuds (Plate 3). One possibie disedvane
tage of cavad 40 & mixed QEOp A8 a8 the tlae of wnderplant~
fog (replanting) 90 peplace aguing end uneconomicel

Senes oensoy of cates have %0 strugula £o energe out of the
{riane 4),

significent aif<evence either in the peroeatage of trees
Wu&%mnumwmu

mmm»mwmmsmm
and fruit se in either of the arops.




Piate 3,

eed geowvth undar the sole
arop-ing of arecenut



Plate 3




late 4, Underplanted agecanut pala
{weak and thin) swsugoling
S0 enarge sut of the caseo




Plate 4
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ROOR DISTRIDUIION OF ARKCANUT AMD CACAD
ammmwmmmm



o<

*Of She two eavirooasnts in which plants guow, the
8011 15 maoh D more emaplex, 7his is true whether als
or Biologioal viewoolnt. THE soil 008 only affests the
dwvelopnent and astivitios of seots dizwatly, but also
by wodifytng the functlon of roots, it affects she growth
and yiaeld of the showe Ground parts €0 & lasge degres,
2041 &8 & peoduck of climate and wegetation® (wWeaver,1526),

I8 Ahe prefece %o Bis claseds SQ0% CevelORe
2isld SEaose “eaver Geseribed his subject as ‘greasly
suglectedt, aMesel (1977) statel thet “the sess alelin
ocould have besn made SoEe receatly, plant end soll
scientieto hewe usually found 1iGtle common Anterest in
the study of the growth and Suaotion of FOOR systems 4n
the eoll®. f» further added Whst the situation &9 mow

mmowvieise of the »lank s00t systens 13 the ey %O
fundesstal soalogical understanding of sany aspeets of
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mmm.. Por cultivated orops, At is
Sportant 40 obkain dmailed tafosmation on the faotors
whioh fmpeds oot growsh & She swbecil, sod Shus &
decrwane the wisk of lowsy yields, The fmpowtance of the
infosmetion on ¢he Poot & stuns of plats involved in
mm-wmuuammmmmm
stands (alyer, 19407 Twenbuth, 1976}, semches (1978) fn
studies ape needed on aEop rect competition, und how Swo
OF More GlLEfesent ¥0ot eystoms oen better utiiise limited

mmmeMnsmmeh
pare stande, The arecanus palm, bedng & NOROCONY leden,

has a fibrous Wype of Yoot systen withous & Sap Foot, end
IRerous yoots radiete in all Glawotions from the base of
e shen or bole (Rlage 8), Dawis {(1963) desorided ¢he

2oots of the peis in selation o thwir ortgin, sise, shape,
famction, structurd, etC,. “nd classified then ioto (L)the



g L

Rook systen of srecavt pals

Plae 3,

S A T TR

g



Plate 5
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main adventitious proots eanating from the boler (1L) the
pootless that branch from the maln roots or their branchess
(444) she paeumatopinees or breathing owgens and  (4v)
the asrial soots wiich artse from the lower sares of eten,
2hat and Leels {1969) studied thw distridution of agecanut
zoots in relation ¢ density of planting under well drained
deep latsrite sofl condition, They reported that 6%

> 87 per cont of all roots (oo dey weight Dasis) and 81
m“wémntmmummmnmsom
radius of the pale and more than 80 per cent of all roots
ave within 1 0 1.25 = fyon W trunk, though some roots
extend latarally Deyond 1,78 m, The maxiaun concentration
of £rom 65 0 79 per osnt of all rooks and fxom 72 o 76
wrmummmﬂmmwmmm«
the soll surface, The second layer, 351 G0 100 on deen,
contains 12 0 23 per oent of all soots and $4 w0 20 per
omt of fine roots. The saxisun depth of pemetration of
the xoots 18 2.8 m, Closs plasted palms appear to have a
greater tendensy t0 ®mxplove the lower strats than shose
planted wider apart. The guantity of rooss (Qry weight)
per woit wiume of 3011 within the feeding sone inareascs
gross guantity of roots produced por pals decyeases with
incweased donsity of slamting. » againet the adove, e
root oywten of arecamt ia & low lying garden with high
water table, the lataral spread of zroots (s up ® 2,7 n
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led = (Bhaw, 1978[Q).

At arts of the world by varfous fnvestigitors uoder
varied scological end sdashic conditions (“oCreary o8 al.
12437 Hawdy, 1944, 1971; van Mhome, 1999: vasilva, 1960p
sevellos and alvia, 1948, 1957 Cadina, 1970; wanate
Sejad, 1971 vevallos end Coral, 1972; and Falade, 1977,
he general ' of the root o sten & MOt wary
very such, Daring gemwinati o the caces bew produces &
Cap=-root that grows maplddly dowmwards into the eoil wod
gives ¥ise to wany laterals just below the il sunfeee,
e Sape0ot CORLAnueS $0 gEOW 4Nt Feaches 108 mamtmum
lsogeih in about the Soussh yosz. The latsral coots develop
Padily eod by about vhe £A28h o sinth year oocupy 0Nk
of the u> < layere of the soil, ¥he dlasnsions and Sogwm
of the tio~rook Of & See are appareatly and mainly
Goaideld by the penstmability, sogooity and aeration of the
soil, In the sature Sree the length of the Sup=coot is
About & suter. The length of Supwraot will be les: 4f
therw 48 3 layer of fmpenetsable wodl or & Bigh water
table or mar: 17 there is an egepsionally deuwp welledpained
o porous 20il. Do any case the Sap=root seldonm meooede
about 150 ¢3 in lengehe A typicel Sapwroot §s thich and
Sapering end devices 1uto Swo Or EhEwe Suort brunchus ot
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S8s spex (Mate 8). Latoyal woody zOote emswge in whorls
Dranching apoesr %o De decised mainly by the Seatures of
she s0il., 18 ovmraot clay #0ils having shalliow humus layer,
the laturals are ralatively few io pmber, they are thin
;e long, sparsely branghed and ofiten contorted, In
Latapals Sond to be muasrcus though thick, shogt and
stratght wish many beaicimas, Fous 8w leteralpy namerous
find fibwous TOtieta eaerge, WhiGh tand ©o asecclate

ng leafl littcr nd othmr oLJNAC DABLGT.
*ssiaker® Poots are als) oroduced eocasionally froa thw sein
1aterala, which deseand more oF less verticaily to & dentnh
of about & aeder, wWorx of Habilva (3040} fu San Yone on
the poot systuns of Gican tewes grown in oley Soids
degives from Dagalts on ateen slopes (30 o 30 pay goensd
shoue that under those omditions the datribution of the
poct systen is very diffupune, The taoeroot renains
domdnant, he latorels with restricted growesh and saatfi-
rouk ot depta of U0 or 130 on and thepe i 20 PIOR mat oA
W suriace.




Plate 6, Tap and lateral zoots of



Plate 6
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Btoeria. Zewallos and alvim {1947) while studying the
soil factors pelating © Cuowo vields state that the
ateral oote of Shw cacac trees situated near the

up ahring Grow to 4 depth of 50 om wheseas wAth cacao tEwes
Joceted further sy fros the shade Sre«e shsiler
panetration of lavesel mots efw no% found. Bhat end
Bavaops (1971) studied the pattarn of oot apread of a eet
of youny arecanut and gatec Sxwes {(sath Teyear 08} planted
mined, MWMWWW&MMW
is contined 80 a oo of &0 o redics end S0 o= depth from
the Dase of seoh tzee, Palade (1977) peported that the
distribution of gacar wots is iaflaenced by nitrogen
fextilioear ap:ifeation, ™e ao-licstia of fertiliser

of mitrogen considexed,

mation aveileble on the SIS Syetes of Guces (e:gept thas
papopeed b, Dasilve, 1960) 4s Dased on the studies nsde an
Sa0es SEUes geowing uader mid wWopiosl fose:t soils
wish pioh deposits of huwns or Aister sulch. The informe
sion nrovided by et and Bawapos (1972 L4s for & youny
ganden, <aceo w8 an agricultural plant .tion owan mined



with axecanut is of pocont evoostion in Iodta and fnflormae

The study was undertalan a the experiasctsl g:nien of
the CroRS, Reglonal Station, Vistal during Jemuary o May.
1280, The g.arden has & desn, falrly wmiform, wall avaiaed
leserite eoil and is hewSgsbed durin; Gry westber fwom
ntddle of Nvesber to nidile of May wuoh yeag, The trees
(both arecanut and Oaced} selected for the study ware
unifomly loeyear old,

e proceduse ado:ted for studying the g syoten wes
the soll-Blosk or the quantitetive mathod, with slight
modificaticon, used or departbed by Praneo and Inforsato
(1951), ieon and Usana (1961) and dehshwe veles (1963) wio
found sultabie md @oritcedle fop arecsnut (Bhat end
Laela, 1969), The method coundstold of diguing o Swenh,
distanos of 35 on fyon the oentEe of ouoh Stee, The goil
fzom thw taunah: was removed fa pectangular diocks 50 on
wido, 23 om long and 10 or deep, laver by layer. Excsvation
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was continued until oo Ssuetes of Tote were sPEn. The JOks
Anong She vagious pesameters dosgridbec by Sotm (1979), only
ot ey wight was secorded ofter sepaiating the oots &
shiagk (>2 mn in Siewees) and 2608 (< 8 am i disaeber),
e studies wvare aade for Shroe oets of Sroes via,,

(1) srocanut pelme planted as sole orop: (3) cucas plented
4% sole erapr and (3) areoacut and cases 23anbed a8 nined
awop.

aemuits .
Lo Areoenut paing plented s sole owop
in Tabie 25, IG sy be obeugved thak 61.1 por esnk of al}
goots, $9.9 pew ownt of thick gaoss and 51,3 per ceat of
fine soots (Jevs th 3 s in Gieebar! wie OOnGeUlTated
within 30 on rediue from the geolre of She palm, In the
asat sector lying between 51 and 300 oo fyom the sben the
conoeniretion of total, Shick sad fioe rocks awe 37.9,
3%.2 and 33.1 par goot Swapectively. Ia Whe ares beyond
101 on omtaing 11,0 per ceot off all yoods. 5,9 per cent of
thick soots and 15,6 pew oWt of fine ots,

ot aifferent depths asw given in Tubde 26, It oan De



Table 25, Distrinution of apecanit voots at Cifferent
digtuncen €rom the tree {(mole cropi

AR I A

Distunce Total we, % all Thick 2 ehick Yine % fine
fyvom ¢the of all poots proots roots oots  roots
stes ?w:u tg) (g
]

ORI ——

0=235 218,00 20435 130,00 23,32 83,70 17,10
26=50 432,50 40,76 261,30 45,86 171,50 4.21
51=78 208,70 19,36 09,20 15,93 116,50 231,24

76100 80,08 B89 40,85 V.24 - 43,50 D32
3901 G1.80 8,83 18,50 .55 42,00 3438
126190 55408 $:19 19,00 3,40 36,05 7.19
P e " RO
Total 1051,20 100,00 850,98 100,00 501,25 100,00

W N

{Dats pertuin 0 the spofile awcavated)



- Table 26, mummmumm
{aole exup)

Dopth Total we, % all Thiek % chiok Ping % fine
- (om) of =i} 20088 FOOCS poOks o0ts peots
| o) o (o)
010 220,80 30,79 T2,30 12.89 148,40 29,61
11-30 164,00 18,45 86,69 15,46 «40
2l=30 161,80 185,35 94,70 o93 $7.30 13,9
M40 96,20 L J 49, 2,06 50 .30

9190 37.48 3,53 20,68 S5ed? T.80 1.55
93=300 22.6% 2,13 16,78 2,99 S.00 1.17
104=-330 17,00 1,60 11.%0 213 Seiv 1.01
111420 8,00 1.9 8,30 1.48 770 1.53
121-130 15,83 1.9 10,158 1.8 S0 1e14
135«140 131,20 1.09 $.99 1,08 3,30 1,06
141=1 50 9,80 Q.92 4,60 0,82 5.20 1,04
151-160 11,95 1.19 408 1.08 95,90 1.10
161-170 8.20 0,77 339 0.5 4,90 »
178280 9,35 0,00 . 0.02 4,80 0,96
181-350 293 0.94 3458 1.29
191-200 9,40 0.0 2. 0,52 8,30 130
201-230 P05 0,08 2,25 0,4 $,00 13
211220 2,90 0,37 e - 2,90 0,58
221-230 130 O.12 0.5 0,00 0.70 0.14
1.78 016 - - 1.7 0,34
343,-0!0 » ﬁ.@! b o 0.” eﬁ"
252360 0.40 0,04 ~— - 0.40 0,08

Tobal 1061,20 100,00 557,98 100,08 301,25 100,00

(Data mreain o the neofils emouvated)



mosed thak the Poots xiand wpr 60 & depth Of 3,6 = below
geound level, Tiw sastaun jusstity of all zoots (06,4
per omnt), thick gaots (50,7 pexr oent) end fine rFoots
(72,7 per centl aew within the first 50 on depth, e
lover stpata, 51 to 100 on below ground level contains
21,0 cer oot of all Mots, 27,8 per oent thiek oots and
33,2 pexr cent of fine yoots, THe strala below 102 an
containg only 12.6 per csnt of 4l) sootes, 11.3 per cent
of thick roots and 1.1 per ot of £ine oots,

3. Cacao SEwws placted a8 sole orop .

fable 37 stows the dey welght of Foots i the paofile
es, It is sesn thut aaxisus conoemtration is withina 25 onm
satius from the tzes, The peroentages of all roots, thick
and fiae roots within 50 om gadiue ape 80,7,86,3 end 68,7
respactively. There 19 4 sharp decrsase in ohw Jry
welght o€ all catsgories of ogpots beyous 50 ca cadius, HOTE
than 99,8 per cont of all roots, $9.0 per cesnt of thiak
poots and 90,0 par ot of f£ine paote have thelr latesal

s, It is cleasr Shat thay have SFav-veed €2 »
tfon of all poote (67,8 pur centl, thick sooks (71.6 per



51-73 .77 8,34 43,08 6,78 38,09 1320
76100 4.7 438 17,9 2.7 24,22 03
103+12% M, S04 16,4 2,90 17.98 5.8
136-150 21,10 2,30 8,84 L33 13,46 4,08
153«173 7.4 2,78 1.0 0,29 5,27 1.7

Total 956,50 100,00 649,83 100,00 306,87 100,00
M

(Sasa pertain to the nrofile excavated)



Tablie 28 mammmm
. depthe

Total wee % all Thichk % shick Fime o fine
Sephh (en) of al) 2008 FOOLS poOYs 0% PoOts
roowsig) (@) {¢)

010 99,26 10,38 36,34 S.,58 6,02 20,88
W=30 1233.80 13,98 73,34 1.5 45,29 15T
38 163,16 17,06 129,30 19,90 33,886 11,04

-40 157,54 18,47 132,00 20,46 24,55 8,00
41850 104,70 10,98 921,39 14,08 13,33 4,38
140 72,48 T.57 61,49 9,48 10,98 .37
4170 3.0 4,52 32,7 5,06 10,68 1341
7180 40,32 4,22 20,28 4.8 12,08 3,93
9190 13,14 2437 7.3 1.1 <500 3.0
91»200 13,97 1.46 .89 1,34 S:98 1. 72
103=110 11,23 .17 6.4 1.0 4.5 1.0
131-130 8.80 0,92 4.13 0.8 4,67 1.5
121-130 8,88 093 492 0,70 3.0 1,38
132140 7.87 0.00 3,48 0.9 4,59 1,97
141190 $,12 0,84 5.,08 0,47 307 1,00
181+460 7.23 0.76 38 0.9 .08 1.2
1831+170 7.9¢ 0.83 .72 0,87 432 1,380
L 78480 8.32 0.87 2.9 0,8 S.4 1.0
101-490 2.5 0,90 23,20 0,3 . 2,00
191200 10,08 1.08 47 0,0 .98 3,18
2301-210 ., 7 0,92 31 0,48 Ss88 1,08
213=320 8.38 0.4 0.8 0,30 3.57 1,18
221330 5,20 0,54 1413 0,18 4,08 1,33
231~240 8,20 0.58 3.43 0,18 413 1,38
243250 4419 Ost4 0,40 0,08 3.7 1.3



.’W“;m % al) Thisk %X shick Fine % fine
253200 3.88 0sd0 0.4 0,08 IA¢ L2
26130 .22 0.23 0,30 0,08 1,98 0.,8)
371200 .78 0.19 0.0 0,07 1,30 0,42
201290 0.83 0.0 0,20 0., 0.63 0,2
291300 0,88 .09 0.30 0,08 0,55 0.8
301310 0.9 0.08 0,08 0,00 053 8,17
333320 3,52 0,18 0 0,02 2,40 0,00
321-330 2.50 0.08 9.,07 0,00 0.51 0,17
331»340 ¢.52 0,05 09,00 0O, 00 0.52 0,17
341-380 0,08 0.01 0,00 0,00 .08 0,02

PIPRDRIPTpPRRssSaRSSSERSIR RS RREL L S L
Total 936,50 300,00 €49,88 100,00 308,87 100,00

{Dats pertain 9 the HHfile awcavated)
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omt) and 2ine roots (59,7 ner oms) 4s within 50 o Syoe
ground lavel, Theze £6 o sharo decreass in all cabegories
of roote bulow 81 o8 depth, The horison within 100 em
has 60,9 pur cant of all swots, 92,9 per ot of thiok
FOOLS and T4.3 DeF GENt of £in8 Foots. The strats beyond
190 0o Gontalns caly 13,1 per cont of ali roots, 7.1 por |
mum.mwauammwamm

!»-thﬁawtmsplmﬂn%m

™e dzy welght of arecatut roots ot 3iffopent
awmmmtmugzmmmauw. I8 &s esun
that 54,8 v cent of all roots, 72,8 POE Gent of thick
soots and 5140 cer oo Of £ine roots ave withis 57 o
mmmmm%wmm.mmmn
M?!mrmmmm.lwmadxm
ﬂdmmm!m:mmmmtmmwm
ota, mmmm#tmammum
wm?«swmaw.um»s.smmmm
FO0%s and 1l.1 por 0ot of 108 soots. THere is repid
@ncpoesc in the guantity of all aatogories of roots after
300 oo radiuse Thus within s Facdhus of 300 @n, 90,4 per
muuxmmm.smmwmmmn.:
per ot of Elne moots heve Shetr lateral mpread,

mmmwmmmﬂmxmm
is presented in Padle ¥, ™e saxi~on conosntretion with
%.zmmatmm 4.0 por gant of thigk yoots



(bata pertain o the wofile ercavited)

Table 29, Distribution of arccanat rots at different
@ist nces £roo the tres (tised 4.rden)
A e —— A AR
Dist.nce fEom  Totul wte N all Thick % thiak “tne = fine
oontre of of all Mt roots roots o8 roots
oten () x?;u {g) {q)
mmmm NP N
028 B73.00 20,60 631,43 24,20 247,08 16,00
26m50 1757.43 43,35 12362,06 40,41 494,00 33,97
Sle=75 1060,20 26,00 549,10 21,08 511,10 135,13
76-100 302,68 7448 141,04 5,410 151,964 11.12
103=128 3.2 8,82 13,46 0,52 19,7  1.36
1365=150 8,09 020 1.8 0,07 G420 0,43
181175 11459 0.25 Se04 0,19 G858 0,45
175200 493 Del2 2.3 0,05 2,60 0,10
201=235 7.26 0,18 1,77 0,08 Se«58 0,30
Htal 4063,60 100,00 2608,06 100,00 1454, 74 100,00

W'M



Tale 30,

bistribetion of srecanut roots different depthe
{alned gerden) “

Pepth (os) of all

910
A3=00
2330
k=40
¢1=30
3140
$1~70
71-00

91-400
201-310
ALi=320
131w230
131340
141=180
151«160
362-170
171=180
181190
191=200

 202w210

211-220
221230
”MW

rootsig)
‘mmmm

43,17
222.08
436,93
881,53
837,08
517,00

427,00 B
62,9
"‘Q" '
126,36

67.09

34,08

27,96

20,10
5.7
3.50
1.62
1,07
0,42
0.33
.22
Ou56
Ge63
0,00
.18
9,33
$.00
9.00
2.0

ok

% all wooks X thiek
{g)

1,088
S.404

9,04
96,39

11,343 224,08
21.700 639,94

15,697 448,27

13,722 158,33
10,809 293,22
0.917 342,99
5,010 158,88

Sw‘“ '

3,650
0,037
0.441
0,240
0.342
0.9607
0,040
0.026
0,000
0.008
0,008
0,013
0,018
0,000
9,004
9,008
0,000
0,000
0,003

90,28
34,02
.50
7.2
2.0

1,98

0.9
0.36
0,27
0.18
0.2
0,38
0,20
0,11
0,00
0.19
0,90
0.00
0,00
9,00

0,348
I8 33
8.509
24,500

1782

13,732
3l 2w
9,328

’ ‘.0'1

3,460
1,304

G.278

0,074
0.03¢

0,010
8,008
0,008
0,206
0,007
0,004
0,000
0,004
0,000
0,000
8,000
0,000

20008

@ oste
34,19 2.346
136,48 9.,380
232.83 6,004
241,80 16,627
109,61 13,0%
150,78 10,919
333,86 - 9,301
‘907 8,304
5,43 3,073
33,97 3.7
26,9 31,702
10,84 0,748
.70 8,589
p N 0.263
2.08 0.182
157 0,087
0,00 0,054
0,27 0,018
o.12 0,008
0,05 0,003
0,36 0.024
G.523 G053
2,00 2,000
0,08 0,053
933 0.023
0,00 0,050
0,00 0,000
O.13 0,008

; ; I AT IR ===,

Total  €003.60 99,997 3600,06 99,997 145474 99,990

{(bata partain o the »rofile excavated)
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and 57,4 per omt of fine roots 48 wishin 30 e depth and
vhareas 41,3 per sent of all roote, 43,8 per ceng of
thick roots, and 36,6 per ot of fine soots are within
the layer betwwea 51 €0 100 om, The magoitude of roots
wraversing Mepsy than 100 en is sompazatively low Siwugh
Whe reots tend %o ressh 0 & manimus decth of about 300 e,

™e dry welight of caceo 2oots at different distanoes
from the stan L given 1o Tabls 31, It is cbvious Shat
41.9 per cent of all roots, %51.% pev cent of thick yooks
md 24,0 per osnt of fine rooks exe withia 25 s wedius,
Ihe seckor Detween 26 and 50 om radius coatains 14,1 per
cmt of ali rocts, 133 per eent of shick rooks and 15,7
por cens of £ine roots. The Shipd sector comprising ef
e space between S1 and 75 ox has 11.4 per oent of all
oots, B.4 per oant of thisk rooks and 18,1 per cent of
tine routs, There is guuerally & deuvease in whe quantity
of total and thick roots beyond 75 on radius, from 7,1
B 1,5 per eent ia the cane of tosal roote and 6.3 W0 1,7
Por osnt in the Case Of thigk 1OOLE @xtept betwesn 101 o
138 em,

The dry welight of oacen roste at Aifferent derthy
fyon wartase is peen in Tudle 12, ™8 Fires Morisos W

0 350 on in oucunind by 99,7 ner cant of all poots, 45,4
por cent of thick roots and 2,8 pey cant of fine rooiis,



On3s 344,01 41,87 212,08 S1.89 72,36 23,98
2630 118,80 14,08 60,29 13,23 48,56 13,86
51«73 24,02 1143 9,04 $.37 44,08 15,1}

76100 88,44 T.32 33,00 8430 23,4} 8.38
101«228 09,98 10,04 58,73 10,82 33,38 11,19
126+150 40,04 $.,88 21,2 4,08 36.00 #.08
1-17 43,7 530 M08 2,08 22,73 9,87
176+300 30,93 382 8,78 1,487 230,17 .9

Total  $32.39 100,00 $24,27 100,00 299,12 300,00
:’a I l ’

{bata pertsin ©9 the ;vofile excavated)




Table 32, pissribotion of cacay Froots of different depthe
‘ (mdand gawrden)

oAl we, Thiek
Depthion) of all % all roote N thick Pine % fine
veoteig) woobm (n) ootz rootalgl meote
o S ; "
0=l 124,82 15,240 95,5 M. 97 47,90 318,148
13120 28,7 32,007 T7.,5% 14,708 31,18 T.128
2130 T7.54 9,420 €8,.30 13,088 P.04 3,042
3140 17.32 2,198 13,23 2,813 $,00 1.378
41=50 8.2% 1,008 2,00 0,381 $.25 2,10
81-60 28,7 3.9 23,84 42D 8,30 2,008
1«70 85,94 6,00 47,22 95,008 .7 2.834
7180 91,82 ucm 83,00 15,03} B85 2568
81=50 45,91 8.05¢4 B6,79 10,030 P13 3,072
91-302 16,20 1,97 10,47 1.9WY SJ81 1,998
‘Gl*ilg «l‘t” 1‘”‘ "Q’ "’” 'Q" 3'“3
l":"‘ua’ u‘” lmm ‘Q” GQm 'Q” hm
1231-1%9 2.2 20133 3,90 O, 702 S. 34 1.797
243-156 13.8% b 3.2 000 N 2.938
1511608 11 .88 1,420 4,99 0,790 T.59 2.554

161170 32,06 1.406 2,65 0,508 Pl 3.16Y
17=100 10,30 10292 3,70 0,708 6,60 d.220
181190 8,27 1.002 2445 0,487 6,52 2,194
193=300 “” hm 39” G452 m 2,01
201210 618 s, 136 0,297 4,83 1,554
2131339 82,95 2.9 2,08 G,39¢ 8,97 2.0
2131-2%0 11,32 1,374 3.8 1,047 S.93 1.962

0ni-240 4,14 0.903 U,93 QU7 3ed) 1,080
241-230 5.34 0.037 0.20 0,038 Se0é 1,696



Puble 32 (oamsa,)

Mepthi(on) of ald % all n*h!m Mina % fine
rootalg) roous Gq% m mtq} m

153-2360 4,96 0,009 0.7k 0,138 4,28 1.4%0
MWi=270 3.82 0. 484 0:,800 0,000 Je82 1,208

27i-200 394 0.4M D43 0,082 3.5 2.10
201-290 4e3? 0,833 0,803 0,15 354 1.19)
22300 3.83 O.406 038 0,108 3237 1,100
301310 3. 0,485 0.7% 0,06 3.1} 1,080
311~320 432 0,528 0.00 04000 4,32 34453

321330 S.49 2,632 Q.14 0,026 898 1.699
333=340 5487 0.677 de34 0,33 4,33 1.457

34)=350 4,34 0,518 0,52 0,099 372 1.252
351+360 8418 0.627 0,77 0,168 4.9 1,340
381-379 3,76 0,457 9.2¢ 0,048 3.92 34184

71«300 4,85 Be 853 0,00 0,000 4.9 1.9,
382e390 ¢ol8 0.548 0,00 0,000 4,48 1.507

3$91=400 2,87 0.349 0,00 9,000 2,47 0.948
402410 2.4 0,303 036 0,008 2.13 0.7\8
411=420 3432 0,390 0.00 0,000 S.21 1,000
42)«420 2P G.33 9,00 0,000 2.7 0.9
431440 1,30 O.148 8,08 0,000 .30 O 403
441450 0.0 0.097 0,00 0,000 0,80 0.2%9
481460 S8k &.062 000 0,000 0.8 0,17
461470 Oodd 8,017 0,00 0,000 %.14 0,047

471440 Qe2¢ o.02¢ 0,00 0,000 0.2¢ 0,000

Totsl 822,39 100,804 334,27 99,083 298,12 99,978
mmmummmm

(Data pertain to the profile excivated)
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T™he sscond hosdson from 81 0 100 &3 has 31.9 per ceat of
all roots, €2.0 per eens of thiak soots and 3.9 nor ownt
Gf fine goots. The shitsd sone coverdng 101 €5 200 om has
1343 per ceng of all rooks, V.5 per ORnt of thick roots
and 28.7 ner ot of fins routs, e fourth laser between
mmammuwmmwm%mmwmzmm
2.4 ner cont of shick oot and 18,5 pur cent of fine
EOOkB. The Fegion bolow 301 e S0 450 on hes 6,7 ner oent
ammma.mrmﬂsmmmn.ﬂm‘m
of fine rovts, The diotribution of all grouse of woots
m&wiymmmmmwmtmm
MWM3£‘M%ﬁMM%%MmM

Idscueston

the present studies olearly bring ous the genepal
patzem of the raot Syatem 1n Sho arccanit palm and in ohe
mmmumrmmmuaezwcmumu
in adwed conditsns under frvdjated conditfons in woll
drafosd laterite ooil, wocanut whon nlaoted e sole
arop hao woFe than 83 per cent of the total root aystens
within o cylindrical mase of s.-i1 100 %0 125 o in sailus
mmmmécmmmzwmmmmzm
ground level, though compasutively a ssell DEpONItAge
(13) extend about 150 om Alot.ics luaterally end 300 o
domnrsrde fron ¢he Bole, The suxinus conoentration and
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‘mmmoﬁmmmmummmwun
layer of the soil. This 4o 10 generul agrecnent wieh
Savlier studies (3hat and Laela, 1989),

Caoes whin plantud o8 Sole arop has mowe Shen 08 pes
oent of She kAl ot system within 4 soll mase of 300 e
125 av in sedius from ©he sten and extending G to 300 on
dupth Delow ground lewel, though 2w seaeining 1% per ownt
of Whe roots triveree o decp a8 390 o, The gwnewal
pattern of 1008 syoven of cuceo IS would appesr W0 show o
magked veriation 1o 468 distribution habit Cyom thoee
Gangeibed Ly scCyessy ot al., (154%) emd Hapdy (1944,497)
uwmm»auwm.mmw
fSasilve 1980} Ao clay sedle of Seo Poae. In Ow forass

EO0Re Feaching o MO moFe Shen 190 %0 150 ou desgh, The
ammmmmmmm
dsef litter and oEpenis mektor (Masdy, 1944), 2Iu Seo
mac&nmm,mmmmumm
mummmtmm 1960). e
PESoEDA studiss. it in Aoteresting © e, Deve suwvcalo:
S e egoressive forn of root syshes in Lfvrigates, well-
dratned Llesecite solls of vitsal {(mesk Coust of India),

Under miend aro> gaditions the piot syetey of aroouw
mmmmsmwxmummu
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activity (both laturally aod wvortically) as sole esop
(Pigs. 9 and 10}, there appoars to be sone Aifference
in perceatige distridution of different tyves of goots
under the two systems Tubles 25 and 30), Under aixed
erop condition, intareetingly more than 96 »er aent of
thick roots are within 100 om depth, whereas under pure
erup systen only about 88 per cent are within the save
denth, The quantity of €ine roots in the top 50 o
layer is oaly 57 per cunt under miwed cro- condition as
against 73 per ceat when planted pure, There is & greater
ax>lodtation by the fine roots in the seoond layer
betseen 50 to 100 o2 under nixed erop oondition than
under puss Crop systen, the percentages of fipne roots
in the segond layor under tiw two ayetems being 95.6 and
13,2 respactively,

Under ained erop conditions the orientatin of cacuo
roots aled arpsar to get molified, 7The roots of cacao
sread uwp o about 200 oa laterally and penetrute as deep
as 480 on whan planted mined with arecanut as against wp
to about 175 @0 latarally and ¢ a dephh of 350 oz when
the tres is & sole crop (Figs. 11 end $3), The peroentage
dimrisution of different categuries of oots also seen
vary undor the o systons of planting. The nerountage
of all rocts is only 39,7 in the firsk 50 om layer when the
axop is planted aiwed, whareas it is 67,8 per cent wdew
sole erop condition, The parcanta)e of fine roots s
only 29,8 in the firet 350 o2 layer under aixed agop
oondition, buk ualer sole oxop aysten 4t s
59,7 per cast under the sane depsh, In fuct, the



Dry weight (g)

2000

1900

L

L3

1800

1700

L

1600

T

T

1500

1400

1300

-+

1200 +

Hoo F

)

S
S
T

900 }
800 +
700+
600 f-
500 F
400 |

300

200
100+

FIG.9. LATERAL DISTRIBUTION OF ARECANUT ROOTS

.

o

1 1 1 1 4
25 50 75 100 125
Laterai

150 175 200 225 250

distance

(cm)

- s e -

275

Sole crop
Mixed crop



a o
e 3
. 006 | . . T
= =
0ss b w =
008 \
]
0s. + !
[3)]
5 00
o ~ h s
o
— 059 F
2
vy 009
(&}
&
A omm o
S - 00S
o
3 oSy b
= %
o) = 00% ¢+
r~ >
—
-1} > OSEF
a 6
2 ~ 0OE }
o
E osz t
w \
ooz |\
e
o oSt}
[ ¥
T QOLr
! § ost




Dry weight (g )

700

650

" 600

550
500
450
400
350
300
250
200
150
100

50

-

¥

T

T

FIG.\1. LATERAL DISTRIBUTION OF CACAO ROOTS

-=-~-- Sole crop

Mixed crop

i 1 1 1

1 i N'l i |
2% 50 75 100 125 150 175 200 225
Lateral distance (cm)



{ cm)

Depth

20
40
60
80
100
120
140
160
180
200
220
240
260
280
300
320
340
360
380
400
420
440
460
480
500

FIG. 12. VERTICAL DISTRIBUTION OF CACAO ROCTS

Dry weight (g
10 20 30 40 50 60 70 80 90 100 120 130 X0 150 160 170
T T T T T L] T T T T T T T T T 1
'r-,-.-.._7

1 —-,r.!"/’
-
ot

\

t
L

’

’

1
i
:
0

g
3
t
————— Sole crop

Mixed crop



66

seifioation of Slae voots 18 oomparatively very much
gEsater, with abous PO per omt, oxupying the w>rer
 susws (9o 90 200 om Delow ground level) &n the cuse of
Cmmﬂm“mmﬂhWWtw
mt)ammmmmaémm:ﬂm
concition.

he opfent.tion of twe Yoots is knows o be affected
by sovesal favtowe, soms will bave a direct effece, for
smanple, soi) hardnes:s, sepstion, teomperature, moistuse
ar nutrisnt status. Other presusable faotope 1ihe 1ighe
tneoncity, pruniny, competitfion from developing Sruits
or ahookes, thavugh their indireot effect als> iafluenos
(Rogers and fead, 1266). Tiwee many faotors can iafiuvence
Individually or asy Amteracts giving s comalex effoct, The
oxisntation of ¢he 2008 oystum of wabure apleo Sxeos
maln latoral Foots 25 8o 30 o8 Dolow the surfuce cowngaly
soreading feon 1y €0 3 thaes a8 far as the branches, with
slnkwer roots Jepoeniing down & 2,75 » or mowe (Mogers
and Vovyan, 1934), 00gure and Head (1968) state that the
stlon and shape of the 00t sysbea i, howewer, very wooh
zodifisd by soll condition,

peetration i linited b haryd soex ar by comact Layers of



67

mmmmmammmmmw
vehicle Sralifie, 1In whe cess of ceoao MWeCreasy ot al.
iMBMMMMW&WI&
mwmwmxwwmammm
mammmmu#mwmm
Flwsiologically shallow soil $o repsesented by compact
mmtummmnummum;_, by

B3 sanddy solls seen Lo lowelying sites, i this camw

e shallowness $o due to dratnage iw

Mystologically deeo 841 is reswesented by opumby clay
solls and sandy e:418 occunying elevated undulating
wpogtanly. X5 such eifuatisns the under~dratoage ts free
and waterefables low, In physiologically shallow solls,
mmmmmammywmmm‘
omilond S the o 18 @a) . it is charcterissd by

(1) & deme mav of suserficial £1bro 8 £30ts closely
memausnummmam
dininish in length and thicimess with denth. ™he root
ovgten swen in chwetologioally deen e3tils iv well sunified,
T¢ Lo chamastertasd by (1) Whe abesnes of « suerficial
oot mel, (A4) ahope, thick saperoot, (144) ahort
Mmam«mmmxmum




00

soil, and (4v) free dranching of latorals suding &n wafes
of fidwous roctiets evenly Alstriduted shroughout She
posods sall., Work in seo Tome on the Foot systome of
casar toees guown in clay solls dsrived from basalts on
aMens slooes (30° @0 43°) shows shat under these condttions
the istributln of the SO0t systes is very SifCesens.
mmmmmumuwwnmmm
thers ia 1o o0t mat ot tho supfaoe {ma silve, 1060), .
high waber table causing porr wmﬁ% 13 arother lisiting
fuctor 0 oot growth (iogers and Vyeyan, 1934;,

influenced by =01l fersility, aoole trees ewsavated fgen
& Jous eodl 4t Last Malllng shoued a ster « oot welghl

Tando Of shout 3+ 1, Lrcvepective of different tree sipe
induosd by 4if7erant zootstogite, Sholler Wees @saveled
MthM”ﬂlM&Msﬁmmﬂm

1 : 1 showing that 4t required about tvios the amount of
oot 0 Su0OrE & Jiven aaouct of top gEoweh on e neor
004l as oo the fertile lomm (Rugers aost Mead, 1948},

Among Whe faetors Aloted by Rogers snd Heed {1958} eo
ammmwmmawuxwmgm
s the i} nutrient ot .tus. ooy mitrient stitas alters



6¢
the character of root growth by inereasing the dewelopment
of axtsnsion roots at the expanas of lateral soots,
Conversely, high levels of s0il orgunic mat:zer, high fon
concentraitions or local fertilises ap-lication have
engoaraged brinching, In some cases vartations im aftrogen
lavel has boen associated with diffcopences in root aumin
lovels and this has been held ¢o be the cause of Aifferent
soot mephology (Dosemask, 1934), Calwon ot al, (1939)
showed that various nitrogen fertiliser triatuents affect
the conoenteation of poots of mature ciftrus trees in the
firet 120 ca of s0il. On the other hand, too high fereti-
Haer concensrations tay depress oot growth, Ford et al,
(1937) found with citrus troos that continued application
of high levels of aitrojen fertiliver for B years resilted
in a greatly deereaned root weight begwesn 13 and 7 om
fran the soil surfsce, FPalade (1377} investigated the
sffect of continued application of nitrogen fartiliser at
0.0, 48,0, 90,0 and 180,0 kg par hectare as urea on the
gpatial distrimution of cacao poots, e found tha vertical
fertilisny treataents, 7The treatasat elther decreased,
incweased or 4id nok affest the quantity of guots depending
on the fraction, soil depth and S0se of nitzogen considered,

Under fisld conditions variations in woter sunpoly ave
frouently the princinal causes of differmoss in thw
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sHecad of pooke, particulanly the depth shey attaln $a
sall, dJemver (1228) A1llushpoled contrasting rooting
pattems in compevuble soils due %o climatie Aiffepences,
In & sialler manowr, awtencion of oot syeten is

gsuasly greatsr io drier soils than is wetter omes.
Pr7ing of the ssll on the other hund, may tesporectly
sedas oot groweh (sogars, 1934), Mewsan (1965) hag
FOO% syeton when water shogtage fahibice growsh neaver
e s0il surfsow,

Hatlar ¢ the factors 1iee a2l Cewtiliity and soll
MOLature 310 those Of CompELition Detwesn Foots of
seighbouring plants of the sene or dteferent snecies which
can sodify the orimmtation of soots, Aaper and Bagber
(1970) reportss o swwiking smasole of this offecs. siwn
soysbesn plants (Qlusing Bag) wese grown In stnglewplant
pwmmmmmwxmwmw
progres:ively gweatey angles of iaciinstbion in single~
selativaly unifors sloos, In the sow plants, @w prinasy
branches sxvanded cutwasd and et o oonotant slepe towerds
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sharply dowmsard as Shey acosoanh e inhosattablo sone
cweatad by the roots of adjucen plants of the gane

the faterpenstration of poot systuss 18 ale0 suggested

by Micahwll, 1969 and Baldwin and Tinker, 1972, evalloe
and alvim (1967 yeporesd that the sppead of the lateral
Doks of capeo s influenoed Dy the Jresense of shade
troes situatod near the Lr ki gtew o & dapth af S0 on,
This was s0t found with Cacao tPews Located further avay
firo: the shude Srews, This 18 sstribubied

PLamse sahiibit & wide vapietion in 2ot gro th and
Wes DOt B that Lt L8 3 raodm arocens ‘aussell, 1977},
The woes of may and Bie collesgues (3 ¢t al,, 1965, 1537
who analvsed in jre;t dessll the Govelocowent of barely
raot systems pavealed thet for a guuslstont oF cowdr:
patrern of root groweh unifonsify of ae'fun 18 DeCsESALY.
Hookett (1969 and 1971 alego found a comwarable pattern in
bavely poot systems grown in solution oulture. woording
o dussell (3977 whis orderl. roracss of Yoot Srowth
oocurs only whes the onwipaeet i relativel: coastant &8
f8 possible in the ledoriWary oOr € some estent in glass
quite different, The MOt gUowth 15 very much mniified by
e condittons of sodl ad westher. It is uader such
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are in more favoureble oondistons ts frequentiy sahanoed,
Crogaett o8 al, (1975) 1llumireted COMDENSAtOTY Fesn DSus
of barely nlents $o wnfamurddle 0ot SEESTIEUEe a0d 8O She
dlstozation bw ary aip: AccogEing % Rus-ell 197F), chese
CHBpAnEAtary PeSNONSEs Gan DR exnlatned €2 some exteat $o
‘souros-aink’ relationshioe, the *stiak’ cassaity of the
favourably plesed poots get sabnosd and draw an increnssd
spsky of metabolites than the 2o0ts in en wnfevougadle
00, Jao Jenik (1979 while deseribing she develonomak of
eowng diffvvent epecies ¢ areate & rartioular goot fors,
mbeyste: and ovegall g ot systes, ™™his genetic potential
S8y however, not neowosArily ewresoed fn ewer: instance®.
ntpene snvirosental fagbors and age of trens cause
plwmcey he sodi floationg fa the dewmlonont of oot
fsywtes .

™ present study hae not only shown the sasificstion
produekion of arecanut roots I8 lewger quantities wnder
nined sxos cooditisns than When the w3 Somponents e
planted as pure @eors. Thae enhaded quantity of arecant
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,mmmumwmmumm-
Saee pooks vhioh sannod de Tualed ous, fow "oGyeeny ot al,
m»umczwmwmmm
ﬂmhnmmm«nmamm

| & rmmummmnm,
Shet posstbly the £ibeous rootiens of 0aces powsess a

Mus fros the foregeting dissussions £% is quise evi-
mmmm«awummumum

mmmmmmwmzmu
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BITECT OF ARECAIUT AND CADAD OUHMITY ON MYCROCLIMATS

™e Sepwmdance of plant kiagdom on the world sround ie
fs often referced to frox ancient tines and recorded in eld
docunents. Thaofrastos, (quoted by skesbarg, 1973) who
lived 303 yesrs Defose Christ, had in his peper cleariy
desorided e relatioaship Letween pPlant and its habicad,
ong of Bis wogks gives 4 dedailed deseription of the depmn~
dance of piants oa eavizonaeni. I% 18 tiwough experience
ad knowledgs avcumilased Cwough geasgutions sbout the
plaits and Wiy Ieoponase W the eEWicarent that man was
able to svoive a Syoten of erow hesbasdsy for the cultivased
planto. I8 43 this Imowiadgs »f arad, olimate, and
soil fnvopaction Shal @ade hia paosidla &> seiout and cultie
vate 9peps Which are sesson hound, It is agala Beought oud
elearly by the way oultivation of plants have been
) , Ruteat e wrld untsr Siffepwst ecologisel
eonditions, A furshey sxtsnuion of whie owiedys ¢an
be witaessed in the sulection of grops in different
esurtyrios or locstions. In Indta, for example, emos
avalilanle in &bhe wegtern Chatc (n gontwradiswingtion oo




tiowawes, this may 908 aoly 4n all thc cuses and oan has
giving adegels «Btention t0 the ecolojical Feuiscuonts
not without fatlupes in his abtomnte.

e alaratng rise in worlsd populaSion desends
inereased nrodootion both oo wect its £o0d sequirenents
ocultivable land, mmmammqmm
NOFe abut the plant and fes envieonaentul interectione
80 a8 € e0able us O Chose plants suitddle 0 the jiven
sovironuent of 0 aneliarate the eowizomnont to sukt the
nocds of the rejuived slant, This meens that Locreased
sttention wast be said @ eslogioul pesearch in futusre
shand more about the specific dmmands of cultivaged
plants on its environoent 15 ad:ition o the climette
oondieions, '

pents, Sut "to day, the rulationshios Detween single
jeuves and chelp boundazy layor ov the pathway from ohe
ohlaroolast ©o the eavisonsent poflect the intencive nature
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of contenporary studiss, Intermediate between Chese extremes
is the ansiysis of plent-euviromment interestion® with
cultivated avops {(Lamoore of al, 1973). Among the eavizone
production and quality of profust, olimate has visal role %
play, Climate gonbines faotors 1ike rediation, Semperature,
presipitation, etc. In considering the intersctions between
climate and plant growth or blomass production from an agrie
cultural peint of view, Sw Laporsant growth-limiting proeess
aFe to be resonsd with and ane ¢lessified as pwioary and
soondary ones. The prinary proscsses are 4isectly Anvolved
in the synthesis of orginie natter in 1ts widesd senge and
within their bodies, The secondary peovess influence these
sotivities only in an indirect sancer, such &8s by counter-
processte sy ofeen linit plant productivisy in an adverme
way and thereby duvand aareful consideration, among the
primary process, twe basic prooesses vis., photosynthesis
and zespirition an which the tripping and eonversion of
enexgy from the sun %o ultisate hismass, play the key mies,
Bosh photosyathesis and vespiration are profoundly iaflusmoed
by the climatic osmdisions prevailiag. Thus & knowledge
of the glisatic oconditions In & crop-ed area is daperative
in viev of the interastions ccourring between plotcsyntheais
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and respirition on ocne side and clinate on ¢the other part,

wish regard to secondary srooess which relate @ the
zopponee of the plante %0 axtemal stevcs of one kind or
another, thzes important kindse of stresses, vis,, temperes
sare, wacer and mutrients can e ldmtified, Clearly the
tizrst two of these are influetwed by ¢lim tic oonditions,
yor suocessful agrisulture or high peoduction, it is
ispogtant that the gultivatod plants are able %0 survive
or withetund the sudden, adverse changoes in alimatie
condition, not to mention even oroduoticn of tormal cEOp.
It is for this reason thst peoduction of varioties with
becomes inportant. slternatively, it awet be possible o
amsliorate the climatic conditions by either irrigating or
by consezwving availadble moisture Dy taking measures like
using chemical asntitsranspirante off by providing sheltere,
In ovder to assens the ugefuloses oF stherviss of these
difierent agronomis appeoaches it is essontial @0 have a
thorough nowiedge of the fotaraotions botwoon plant and
what 19 Delow Lt in the undepgeound consioting soetly of
804l on the one hand and whak 4o the above geound whioh are
maialy elimatio faotors on the other,.

Crop somdbinations or plant communities have modify-
ing effoot on w looal sliisate of the area
(naman, 19437 Aldyer, 19497 Acsanberg, 1974}, Remadas (1960)
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sepaortad that fowestigations sarried out at “ona end ok
agrteuldural vesesech ggations io India show shat 42 eme
reoorde the aly seversture, hunmidity, wind velockey,

mwmmymammmm she

Now before further going 1080 tne dot.ils of micyo-
guigh the various teres gomaonly ueed 4o the study of
2iim:ts, In general msteorcslogy one shudics climatic
comdicions 1o an open, welleswsoned level and barw plot of
geoand vhteh is renswoentative of the ~articulasr purt of
the gountey. IR synoptie meteorsiogy, the disturbing
inflaance of the ground surfsas As Avoided «s Lay a0
pessibis by recording siv Ssupereure, bunidie;, wind
wilocity, ¢toe. It o ALSt.N0e SDOVe QEsuKi, Thece
absarv.icns recoRdied peprusent beoaily the geaersl or
means the olinate withia lagger or enalisr regions, Thepe
isy Desidce, the conoupt of locel sllsats withia aoge
Muieos (Festriceed) reghns. Ao agalnet tiwes, thosw &8
the siayowor Blo-climave shit gives iafosm.tion about the
climstio fagors which fomm azound Jivingy olunts (ikerberg,
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1973) has %o dbe, MNalr (1979) preferyed to use the Lepw
the glimate which is Sofluenced by the orons. Ramadas
um) seoognised four types of miovoclisatos,

fype A:  Thip Lo wet with Suring gleds westher when
vinds are fosdle and Wb sun shines on & Jeval steeteh
of bawe soil, in solaglon and 48s Slaposal at the groudd
surtace by conduotive, convective ad radietive pecoesseo
hasidiey with tine of day &8 well as with helghn above
o R

fype B, In this case the surtuoe of the ground is
aovered by a0 wnlerigated ere:, e the golar rudlation
fallis partly o tw folfage which In turn acte a2 &
secondary sarface for che dimoedsl of solar enmrgy. *The
deviation of the olMaate of the gror from that of thw
o' depeads uson the deosity of olant poulation, the
ododk of o> i the asoount of the vertic. and hoel-
ool Zistritation of the follage.

Trpe O This oocurs duw %0 the influenge of o Norhe
montal £low of «ir on Tyoes 4 and 8, The pesuleing types

fype s This canditlsn, vhich is wore eommles, is
brought about in tioec % S and & whed the ground is
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irrigated,
Type £1 Thess are complicated cases et with during
the incidence of clovdiness, ratofall, ewc,

e geasral elimasie and snvironmental conditions
under whidh arecanut or cicad are cultivated huve bewn
discussed sarlier, Tw microolimates within Shese orops
fall wdler tyoe B or BD, Proctically very little inforas~
tion §s evailable on the sigroclisute of arecanut gardons,
Cacad whiah is found mostly &8 an undsrstorey tree adaist
Sall growing forest tress, has received much sttention
in regard to its suvizonmant, EBEvans and Marray (1953) in
frinidad, Cumntnghen and Lamd (1959) 4in chanma and Alwin
(1967) 18 Costa R10a were amcng the plonecrs to exenine
oritically the role of shade and 1ight on the physiology
and matrition of cacao. Smith (19854) made a study of the
soll temperature and soil molsture in a shaded cacao
plantation in Trinidad, "e reported that shade has exerted
a oonsiderable effect on soil temperature, Wowal (1959)
studisd she affect of spacing on the sicroolimats of cacas
under Higerian conditions, He reported that the most
condicions is the gradual decline of soll moisture conteat
with depth, uader caceo or forest, irrespective of geason
and spacing as againat inorease of e5il moisture content
with depth under cultivated soil conditions, He furcher
Feported o nositive coprelation betwesn soil molsture and
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the tres dmaity. ™e peresntage of iighs intonsity falling
instde cecan also gote inowvased nzogroosively as the
eacing of Sreas is incseessd and this fo well reflected in
Whe appearence of cacso tress. I8 was FesOrted that Caoad
tyess on plots giving seadings of 87 and 60 pur cent lighs
intensiby had a bushy and symsetrical Mbis of groveh and
ware mot 80 bigh as shose twecs on plots giving lower readings
for lignt iatensity (vowsl, 1989). The Srees in the lat-ew
osnditions were of an asymsstrical and elongated Syve,
o0 wore patalleled by diffepences An aky Sewrsture and
seletive husidie . epeclally during the dey westher rwriod.
Cotawelil (19560) studiad SO £.080rB, LEIGEARUTS and ovEpORoe
tion rete, contriduting to the microcliaste within oaceo.
He reported that the tamper.tusre &0 She Son of the cacao
cumopy exaecosd that at gro.nd level betveen 9 e e 7 pm,
but lover diring houwrs of darlmess. scooediog %o hMa
exisyunce of 4 aowe sh.ble envizomweot under she canony,
Abaometer aeasurenents of svaposation roetes ¢ 2 in a
standing cacao plantaion sad 1o & snall cleared area algo
rate jocseased linsarly with Meight sbowe ground, But with-
i the cemad cunopy the evaroration seduced gonsiderudly,
e@&@d{&% aade a gompar.tive study of the albatic
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cmditiong in & SNNe a0 plenk BLoo shaded by Sorant
trens and Shat 1o an OpD adr fo Shane. The maln
differancys in the clinate mecorded in the caced planta-
thon and in open Ay worw that in the shaded site the
aly Senser tures ware lover sacet for the ainime daping
the volative humidities wvare much higher, wind £low was
wach less and relsn seaching the geound vas lees unifowsm,
in Endlia the sebtecn of Light Laterce-tin by cacud in
st shodies of cacew girowe under the cosonut shaw ware
oude by Hale and Salekwiohoe’ (1977), Ty seported shas
the oo ooubinetion ecnclinats showd & buffering offess
gelaive aaldisy o be cobsldecidly lese than 40 BonoOro e
of cononal ox over uiegupped 8:4)l. Svepowakion was only
aout 30 per oot of thal from uncIooped soil, Bobarapate
aaing ol tomver.fuses, soll tempsratuores and pelative

Fron the fosegoling 4% is sviderh thit inforsation
watiabls on the atogogitmate of cacao is mostly 1o relation



83

to 4its environment umier the shade of tall growing foress
trees or under mMOROCYOD CaSed plent sions except for the
(1974, 1977), Mowever, there is no information whatsoover
m%MmWMWMwM
gardens, Imvestigstions ou the interaction bDatween these
e trecs and the afexo clisate within thes is of very
oonsiderable valus in view of the eontrasting sorphologieal
features of the trees involved for the better understanding
of the inteicate problems in the gulture of arecanut snd
cecao under sined @rupoing systems As & firet step studies
on oertain aspects of alarcolimate wers therefore undestiken,

-

ohessvations vere mads in the aixsd azropring (arocanut
and cacan) experimantal garden at the CPCRI, Regional
Statlon, vittal, details of which had beens given sariier,
T™he factors studied wore (1) evaporation rate (48) wing
velocity ($11) soil wemperature (iv) relative Musidiey
{v) wapour pressure (vi) air tescerature, and (vii) light
interosption paktezsn.

(1) Bvaporasion rate was studied using cup evaporie
meter sethod desorided by Balakrishnmet al, (W”).My
at 14=30 v, Jduring the months of Decwabder, 1979 and
Janvary to May, 1980, The observitions were recosded under



84

sine differmt gonditions, six of thes andey six different~
iy spaced cmbinations of erecet and Cacdo one in seuh
of monsar:» of Aresenut old Ouoeo and oae A0 en open area
wiShout any vegetulion as a sozt of control. Under eash
m&eawtmc“wummww locatione,

(44) wind welogity was reaorded by Fixing an ebenometer
wi:r oach of theeo amndisiong, vis., 018 ero: of arecanut,
miwed guop of arecanul oand cuowo and open fully ex-osed
ground, The saemoneters were fimed unifosnly ot o height
dally «t 7-30 he for & period of ten months oommencing
seotabor 1560 o June,108l. The positicn of eegh
anesoneter was ohanged sonthly to slftatnase 2 light Jdiffepencus
in the pe-formanoe of instruments,

(341) Sodi ewapemuges wore pecomded by fixtngy sofl
thermometese ot two dmpthe, 15 on and 30 on, unier Sour
CNALTANG, vis., 0PI, BOLle CTOON Of AIGCIATD and Cata
;S mixed grop of arecetut Wd CAond, WO theumometers
were Secorded dally a8 0%=30 and 14-30 he duping how



(sv) melative hombdity snd WapORE DRGUIRENS ware
MMW'-WMM!yuM“

{v ) mmmmmmmmmm

1901 under Swo condttions (1) I She mimed garden of
AeoMnt S8 Gaowde and (D in the sola ewop of arscanut
using & postuble lumseter. 5n Shs sixed garden Atghs was
Wmmmmmmmo&m
mwmmmwmiu} pelow the SOy
nmmmqmmmwwmm
o ohe s0ic Gxop of azegawt also Lighe intensitiss were
pogopded ab theec lovelsy above the Ganopy of MENCHNite
mmmwmmﬁmmmu
garden,

(i)
he pesults pEesented fn Fig. 13/show shats the varie-

wxmwmmmmmmnxmmmw
mmmatmmmwmmmm
!ﬁ“MMWWM%W#MWW
mmuswmmumzmumw
mwmmmsam he rate of ov.gapstion
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values amwesesd &8 peromnt.ges of the valuss fean the open
ares e given Ao Table 33, It is seen Shat there is mo
woreoiadile aiffepence in the rutes of ewaporation within
ared.mut + ganeo coabinstions of diffesent densitics tested,
hough 46 48 slightly sore 0 a widel: speoed nlot where
the spactng far gacer Ie 8,4 x S.én, Here the ganooies of
mwm:mwmmmmmy.
Howsvar, the gvep pation $a the ero: cosbioation is only
17 per gent of thut from the 0ven uwree it 37 per cant of
thet fron $he wols Srup of arwosnut. 1o She sole Groo of
arecaut 4t £s 46,5 pear ows off Wt of oo erea. The
mmwwmxmummm~gmm
olightly oo than this fsom the aimed owop (Fig, $3(i1).

wind wveloaisy

e wind wlogity recorded for the threo tyies of
situstime durtng sovember 1960 to June 1961 {e given in
“ible e It i» Clour that inverisbly the velooities ere
vary suoh reduoed by Doth the wole grop of arwosut ox by the
crop combindion, The s wind velooity under the
arepmut G.rdm Lo T2 M per b and 0,20 m f0 arcomct ¢
Gaowo comblastl n when the velestity in the oopen s of whe
m«tz.mmwm:mmmmmm
of wind under arecsnat ts yetoowd to as 2ow a8 3% per oWt
and under the alwed caup ¢ 48 9 par cens chas of the
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Table 34, Variations in the wind welocity (s/ne)
under dlfforent owooping systess

Month Arecamit T
Caces Area
Hovendor 1980 0,13 0.18 1.60
(8,1 ) (9.4 )
Deconber 1980 23 0,20 1,80
{15,%) Q1.3
January 1981 0,50 0,21 1,80
(27.8) a1."
Pebguary 1981 0,64 0.10 2,00
| (32,0) (9.0 )
Nagoh 1901 0,78 0,23 2.80
(26,8} (8.2 )
aowil 1981 1,53 0,25 3,10
(89,4) o) *
ey 1902 1,54 0,28 2,70
(5%,0) (10.4) ¢
June 1563 0,43 0el0 1,80
(23.%) (3.8 )
Mean 0,78 0,20 2.18
(33,3) t3e3 )

D L SR,
Flguzes in capentheses ave por cent
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WALt + aoced ombinaalon
opnel of wind,

mamnwmmuaummwm
Semperuture ot 18 02 GeUth a6 Doth =38 e0d 1438 hr ie
mmmmnm«nmpwmm
mmmwmawmmm-mam
Sepersticen. The above tEend 1 een et 30 0 denth aleo,
™he seun sonthly csmperstudes of sofd ot 18 om Gwsth are
c.a%mu.sﬁwimm‘mpmwsmmmm
the e and a8 30 on epth o180 They are ST W 13,3%C
Jower shan &n the gvem spase. Tho diwmal vartetions in
w’.wmmmmmz&%wta%mm
in the alsed orop condicion,

T valuge of rel.iqe hualdisy (or the aiffereat oywvtems
and undey open condition aoe given 48 Table M, e oould be
anticisted, the relative troidity $o lowr o the afftaroqas
than o the forencons. uring she &ry ceclod, vhes the
cbeepvations arw wale, the Alf‘sye:oe in the relative mantdivy
QaGan Bas &) arently iafivenoed @ & cmetderuble dgree (o
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oath AROC nl s Arecaut Cac20 Gpen ares

. 30 1,30 15,30 7. WYL T3 I8
Jamany 90 @0 e 37 50 39 93 9
Pebsuary 90 S1L 90 47 91 9 9 a3
Maroh 20 84 90 8y 8 3 3 @
il o2 54 3 83 93 B3 90 53
MNean 90 S0 20 4% "1 » 292 48

* at 7.30h and 4,30 0

o 4



88

ummmmmmmmmm
the soenings than 4o the afternoons,

Tuable I8 shows the averuge seadinge in ehe alr tenperae
turs uring Jauedy %o april, 1980 tn the soming w8 aftore
mﬁmmwmwmmcmmum
very wide uader Ghe Sifferent condiet ne, the areas Gronced
vith gacao {(edthar as sole €ror OF as nimed erop) hes
revialed its influence in bringing doun the difference by 0,5
" 1,7*C,

i) Light interoestion, the intensity of light puache
Ang ot wardous levels seasured 4p gives fo Table 39, Theee
valuss Dlotted in a seai=log seals % being out the dlumal
variatioos in the iatensit; of Light are presented in
Figeld o Za gimemely W% 3uape 3 e cusves Lo alooe:
siodlaw, The iatensity of light fnowveses from 6,00 hw 0
13,00 he and thuveafter 12 Saciined. The perosut.ws of
totul sunlight interoeted by She cunopies of erecanut ang
S AR the nled arop see given o Table 40, The vapdation
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G.14. LIGHT INTENSITY (LUX) [N MIXED
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day as well as by the @ oxops iavolved 18 clearly evidenced,
arecsnut wag 41,6 per asat, that of cacao 31,2 por cent the
balenoe of 7.2 per oent being sccountable to 4S8 reashing
the floor of the plantatiocn. HRegurding efiicisncy of use,
arecanut usilised or cuts off 41,6 par csnt of available
light whereas cata® cuts offf 87,3 per ot of svallable Jighe
(100, vhany the light falling the sancpy as the maxbmm
availadle 100 per cent) (Table 41), The recults thus show
thas by thw interecsion of arvcanut «dd cacao, there ie &
botter widlisation of light than when arecanut aloas is
axopped with 92,8 per ot of total light utilized by the
WO Grops together as againet only 41,6 per oent when
srocamt alone 16 ralsed a8 & puce Grop,

Risgusalon

™he traditional prastice is to grow caceo under the
shade of larger forest trecs. 7This is based on the conoept
which regusds cacad 48 & typical shade-loving species, ™he
need for shade in present day production of cacado like that
of coffee and W is ofton questionsd (willey, 1978), How-
over, Alvia (1967), Alvia and Alvim (1900) have concluded
that the advantege of shade in ssden cultivation is not
provids a lov light intensity considered optimal for growth
and yield, Lits main function is to counteract wmfavourable
scological factors, suah as low soil fertilicy, wind damage,
Mgt Sranspiration leading to molsture stress and increased
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to be the safest in Wost egions, secially in regions
wheze water swpply is limiting, Owasu (1990) alec Dased
on his studies oa the light rejuirencnts of casad and
weighitng the benefit of shade against the dvawbacks of
full emrosure, gave the version that shafe oot beo
osmpletely avolded, hether cacad requires shade or not is
not She majol uestion $5 Be answered in the present
studien, Here caca> has Deon introduced with axecanut with
ammywwmmmzmuaamm
slangations, The shade nrovided by the arecanut is incidens
tale Yot how for arecanut has besn able to contribute
and iaterect with cacso and pleyed its rol: as a shade or
shelter trae in worth exanining,

The most Laportant effect of shading qr g 4 thae
it redices the anount of lght svaldladle to she shaded |
crons  The probles is further complicated bacases of the
extrenely variable shade aast by shade trees 1o the tradie
tional systzn whe-e emm&fmnm taloon advantage an
shade trecs, Vernon {1947] found in Chana that though the
average degree of shading in caceo was a reduction ¢o
ahout 40 ar oeat light, it panged froe O €O 79 ~er cent
15ghe between differemt plantations, ASed o this the
tdegree' of shading ia »o variadle that it may be elthar
from an irregmlar pattern of txecs left duping forest
cleaging or from 4 gogular pattern of systamatically spaded
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srees raisad for the purpose of shading, The present
studies have revoaled that the reduction of Lighs by
the arecaut troe is on an average about &2 per o
of full sanlight, thak mesns about 58 wm i» still
avellabie €0 oncan even then appears §2 be guite adeguate
in view of the zusults sbtained by louess (1035%) ia his
gtudies on the Infiuvoenoe of light intvensity on the >hOto-
syathetic rate of Guoed leuvesn, o found that apoasent
photosyathesis Ltooreesed from 7 to 22 ag Co2-dm2/day when
1ight intensity incrsased from 2 to 2% per cent of full
SEposure, Hut Tugsther increas:s in Mght intoasity up %
100 per cent exposure caused a relatively ‘mz incevase
. in the rate of apparetit plotossnthesis, Purther, wheo
obevrvations were sade on ver; clear days, photosynthesis
wig found ¢o decre.se in full sunlight, partioularly
vhere the intensity of redlation was atove 0,8=0,75 cal/
cnd/atn, The leaves doveloped in the shade ghowed the
depression of vok of dipect sualight at lo.ewr pudiation
tntenslitien, ording to Lémee (1285 some degree of
shading was baneficial to >hetosyothesis. W agalnet this,
chere 49 a4 strong view thut aftor sassing the juvenile
stage, or whea the leaf ocanopy is sufficlently developed
o mHrovide some selfeghading, cacad growth and spodugtion
are usually higher with little or no ghade than when
olants are shaded (Alvim, 1967y Alvim and dvin, 1977
Asooaning et al. 197 Cunninghas and aeaold, 19627 Hard and
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Cunninghas, 1961y Murray, 1987}, The nresent stucies,
hovever, revesl how mach of ©aea0 can be grown advantae
gecusly by suitably adjusting the populatios of either
of arecanut and caca0 COMpPODUNtA, about vhich move will
be discuseed in latar cheoters,

Another wel! cstabliched effest of shading is that
it can reduce the diumal pange of alr temperatures,
Hamdy (1562) geported that where unshaded cacao in Ohane
had a dlurmal pange of 13°C, it was redusced Bo 9,3°C
by shading, likewlise, in Trinidad & sunge of 11.8°C §a
Aghtly shaded cacsc was reduced % 8,3°C by houvier
shading, Haprdy considered this peductia imortint begaupe
acvopding to Ma vhen the renge exceeded 7°C there
resulted in too freguent leaf flushing which was detrimental
to tha yleld of cacao pods,

Shading also reduces soil temperaturvs, This has been
estiblishel in the prwsent studies with arecamut and
arecinut aixod arop with cacso Wvhen emmpared €0 onen condiew
tias. T0e sdvantape of thig 1s that it helps ¢o lower the
alr tencersture vithin che arop, However, how far this has
M1WMr£¢MMmmimlmtﬁmeM¢
High soll temporature may alse Do undesirable becsuse of
the effects upon the soil fteelf, The rate of molsture
evaporation from the surfaoe laperz and the pate of orgunic
mattor Dreakdown are both inopwased, whie: 1o turn be
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followed by loss of structure and inoreascd suscestivility
t> esrosion, A @y of arcoanut aiwxed with cagao has
spoved mom efifeient in reduging ovaporeti n than elther
a mle erop of eatao or areoanut which by theuselves are
effoctive in miniaising ewvaporation than in opon,

Anothey ef‘ect of shading associated with the reduced
teeruture 18 4 riso in the pelative Mmmidity and a
reduction Sreaspiration (Willey, 1978). In the mi:ed oroo
of apecan:g end cacao thare is & veduotion in the alr
tampariture in the afternoom by about 0,8°C than n the open
which s accompunied by an incyesse in the selative husidicy
fros 48 in the oren ¢ 30 inside the sixed arop, Clearly
the rise in relstive humidity hed & seduciag effect on
the owerall water peguirvaent of the oron and consegquently
lower the water styess probles, Fordhen (1971) who msasured
the isat wolsture status in cacad indesd found thit a
shaded aeop had 4 batter vater balance,

T™he shade trecs also have another Lsportant fuaction by
way of providing siwlter for the oyop bolow, Protection
as wall as hot dry winds during ey ia Cw cacao growing
regions of south India is importaat, both t7 reduse phrsical
damaze and to reduce NMgh transpiration rates, The ooeed
of wind in the agocanut and cacdo aixed gapden is Ut bty
90,7 nor esnt than in the osen which alight have helped in
reducing the pate of evaporation (Tubles 13 and M), v
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is farther reported thit caca: is very windegensitive and
in aress exposed to frejuent bresses cannot be grown withe
out wind beeaks, The nain effect of exces:ive wind is in
csusing def:liation or sremature leaf fall (Lette, 1978
auoted by alvis and alvia, 1980), However, sesteicting
alr movement by the shade trecs or ineide the gardsn during
the wet weather pariods (June 8o Se tember) may have some
adverse ofiect on the xone. -~ruit surfaces of both arecanut
and cacao may not jet rid of the aoisture deposit as
quiakly as possible after the rains, whioh may thus form a
congenial microclimits for the spread of Phytoahth
which causes fruit rot in arecanut and olagkood digeass in
cacad, In faon, Cunninghan and Lamd (1959) -had cbeerved
that thw higher husidity under shade fawvsured dlack pod
discase of CaoI0, ’

™he preseat stully has brought out to the fore certain
changes in the aicrocliaste under the mived €rop of areca~
But and cacao which is sharply different from either of the
cxo; vhen individally planted, The changed aicroclimate
evaporation, soil temmeriture and wind epeed, The likely
111 ofiects in the changed situation ia fewouring the
mazmmaumemm
furthwr investigation,
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The eawironaental gescurces which sustain plant growth
caghon dlonide and oxygen (Harper, 19612 Donald, 1963y
Risser, 1968), cCarbon dioxide reguired fox plwtosmthesis
plants (Trenbath, 1974}, Montoith (1983) etated that
within the canopy Le surrounded by air of eppeoxizetely
the same OD2 wonoentration, Siomilarly, exsest ia alwoet
waterlogoed suils, the diffusion of axyges in soll L
usoally fast saocugh to madntain adeguate suprifes to all roots
(Gpeem0od, 1769), Temperature and husldity whioh affect
plant growth are mot usually in finite supply end so are not
the subject of dGompetision (Domald, 1963), BDerring the
relativel: ssall muber of insianves vheare chomical
ssezetions by one epecies ard considered to heve influenoed
the growth of another, regults of wixed orop emreriamts show
ghat the asigtbour effects are 4. to competition for light,
wvator o ong of the major nutrieats, vis,, sitEogen, shosshate
and potassion {(Tremdath,1974), Studies involving competition
for 1ight and other intceractions which ocoour hetwean the
eonditions have geceived muoh agtention (Trenbath, 1974



Allen ot @i, 1978}, Mowever the nature of compesition
unlmown (Sanches, 1776 Saeydon and Bagris, 1981).

atcusalate noge nutrients frowm the soll shen the aomponend
S¥ese Raleod 88 :astely 48 018 Sre-e and ia 0NS Sases
a mare officient veilinstion of sutrients is Peported
(Bananen, 3978)s TN S0 OF SORG GRO%S AN Seimed elthes
in the mixed erepping svoten or when end of the ovons s
& ohele tress thace 18 posaidiliey of deposition of l.ame
quantities of leaf lister, Besides reduntion of soll
this ittter 1C has other asuoeiated Denoficiel sffects
tias fvoweass in orgunic setter and natsiecss Ln Whe
sol), Hedfisld (1963} sugzested thek . up to 5000 Ny
mmmmuummmmmwm
wrees 0 tea plaataione, Varghese et al, (1978)
peported thak and:r the aixed cwopoing system of Cuoes and
ané peunioge of Ocd was #ound © yange Detween 319 kg
w0 1783 by/ha/yeer e ecding wpon e populetion of

o the sotl about 50 By nitrogen, 11 kg phoepioric eold
ad 15 By pomstVbafyear, Thwmee 18 waosher poseibdliisy
mum&wammtmmm

36
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walus of soll ox notslents (Swenbah, 1974}, Nelowse of
SArteRs I8 e soll and uptee by componend plants o
astivity in the yhisosphere of covomt with wiioh 0agas was
PLentod a8 mined GXop. The svailsdle phascbosue Content
from 63 ppm @ 45 pow 48 wgalnes 30 pom in the shlsosphere
of sols exop of cotonus (Nubr and A, 1077),

cxooss eSdition of lef 1iMNer or Gecwyed IUoRS, essoeletion
mplodtation of Sifferent eoil layews and theyedy aid Sa
sRatus of soille under the mixed espriog ey show, The
objeceive of the pyvemt Shudy SHerefone wue S0 WSeese the
major chenges, if any, in Gbe uutriest stutus of the sokl

due to coninued guowing of the Swe areps for a fatsly long
perkod.

sodl smples wers collected fizon Wwes losstdons
(PAge 25 ), ¥iSee CuCE0 Dasw, TWOAGUR Dase and from Ghe
Anterepace betvesn the arove. WCOYEr, SOLINgS were
wade fron Sheee depthe vis., O-25 am, 2550 owm, wnd



FIG.15. SO SAMPLING SITES (REPRESENTATIVE PLOT)
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MM&“&MMMNMMM“W
Bantal gerde (whose destion aod leycus details Dove bewn
viven eariiew). For swsh loowkion, within & ploe, semples
collegted fxow thres soo8s wese oooled and made 1800 &
02008t sepie. 0Ll saples ware also taws fyom vegew,
Sallow fie1d aoatiguous with the ewon ed aves sings the
Sparismtal geasden 14 not aonlekn WoWitivatod Tand as o
Sheough 2 mx sleve was wsad for mmalyais.

soldi pits $oil ol wvas ssasugel 18 & soilevater suspan-
sdon {3 s 2) uetng o pit mover (model it 64 Asoswch ni
aster) .

GeguRde carbos Geganie carbon wee estiseed by the
wathod of walkley ool Slaek (Jeokeon, 1587).

atrashsd by Swayed peagent (Togkeom, 1967) and eebiuated

colosimetrioally by the aethod of wataneae end Olsen

(1968) wsing & Klett-fummsrson photo-colesiaster.
avellabie posassiun:  avallebie potascion wos SuRracted

with neutiral RoEetl eaontun acetabe (Jaokeon,1967) ead

Sotineted by flame phorometer (Model: Corniang 400),
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Bamaita

d+ Sgil pli+ The results pertaioing to the changes
in s0il sH or aoldity as influsnced by the aixed cvapoing
are presentod in Table 42, It is alear that epacing,
mmmm&mmqmm»uww
cmtly. The mean >H under difforent spacings ranged from
540 o 5,3, mm}?&nmn 4nd gaaac both at
Je9m x 349m) 4t may be noted, recorded higimet pH of S.3.
e pH of samples fyon dlfferent loeations runged from 4,9
0 Se3. the higtwes oMt (3,3) recorded befng at Yocetion-2,
$+.0., Base of arecanut palms, T™e sanple from centaral
S>ace between Cacad and arecarit tsees {Ly) has the lowess
pit value of 4.9, The pM between depths ranged from 8,0
0 5.3, Thare is sigaificnt {nteregtion Dotween loc.tion
and depthe of samoling, In loc.tlons § and 2, the oH
value decroased with depth, wheress in looation 3, it is
mamurial levals and epacing and manurial levels are aleo
eignificant, ™MW pil of soil under fallow land, arecanut
and cacdd as sole and mined crops is given in Table 43,
Interestingly the i is lower in fallow land in all the
3 deptha, Cultivation of arecanut or caowo e¢ither as ®ole
cron o mived Oron in carticular deareased the acidity,

given ia Table 44, It may be obesrved thit thare 4
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sionificant vardation in the percent.ge of organie cazbon

value ranged from 0,79 per ot to 0,92 per oemt for
different sricinge, The highset percentuge is under
the snacing 3,50 8 3.9m and lowest under 2.7 x 2.7m
{for Doth the cxone). Hth vegard 0 locuition, the pepw
oentage of organic carbon is significantly maximun under
the arecanut base and mintmun 40 osotral in botweon apaoe,
Interestingly, the orgsnis carbon contont decreased with
depth up €0 100 om, the Dighest ceroentage s on the ton
23 o» layer, irresrective of the location and spacing,
e interaction betwesn location and depth is also
siguificant, The organic C content ina fallow land, in
arecanut and caowo (both as gole and aimed oroos) is
pregented in Table 43, It 1a ouven that there is somwe
inorease in the orgunic C contsnt ia the bases of orope
when compared ¢ fallow land, =ore markedly on the surface
as e soil,

d~ acallabla aosboguat The values for avellable
phoashorus are given ias Table 45, The valucs differed
significantly tmtween locstions and depthe, It is highest
under the Dase of arecanut palme, followed by the wvalue
for the cacao base and signtificantly lowest in the owntral
in etwem nlace, The average values ranged firom 1,8 pres ¢
27,3 pom for loo:tions, Though the values differed under Sif-
farent s acings, they are not significantly so, he avellable p
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decreased with depths, the walues runged from 6,3 to 35,9,
There 18 no significat differencs between two levels of
saoing and menure lovels are also significant, The avale
lable phosphosus An fallow laad and under the crons ts given
in Table 45, Evidentally oultivation of cro-s incroased
the ¢ avadlabilisy,

4+ JTAALiRIS 2atiselinn ™™ dets ca evailable potash
are given in Table 47. Both locstion ond depth Lnflusaced
MMM‘WW&MM*
differanse 15 oot significant. The available sotash contens
tebreon different locations varied fyom 54,9 pow o 138,7 pa,
It 42 higheot wader the base of Caoad and lowest under the
osotral place, The availadle potash content decreased with
depth 4n all ¢hw locatins, though dlfference s not
signiticant betwees tho two lowver depths. e data on avale
labie potash in fallow land, d in cultivated plots are
given in Table 46, It is ceco that the availible potash has
soasideribly tnoreased in all denthe under the mized oron
aondition,

Slacusaion

It 4s ovidmt from the results that high - wae
sosonded in the soils oollectad from arecanut Dage
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presunably o 0 Duffering action bdeought aboug by She
suply 0f extrunecus of enic muberial st the rabe of 20
Rg/pala per /eaws It hes been esgablished thel the
dnteraediary decomposition trodicts of organic material
send &0 chelae active Al Lo ehe soil thepody Lohibiting
its hyarolysis and contribution a8 & source of proton,
However, a higher pit hae alsd been pecorded in 3.2 x .02
spacing of arecanubecscad where high orodoeti-n of Dlomase,
particularly of ocasan, could be expucted i the
Fec/cling Of suh OZons Fesidues would Dave resulsd in o
sindlar mechanien, &8 explained eurliers A low HH hee
Sod in eoils oollected from efther f£4llow land
or interm sor EMOered 10 €F0 84 ared. s Bay be Aue
to the insufZistency of slechelating factse pesulting in
the Bish .1 activity and low né, apnlication of fereilt-
sers contimususly for a nerisd of tun resrs bhas inZluenced
the soil i msaghedly 2ue to the £faot that sost of the
fortilizers are acid forming chesicels. In apecanut and
QAou0 baoes whers both orjunic and inoejunic sources of
BEres e olMed, the aocldisy slightly inoreqases wigh
dapeh eobably due @ lssohdag of orjanie end other
a8 Dolated ol 9 golessed fxom thwe nanures (fersilisera,
organic aater and litter), Howeuver, 4 POVOrse trend
leaahing of bases from the surfasos ooll oould have
Secressed tiw ackdity wish depsh,




mmmummmmm
DIDUFSS GVALY Teul. The DAL Diomass scoduction from
mmtmmmmﬂ.wsh@awmm
She wajor contrituting faotor for inaseesed soll orgunic
fallow land and Snterspaoes sight De Jue to the lack of
the orgunic cerbon content Inoressed tn cyonoed siils &n
the goseibilit’ of moweeamnt of organic feestlons
adsteion of ompudic mabter 45 sud sotl. The sluviation
in pogous, laterites,

wallable Mosshoras

Alzost < siallar tvond of results as that of organio
Capbon hss Deco recrded for swellabdls oAl phosshowas,
A high concentretion of Sray's » wue oxtracted from ecil
sanzied fron apecsut Dase Collowed By cagan: howewee
the diffezences (s not signilicant, T™his inowessed 7
conpeatmeicn in the asopad eoils 49 neobably dus o

Pl
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pepoated 2 fertilization in 10 years which pesulted in
eonsiderable bulld uwy, A low content of ™ in the soils
from tiwm intsrepace showe that the native © gtatus of
ooil has not boen altered due to continuous cultivation,
Crwoing was found o enhanos the stbeoll P gomnared o
fallow land) this indicates the novenent of P either
along with tlw organic matter (Mohasatsa, 1077, 19082; or
mechanically (Khan, umpublished),

Avallable Potassiun

™he high available K content was found in soils of
cagao base £ollosed by arecanut, This may be nresumed
to Ds due to two reasons, vis,, additional eontribution
of K thyough <o wwt&a«mmm.mww
absoroei-n of K by arecamut on the other, In genaral
the palma, covonut and oil salm (Mamclot et al., 1979ia),
1972({b) have besn reportcd o be heawy fesders of K and
this 2a- be trus with arecanut too. The interaction
betweens saacing and fertiliser has significantly influcnced
the avallable & status of these eolls., It is alaso evident
from the data that dowmeard movenent of K has taken «lace
oo earich the subsocil while lateral movoment has aleo
oucurred robably due ¢ the cultivation,

™he results of studies sugest the feasibllity of
seagyering of ¢ fertilisatisn either 0 cacuo, arecanut
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or $%8 combination Sor & period of Cow years 9511 Shw
walldadle soll P comes down 0 about 20 pom,  Aleo,
#a0s Gownward and laBecrel movenent of 7 48 very wuch
tion for perenntal 0roos LING Cano of aPecanut may
roquire reesaining. Finally eonilcasi o of orgmie
narares to acld loberice sotls has o benefictal
aftect by stabilising the an of the soflie Shrough pEow
babie Anactivetion of Al. Under mised coop ing oondle
thons of perenniel Srons when the additions of orgunte
muteer, vicher by seoyoling o sxterosl are p:asopably
1.6, the sxisting wates of fertiliser i licacions
need retrinking. Jenerating more fnformation on the
Apects stodied may D heloful A eonoeniaing ohe
TVeIRmS SpeBt per wnit of produue,
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EFPECTS OF AUCATIT 0 COCHY) INTERACTIONS ON YISLD

ZIntxeduction

It ip an established fuct thit dansity of planting
influences both the nerformuxe of individual trecs ae
well as the yleld of ¢re.s colluctively oer unit ures.
wecanut 18 no am@tm oy this. Bhat, ot ale 1772
cited b Uhat, zmag_m; on the results of a spacing
experloent rerorted that the yield mr arecawst paln in-
creasod nrogressively with spacing when the spacing given
£ the palo panjged fron 1,09 2 1.8 €0 .00 2 J467 though
the saximun yield harvestod per unit arc. wus froo salhe
gouced ot 2.7 m 2,73 under sole cronadng Wv 2l ant
ponslation »er unit area has fnflugnced the performance
of cucad ton, Joenctead and Wickens €1‘.95&.§ rexartad thit
the yisld of »xis ner tree and dry cacad ner unit urea
foll as donsity increased from 200 to 2800 trees per Jcre,
viwal (1989) renorted the «ffacts of sevun spucings on thw
groweh and perforaance of Trinitario and melonsdo eaosd
ey s undor dourian comiitions basel on the posults of
oxperinent carried out durting 1941-846, «oopding £ Mo
density »f stand ceofoundly alffected the establishaent and
vield of cacay trovs. Goenario (1974), bused o the

repcules of sorucing trial of Cacud 40 Jivae penorted thit wet

and doy bean yield ner hectare wuis the highest when the

dunpity ranged from 2000 ¢o 1007 trees nor hectare, whereas
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in anothor trial, the hijest yields were obtalowd at the
closest grucing oxloped, vis.s 260 % 2.5 or 2000 tprous
nor hectu.re. Jonaparte (1973, 1976 ales held the view
th.t plant dengit cuauged ylold warlabliity and crop
dietridution 4o hgobroai gagage These and slimilar modie
ficariong in the behaviour of the twe arxse s prood
enogh €2 Say thit thay are NEone to m\wiﬂa ooupatie
tion when planted as sole crong. T™he Jm of growing
annual omns in arecasut gardens and the overall nerforiunce
of the covonents have been reorted by scveral workers
shich h.ave boen pevicwed by hat ttmg and Bannaar aoa
and uralicharan (1982). hore are oul. leiont evidences
o show thut intereropsing in arecanut though in gencral 48
mot harafal, cen briny 1o reduction in yleld of srecenut
under gert.adn situati-ns, dverse effoct of intercron ing
with basani on the yield of erecanut was cbeerved in the
expurinents conductod at Colnl, Aesearch Centres at Hirehalll
ad Kahikuend, wheress under the conditions prevalling at
viteal 0o such deliterious offect w.o notioed even after

1018 poars Of assogistion oF tho tud CEUng,

Cacas has roceived far core atiention with regard to its
pehaviour ond yield habite g influenced by several othep
speciea of mxm particuluariy on the offcet of vairlous
swoeten of sghade trevs., naparte (19.7) resortsd inct.nces
of imeercweific cometition between cuoa and shale trecs
1ixe jersinaliy ivpreosig. Yields of cacas trecs it three
aistanoce (7,07, 19.01 and 2.2 feet! fro Tumainglia
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shade trocs were comparad, The trees nouroct tu the shade
treas rocordad the lowest yioldo, 7Zielde 2»f cacud trees
incrcasod alroet Mnearly with incpousing dist.ncoe from the
shade treco, Chok (1971) pointed thut romoval of competing
plants like leucumna claued dMEisldia Zequlats a2l
falcuts, 4 SA0S0AAR ¢0C Parkda favenica rosulted in
substuntial yield inoreases in the 00w plant.tions, The
above, besides several other publications ! urray, 1754¢
1985(a), 19585{b)y caith, 1984y ‘luvord et al. 1985; Cumninghan
and Lamb, 17907 ‘luvord, 1989 Cunninghao and Barridge, 19460p
wosaning and ©juasye, 19847 Juansab, 19647 sajoss, 1968
mpray nd tdchols, 19667 .dvim, 1967, 1977 Vernon, 10674b);
shenkors and Jrofd, 1268 1277 MW. 1973, 157
Jyeley-irch, 1971) relate to the influsnce of ghade trvoe
N2 regulstion of shade 0n the rorfopausoe of .00 trevs,
The studies/observ.tiras reorted wee not in mlation to
mixed erossdng of cassed with othor orons for its usefulnoss
or in consddoration of the alventugenus or otheprwise
expoctod of aixed cronoing.

Cava0 a8 a olwed orop with coaonut, rubber, or ofl nalm
wis thought of from early 19508 ap a sup ort o the inoome
of small Molders in Papua, Hew Guines and “alaysia
{Henderson, 17517 unter and Canagho, 1981 Sleacows, 1948),
intercron sing of caeas with coconut snd the association
betwaon thece orans has besn pegurded as sunerior ¢ aany
otiwr .iriculture entecorise in the tronics (Leach et al.
1901 Slencowe, 1968), Lee and Rasbi (1967) stuyved that the



109
guccess of cacao/cocoaut intercropoing hus stimalated
inserest in the mixed cron-ing of O0il nalm and Gucad.

They furtheor nontionod thst with suit.iole  hedge-nlanting
of oil palm, interomopoing of gaicec is feusible. Aecently
oland and ajodo (1903), rejorted thut even aftor jlving
due allowances for losses due o sests and diseases, the
yield £rom cacad nlanted in comdination with ofl nalm is
gsreater than pure stinds of cacac. Introduction of cacx
as ained opop with arecanut 18 of goeent ianovation, ‘nly
orelioinary reports oo the ne of the tw CPoNs
under the ntxed cropoing systea are available tmew
Lesla, 1942 Dhat and Bavapia, 1572 Bhat, 19?"34 1978},

The precent st.dy cowers the firet twelve yeur orchurd
1ife of the two crops and in assepclog the pesultunt
interaction due to nined aropoing,the seoduction of frults
{yleidi for the CoOUPONENt CxXONs has been tuken ints consi-
der.tion. In assescing the yield sdvantageous of inter-
crooning (mootly of annual crops) various indices have besn
adootod in the evaluation of superiority, efficlency,
sconomic roturns, nroductivity, etc. These iaclude the
land equivalent patio (L&R), land utilisution index (i.li,
calorie emivalent, srotein euivaient, gross returnc, net
goturns, divorsity indem (03}, multiple croping index (¥1),
harvest divopsity index (101}, simultanecus crop ing index
{(5:2), cultivited land utilisution index {C:i1) and crop
intensity index (CIT) (Emaz, 1374 117, 1978 segut, 1975
Tronbath, m: reancie, 197 'mnogey et al. 1973}, Other
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relatod criteria include pelative ylelds (RY) (van den Berg,
1968) and relative crowding coefficient (RCC) (de 7ht, 1980},
#3ley @979, 1781} has dlscussed at xom the eriteriy for
the yield advantage in interoror-4ing WA&:XM 83 he rooogais-
ad three situations viz,, (1) whero the combined intororoe
yield must ovoeed tho yiels of the higher-~vielding sole oromy
{2) where intercmon-ing must give full yiald o a "matn oo
nlus some additdonsl yieid of 4 second cron, and (3} whepe
the combined intercron yicld must oczseod a combinel sole crop
yield,

in Hrosenting the rasmlts of the study now cundicted the
& poach Le through amwal yiels, cusul .tive yield of oo
nent Gross on per tree af Well as unit area busis, .and
ojuivalent ratio axd onetery seturns of the wixed ceoing
oyotons are also worked out.

aterials and Wtiads

™he observations pertainic; to yleld of the cxponent
CrODE ViZ., aPOECEHE and gas.© wore made in the experimsnt.l
garden whopo detslis are given esrlier, !lirvesting the
eine fruite were made periodically for both the crops from
the Cirst beuring, Dhe aunsor and wot eight of fruits
for individual treus at ¢ach harvest were recorded, In the
cane of caced only healthy good pods were taiten into adcount
for ooonuting yield, Representive saples of arecanut
from Gif erent Svamons were takoun, dried and hWeied (pericarp
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wag rovrvaed) and dey weight of kesnel recorded, Data on
the wet weight of pods, tmuabor of beans per cod, wet and
dry weight of beans wore cnliected by taking rapresent . tive
sawle of pods from sach nlut during different nonths of
harvest, Bsans fron the san’e 008 YoM proccssed and
dried sonar Aelye )

Bemalka

1. "rogeess in the yleld

{a) Agesanut: 7The arucandt palas commenced to yiold
gzuits frx: the fourt: year fgom planting in the field.
™The paliu < Le considered ¢ huve re.chwd ‘w ehe near full

garaaity o o saetion on thw ufoth yeur ‘Rable 43,

Dl Catad: The cacao trecs compenced o yleld fruits
from the second year of nlanting and can be considered to
nave asoeted to near full capacity froa sixth yesr Table 49;,
in as much as it 15 still ocoatinuing ¢ show Lmproved trend,

2¢ Cunulative yleld

| (2} wecatust: The dak. on sverage yleld er year for
the wriod froa 107778 o 1701-02 for arvcanut slanted under
different densitios under the nized eropoing e orosented

in Tuble 50 Ihe yield, both weight end number, ser palm is
maxiouen under troitment S» and minimum for 1. The suaber
of nuts (frults: ner nalm is significantly core under 83, 54
and 85 troatments than umier 5t. THhe waight of nuts »er
pealm 48 Mt significantly dtfferent undes aifferert s irys,



Table 428, Fpogress in the produstion oFf

arecanut
age of nalmg v, mumbor of auts/
from planting naln
{year)
A o MR
N PR
$ 32,8
" 39.9
7 1‘_"‘5
- 8 - 10243
B . 245.5 .
10 SR 203,90
11 2401



Tablo 4%, 7eogrese in the roduction of gacuo

AR o I — —— ORI
ge of trocs
fyom planting e of pode/trec
{ yoar ) ' o
L g
2 Te3
3 19,8
4 4,7
g 63,7 .
7 ”Q.
s 99,0
9 V249
16 85,7
i1 45,1
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On per hectare basis the yield is significantly maximum
under S3 which has recorded significantly more yield
than all other spacings except S2. The yield is lowest

under 84.

(b) Cacaos The data on average yield per year for
the period from 1977-78 to 1980-81 are given in Table 51.
The average number of pods per tree is maximum under 83
(S.4m x 5.4m for cacao) which is significantly more than
all other spacings except S5 (3.6m x 5.4m). The spacing
S1 (2.7m x 2,7m) has recorded minimum number of pods per
tree which is significantly lowest than all other spacings.
On hectare basis S5 (3.3m x 3,3m) recorded maximum yield
(both in number and weight of pods). This'is significantly
more than all other spacings except 81 (2.7m x 2.7m). The
lowest yield per hectare is under S3 (5.4m x 5.4m) which

is significantly lower than all other spacings,

(c) Combined yield of arecanut and cacao: The density
of planting has significant influence on the combined
yield (wet weight of fruits) of the two components (Table
52) . The spacing S5 (with both arecanut and cacao at 3,3m x
3.3m) has given the highest yleld closely followed by Si
(both arecanut and cacao at 2,7m x 2,7m) (Fig. 16). These
two densities have recorded significantly higher total yield

than all other densities except S3 (arecanut at 2,7m x 2.,7m

and cacao at 2.,7m x 5.4m).,

(d) Fertilizer and yield: Application of F2, higher

levels of fertilizer to cacao trees reflected on the weight
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Tuble S2. :':wnd erage yisld of aroc.inut
ar
(1377-78 to 170132}
Table of mewns

8 24

8y s

~ 2401 2601 Ty

8¢ 13.5 18.8 19,1
Moan T 20,8 22,0 21.4
S%/plot 3.83
oV ) 17.93
€D (Ped,08)

for esacing 3,92

Ey=5s, for lepend see Table 8

AROVN 4n Aappendliz, Table $52(1)
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of arecanut (Table 50). At F2 level the average number of
nuts per palm is more than that at Fi level (though not
reached to significant level), But the mean weight of

nuts per palm is significantly more under ¥2 than in F1
level. As regards cacao the mean yleld of pods per tree as
well as per hectare is slightly more in F2 level of fertili-
zer, though the difference in the yield at the two levels of
fertilizer is not significant (Table 51).

3, Seasonal variations in the harvest of cacao

The average number of cacao pods harvested during
adifferent months for four years (1977-78 to 1980-81) pooled
for the entire period of four years 1s presented in Pig.

17. It is observed that cacao comes to harvest in almost

all the months except for a small crop in January and
February. The monthly harvests go on increasing from February
onwards reaching a peak in June and thereafter there is a
sudden fall in July. The harvests come down from July slowly,
touching lowermost level in January-February. Though the

crop is available almost throughout the year, on an average
55,1 per cent of the fruits are harvested during the south-
west monsoon period (June to September), 16.2 per cent
petween October and January and the remaining 28,7 per cent
between FPebruary and May (Table 53). Density of planting

does not seem to have much influence on the quantity harvested

during different months.
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4. I0€luence of envizonmons on »0d «ad Dean charscters

™e esasdn of hapvest, spacing and fertiliser lawels
(Table 84). The mesn vet weight of single pod, sumber of
beans oer pods wet and dry welyhte of beans and pod value
have becn sigoificantly influenued by €hw sseson of hat
vest, mamwmmw. Yapch As siQ~
aificantly moxe than those harvested either in Nay or June,
July. The weight 18 xdntmom for Hay pods, Pebrusry,
Sasoh harvests give significentily sors susber of beans pey
pod than pods harvested duriag May or June, vuly, The wed
woight of 100 beuns is significantly more for June, July
arop, $sllowed by Pebruary, "arch ercp and mintaum for Mey
hasvest, The dry weight of 100 beans is siguifli aatly sore
of beans of Pebsuary, tarch hervests end day do not differ
slgnificestly. Tiw pod valus, L.¢e, the maaber of pods
seuired o sroduce one Mg of dry beans i significantly more
(34,0} for she June, July arsp, followed by May erop (with
20,9} and minizmon for Febeuary. Meroh Basvest (35,0},

Spaging also has significantly influenowd thw welght of
pod and pod valuse The spaciong S4 has aoRe pod welght as
compared §5 Sy spaving d 1s on par with thw sesaining
spacings. BAejarding pod walue, 3y has higher vaus (31.4)
than rest of the spacings oxoel B9.

Pegtilisers at high:r level signifisantly seduced thwe
noan nuber of besns ner pod and increassd the pod valus,
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There is also signifioant interaction between spasing
and fertiliser lovel, it 34 the higher level of fexrtiliser
tnoreanes the nod welght and at 8% speoing, lower love)l of
forti liser incxvases the pod weight, The msen tunber of
besns per pod {8 mss under higher lewel of fertiliser,
85 spacing the higher dose of fertiliser sresulted in more
wet waight of be.ns whareas st 83 spacing the yeverse is
obeerved, The sdverse offect of higher level of fervilimer
is more protounced in 8y and 33 spacings, T™He pod values ore
also significantly higher for highsr lewel of ferttilisere at
8y and 35 snacings.

S, Land Emuivalent Ratio .

™e LEa worked out under different densities and levels
of feztiliser apolication is prussnted in Teble 35, oplicas
tion of higher level of fertiliser has inoreased the LEn
for spasings 82, 83,3 84 and 85 indicating the advantge of
hgher dose of fertiliser under these spacings. & lowes
level of fertiliser 91 hes the highest LER and S5 has the
second place, But at higher leveli of fertiliser the order
gets seversad, shen the avereges (s oonsidered 5% has the
bigheot 81, clossly followed by 81. The LER in the order of
aerit for various s ecings Lased on thw average valass (of
two ferttiiser lovels! is S35>81 582 >85>0y >54.

6, Gross sevesus

The total revenus or return from different spacing
combinations of the com-onent eross under different nrice
situations for cace: (Ary Deans’ and arecet (dry kernel)
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is presented in Teble 86 and is rengesented in Pig, 18,
Maximen gross revenus ner hectire gan be expected from

3 until the price of arecamut is almost
«pal to that of cacas. At 1l prige ratio, the gross
revanue from S also eals ¢ that of 83, <hen the ratio
of caseo and arecanut prioce reaches to 111,25, the groes
revenue is naxioun under 29 spacing, wWith further
increase in the price of arecanmut and with the price rotio
resching €O 1:1,5 and above the gross revenus Ls saximsn
from 5Hq.

Riscusolon

arecanut cultivation, in general, is ia the hands of
snall famers. It 48 grown i fairly rich acils with
either edequate 201l molsture or in areas where irrig.tion
facilicy i» avasllable, The normal spasing (about 7,3 m2
spage/nalm), the moarphology and the growth hadbit of the
»alns have given soope for multinle cropving in arvecamut
gardens. The highly fluctuating and undependable nrice
of the conodity as well a3 the arop loszes Guwe %o incidence
of pests and discases also suprort the idea of releing other
Csops in the arccamut gurdens, Cace> has been introduccd
into the agriculturel systes of the country in recent
years., It hes been repcatodly potlnted out that though sasad
be completely avoided in view of the Denefits that welsh
against the dpawbacks of full exosure  Jdvis end Jwin, 1979,
Owusi, 1980}, As ointed out earlier arecanut and cac®
have qulte dliffering growth and morshnlogical habits, The
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m«mmmm:mmmmaumm
Cags> 48 a4 mined grop with arecanut, The initial obeorva~
tions (Bhat and teela, 1967: Bhat and Bavipsa, 1971) indle
cated the possible compatability of the tws carons in g aimed
arop-ing eystem, Further infoymation on the optimum
pEODOKELOR and density of the componants were lacking, The
Mresent stidies rovealsd not only more information on the
Mmaaummmsmmmm«gm
and below ground norcions bHut also indicated the yielding
pastern of the partners resulting out of vasious fateractd NBe

The Jensity of planting has profound inf luence both on
the yield of individua’' 7alns as well a8 on the yleld per
unit afea, The lowest yield per pa!m 10 undar spacing (&1)
vhare Both arecanut and cacuo have been spaced at 2077 % 2072,
The highest yield ner palm &s undor Sy spacing whese <recaut
is given 3 spacing of 2,7n x 2.7 and cacso at S.4m x 8,4m,
Under the theee uniform spacings for avecanut (i.e., treat-
mente 8] %0 8y), the yleld per »alm bas progressively decreased
43 the nsumber of Caco trees increased per plot, There is
thus an indicetion that a8 lsast in Sreatments 8y and 52
there 13 cver egowding >f trecs to some extent which resulted
fo the reductics in the per palm yield, sgais the lower
vield in 57 may not be due to the prosenve of cacso trecs slone
48 also svident Lecguse under 94 0 S8 whare almost an egual
oF Bore husber of Qaca0 WP are nresent the yleld »er nalm

the yleld of arecamt is highest under 5% spacing which is not
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sigaificantly more than $2 spasieg. This sugyests that L€
YW spacing for arecanut is 2,78 x 2,77, Saca0 o be
planted at 2.7m x S.4n spacing,

A8 fegurds casao nods per tree is concommed, thw yleld
is lowest under the closest of 1,7 x 1,7a and highest unie:
the widest spacing o2 S.da x S,4m, Thers appeurs % be o
srogres:ive increase in the yield per tree from the closest
spacing to the widest spasing, though there is 0o appreciable
4iffercnoe in the yield per tree vhen the population of
cass0 trees per IMctare ganged from 637 o 918 {L.e., under
spacings S4, 52 end Sg). m unit area basis, 25 (vith cecao
at 3432 x 3.3m) has the highset yield which is significaatly
mose thin all other spacings exompt 51, The highest
estimatod dry bean yield ner hectare is 2107 kj. Incideat.lly
4t may be mentioned thit this yield compires well wvith the
yield resorted from other fm> Xt Ca0a0 growing countries,
dvim (1977 peported that in most producing sreas where
traditi.nal sethods are used the mesn yield varlies fron
300 % 50" kg of dry heans per NEGLARS par yeal. with
high ylelding ocultivairs and Smproved cultursl praatioes or
1n »laces with excestionally fertile soils aceording ®o him,
{t is possible to obtain a erop of 2000 vo 3000 kg per
hctare par Veale

Vader a miwed cropping oystes it is the cosbined yisld
of component Crops Shut is important than the individaal
arop vislds, The spacing 8g (both avecanut and Ca0N0 s>aced
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4t 3,30 x 3.3m) has veoorded the highest coubined yield
closely followed by 8y (both arecanut and @acac &t 3,7 x
2T}, though they are mot significantly move than 82
Hacing.

T™he ylelds of cacuo pode are sot significantly
aifferent under the two levels of fertiliser apilication,
the higher level of fertiliser, though has significant
influsnce on the mean weight of arvcanuts produced ner palm,
it has not Deen peflected in the weight of nuts cer hectare.
The indication is, thepefors, thst s higher level of forti-
liser may nok be necessary for the comdined erep ing systes
at least in thw inisial years of cschard 1ife,

™he results of studies on the ssasonal variations in
of 0040 Grop comes to harvest during the southewset nonsson
perfod fxom June © Septamber, Hassan ot al, (1991) alss
report alndlar peak harvests during the railny season for
Cacad grown along with cocomut in Rarala (Indial, ™he
presont studies have further stowed the influsnce of ssason
on the quality of pods and beans. e »od vilue is signifi-
cunkly more for the soasoon (June=July) gran than €he eroos
harvosted in other seasons (Pebruary, March of May). Dusing
the monseon 5 @ 8 pods more are reguired for production of
ons kg dry beans than pods hazvestad during other peciods,
Similarly the moan dey weight of 100 bDeans is aleo lesser for
of the aharactors of the 6aowo pods and beans vis,, fat
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amtont, munbsr of bheans pexr nod, bean weight, shell perw
osatage, pod and Dean values otc,, are Feportesd ¢ wary
with Doth season and variety (Glendinning, 1963
Glendinning and Mertinson, 1968; Towspeus and Wessel,1970)
Egbe and Owolabi, 1972 Jawob and Atanda, 1973), A high
degres of wariation in the mmber of bewms per pod and pod
walue 48 alss sttributed to the inconsistancy of netural
pollination and to incompatibility (Towopeus and Jaoob,

1968, 1970; Jacob and Tomopeus, 1971),

Land agquivalent ratic (LIR) 4s a owasurze for evaluating
land productivity in physical terms under scle arop ve,
maltisle crvons. The LR for the cacsd gosponent is found
%o De influcnced both by the level of fertilimer ap-lied as
well as the density of nlanting, The average LER for
cagad under the two levels of fertilimer for different
spagings ranged from 0,78 ¢ 1,63, aiatlarly the LER for
arecanut ranged from 0,41 to 0,08, 7The total LER ranped
fyom 1,96 0 2,17 under different densities, theredy

Aanother eriteria for measuring thw production from
multiple erop ing is thw value of the tagal produos,
Hildsbwand (1976) empbasises that ths culy way %o realisti.~
cally compare ths system i3 by the market value of the
produse, The groes Tevenue that can be expected is maxi-
wan Sor Ss coabimation until the prics of avesaus 48 abous
sgual t3 Shat of caseo. Whan the ratio of oo and
azecaut prioe i 1 s 1,25, the total revenue is maximxs
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mn,mmwmuwmmamm
combinations, wWhen the ratio in the price of aaces and
apecatnt 10 1 5 1.5 end above, 34 combimation gives maxie
man total revenus, uummmtuum
0 have some flexibilivy in selecting a4 systes in view of
the fluctusting orices of the comoneat crops. Under the
above circumstonces, the net incone may alss resuire %o be
aonsidered,

Gue advantage in mined cyupning f8 that at the tine
of low prices or oxop loss of one eop, the value
reulised from the other crop can mintaise the rigk involved,
Ansthey adweantige in growing arecanus and €300 in a
aiwed cxop oysten Ls in the Dalanced distMibution of sevenue
%0 the firner theoughout the vyear, ™e peak harvesting
period for srecanut is from Hovender to February (whaem 07
Pér osat of the ancual exop is harvestsd-Tuble $7), and
for carao between Jume and Septemder, Ta other words,
maximee hagvest of aresanut 48 during the months vhan Gacao
for hirvest when arecanut is in the off season, This
contrasting harvesting and pgocessing perdods also Surther
haly in & bettor utilisation of labour theoughout the year.

Ca3a0 are sany as desuribed earlier, ths iikely &l
of growing the two eroos are Mot suled out, There are

sepoxts (Thorold, 1989 Turner, 1245; Vermon, 19687 Newhall
and Mdas, 1967y Tariot, 1971 rocha and achado, 1972) thes




Table S57. Arecsnuts harvested during different
monthe

Mmmth % of
me
Janvary 30,0
Pabeaary 152
Hazoh L )
“pxdl 0.6
June 0ed .
July Celd
AL 0453
Septoteyr 143
Ootober 5e7
Sovembor 14,5
D aier 37.4
e —————————E A ——
™otal 100,0

AL DA ST R -
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the incidmos of blakvpod discane of cacao caused by
Huteoiitors RAALNIES 46 more vith clossly smpased and
shaded plots, Arecanul is also sussepiidle W
Buteohihogs dlseases. IS may thus be worshwhile o get
more information on the awose tranmaissidility of the
dlosass fyom one Erop €0 he O%her. TIMTE ATe Seme

taseos peste, iike mealy bugs (ZAGARGRCCNR 8D+)s coukwhaties
bestles etc,, comnonk 40 BOth arecamut and caono Whoee

sole ia the crop ing system pegquires ©© de studied,



VEIX.

SPOMRY AND CONCLUBIONS



SWRARY AND  CONCLUSIONS

Mixed orop ing is one of the methods sugoested for
increasing agricultural peoductivity, e oatterns o
nts of these mixztures are usually diflerent arop
species o souetings varioties, ‘ixed or i steroropHing
Lo widely ~wraotioced awng farners in wla and Africy
Giver, 1949; wdrews end Rassan, 1976),  ieasons for
mized eropoaing tnclude (1) increuse; efiloieney in the
utilisstion of envigonsental factors, vise, 1izht,
nutrionts, water, etc., (2) more ef iofent utilisation of
labourr (1) redsction of the adverse effects of disvuses,
peats and weedgy (4) cover the risk of croo Lallure;

(5} higher grose zeturns, and (6) protection of tho goil
#jalnst soil erosion ¢te, Several conslex interamweitic,
interverietal und intorplant imteractisns { anddavdon,
allelopathy, eto.) that oocur in this systen of farming
Yave been diacussed Sy Trendath {1578), 'These interactions
depend on nlant deasisy and sracing, »larting satterns,
caany typaes, oot eystems, and differential denands on
savironnental factors at dlfferent growth stages,
Considersvle infornition e available on the wvarious types
of interictimms involved in anwal eron species, Liee
information on plant behaviours involving perennial oroos
is scanty,
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In ¢hw treditional eysten of cultivation seversl annual
and perennial Grops 4re seocn growing adniwed with arcoanut
(Areos oatechs Le) 4o India. Whereas cacao (ZTheoheond
24098 Le)s which is nogmally geen under tne shade of forest
trees in its original habitat, has been thought of a8 @
probeble mixed crop with eecenut in this country only 4o
Focent yeurs. wocanut 18 a single stemmed, tall, monoecs
nalm with €ibro.s root oysten whorcas caceo is a dicot with
a mueh branched canoyy with a Giffcrent root systen~ a pPlant
which has not been tried for its fmpuct on the other,
gtudles weru, thercefore, carried u:t to understand the
various tyoes of interagtions botwsen arccanut aund Gac.0,
both above and balow ground iavoliving s systes of amixed
cropoing. The results of the study on the above asrects are
sunsarised in the following pages.

The studics were made in an ecerinental garden plamted
at Central Plant &ion Crops nesearch Institute, Regional
Beatisn, Vittal (Kammataka) with arecanut nd cacusd having
six Gensities and two lewvels of fertilisers replicited four
times, Studics on the above ground included growth
nattens and utilization of radlial and vortical space by the
component arops,microciinatical chans in the garden,
aistrivution end utilisation of oolar energy, rate of evapo-
ration, and finally on the Hroduction behaviocus of the aEoDsS.
BSalow ground studies were coanfined to the rooting pettern
of the oxmonants nd the cfffect of the crop.ing on the
mutriont statug of the soll.
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an dmoprtant agneot of study on tho abowve ground rortion

was on the changes in the growth of the tiwes Lfovolved,
Periodical ssasupvments sade oo the helght and girth of arcca-
nut salas ghowed that iatroducti o or nresanoe of cacad et
diiferent densitics hald no aignific.at influenoe on the rate
of geowth of the nalns, The rate of sopesd of the arocanat
canopy (orown) was wery rasid ¢ill fourth yesr fros nlanting
which later got roduoed. Gimilar data collected on the prate
of growth (height, girth, soread of tree eistewest and AOrthe
south) of C3cad tress £ron the tice of plasting till teath year
ahowed & signifiount variation due to the density of planting,
T™he height of eacao troug under the MMglwst denglty of 2,7 x
27 spacing was maximan froo sixth vear till tonth year
vhereas 1t was aialaon undor the widest oacing of S.43 x
Se8m, Tiwm average height of cacao trees increused o 5,7
tines the original wight in ten yeurs, DPifferent densitics
of nlanting had no iafluence on the jirth of main stom of
cucao trees, In the oonbined systen »f aresanut and Cacaso
nlantin;, the ratio of Might of arecanut and caoao

trees which was 1 : 1 at the tise of slanting got changed

o 1 : 0,8 at the end of seventh yesr, It wvas after
soventh year of planting, that the entize canony of

arecanat trecs Jot 1ifted up above the canonw of cacao trees,
The rate of total ooverage due 0 horizontil soread of caocad
trecs was alzost unifors at different ajos irresnective of the
¢gif erent denpitices u>» €0 eighth year. In oo far as the
covarazo 0f mrace avallable per troe wag ooncornsd it was
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obacrved that She perosntage of ares covered increased with
density of nlating, obviocusly due & the lagger nusber of
trecs in the cloger spacings. Under tihue closest mpaeing of
2,7 u 2,7, 32 per cent of the avallable space was covered
within two years and within ten yeurs the spase covered was
306 per eont, mmhmmmms.ms
Sedm was that 0 cover B0 pew cent of available soace 18 took
six yeirs and the coverage was not full evon after ten

yeara,

wothar agredt of gtudy was on the £lovering of the two
species, ¢itn regand to arecanut pals neithar the age at
first flowering nor the progress in the number of trecs
flowered at different sgcs nor other charscters like wvean
mumber of soadices produced, female flowers produced or fruite
set Nad boen influsnced by demsity of slanting oxr the prosengs
of various levels of caced population, Aamong cacao trees
alao the density of planting had no significant influence on
the age of flawering or @ romtage ast of fruits, 7The mean
parcentage of fruit set was 2,5 per tree,

The microclimate studies included evapor.tion rate, wind
welocity, soil temwerature, relative humidiey, vassur
pressure ad alr temperature, T™he mixed erops ing systea had
profound jafluencs ok &ll thece pavameters, The rate of
svaporstion was mintmun under the afaed eron, followed by the
sole orop of cacad. The evaporation in the crop combination
wumlyt?wrmtattmtﬂmmmwmwm
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mummmmmam In ¢the s0le
mumm&mmm:&“.!mmm

of open Arcd. mmammmmmesm
pwuw»amwmmwmmmnamm.
velocity. mmwmawmwmmmmma
mmmma.nummmmwmmm
Mmmmmmﬁmz.uhmmmzu
open, The sowed of vind insids' the sole orop of erecanut
mnmmwmauwwmamp?wmwoz
the welocitiss in the open, The soil temperature at 18
wsammmxeﬂmmrmxmmwmmm
sysban, mwmthlywwaWMMqum
depth were $,8°C to 11,5°C lower in the miwed erop comdition
than 1ia the opin, skﬁuwmmmmem
also. mmm@msywmwmwmmm
mmm~mmmm@tnuwm
It was only 1.0° ®0 1,1°C in the aixed crop condition when
the variation was 9,7°C in the open, a3 could be anticinated,
mummnxnuumwmmmm
Wmmtmmmdmmtwhmm.
mmmmmmwwmmgm.m
crou-ing systems aid not gaxert aporeciedle influsnce oo VapoWws
PROSRUDE + mmmmmmmammmtw
and afternos hours below the Canopy Of CICI0 tIGSS WS

onio i,

™e Jight mmmmmaamwm
memm“tm'meiwm
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M arecanut having €all ratsed wp wibgrella like cxowm

oabopy cuts 41,5 per gent of sun light allowing the
Cacao in ite turn cuts off 51,2 per cant of the total
This means arecsnut pDalm $ubs off 41.6 por cent of avai-
lable light vhereas gacad canopy cuts off 87,3 per cent

of 1ight reaghing i1t, The study thus showed that with
coca? as 4 lower storey mrop with a well spread bevad
canooy together with arecanut having limited canopy sise
has & tremendous seope for maximum utilimation of solar

tyees vere 10 years old,
sole aro> 61 per gent of all (total) roots, 70 per cent

of thick roots and 51 per cwmt of fine roots were radially
epread within 50 on dlstance from the centye of the palme,
In the second sone lying botwesn 51 o 100 em pradius, the
songentyation of total, thisk and fine roots were 28, 23
and 33 per ot sespeutively, Vertisally the reoots of
avecanut were found W0 traveres as deep as 1.6 = though 46
per gent of total Feuts, 61 per gent of thick reots and 73
per cent of €fine roots were within 50 ¢n depth., The second
horison between 51 to 100 em contained 31 per omt of all
poots, 28 per oent of thigk roots and 13 per gent of fine
roots, mrmmwwmmwmwumma
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axm%.ummammwmuwmm
£ine roots,

mmwcmw-wmmumm
aondition slw maxizum concentration was within 25 os
radius foom the trea, ™he lateral soread of all rooes,
thick and fine roote within 50 om radius were 81, 56 ma
69 per cent of totil respectively., There was a4 sherp
decrease in the dry woight of all categories of roots
foruad Deyond 150 on redius from the tree, M@ vertical
penstrition of Caea0 tred roots was up to 10 an, though
wmemwaummmmwzm?qstmmm
within the £irst horison of 50 om depeh. w sone wp to
190 oa contalned 97 per cent of total and 74 per oeat of
fine roote,

Under the mised oropoing condition, 65 per sent of all
foote and 51 per cent of £ine roots of arecabut were within
50 o» radius. The sone within 75 on padius was occupied by
P1 per cant of total roots and 56 per aEng of fine roots.
0 the wiovle 99 per cent of totul roots were within 100 on
ﬁ?mwmmﬂumwuﬁmms@wcmmm.
The second layer of 51 to 100 oo contained 61 pay gent of
total roots and 37 per cent of f£ine rvote. he magntitude
mmm‘mmgaywwammm.mmm
be gsoen W %0 300 cme  With yegurd to cacao under the aixed
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Gxopodng situation, 42 per cent of ttal roots and 24 per
ent of fine wots were confined to 25 en radius, The
SN botween 26 and 50 on radius omtalned 14 per oent
of total roots and 16 per oent of £ine roots, In the
mm«xywm:msamnm.mamnm
omt of total and 15 per eent of £ine roota, There was
@ Faid decrease (o the soread of roots beyond 75 on radius,
The first SO oa layer was cocupied by 40 per sent of total
and 30 per cenk of fine Fooks, The socoad howison Detvesn
81 and 120 on depth had been cocuried by 12 per cens of
total and 13 per osats of fine roots, The rusificition of
nz,mm;mmamwmmzmamm
Mththto&%m%mﬂMh

+ oxparison of the rooting systen of arecanut palm
under the two systems of planting rewvealed certain inge-
Peating features. The sshere of soread of total roots
though were oafined 4o aore or less %o saoe dist nos both
radially and vertically under the owo systems, there wus
e Giffervaee in the percentages of distribution of
aifferent types of mots An diffarent sones withia the
sohers of svead, Under the mixed azopoing ey sten, more
than 96 ser eeat of thiek roots were within 100 on depth,
wheress undsr sole oxvp condition only about 98 per oset
ware within the sane depth. Interestingly, the quantity of
fine raots in the ©Op 5 en layer was enly 57 per cent
under the almed cros condition as against 73 ser ceod of
almilar poots in the top layer when planted pure, Thege
was & hetter exploitation of the segond Llayer betwaes 353
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90 100 en hy the Zine roots wnder the alxed oropoing come
cmwmmmmmmmm_
of £ins roots in the seoond layer under the W systous
were 37 and 13 vesvectively, The roots of 0oe> traversed
as 4ssp as 480 o2 under ained cropoing sisuati-n whan the
panstration vas confined ¢o 350 an denth when Lt was a
80le arop. The pezeentage of all soots was oaly 40 in the
firet 50 on depth undor the miwed cropoing whereas 1% was
63 per ot under the sole aropping, In the sane 2008 only
30 per ant of £ine roots were traced in the nised eropping
Mtﬁm&mmﬁm&ztﬁumhm@m. The
overall situation was shat when 90 per gent of the fine
mots were within 200 on below ground lsvel und:r the sole
aronsings At was seon thit the sons quantity (per cent) of
oS was soread over ©o 350 ou Septh undcr the mixed
aroning, thoeraby indicating a deeper axploritation of asid
by casao roots under the latter condition,

™he studies pertaining o the nutrient status of the soil
revealed intereeting results, It was sedn that sasing,
location nd depth of samaling influsnced soil o significante
1y. The soil acldity was relstively high in soilas where
B OroD Was gram, A siigin inoveass in »H was noticed
when arecanut was grown as eole aron, This trend was not
exhibited in the sols crop of eacac. The mean pil of fallow
1an8 was 4,7 and that Of Ca0a0 OF AreCanut base rangesd fyom
&omﬁ.s
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The data on the soil orgmic carbon status showed 4
low percent.ge of caybon content in the fallow soil
oxmared to the cronsed field, In the gultivated field,
the sawles from the Bases of both wrecanut and Caced
oontained & Moher perusntage of osgenic carbon when compared
o the sasole from the interspage, The ssapls from the
Lnters ace wis Comparable with that of fallow land in
sospect of orgenic cusbon comtent. In all the locations
the orgenie cazbon content nogressively decreased with
she Gepth of soil sampling uwp %0 100 ame The peroeutages
ummummmmmummma
apocanmt and cacao ranjed £ron 1,33 to 1,57, vimgeas in
the lower deoth (504100 en) it ranged fxom 0,59 o 3,81,
the interssaces DEtWIEh 4LUCATt and Ca0MD tFEEs contalned
0413 €3 D479 Der Oent oXganic Carbob,

™he avallable soll phwephorus was very low in the

fallow soils compared to Qroooed RMES. The avallable P ia
ooils croovnes with arecanut regorded high concentration in
all the three depths (0«23 on, 2650 om and 53=-107 on) e
oompared £ Cacad under sole orop adition, However, the
trend wie different undsy the nixed crop systos, The
mnm.@mmwmtwmnmmmmm
bages of azecanut and casao in the mimed oropoing sygtem
ranged from 50.3 to 5%6 pom, 0 the lower depth bolow 50
an 4t was less than 10 pom. The avdlable oxtr.gted from
MWMWMmewaqum
with that of fallow soils,. he mean avalilable P inm the
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interspacos was 1.9 pom and that in fallow land 1.4 pom,
T™e extractable - signdficantly decreased with the depth
of soil samiing suggesting the ant
natuge of » in the soll, The levols of fertilizer apolés
cation 444 not vield significant variagion in P omtont of
soil, The interaction between spacing ad fertilisew,,
logation and depth of sa 1ling significantly influenced the
extraotable soil P,

wallable potaessius did not show mach variaetion in
sotls either £:llow or oropped with either of the sole
oroos. 1In genoral, it was in low runge (0.0 to 15 poml, On
the contrary under the nixed crop the level of avallable K
got elevated to high level (up to 1354 o). There was
significant variation in the levels of X hetween ditforems
locations of sampling (sxrecanut base, Cacao base, and in
betwecn the two)., The avallable K in the inter space swmle
was ot eamparable either with fallow oxr sole crops. e
mamcﬁwmmmmmumwumaxm
locations which decressed with depth of sampling, The X
content ot lowsr depthe 26-50 om and 51-100 on was on Dar,

The data collected on the ecommic yield of the t¢wo
arops a8 inf luenced by alffepet densities of nlanting vigeas
vis scle cropring at diffepent ajes of the trecs sho wd
interesting and valuable information useful to the farming
coxxmunit . Ssacing hed significnt influenge oa the yield fhumber) )
of fruits of arecanct both on per dalm basis as well as uait
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ares basis, T™w yisld of mecant per paln wis influenoed
by the dansity of cacao trees >lanted dth it as aiwed
arope  #ith pegard 0 cacao also density of planting
significantly iafluenced the sem ousber and weight off
fraite {yield) per tree as well as por unit area havvested
par yeir. Closesst spasing had alignificantly aintzwum yield
per tree and the widest spacing recorded gignificamly
maxdioas yield per tree, Nowever, the overall yield
positi-n froe undt ares deponded on the vield per teee ag
well as the oander of Srecs occunisd per uait ared depending
upon the density of »lantlag, The oombined yield of

the component 4Ione per unit area was eimificumely highor
when compared to the yield of individual crons under sole
erop conditions. The results also indicated the optisum
coabination of the two rops to be plated for mantmaum
EOtUrns.

The season of hatvest, mpacing and festiliser lewvels had
caca0. Pods harvested during the monscon perfod hed higher
rost of the period, OFf 4he total awnal yield of cacao, on an
avepage 35 pur gent was havvested Suring the southwwest

The average total land ezaivalent ratio for the diffepent
donsities ranged fron 1,56 t3 2,17 which showed the
advantage of adxed ewop ing of arecawt and cacao. The esti-
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mated gross revenue wiz Mexiwn from 5 combination {(1.e.,
with both arecsnut . 7 Cacas 82u0ed 48 3.3 x 3,37 untdl
the pedce of arccanut wis about egual 9 that > cacao,
another «i .at.ge of aiked opegplog was due to the
diftepent ~arinads of haovest utﬁ the two crosz,  About 27
per gent of the ancual oroo of areganut wes harsested bHete
weon Hovenbor and Tebguary sod about 85 ner cent of cueao
between June and Septembar, he avallability of one or the
other oro; aliost theo.ghoct tie resr and the extra labour regul
rod for harvesting and progessing of the oroduces oot only
brought locone ¢ the {apser throughout tiw vear but alse
anerated adiitional emlovment under the :{ixad arop ing
Bytan,

-
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Table 23(1), Effect of density on ﬁmxzw? in canad
{percentage of dees £lowered

Sunnagy of AIOVA Table = (M85}

source ae 1972-73 12774
Replications 3 . 608,80 145,52
» -4 1.58 093
Soaging (&) L] 8,68 3.83
Pertilizerir) 1} Ceé3 28.,1%
sn?r 8 30,73 17.39
Rerog 9 25455 16,69




Table 34(1).  Effect of donsity on ffruit get in

Sunsagy of HIOVA Table « (83)

Souroe at % Fruit get
——————— A —————————————————— e ———————
Replicasions 3 10,08
Slocks within
aenl, 4 1.3
Spactags (5) 5 148
Pareilioeri(r) 1 0.08
Gx P S 2,80
Error 29 1,93

”mm
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tuble 32(1), Condbined average yield of
(1977-78 t0 198182

Summaﬂ of ANOVA Table (MSS) -

: produse/ha

b P L T SR
3 396,04%>

4 41,34*

S 15,76

h 3 17,24

5 T.03 .
Srror 2% 14,82

*r significant at w0, 01
* significant at Pw0,08
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