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INTRODUCTION

Cocoa i one of the most important baverage crops
of the world afiter tea and coffee, Though cocoa hes
been introduced to India about f£ifty years back, its
commercial importance has been felt only during the
last faw years, The cultivation has been gaining ground
during thé lagt gix yearg because of the haavy hémandvin
the ﬁﬂrlémmarket and the congegquent high pricea, The
world production of cocoa increased f£rom 18,000 tonnes 4n
1850 t0-1§.00¢669 tonnes in 1975, This quantity is hardly
sufficient to mcet SO per cent of the regulremoents
(Mair,1979), The world demand according to the Fed.O.
report isﬁinareasing at least by 3,9 per cent per annum
and the cqnmuﬁpticn is likely to be increased to 2,4 miliion

tonnes by 1985,

Out of the estimated 7981 hectarea under cocoa in
Inﬂia, Kerala contributes arcund 5548 hectares followed by
Karnatakaéwith 2240 hectarcs and Tamll Nadu with 193 hectares,
The estimated production in 1976 is around 400 tonnes vhile
the demand by 1985 will ke around 20,000 tonnes even for
meating the internal consumption, Further there are immense
possibilities of exporting coéoa beans or cocsa products
in view of the shortage in the world market, During 1973-74,

- India imported cocoa beans and cocos products to the tune
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of 1134,3 tonnes valued at 240,6 lakhs of rupecs.

Since then, the cuantity imported is being reduced mainly
bacause of import restrictions and to a édartain extent |
due to the increase in the internazl proﬁuﬁtién. Gven
during 1973-'74, Indla exported 1699,0 tenneg of cocoa
products ﬁalue& at 95,5 lakhy of rupess vhich indicates
the imnense poseibilities for the export of cocoa products

In a perennial crop, the selection of planting
materiol is very important to perpetuate high ylelding,
uniform qgaliéy plants,. This becomas more. importont with
cocoa which ig heterozygous and highly oroes pollinated,

The seedlings pre the main planting material at presenit and
the produotion of ¢uality seedlings hes not received sarions
attention, Hence, sﬁan@érdisati@n of the seedling selection

ig essential,

- Praﬂgctiaa‘oﬁ true~to=tyne progeny by resoriing to
vegetative methods of propagation ig ancther way of
obtaining uniform, high yieléing plants, Rooting of
cuttings and different methods of budding have been tried
in other cocea growing countries of the world with encouraging
results, Ehen,cgmpareé with rooting of cuttinps, budding
has an adéitional advantage in that it can also be used
for top working the uneconomical, inferior plantd, It is

therefere necessery that methods of vegetative propagation



suitable under the agro-climatic conditions of Kerala
are gtandardised,

Btandardisation of nursery practices, such as the
asize of pots or peolythene baga to be used and formulating

sultable potting medlum to be used is also important,

Under the above circumstances, a study has been
underteken at the Collegs of Horticulture with the following

objectiven,

1« To standardise the criteria for selecting the
pods, seceds and seedlings, A

2« To determine the optimum size of polythens
bagé and to formulate the suitable potting
meéium to be usad in the nursery,

3, To standardise the mathoeds of vegetative

propagaﬁiﬂng
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KREVIDH OF LITURATURE

Cozoa, though & acmparatively'new arop of ééan@mic
importamcé to India, is one that has been investigated
upon rathe? extensively in other important cocoa grouing
areas oOF tﬁe world, The present sgtudy deals with only
ﬂﬁe_pxepagétioﬁ agpents, An sttempt has been made to
ﬁraviée\a prieﬁ review of the literature availsble on the

different aspects on propagations

1. SRUD PROPAGATION

1.1 Sige of Polythene
ﬁma1; diiferences exlsgt iﬁ the various aapecta of

aeed‘graya@aﬁian ag follmweﬂ-iﬂ the cocon grouing
cauntriesg;‘gize of polythene bags, thicknese and colour
of p@lytheﬁe £ilm used constitution of potting madia;
method of éawiﬁg the aeed, and germination process sre
gome of thé aspects that have received the éﬁtﬂnticn of
feaearch-wﬁrkerst The glze of polythene bags or nots in
relation t% the growth of the plant has been studied by
gavaeral ws?kera@ Capriles and Gonzalo (1965) found that
the grﬂwthéaf coeea seedlings in plastic bage of 15 om
dlampter h§1ding six kg of potting mizture was slightly
better ﬁha# in emaller bags containing lesser guantitiean

of potting mediums Ie Bréwn gt al. (1967) recommended



122" x 7" éize hlack pdlythane bags for raising cocoa
éée@lings; But according to :each et a1,{1971), in’
%él&ysia,;polythene bags of 30 x 20 em were being used
when the ?@rimﬂ in the nuraery was four to five monthg,
Thay also found polythene bags of 23 x 18 om or 25 x 18cm
aize to be quite sufificient, if the period in the nureery

wag cnly:two to two and @ half monthsa,

Sheéher& fi@?é} had gi@en épeciﬁic'recammanaation
on the lencth, widih; gauge, perioration and colour of
;polytﬁeneih@gm a5 well ag the guantity of notting mixture
that caii be £iiled. He indicated spacific typee of bags
that cﬁulﬂ be used depending upon the period for which
| the sesdlings were yetained in the nuregery. Vood(1978)
@uggeateé the use of p@iytﬁene'hags of 25 % 10 | 12{cem
"pize Zor teﬁaining.§he seedlings in the nursary npté £ive
months, Thus a reletionghip betweesn the sisze ef nolythene
hags and the duration of the nurescry life of cococa secdlings

has been established,

1.2 Fotting Medls

Ag in the case of other crops, attempts to formulate
a2 suitable potting medium for ¢oeoa has becen made by
several vorierss Prke (1935) obtoined the best germinatlcl
with calebreous wached, heach sand, thiltchead (1954)

reported that a mixbture of seéven parts loam, three parts



dried farmyard menure and tuwo parts sand gave fairly |
uniform growths According to tessel (1966) germination
wag s&ighily better on heavy éoilsf but subseguent growth
was better on iighter soils, Atanda and Jacob (1970)
ebtained'highﬁr.germinaﬁion percantage in sawdust,

- However, Shepherd (1976) sugoested that bags need be
£1lled with top soil of good stable structurey & sandywclay
loam t@xﬁmré being favourable to the growth of coceoa
seeéiingég I£ the enils lach organic matter, he recommended
'incorpcratingbzo pey cent coarse gand and well rotted
Larmyard &anure; viond (1878) renorted that in Yest Africa

top soil alone was used for £11lling the beags,

1.3 Seutno |
Cocoa seed is epigeal in its growth and the cotyledons
are raieed above the soid) surface by the growth of the

root,

It is better to plant the seeds with hilum or scar
end dmwnwar@a'ta prevent the davaloument of digtorted
seedlings, The seeds can also be sown on their atdes,
layino them f£lat (Urguhart, 19613 Yo0d,1978), Shcphezd
(1978) répdrtaﬂ that the cocoa gaeds ghould be sown with
their ling axis in e horizontal plane or with their hilum

pointing downwarda, According to him,soving of secds with



with the hilum pointing upwards was llable to distort
the hypacétyl and the radicle consequént to which the

sgedling growth would be weak, with lovw recovery,

The depth of sowing is also important, Soeds
ghould be soun no more ther 1 cm below the surface of

the pottihg mediva (Shepherd, 1976; ood, 1873).

144 Sermination

Ohtaﬁning earlier germination, hicher percentage of
garmiﬁatign and better viabililty have b€cn’ the problena
which recéiVéd the attention of invosticators. Byke(1935)
obtained earlier germination by acaking the seed in watey
for an hour at B0°F, 95°F and 104°Fy but there was little

Incresse in percuantage over unsgcsked in the £inal results,

Eﬁé&hilla et de (1948) reported quigke$ and hicher
total pef?sntage geraination by removing the outery sgkin,
Urquhért_ﬂigéi) sugaested that there was no nsed © remove
the mucii@ge and that good sced should give not legs than

80 per cent germinati

According to Doroushs and Hunter (1961), cocoa eeeds
logt viability after 16 minutes in water at 52%C vwhile
dmmersion for four minutes at 20°C redused the viability

to six per cent,

Atanda and Jaceb (1070) rermorted that the final

pereentage germination was hegetively correlated withy ime



for final end 50 per cent germination. Shey slse
found that pesled secds germinated guicker wlth battep

percentace of gersinetion,

Sherherd (1976} recommended thas seeds vhilch do mot
g@fmiﬂaﬂe:wiﬁh&n 1% days ehould be dlscarded an lote
gem’ﬂgp&iﬁy seedn are pommnlly less vigorous, Tood{1973)
ai;m &l‘-&’“mril?é that germdnation of & bateh of aosd would
be usually conploze within ewo uecks snd the .mtez of

germination should be ot lesst 90 per cant,

1.5 Storous
5 ready o

geiminnbion vhen the pod ic plns oand setmelly Aosas lis

opgpanity o erainote after a conpazinively short psricd of

BLOTAR i he footors involwsd in doterlogntion of pode
wler nosmnd eonditions ote deajocasion, funosl ama@» andd
senssoenge vhich As genorally werked by the germination

of the bean in thy pods

in ma gass of lov teopmraturs atoraga Geré;er.mmti@n
R {z@m;éﬁiz By ohiiling (Mvke, 1934%F Dyhe ot al, 1234),
e (193@} ghtalined 88 por ot affective gormination
efteyr 14 :ef%ez;fs ‘off sltoragt at on avarsge tammorature of
8@*"“ f*i&il@ remperatures of SO and 45°F conplotely destroped
vielAlit sr evan aftar suo days. E{ﬁiié‘éf&ﬁ'é o tAnperature of
60°F gave beans of normol germinmtion percsentage sven after
twenty ﬂ§y‘s, Zink and Pochelle {1064) repurted fhat beons

stored at 50°C fodled to gerddnats evon aftor 15 Jays while



those stored In ventilated glass containers with
40 per cent relative humidity hed a gerrmiinating capacity

of 72 per cent even after 90 dovs,

‘ In triale conducted in Nigerio, mucllage f£ree coloa
'geeﬂ*drieﬁ at 29°C for 8 hours, treated with Captan at a
rata of 1% per 100 gecds and stered in dry charccoal at
ziqa‘shswéﬁ 35 per cant germination after four weeks storagoe
angd 14 gﬁk cent after eight weeks storage. Drying at
temy@g&ﬁu%e of 23 to QQ‘C‘fﬁrijfe than 19 hours rasulted
in much lﬁwer-germinatimn percentages, The viability of
the aeeﬁa?@ag rapidly destroyed bf storage in & sawdustescdiw
chloride ﬁﬁé&um after drving, and By storage ab temperaturss
helow fre%ming point elther with or without driing (Are,1864),
wo@@stackget als (18967) reporied that seeds gperminated at
25 to 3$?¢‘mera killed by ohilling £or 30 minutes in water

at 2 to 4%,

Aﬁniéu (1870} found that beana partially dried in a
s&rsamfaﬁécarbanﬁiamiﬁé or nitrogen and stored at 25 to I9°C
remained ﬁﬁab&@ for upto 60 davs, whils thome dried in alr
logt viabiiiﬁy within 45 days, Storage of artificially »
dried baaﬁs in the absence of alr reduced thelr viabilitys
2 m@istﬂré content of about 50 per cent gave high poreentage

of germination within 30 days and reduced detsrisration,
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1.6 Root System

zavallos (1988) found that during the four month
period after germination, the raolative lengths of the
taproot and of the stem remained the same, After that,

thse stem grew maré rapidly than the tap root,

'@yanét"_ D Nejad (1971) further found that
cot?le@ens and the tap root most markedly influence each
other during growth, Thoy alsoo found that the root gystem

ic determined within 15 days after germination,

26 VEGETATIVE PROTACATION

2.1 Rooted Cuttinogs

Although several methods of vegetative propagation
-have been tried in zowoa, and rooting of outtings and
kadding have g;ven encauraging results, attempts to incércase
. the gereeétage of rooting, improving the take of bhuds and
obtaining proper plant types, have been nmade by cosoa

raegearch workerse -

Pyke (1931) remcorted that the material for cuttings
ghould be taken scon after the lcavez had bocome mature,
the stemsfbeing hard but still grecn, 8ix inchas was
suggested 'as a sultable lcongth for the cuttings Checeman
and Spencer {(1936) eﬁserveﬁ that the ghm@tshof the current
£lush were suitable for rooting, Semihardwood cuttings

were found morc cultable then hardwcod cuttinge(anocn,1951),



11

Leeﬁless cocoa cuttings do not normally profuce
roots even under optimum conditions including suitasble
treatments with root inducing subztances, In the case
of the few cuttings which produce roots, tho roots rot
after a short mariod, Hovevey the leaﬁglamina on a [
cutting éan be reduced by one third or twohthiré without

greatly affecting root formation (Bvans, 1951),

2,151 Plant grouth requlatorse

Use of growth substances lnereages rooting of cocoa
cuttings from 5 &0 30 per cent, the concentrated dip -

being prefersble to a 24 hour dilute dip (Mnon 1048},

Richards {(1948) reported that concentrated dips
for one zecord using indolyl-butyric acid, potascsium
indolyl=butyrate and a minture of indolyl dbutyric acid,
phenyl acetic acid and naphthalene acetic acld gave
significant increagss in percentage of cuttilngs rooted

angd in the mean reoot lannths

Garcia ang Naﬁnﬁraf (1950) tried 3-indole Mmtyric
acid (Ina), 3-indole acetic acid {Inn), & -=naphthrlene
acetic acid (NaA) and 2,4=dichlerophenoxy acetic acld
(244D) ﬁox rooting cocoa éutﬁihgax; They reparteé that
IBA mark%ﬂly ingreased the rate and percentage of rodting
as well as the number of roots produceds The ducting
mathod of application wes reported to be better than the

dip methods However, Bvons (1951) found ths quick dip
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method convenicnte The best troatment according to him
was a mixture consisting of eﬁual parts of NAA and IBA
at 2 tatéi concentration of 8 to 10 mg per ml of 50
per cent alcochol for stem cuttings and 4 to 5 mg per ml

for single node or cingle lcaf cuttings,

Alvim and tmarte (1854) recormended 0,7 or
0.8 per cent IBA in elther 60 ger cent alcohol .or tale
ag the best grovth substance formulation. for rooting of
cécéa cuétings, The addition df fungicides Phygon XL
or SR-406 in powder form to the talc formulation at the
rate of 1:3 significantly increassd the percentace of
rocting. |

Garﬁia Brand (1954) reported that immersion of
cuttiﬁgsiin zinedb (Dithene 7-73) solution (329 per 4 gal
of water) followed by dipoing their hases in IBA (5 mg por

ml of 50 per cent alcchol) gave the bast results,

Eéwérd {1961) suggested that cocoa cuitlngs be
treated with 8000 ppm IBA for best recults wille Cobato
(1961) recomnended NAA at 8000 pmn in powder form, Bouma
and Ringeling (1962) obtained £4 per cont roating by
treating with 4000 ppm IBA, But Kallasem at al. (1964)

found a ﬁixture of IRA and NAA at 5000 ppm to be the hest

for rootinge
Bhandary and Shivashankar (1974) obtained 100 per cent
' rooting of cocoa cuttings under intermittent mist with

"Rootone® and 73 per cent with IBA 2590 ppm. Thoy were



of ‘the view that in general the rosting percentage decreased
with increase in concentration, waeﬁer ﬁﬁef reported that
I8 produced mare roots and greater lengih of roota at
hi her 13#@15 vhile the roots were shorter, thicker and

brittle with Naa,

2.1,2 Media ang vropeqgators.

Chanzing the constitutlion of media and using
propagating units with control devices for verlous
environmental fackors are knovn to indluence the nereentage

of rooting,

pyke (1931} suggested that the cuttings be inscrted
in coarse sand in a solar pronagator, Transpiration was
checked by using cuttings with mature leaves and keepling
the air arournd the cuttings humld by placing porous pots
£1lled with water at one foot intervals among the: cuttings.
‘A double layer of cloth was then spread ovar the top and
kept molst, thus enclosing the cuttings in a sort of tont,
Pyke - (1933) roported that cuttings were rpoted under shade
in portable wooden glass lighted fromes, He suggested
£ine white sand or medium ¢alcarecus sand, overlying
succegsaive strata of fine and coarse sand as the moost
aueéeseful roating medium,

According to Cheesman and Speacer (1935,1936)cuttings
must be set in sixLinahﬁs of calcarecus gand overlylng one

foot of coarse gravel and large stones for cbtaining better
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rooting. They also pointed out the importance of
mainteining a practically saturated atmesphere within
the frames while providing the correct amount of light
vhich must not be sufficiently strong to roise tho
temperature and increase transpiration or weal: enough to
retard photosynthesis, Sscamilla et al.{(1949) useﬁ'S@il
with a 10 con capping of organic material és the roeoting
maediun, Paln fibre and sand was reported to be the best

==oting.mediun under Brazilian conditions (Anon,1951),

Lirp (1553) ucged polythene for rooting cuttings,
storing, stratified sceds and for wrapping balled root
gystems when traensplonting,. Ploor (15%4) wrapned cuttings
in polythens for increased rooting znd also stored plants
in it without water for several weckg, Garcia (1954)
obtained 68 per ceit rooting with ceffec silver shin and

82 per eent with sawdust as the roocting medium,

Archibald (1955) described a mothod of rooting cocoa
cuttinge in a bed of soil by covering them mwith a sheet
of polythene, 57 per cent reoting resulted with clone
8«36 comnarcd with 75 por cent msuallj'obtained with this
clone in conerete bins, 7he new method hed the advantage,
however, of being cheap in materials and labours

The value of p@lytheﬁe in rooting cuttings lies in

its ability o conserve molsture while allowing aiffusion

of gases (MHelvie,1957), Moreover it is thugh,chemically
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inert and iz not attacked hy fungl, He alco obsarved thot
covering the cuttings with polythene sheet was cheapar,
simpler angd more efficicnts The hardnesg of euttiﬂgs
rooted under polythene wvaeg qrester than uwith any of the

alternative meang of propagation go that there was no necd

2a)

for clase control over the environment. he cuttings wior

polyihene shect wore in ncarly perfect condition and could
tolerate greater external changes, “ith pelythend shect
freguant attention was not needed to keap the atmosnhere

st uvate“.

Alvim (1953) used sawﬁast“as the rooting modium while
Harrie (1953) aungested sawdust treate ) with o solutlon of
potassium indole butyrate and potasslum nhophihalene acetate
vhich gave 75 to 107 psr ‘cont strike ond the roots wepe in
elustere of 6 to 11, and 3.5 to %£.0 inches long after four

WOeKS,

Malins-tmich (1954) deseribed o nib 3° x 5°¢ 2 207 as o

- ~

propegating undt, A jute cover was used and eawdugt wes thc

El

rooting medlium, The covar wag kept constantly wet, The
rooting wvas roported to e betiter than in conventional

Dropagatiors.

Murray (1954) described producing roote:d cuttings in

bjhﬂcts in one operaticn at a substantial saving in cost.

-

The cuttings were ingeried in bagkets with & contral corc of
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rooting medium surrounded by potting soil. The bkaskets
were kept in a glasshouse with a detrifugal humidifier

maintaining 100 per cent humldity.

Pirez (1954) comparing seﬁen,media for rooting cocea
cuttingé suggested that fresh and decomposed rice hﬁsks
and sand gave ﬁhe'highest strikes of 84.5. 86,5 and 63,5
per cent followed by fresh sawdust, vegetable charcoal,

dacomposed wood and decomposed sawdust,

Edward (1961) reported that cuttings rooted in
leachéd sawdust in 28 days and then were potted in mimosa

leaf mould,

2.143 Root initiation and rootings

Pyke (1931) reported that tﬁe euttings had callused
and some had rooted just above the callus in three weeks
when the leaves were Qetaineﬁi In féur or five weeks,
cuttlings were well rooted and £it for potting. Observing
on the varietal differences.in the réoting behaviour of |
cocoa cuttings, Pyke (1933) reported that the cuttingé in
both Criollo and Forastero tended to fall inﬁo twa. groups,

one with a mean rooting time of 1849 days and the other
with a mean of 39 dayse

Cheesman and Spencer (1935) reported 100 per cent
rooting of fan shoots in three weeks while chupons took

upto 12 weekse Bhandary and Shivashankar (1974) observed
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root initlatieon in growth regulator treated cubtingsg after
threc wecks of plantinge Vood (1978) reported that
-cptiﬁum conditions vould lead to arovth of a prolific

root gystem within fourteen days but tyentyone days was tha

usual duration.

2.1,49 Root system.

Differences in the nature of rooct systemoof aln'elats)
ﬁlants ragulting from rooting of cuttings have been cobserved
by several workers, Pyke (19233) reported that there was
marked dimorphism between the root gystens of fan and
chupon cuttings, In the fan, the characteristic type of
root syetem in which the spread of the roote occurred at an
angle between 72° angd 60° to the vértical;ﬂwas proctically
ccnstént, The chupon exhiblted a variety‘of root gystems
ranging from the verticasl to the almost horizontal, In the

chupon howevar there was alwvays atleast one vertical root.

2.2 Budding

Cocoa is usually grown from gsceced though several
methods of vegetative propagation are known, Dudding is an
easy and gheap method of elonagl mulidplication and has been
uzed ag such in meny countries (Rosenguist, 1952;

Habey, 1964; Ascenso, 19868; Van de Burg, 1969),
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2.2,1 Mathods,
ratch budding hed baen used for budiing cocos
seedlings and Zor top ﬁuﬁdin@ cocoa treeg (Van Hall,1932¢

Burchardlt,1938) .

Paredea (124%9) had recomzended meking an inverted
WY cut with a rectangular patch bud, Keeping (1950) also
suggested é m&ﬁiﬁiea forkert method of budding whi;e
rosenguist (1952) reported 56 to 82 per cent success with
patch budding, |

Topper (1956) developad an inverted-T method, a form
of ghield budding, vhich inveolved the use of huds upto 4 om

long taken from mature terminol shoots.

1iabeuf (1958) tried the inverted- 'T! method for the
propagation of selccted <lones and obtained 50 to BO per cent
pucoess after top budding chupens groving from previously
cut back elght year o0l8 trecss Urguhart {(1961) reported the
use of ghileld budding on four month old cocoa secdlings,
agoenso (1968) obkained 50 to 80 per cent success with patch
budding and 77 per cerit with invertede'T* method in Sad Tome.
van de Durg (1969) found that betker resulte could be
obtained by the forkert method if the f£lap of the yind was

complotely cut off from the stocks
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24242 Budwood preparation,

Paredes (1949) rgémmm@ndeﬁ preporation of budsticks
‘eight dave before their removal from the trecs by cuttdng
of the leaf blades, Keeping (19350) reported that with
modified Forkert method, unpetioled buduwood produced 44
per cent matured pianta after three months and petiocled
budwend 38 per centy although the latier grew out more
quickly. Cleésberger and Cogster (1976) desoriked a
pretreatment of cutting off the leaves and the terminal end
of the branch ten days before buddings but according to
them this was not effe%§FVG, Ascgnsm'tlgﬁs) al eo suggested
that the practice of budwood prepsraticn by cutting of £ the
leaf blodes 10 days prior to eollection of budwood was not
to be recommended in Sao Tome as it involved extra work and

-

brought no significant increase in budding effleciencys

24243 Cutting of rootstock,

Paredes (1949) recomsended that the rootstock be
decapltated about 10cm above the bud at the time of budding,
Topper (19%7) sugrested nicking and bending over of the
rootastoek about 10 om above the bud when most of the buds
would gtaw‘in a ﬁortﬁi@ht.

Ascenso (1968) recomacnded cuﬁting off the tape used
to tie the bud after 10 to 14 days, If the budding was
suecesaful, the stock could then be nicked four fnches
above the union and bent down to the ground vhero it was

fasiensd by pegs.
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Glesbherger and Coaster (1976) reported that
measures o induce the bud to shoot were required éfter
- the bud hasg taken and the bud gatch has hardened off for
a wack, failin@ vhich the apical dominance efifegts of the
rcatstccks Q@u1d inhibit the sprouting of buds, They
recomnended slicing the stem of thé reotstock to a2 length
of two to three cm and @ depth of half the diameter of the
rootatoeck abavé-the bud unicn witheut breaking it, The
terminal part of the rootstock could also be cut off, A
month later, vhen the bud shoot Yad develoned its first
£lush of properly hardened leavesz, the rootstock could
€inally be cut back wlth a slanting cut just ahove the bud

union,

242.4 Creen buidinn,

Budding on much younger rootgtock saves conisiderable
cost and time, Topper (1956, 1957,1959) developed a
technique of green budding on, three to £our montheoldecocod
rootstocks, Hurov (1961, 1971) subseguently improved it
and introduced it to Malaysia for budding two to four month

old rubber accilings,

Clesberger and Coegter (1976} conducting alasshouse

experimonts o green budding tried *7° budding and the
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inverted 'U' or modlified forkert method in two to six
weekeold aeéﬁlings._ The modified forkert method was
reported to give 90 to 100 per cent success, -Qm‘e‘n‘
Bue}diﬁg of wvery youny rootstocks in the nurseries should
result in the establichment of cocoa plantings from well

grovn buddings z&ithin £ive to six monthas



MATERIALS AND METHODS
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In view of the importance o the stondavdisation
o7 quality seedling selaction and wvegetative propugation

methode in cocoa, a study on the various aspaets of

T

rropajation wasg undertaken at the College of Hortiowlture

|45}

rom Moy 1978 to July 198792, The study lnolutied

tandardising the coritaria for selecting the pods, secds

ihi

and seedlings, determinatdon of the optirum gize of
polythene bage and the sultable pottine medium to be

ugedl, viability of secds in storage, the charactevistics
of the root, and staundardigation of wvégetotive propagoticon

methods, The detodls of tho metheds followed are am

ud < 1 »
given elow,
i. SUED FEIOPACHTTON

1.1 Selection offod

Mature Forastero nods (thoze shomdn: yellow colour
particularly in the furrovg) were horvested at monthly
intervals from selected plante yielding moroe Lhan 100
pods per vear. Pods were colliected at mobithly intervals
from Dhcember 1978 to April 1979, The pods were theh
elasgified into 'lerge’, 'medium' and ‘small’ denconding
upon thelir sise, (Plate I -Ten pods vere colleeted in

each sise group Guring each month,



PLATE T ‘Three clagses of pods
Larga,Medium end small,
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1.2 Pod Characters

In each category, the following obscrvations of
the pods were reécorded, The Yongth of the pod was
measured in om as the diectance bhetwesen the pedicel and
and the apex of the pod, The girth at the thickest
nortion of the pod was measured in om using a twine and
& soale, The welght of the pods was reéardad in ome
The volume of the pods was determined by the water

displacement method and expressed in cc.

143 Seed Characters

1.3.1 Classification of seed based on the position,

The pods were then cut into three erual portions
with a knife and the three portions vere classificd as
the 'pedicel end'( 1/3rd of the pod near the pedicel), the
‘midale’ (niddle 1/3rd) and the ‘distal end' {1/3rd of
the pod from the distal end).

1.3¢2 Humber and weicht of the secds,

The seeds in sach of the above groups were collected
geparately and the follewing cbgervations were recovded,
The number of good, fully formed (hard) secds in

each group and thelr weights The number of 1ncomple£e1y

formed (s0f£t) sceds in cach group,
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From the ten pods harvested for each group per
month, .the seeds wsie,gmola@ seperately from each
oosition, Thus for ten'large 'sized p@dé harvegted at
one month, the secds from the'padicel end'vere pooleéed
together ag aloe the seeds from the'middle’portion and
'@istélﬁenﬁ: similar pooling was aleo done for 'medium'aznd

Yemalltedzed pods.

1.4 gowing of Seeds

1.4,1 Potiing containera and media.

The pooled seeds in sach category were sown in
polytheﬁe bags of 23 %15 om lay £lat sime ( gauge 150)
eontalining ootting medium of 3:1:1 proporiien of soil

sand and well decomposed farm yard manure (534},

1.4.2 f@ﬁhﬁ}d 0f souind,

© The seeds were gown flat in the potting mixture
at the rate of one per bag at one'cm depth, Nine
treatments were replicated threae times with 30 ags in

cach treatment per réplication., The treniments were To=-

vio-

large pedicel end, T,-large middle, T.~large distal end,
. Y -~ 3 \ 4

Tg=medium pedicel end, Tewmadium middle, T -medlium aistal

and, T7-3mall pedicel and, To=omall middie and Tg-small

L

3

distnl end,
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The germination wes recordsd svery day and the
total and percesntege gefmioation were aaloulated,

The seadling characters such &% the heighk, the
gLEth mnd the nunber of leaves were recorded ag
fortniohtly dntervals searting from the 15th till the
20th doy sftsr germination, The dey weight of the
shoot wae ﬁmm@a from the 30th Qw 411 t%;e' a5tk duy
at mmlg intervals after drylng in an clectric oven
at TORC for three days, |
1.7

The Toots were studied after cuttlng and removing
the polythane bags 2054 placing the dell of sarth in the

water and esvefully weahiing out the solle

The langth of the tep root and the longest loteral
Foot and the numbar of lstersl roots were racorded, The
racording wes dong at monthly Lntervals stacting from 0
t1l1 99 days aﬁ;w garmination,s oate were recorded
seymrately foom five sete of secdlidnos spwn in Depechber

1578, Sanusry, Tebruary, UBrch and Anpil 1979,

1,73 Cxy walohte

The dry weight of the roobt was reconded from the
aoth day 4131 the 2oth day st monthly intervols,
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1.8 Sisze of Containers and Potting Medium

1.8.1 Size of contoinors,

Another experimont was carried out to determine
the optimum size of polythene Eags er groving the

| secdlings €for thyee monthaz, Three sizes of polythens

bags namely, 22 g ls‘cm'(Tii. 25 x 18 em(T2§.éﬂ@

30 x 20 om (?3)'wera aseé,- For each size, El8ty bags

were £llled with standard {(1:1:11) potting mixture and

well developed geeds wﬁra‘sawn at the rate of one seod

por bag, Yhe trial was repeated thrice in the monthsg

of Dedember 1978, February 1979 and Harch 1979,

Obgservations aé meﬁtibaed-earlier-ragaréing the shoot

and rost characgters ware recorded,

1.8,2 Dxoportion of patting medium.

Ih order o determina the best economical poiting
mizture for optimum health growth of cocon secdlings,
another exporiment was conducted, The treatments were
.?1@ soil, Té—sail, gand and 7¥M (1:191) and ?5-sail,

sand and YN (121223,

Fifty sound seeds were sown per treatment and the
trial was repeated thrice in December 1973, February
1979 and March 1979, All the observations mentioned

previously were recorded,
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To tegt the viability of seeds after storage, a
trial was undertaken with the folloving treatmsntss
1) storing the pods in tha room, extracting the
seeds and sowing them on the 3rd, 6th, Sth and
12th day after harvest, |

- 313} storing the pods in the refrigrator and sowing
the extracted seeds on the 3rd, &th, 9th and
12th day after harvest,

1it) extracting the seads on the same day of harvest,
keeping them in polythene bags under room
temaarature and sowlng them on the 3rd,;6th,%h

and 12th day after extraction,

iv) as in (11i)y but keeping the polythene bags 4in
the rofrigerator and sowing the pecds on the -

3rd, 6th,%h cnd 12th day after extracticn,

Two pods ware used for each treatment and the seeds
were sown in solyvthene baga,s The number of secds
germinated were recordeds
1,10 Root Studies

In order to study the characteristics of roots at
various acges cf~éeeﬁ1inga, another experiment was ¢arried

out,



o
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Root characters were studicd for the following
age droung of sdedlings: 15, 30, 60, 90, 180 and 270
days after germination, Twenty scedlings were studied

for cach age group.

™he iength of the tap root and longegst lateral,
the nunber of laterals, as well ag the dry weight of
the root were recorded for cach sesdling and the mean

wasg worked out,

24 VEGEDATIVE PRODACATION

In order to standardise the vegetative propagation
methoeds, footling of cutktings and different methods of

budding were tried as dotaolled bkelow,

2.1 Rooted Cuttings

2.1.1 Preparation of cuttings.

From sglecéeé three yecar old Forastero troes,
semi hardwood cuttings werke talen from mature £an
branches of curront seasoh grovkh, The cuttings taken
had felly hevdened leaves, The bark was brown on the
anterior side and green on the posterior side, Three
to four leaves_were rotained with 1/3rd of the lamina
{rlate IT}, The cuttings were tahen cerly in the morning
and put in buckets conteining water till they were

treated with growth regulators and planted,



PLATE TI A geral«hard wood gutting
prepored for rooting,
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2ele? Treatmont with growth regulators.

The growth regulatorsg tried were indole-3-ascetic
actd (IAA), alpha-naphthalene acetic acid (NAR),
indolee3-butyric acid (IZ3) and a mixture of
alpha-naphthalene acetic acld and indole~3=butyric éaid
at concantrations of 26&§@4®00,6060 and 8000 pra in
50 per cent ethyl alcohol., The ‘quick dip' methoed ves
ugsed at four @iﬁﬁerent dip durations of 10, 20, 30, and
60 sacondsg, Thore were 65 treatmeonts including control,
in which the cuttings were not treated with any grouwth
requlator, Ten euttings were used for each treatmant

ner replicetion and there were three replications,

24143 Method of nlanting cuttingg,

The cutitings were taken to the nursery and given a
frash cut at tho bose, 7he water at the base of the
cutting was blotted out and then the cutiings were
dipned in the specidic solution of grovth regulators
ﬁot the reguired tims, The cuttings were slichtly shaken
to remove any exoess growvth regulator solution and planted

in previcusly watered gand beds ralscd to a heicht of 12¢m,

241,44 Methods of covering cuttings,

Two mathode were used for covering the auttings,
After thorough watering, one gset of cuitings was covered
with a polythene sheet following MoKelvie's method (Plate

IiZ}s The edges all around were sealcd off with wet clay.



PRSUT ITIT Polythene sheet method of
rooting cultings,.
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1nw QULUANgS were watered onde in three days by ﬁemaving
the polythencg sheet and lateér replacing the cheet as
before, The clay ueed for plastering the edges was also

kept wet o pxévant eracking.

in the second mathgd, a wooden frame 2,0%1.000.%m
in size wag contructed and c¢overed with polythene gheaet
{Pplate IV}, This frame Qma placad over thé‘beé of‘
“cubtings vhich was firgt watered, he edgés were gealed
as before, The sand bed was watered only when needed,
However, to maintain humidity, éprayg of vater were given
onece a werk inside the frame hy inseriling thé nozzle;mﬁ

o SPrayer.

The number of cuttinns rooted, the nunker of roota
per ceutiing and thelr avarage length were recorded after

60 days.

2.2 pusding

24243 Methods of budding,
Budding wae done on cocosa seedlings of 7 to 11
months ajes The methods tried were patch, forkert,'T!,
and ‘inverted-T', Only the standard methods of budding
were adopied except In the cese of forkert budding vhere

half the flap was cut end removed in the beginning itselfy



PLAUE TV Mist chamber method of
rocting cuttings,
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242.2 Selection and premaration of bud wood,

Budwood was taken f£rom selected mother treess
Recently-matureﬁ fan or chupon hraﬁnhes of approximately
the same girth as the regtétack, growitig vigérauély and
containing several good buds were used as budwoond. The
buds in the uppsr end vere discarded, bvre curing of the
budwoed wes done by defoliating the twigs 10 days in
advance, The budwood was collected juet before the
budding coperationc and the baéal ends of the budwood .
twigs vere dipped in water till it was used for budding

o avoid Jdesicoetion,.

The bud was inscried into the rootstock just below
the cotyledonary mark. Molythene tape was used to
completely cover the bud unienh from about two om above
the bud patch to two om below (Plate V), The tape vas
‘cérefully cut after 15 days. A month after budding, @
eut wvag given to the rootstock above the kud union to
abkout half the thickness of the stochk first horlzentally
and thenh veritically extending about four to seven om
upwards{Plate VI},‘ Afver tvo months of selon growth o
wnen the leaves had hardened, the stogll was out back _
immediately above the bud union. Ti11 the stock was cut,

+he golon growuth wos supportes with twigs to prevent damage,



PLELE Vo Different stages in budding






PLATE VI The cut given to the root stock
a month after ndding.
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Juvenile cocoa seedlings, two to four months old,
wera used for green budding, Budwood was taken ﬁrﬁﬁ
chupon or £an branches which were young and green or
greenish browns The four methods tried for older root

stocks were also tried in green budding.
3, STATISTICAL ANALYSIS

The data on the different characters ctuﬂie&,@etc'
subjected to statistical snelyels, follewing the methods
ﬂuggeétaﬁ by Snedecor and Cochyan (1967), Transformations
~ were done whereéer needed and the data analysed by the
'aaaiysis of varisnce technigue, 51gniﬁican£ rasults were

compared after f£inding ocut the critical Jdifferences,



RESULTS



ANEULTS

1. BTN PROPASATION

Seed propaﬁation studies were initiated to standordiae
the criteria for selecting the pods, secds and secdlings
in cocoa. The results of the study are presented belows
The snalysis of variance tables for tho different

characters are glven in Appendix

The first phase of the study included the assecement
of variatlion among the'lorge®, ‘*medium' and famali' pods
in the volums, weidht, number and weight of sound eceds
as well ag in tﬁe maan waelght of a sound secd, The data

on the above characters are presented in Table 1,
1,1 pod Charscters

1.141 ¥olume of pod,

The volume of the pods, determined by the displacemont
methoed, was found to vary with thce differcont classes and
variation was aleo noticed within the ¢lesses during the
different months, The large pods recorded a mean'vélame
of 615 e during December ond February vhile the corresponding
figures for January, Ferch and April wexre 291, 466 and 497¢o
'respeetiveiy, The medium sized podso had volumes of 445,

284, 407, 345 and 388 ce in Decewber, January, February,

March and April,respectively, The small pods recorded



Table 1. Choracters of the threc classes of Conon
pods in different months.
{ “ean values }

Monith Bize of No«.of L2ngth Cirth Yelome teight fo.of Ho.of .‘é:-?eﬂ@égﬁ of Aerage
pod, poda wed  Fror e N Fren geods sound  sound waioht

» ptude (o) {on)  (cee.) lgmd seods Boodm | OF &

led, fﬁ?!ﬂ? BM‘ﬂn

{gm)

garge 10 20.5 28,08 615 2 617 35  34.4 93,27 2,71
December  Medium 10 156,80 26,71 445 426 34,5 3.1 836 0 2.45
1978 Small 10 13,95 26,68 354 294 36,6 34,3 75,5 2.20

. Large 10 19,73 25,48 391 270 30 20 76.8 2,65
1oa Y mecium 10 16412 23,24 294 172 35.9 34,1  68.6 2.01
small 10 14,04 22,73 253 152 34,7 33,3  62.2  1.87

) Lorge 10 38.84 27.92 618 475 42 40,5 124,3  3.07.
TorelOFY  negtum 10 15.48 20,44 407 0B 35,6 35,2 104.7  2.97
saell 10 13,33 23.41 296 192 38,2 36,7 76,95 2,10
targe 10 16,91 26,63 456 428 40,1 39,3 115.3  2.93
Medium 10 16,31 23,55 345 304 40,5 37,3 90,8 2,60
small 16 12,3 22,42 268 236 37 35,9 91,8 2.96
‘, torge 10 10,45 27,41 497 535,41 40,6 39,5 119,15 23,02
el iwmetum 10 - 17,31 25,22 380 356 41,2 39.5 94,8 2.40
amail - 10 13,52 23.20 225 272 37 35,9 04.05 2,34

1979

Ve



354 co and 276 o in Demcember and Pebruary vhila in the
months of January, HMarch and April the volumes were 253,

268 and 228 ¢, regpectively.

Thusg iﬁ can be seen from the data presented that the
volume verled among the classes of pods and also within
sach ¢lase in the different months, Regarding the different
monthe, the pods harvested in December and February had

compardtively higher volumne,

11,2 Yelght of pod,

the large pods had a mesn welght of 617 g and 535.41 g
in December and April wnile in the monthe of Jahuary,
February snd March the weichts were 270 g, 475 g and 428 g,

raspeotively,

The medium sized pods ales had their higheat mean
walghts. in Uecember and april when the welghis were 428 ¢
and 356 g. ‘The corresponding flgures for January,Pebruary

angd M%rﬁh'ﬁera 174 g, sosvg\enﬁ 04 g, reopectively.

The small pods had a mean'weighﬁ of 294 g in Tetomber
and 272 g 4n »pril wvalle in January, Pebruary and March

the weights were 152 g, 192 g and 236 g, respectively,

It can thug be seen that the weight of the puds alego
varied among the three classes of pods and also within each
cless in the different mofithss. Among the months, Decenbor

and April recorded the highest weigh: in all the clasges,
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1,2 geed Characters

1,241 Numbexr of seeds,

In ﬁucemhér; the mean numﬁer of geeds wan 36 in
large pods, 34.5 in mééium pode and 36,4 in small pods,
This indicates that thers was not much variaticnlin the
number of seeds améng the three-clésses of node, 1In
January, the uumbei of sceds wag 30 for larae pods,

35,9 for medium pods and 34,7 for small pods while in
February- the corrsgsponiitg numbers were 42, 35,6 and 38,32,
In March, the variation was even less with 40,1 for large,
| 40,5 for medium and 37 for small pods, The same trend
wvas reflected in April also where the figures ware 40,6

for large, 4l1.2 for medium and 37 for small p@@sq

The number of geeds J4id not show much variation
among the three olasses of pods 48 also betuween the classes
in the different months, However, comparing the different
monthy, the npumber of seeds were higher in pods harvested
in February, March and April, 7he mean nunber of seads
per nod taking all size groups together varied betueen

30 and 42,

1.2.2 ledoht of sound seeds,

The gound sceeds from lerge pods had a mean woight of
93.27 g in Deceuber, 76.8 g in January, 124.3 g in Pebruary,
115.3 g in March and 118,15 g in Aprily The corresponding
figures for medium pods were 83,6 g, 68.6 1, 104.7 o,

6.8 g and 94.8 ¢ while for small pods the fioures were
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734500, 62,209, 76.95 g, 91.809 and 84,05 g, respectively,

The welight of the sound seeds in the different
slagees of pods varied in the different rmonths, The welghte

‘were hichest in the months of Yebruary, Morch and April for

sound seeds from all the olagsses of podg.

14243 Mean weinht of a sound secd.

The mean waicht of a sound seed from large pods
varied from 3,07 g in February €0 2,85 in Jenuary while in
the mohths of Decenber, March and April the mean w@ighta"‘
were 2471 g, 2.93 g and 2,02 ¢ respaoctively. The madiunm
pods gave shund geedes weluhdng from 2,97 g in ﬁ@bruazy
0 2,01 in Janusry vhile in the months of Decembey, March
and April the weights were 2.45 g, 2,60 ¢ and 2,40 4,
raopectively, ‘The variation in mean waight of a sound
gerd from smoll pods wag from 2,56 g in March to 1.830 g in
January, The corresponding welghts in the months of

Degember, february and aprdil were 2,20 ¢, 2.10 ¢ and 2,344,

There was wide variation {u the méan welght of a sead
Eoleiel e oy the threa clasges of pods, The seeds from the.iaige
pods had the hichest welght follewed by the seceda from the
medium pods while the geeds in the small pods had the
lowest weisht, Considering all the pize gf&ugs togethey,
the mean weight of a sound seed varied between 1,87 and
3+07 gs The mean weiqﬁt'eﬁ a seéé-ﬁrem larage and mediom
pode was highest in February Ecilmwe& by Marﬁh, Seeds fmﬁ~

small pods weighed hichest in Marchy
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Thus from a stud? of various characters of the pods,
it is clear that there was wide varistion in the volume
and the welght among the three classes of pods and alde in
the different months of harvest within sach cless, The
volume and walght werelhi@heaﬁ abviously for lerge nodsoe
The volune was highest in the pods harvested in Decerber
and Tebrusry while the mean welght was hichest in December
and Aprile, There waa:éat much variation in the numker of
seﬁés among the three classes while smong the differcnt
months the nunber vas hichest in the case of pods harvested
in ?@bruar:@ Hafch‘aﬁ& April,  Regarding the welght a£ maun§
meeds the three classes differed in thelr weight suggesting
differences in the averags welght of indilvidhsl séeds, The
mealn aeight‘éf a sesd was hihect for large pods an@jlmwesﬁ
for small peodes The mesn total weight of geund seeds in a
p@ﬁ'aa wall as the mﬁan.weighé of a gecd was hi@héet_in

Pebruary, Margh ond Aprils

In the second phasc oﬁlthe gtudy, the germination,,
vegetative growth,; root growvth and acdumulation of éry‘
vaight vere studled, 7Yhe lavge, medium ond small pods vere
ivided into three sscticuns namely, the pedicel end, the
micdle porticn and the distal end,. Honthly sowing of the
geedo from thase pgsi%imﬁzgraupa in the three sizgé groups

was done gensrately.and the germination behaviour assessedy



39

for analygsing thoe vegetatlve growth, root growth and Aoy

1.3 GCermination

1.3.1 Bunpper of days for germinations

R

The germdnation wes found to start on the elghth day
and continue upto the tenth Aoy after sowing, for 2ll the
ragtments,.

-

N ¢
.1'.53.:‘; ;: : -tE} 0 'M“ 4?3%‘7"“!‘.’75... ;i‘:‘nw

The mean percantagse of gormiaonticn for the Sive

4

monthly sowings are preganted in Table 2,

L

X - 2y 3 7 5 >, 2. KOS T S R “
Eorenos in rasegt of Lhe porceatada

Ks e $ omy - s ae Py PR s o . FRRES e g e e
v gerrinstion areng Uhe Gihfiferent wrastnents vas glgerved

Por tho Tocemier sowing, the nerconiage of garmination

was hishsst for T, {(99,6) folliowed by T (39,08 and ?1($8,§}

L ~T > - e, PRGN x e K R [SEE ST . =)
e lotvegt poreeniage of sgeominaticon wac Jor U, {04.3). The
. 3
. 8y Ay g IR A o LI PR TPy A I R ts B -
pRreantane of germinalice vag hichast for T, (87.3) Soliowed

by T {87.0) ond T,
Iowest porcontage wos for T, {(69,5). The hichast pereentage

& e ; : ~% e B o, P ) £ 8
af cerminacsion ifun the ¥ebruury souing wag for 7, (90.8)

3t porgentage

PN
“
(A1
.
[
st
.
]
[
T
foit
3
et
&
O

follawed by T (33.4) and 7,

mergdnation

.. 12~ e fr 4 T s ey e i o 0 .
wag o Ty (69,41, Tho mosdipium pecdenkanag o

o |

during Mareh sewing wos for T, {(95,2]) follosved by %, (9? Y,
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Table 2. Peroentege of Sermlnation of Couob
geode in SlfZerent montha

{ Mean valuvasg }

R T W N s YRS

""rm tmento Pecmber Janhary E‘etmzary March .?‘aﬁf.;’ﬁl

o ——— e v o 00520 o WY o 0 SR s
‘Tlnﬁp 83,9 71.8 69,4 99.24 e d
(70.53)% {57,51) (56,41) (85 }  {71.96)
T el 82,6 T5.6 85.6 28,5  81.3 |
=~ - {65,38) (604G) ('i?.s‘?) {83,02) (64,4}
- {623.63) (56453 tﬁv.sy (68,43) {65:69)
{?z.xs) (63,02} Sw b {7515) (57,4}
Tt 7146 5.3 90,4 97,6 01,4
{57.83) {60,18) (B2:87) (9115) (64.42)
?ﬁﬁf‘iﬁ T5.3 Q? "347 - 9%:.% @ 8n
' {60,07)  (68,85)  (57.87) (77.71) {63,44)
' €79.76) (69,59} (67.B8) (72.71) (54.99)
Tyt B5443 84,6 00,8 97.2 01,8
' {83,335 (656,921 (23.,95) (80,36)(64.75)
{83.47)  {D0.,65) (71.8) (70.74){51.58)

P = Volus 0,308 mwﬁ”aﬁa a@ﬁ“@%ﬁg
4D (040518, 35 31449 25,02 18,54 24,45
NG Mot signifioomt S

Zormed

* The figures in ﬁammmﬁsm are angulor trane

Q&& Be
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Té (97.6), Ts (95,5) and T, (84.3)s The minimum percentage
of germination was for T3€86.5}. The hichest percentage
of germination dufing april sowing was recorded for ?lﬁgogél

foliowed by T, {33,0) and Ty {B1.8)s The lowcst wag for

The recsulis clearly indicate that nedther the size
af the pod gor thé'pe@iiimn of the sead insiég the pod
{peéiael‘eﬁ@; nidale and distal end) had any siinificant
influence on the germination percentage, Honce, pods of
any slze and all the sound seeds in a2 pod ¢an be utilised
for propagatiof. ém@ng the different monchs, disregarding
the @lascaes of pods and the position of steds in the pods,
the cermination rercgntage was hichest An March (94,35),
followed Ly Pebrvary (8%,581, January (79,29), Docember:
{(78.44) and April (77.46), 7This indicated that the pols
harvested in Tebruary and Magrch will give highor ge:mination
and those harvested in Dedember, January ond April should

be avolded for propagation purposed,.

“e4  Crouth Studise -

ls4¢1 Legumber sowing.

(L) Vegstapive growth,

The datz on the growh porapoters such ag tho haight,
the gizth and the nupler of leaves preduced under varying
sives of pods and pogition of seeds are prosanted in

Tekle 3ae
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Table 3a, Shoot growth paramcters of Couoa socdlings
8t varjous intervals goun in dlifferent

ronthe,

Deconiar sowing.

Days
aftar
germie

15¢h day

R

O Vo

30th day

B o i Ol 2

45¢h day

g

Height Girth No. Height Girth No. Hedght
. {om}

Teente
monibe,

{om)

{er)

of .

1oam {em)

Ve

Qf
1nsw
Va8

dn i ooy

()

Girth ”ﬁé.@g'
tom) leaves

1&#&9
ﬁéﬁbﬁ
T wlD

"3

T D

4

€ 2
B A
5

T el B

Tgoﬁﬁ

T s Sh

°

15,74
11.54
13,74

10463
11.4%
15,06
14,03

17,04

14,20

1.34

1.34
1,34

12}

1:23

1,21

3.6 13,54

3053 15,46
4645 18,46

4,07 11,59
4,07 11,52
4507 15,74
34893 19,60

4427 20,51

4.4 15,12

1,35

pow

1,36
1.4

1433
1,29
1,24
i@?ﬁ

1,40

1.33

4,27
4,4
5.6

5407

5433

4,73

4,27

4,73

4.8

17,07
17.21

16,64

16,03 .

37911
21,01
21.98

16,56

20,01

.71 6T
1,66 7,07
1,76 7413
1,37 7
1ed  GoS
1,39 5,4
1465 642

1.52 8,13

150 646

.

0 Yo o S O A R A s 4 TN e _?&‘ﬁ p oo
P~value 2,56* 90,0597 1,68 g 00me 0,7851,58° 4,32" 0.6KC 8,07+

C@atages)z,?? D30 0466 2474 0420 142  2.74

0u21 0462

N8 ot sigaiﬁieant;

* Bignidicont at 500 lovol,
®¢ Slondlicant at 1% lovols

]
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Days
after
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netioa

Continuads
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&0th Say

T5¢h day

 Both day

it s o

Treat=
montd,

“Hoight

{om)

cirth z@@. " Teicht Cirth No,
{em)

{orm)

of
leow

Vet

{cm)

of
leaven,

Heioht

fom)

Sirth 10,08

{cm)

loaves

ol A S O i

22.53

'?inL?

?;gdﬁﬁ

R2
319483
17.04

16468
20,7

24,12

13,72

1,85
1,88

1:580

1445
1485
1,75
1,02
1,08
1.67

7,06
886
Bel6
8,03
Be2

7106
9493

Be26

. it

3§073 Qﬁgﬁ

24,19 2,05
97442 1498
23,03 1.8

33460 2,05
24,06 2,26

20,13 1,70

15,66
D73

11,26,

073
11,18
A5,

.83
10

20463
27,42
2356
23,38
20,93

3320
23:18

i o s e

43,40

2422
1,98
1.8%
2408
2238
1.95

2205
2203

2,20

12.6
12.2
11.26
12,26
11,15
10,4

1142
10.8
1@*4@

F=Volue
ﬂﬁf@;@ﬁ)

S it S

2,34°

e
5,36

§¢19 0.14

13,42 4.93 1;21
f}p ﬁ-.} 6 Y 34 ’}e Jg

?3 g

1,0‘?3'“*

&Y

ﬁ,ﬁ&“”&.

‘f}qdi

iz  .339

1,66

T
#&

oy ssif}nimcmt.
Stonificsat 8t 1%
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The heiloht of the seedlings varied significantly
at 59 per cent level on the ISth and 45th days and at
1 per cent level on the 20th and 75th days, There was

no significant varietlon at the 60th and 90th days,

There was sgignificant variation at 1 per cent level
in the girth of the seedlinge at the 60th day only and

in the number of leaves at the 45th and 60th days, '

on the 15th day after germination, the maximum

helght was 17,04 om for which was significantly higher

g
than those for T,e Ty and T, and on par with those of

Tye Té, ?7' Ty and TB’ The minimum height was recsrded
for ?4(10.63 cm)e The girth veried between 1,13 em for T,
and 1434 cm for ?1, Té\anﬁ T, vhile the number of leaveas

ranged from 3.53 for T, to 4.45 for T..

On the 20th day, the height for T (20,91 ¢cm) was
gionificantly hichery but this was on a par with the
gigures for T, and Tyo the minimum helght was recorded for

Ty (115 cm)e The girth during the peried varled betwéen

1424 on for T, L0 1.4 om for Ty and Tqe The numbar of
leaves waried betwean 4,27 for Tﬁ and T¢ and 546 fcr'Té,

on the 45th day after germination, the height for T,
(21,95 om) was significently higher, Ty was on per with
Ty and TI‘ The lowest height at this pericd was recorded

for Ts (16,03 em), The girsth ranged from 1,37 em for ?g

to 1,76 em for T The number of leaves was significantly

3*
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higher for T, (7413) vhich was however on par with T,, T,

5

and Tge The number of leavss wag lowest for Té (5.43,

On the 60th day, the helght varied from 16.68 cm £or
Tg to 24,12 em for Tye The girth for T, (1,88 cm) wase
significantly greatery though on par with those for TE' Tl‘
Tps T4 and Tge The lowast glrth was for T, (1.45 em). The
nunber of leaves for T, {9,93) was significantly greaters
but thig was on par with the dsta for TB‘ The loweast number

of leaves recorded was for (7,063,

s

On the 75th day, the height for Tg (33,68 om) wasg
significantly hicher, ?é‘was on par with Tl and TB’ The
height for T, (20.13 em) was the minimum recorded, The girth
at thig interval ranced f£rom i.? em (Tg) to 2.26 omn (Té)

while the number of leaves varied from 9,73 (T,) to 11.27(7,).

on the 90th day after geérmination, the height of the
seedlings varied from 25,16 onm (TG) t0 43.4 om (Tl) vhile
the girth varied framl,&i cm (T4) t0 2429 om (Tz). The
number of lesves at this stage ranged from 104 (Tg) to

12.6 (Tl)

The data on the height, girth and number of scedlings

for the Aifferent pod sizes are prescnied in Table b,

There was significant difference in the hcicht of the
seedlings on the 15th angd 60th day after germinatlion at
- 8 per cent level and on the 30th and 45th days at one per

eent level, At these intervslg, the helght for the

L
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Table 3k, (oot grovwth noranetors of Cocoas secdlinga
at varioug intervols gown in dlfferant
monthe, Docembaor sowing, '

oaye

agter _‘ o
gerile 15¢h day th day 45¢h doy

Trast= Heloht OStirth 3oy Helght Cirth No.of Heil(wOirth loe
mones i . S rad . . et E Y3 . £
MRES emd  tem) G5 tem) (emd T (em) (em) 5o

oy

torge  13.87 1,34 3.86 16,82 1,30 4.7 18,10 1,71 6,00

Medtum 12,27 1,22 4406 12,05 3,39 5,04 16,61 1.38 6,30

Geall 15,40 1,16 4,2 18,84 133 4.6 15,04 1,58 6.31

Ll o S R § O N . L o L
Bhn e s A » oo gt ol e Sain

o

Pevolue 4,327 2,087 1,707 20,78 1,207

iy

) b "% e
0,03 9,19" 14,7 7.45

CD {0405)2617 0417 0437 1258 0,11 D 56D 1.83 Gl Ge35

00507 DA A0 s s S 10 I SRS e 005 ) B0 IS VA S0 U WSt a3 . WA e T SRR S b

‘N5 Hot sionilionnt.
*  Hlenidicont ag 57 tevel,
#%  flonisloant et 10 loved,



Table b, Continued

4%

Tays . |
frer o -
germd- 80th day 75eh day aaLh day
notion
wragts telght Oirth fo,  felcht  Glrth  No, Hoilght Oizth Ho.
-y } = ‘ )
TS tem) em) T, fea) (em) ?ie fem) (o) ?Lg-
Vo, VO, von
Large 2128 1.84 P68 37,84 2:03 10,55 23,48 2,158 12,02
Haeddum ﬂ}gi 7 1:61 To?8 27,22 2,08 10,76 30.24 2406 1 « 27
g:’:‘a&& zztgs il?& {3‘.5? 24‘87 1’23% !O.m uuy 1‘»1 :..135' 1@‘3’1

FaValue 3,9?*

2,296,607, 4857 05,6977 p,e0 05,50

OB (0,05)2,82 Che G D&Y 206 050 Q;g?‘ D74 Del8 096
W3 ot gignidicant
* Sdrndy icaﬂt at 97 leval

T2 SAcmigieant at 1Y level.
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'saeﬁlings from small pods was significantly highér. But
on ihe 75th and 50th daye there was no aighificent
variation, The girth was significantly different on the
45th and 60th days only when the girth of seedlings from
1ar§e podg was aignificantly higher, Here also, py the
75¢th and 90th days there was no significent variation, The
same trend was reflected for the nunbey of leaves produced
as wells Therefore, it can be ssen that the benefits of
growth were not significant éhen the seedlings are three

months old irrespective of tha size of the fruit,

The data on the height, glrth and number of leaves
for the threa positions of secd (pedicel end, middle
portion and distal end) are presented in Takle 3¢, There
was gignificant difference in the helight of the seedlings
only on the 45th day when the height was significently
hioher for *pedicel end' which was on par with ‘middle’,
Thers wag no significant difference in the girth and number

of ieaves produced at any of the intervala,

Therefore, the data indicate no significant difference
~in growth characters when the seedlings are three mhths
old lrrespective of the position of the seed within the pods

(11) Roct grovuth.

The data on the length of the tap root, the longest
latefg; root and the number of lateral roots are given in

Tabléﬂkag
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sowth pararctars of Goooo &ecdlings
at vam@m intorvals somm in Qidferont
Drecminr aviAng.
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Table e Concinued

00

R0 006 TMIND IS i VT A ST A D A - b A VKL S S0 A S . A 0 St s D W
Days
afcar

s el s O &0th day 75¢h day anth

natictie

dayr

S D S O R 1 o Y Sl b o o 0O e i o o

Treats Heioht Cirth liog felight Gizth Ho, Telaht Girth
monte, f{om)  lom) of {em} {em} of {fem)  {om)
Iotw lcaw
Vs, Beg,

lineof
loge
Votie

redicsl , | | _
ends  20:84 1,71 (.81 26,87 1,93 10.48 33,63 2,01

Mladle 20493 1,79 2,23 27,70 2,04 10,27 31,20 2.11

mgml 19,61 1.74 8,16 24,17 1,959 10,55 26,90 2,09

12,02

11.38

10471

421

Fuvalue 0.55752.28% 2.087% 2% 0. 36° o.1081. 04"
fmVaius O, » 2y 337 0430 0197 1,04

0,24
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Root growth neranetors of
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Coopa goedlings

Daya
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- §
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ThHe length of the tap root showed significant
variation only at the 30th day while there was significant
varlation ;n the longth of the longest lateral root at the
60th day only. There was no significant variation in the
nunber of lateral rootg st any of tﬁe intervals, the

30th day the length of the tep root wes maximum for T,

(13,51 em) end minimum Zor T, (9,7 cml. Te, W88 On por
Cwith Tg, To. 'rs,' Tqr Ty and T,s  The lenyth of the longest
lateral root varied from 2,67 om (TS angd Tg} to 3,79 (TBE
whilc the nunber of lateral roots ranged from 20,6 (TE) to

On tha 60th day the length of thc tap root varied
from 12,41 om {T1) to 17 ¢ {T7). T™he length of tho
longest latercl root was slgnificantly higher fcr-?é(&;ﬁﬁcm)

which wes on paf with T,. Thé lovest value wag obtoined

1*

for Ty (3.93'cm), The number o lateral rootg for this
period varled from 51.4 (Tg) to 82.66(?5). The length

of the tap root ranged from 13,92 om (st o 23.44 ema(T7 )
on the 85th day., The length of the longest latersl root
varied from 5,13 cm {74} to 10,21 cm (T,) while the number

of lateral roots variegd £rom 64,33 (T7) to 147,66 (Ti}.

Considering the effdet of pod size on the root growth
(Table 4b) thore was significant difference in ﬁh@llength
of the tap root at 1 per cent level on the 60th day when the

length was significantly hicher for *small' and at 5§ per cent
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Table 4!3, oot growth paramswm af ovsa ssellings
‘ at various intervale sown in SlSforont
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on the S0th day when the longth was significanily higher for
‘lorgets The lohagth of the longest lateral root showed
significent variation‘caly on the 60th day, the ienqth bedng
significontly hicher for 'large’ which was on par with
fomall’se The number of lateral roots varied signizicanﬁly
on the 60th day, the number being sicnificantly higher for
;large' {on par with ’medigm‘) and on the 90th day, the
number being significently higher for'medium' vhich was on
pay with *large’s

Taking into account of the position éf the seed alone
{Table 4¢) the length of the tap roeot wvaried sicnificantly
only on the 60th day wiren the lepgth was gicnificantly
higher fer *distal end’s The 1ength of the longest lateral
voot varied significantly only on the 60th and when the
length was sicnificantly higher £r 'pedicel end's There
vas ho significent variation in the number of lateral roots

at any of the intervalse

(114)Dry weiohte

The date on the mean dry weight of the shoot,; root
and the total dry weight are presented in Yable 5a,

Significant variation in the dry weight of the shaot.
wag cbtained on thé’&@th day only vhile for the dry weight
eﬁ‘the root as wegll as the total dry welcht there was no

significant variation at any of the intcrvals,
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Tabla 4c¢. Root growth parasetorn of vavious
intarvale sown in Clfferent
montha, oembar sowing.

Daye
ftnr
GerTide
nm&m
Treai«&engtb E&ﬁgﬁ& Mmoeﬁ &ﬁng & ﬁmﬁgﬁh Nb.&f Zf&ﬁﬁh Lﬁngﬁh ﬂa.aﬁ
menta,of of Intorsal tep of later«a? tap of lates .

sop longest al root, longest al root. longashral
rookt, loteral rootoe loteral roote, latoralrooto,
roote . rook. POt

39th day | 60th day soth day

{om?} fomy {cm) (o) {om)  {om)

pedicel o S o o
and, 11,48 330 23.80 13,07 5,35 68,60 20,27 6,95 108,22

PRAGTe 12:44 3423 22,17 13,87 5.21 73,11 10,00 .11 93.93

nlateal
and 12,57 2,93

h?

2e53 15,18 4,39 67,46 15,39 7.09 10006

FaVailite 1.&4?’““ HS 4.,22‘“‘ 18,83%%, 33"° 5, 70" Fgm}%’b,;ﬁf%

%{Q.@ﬁ i ! Q3@ Q&ég 3133 1;'@5 ‘3@36 2\5,18 ég 34 3 g@g E‘%i Qg

1.19° 8 Qe 36

Yot significont,
Glonificant et 5% lovels
Sicndfioont gt 17 lovel,

& B 2
bd

&



Deesmner shwing

Tebde Sa. Dry welght of Cocom geedliings ot various intorvols
soun In different months,

ﬁays'
after

Gerrinaetlon.

IOtk

S3th

SOth

. wrootmints

shoot
{oer )

ot

oo}

Total
frxyd

En@ct

(m )

Roct
{oxy )

wotal

{evy )

Fhoot.
il

otal

{rxs}

'ﬁsnwﬂ

Tﬁ~%@

T e 1T

e

PR
e

i

%06

1144

T20.66

35
D33
55@@6&
T264,66
33266
G344

249,33

265,66
200

27766
282466
223465
256,56
260,33

1155,33
1420,68

G0e 66

31127.66
2056,00
332633
OARL. I3
1507340
BT 7,56

1007, 33
1568
1247

1016
1126
1046,66
1123
1194

2034

307,33

354
316,33
250G

234,66
346

362406

33350

1314.66

2OR2 .00
15@3033
14731,38
T416,00
1341.33
14653.,0D
15506,06G
TEITL00

2753 .56
2046.,606
3190
2510
3033432
2IEL 56
2350
2540
2960

410
513,66
392466
413.33
396
372,66

3176.83
3374,66

3572.00

Palilon
CR [ND35)

- ey
{),E}ﬁ .

257.0%

FL

102,92

f:} - g?ﬁ' ;5‘;

321,03

135,57

T ey

| D96
137,44

3,49%
257.71

3.204"8

@ugg:?“j
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The dry weight of the gheot ranged from 63¢'mg (?92
to 1144 ™ (Tz)‘while that of the root varied f£rom 200 mg
(’Ts) to 277.66 0y (’1*-4)@, The total dry weight for the zame
period varled from 877,66 mg (Tg) to 1409,66 mg (Tg),
om the 60th day the dry weight of the shont was significantly
hicgher ﬁar'Té (1569 mgle Tha lowest welght recorded was
for 7,(1007,33 mg)s The dry weight of the root varied from
290 mgy (Tﬁ) to sézgeé'mg £T83 whille the total dry weight
va?ieé from 1314.66 mg (?1) £0 1922 wg ng), on the 80th
day the ﬁrﬁf&g'the ghoot ranged from 2260 og (TQ) to ,
3033.33 mg {Tg) while that of the root ranged from 372,66meg
(?QD to 518.66 mg fTS). The total dry weight for the same
period varied from 2632,66 mg (Tgi’tm 3572 mg (TSJ.

Considering effect of the pod size alone (Tadble 5,)
the dry waight of the ghoot showed significant variation
among the pod siz@égen the 30th and 60th days when the
wolght for ‘large' wos significantly higher, The dry weldht

of the roeot @id not show any significant variation at any

£y

of the intervals vhile the total dry welght shoved
signiiicant varlation only on the 80th day, the weight for

*large' being significantly higher,

Taking into agcount the effect of the poégition of the

seed (Table So) the dry weight of the shoot wasg

sigﬁificantly different on the 30th day, and 60th day, the



Table Sbe Try weight of Cocpa scedlinns at various intervals

sown dn Jigferant months. Decenbsr eovings
Days afver : aoth
gerninstion - 3th - &oth ot

Treatments | Thoot | ot | Towal | fhoot | foot | Total  thoot  Rsot  Gotal
: {z“*}} oy ) (e} (mg‘ {m3) sy ) o) frog )

Lorge 923,85 238,33 1I161.08  $1274,33 2325.03 1650.00 032,70 441,77 174,50
Pediury TI0.66 251,33 1002,00 1062,80 323,33 1306,22 2770.00 840,44 3210.44
fmaldl 732,11 256,55 909,66  1133.06 347,22 $490,.03 238337 300,66 2774,00

., PR . PP - _ . . N PR . ’ T -

revolue  4.04% 0,220 2,050 g.9 e 0,307 4,57° 2,90 0,090 06205
CTAGLO5)  1a8.94 59,42 185,35 107,14 6700 148,79 510,43 91,55 560,85

. _
85 liot s*i*ya& 4 "“vt.

@ SELnASECINL an 57 lovels
#e  sfomiifoont o 1.»"! : lavel,

8G



Table S0, Try waicht of Coons ecodlings at varicus intervals
gonn An 4 £ferent montho, Decdermher cowings

Rogs aftor abr ' e i
permtaation 0th 60th 2Oth

vreat(wnta Choot ' Noot fctalA ot noot Total Zhoot a0t ’nta
(s} ) (rg} ) o) (o) {mo} (o) {med

redicel and B827.550 261422 IC38,77 I048,78 - 340,22 1395.00 2527,22 416,16 2853,.30
adle FATBG 025D 11D1.22  I206,00 335.55 10631.55 2040,00 444.22 3204.20

tlotal end 0 671,11 222,448 £93.05 1I25,89 314.66 1440.55 2?08@59‘&13.¢4v 312%.3%

o BE o cmr vo cee o DT mes an L
FuValug Go7HW  L,20 7 B.ETR 12,3% 0,497 6.20%¢ 0,787 0,317 0,74

ColD.058)  14B.94 59,42 185,35  107.14 67.00 143,79 510,43 1055 '%&3.85

B8 Rot significant.

b Sianifleant at 57 lovels
# Hgrd leant ot 100 Iovel.

66
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weight for ‘medium® being significantliy higher, while there
was no significant difference in the dry weidht of the root
at any of the iﬂtEfvala; The total dry weight waa

significantly higher for *medium® on 39th and 6o5th day,

1,42 January souind.

(1) Vagetative growth,

The dats on the hedght, gixth and number of leavés

of the seedlings are presented in Tablie 6a,

There wag no signlficaent differcnce in the heighé,
agirth and the number of loaves produced in the saedlings
at any of the int&fﬁaie of recording. The height of the
segdlings vaéieﬁ betwaen 12,87 om iTgilanﬂ 16,59 cm (T4)
on tha i5th day after germination. The girth during the
pariod varied between 1421 em (?g) ans 1,46 am-i?éi while
the number of leaves vae minimum in T, (3,73) and maximum

fn the 30th day the heidght of the seedlinss varied
betweon 15,68 cmv(TE} and 18@29 em {5 ) while th@ g&éth.
varied from 1.48 em (T, and ?%)'ﬁe 155 ‘om (?3)%; The
number of leaves produced ranged from 4.27 {Tﬁl ie 547(?239
On the 45th day after germination the maximunm hedght way
19,01 om (Té) and the mindmum 1&,26q§m (Tg)e The qiﬁﬁh
for the periaed ranged from 1452 em}ﬁ?g)-ta 1,63 em (7y) ond

the number of lsavas from 6:?7 (Tilftﬁ g (T23,



Teble 63, Shoot growth parsmotors of cocca secdlings
at vardcus integvols gom dn different
onths, Jonuary ooving. '

Eaye

agtexr , . ,
gormis ibth cday , 30¢h cay 45¢h day
nation. »

Troate Wedght Girth No,0f Helght Girth No.of Helght Girth Ho.of

PEBEEY - (em)  tem) 1927 (em)  (om) 2°OVEE (em) (om) D02~

TyeLP 13,89 1538 4 15,85 348 5 17,33 1.63 6,87
Towld 32487 146 3,93 15,68 1,52 S.7 17,28 1,54 8
SLD 14,87 1439 3.0 16,88 1,55 4,6 16,98 1,36 7.13
P 16458 1433 3.8 19,02 1.8 5427 18s26 1.6 7407
T 15,82 1,38 4 18,29 1,52 4.5 18,92 1,59 7.3
Tl 14e] 1431 3493 19.08 1,51 4,27 19,01 1.59 6,97
TaetP 13,43 1,25 3.73 17.12 1448 5,07 17,34 1,50 7.27
TGl 14433 1,38 4413 16488 1,53 5,13 18440 1,56 Va6
Tge00 13,07 1421 3.87 15.88 151 5 16,26 1.52 7.33

PR S o -

FaVaiue 1,82 0207 0,418, 325855

1.75% 0,47 0.68" 0,88
CDU0,0532,55 0,38 04602 Jo41 O.14 0876 2.78 0,10 0,78

- PP . _

O i e NG i <A T e iy MO SV Ny e ‘ 5 A " AL g W ol s S

NE ot signdficunt,



Table 6a, Continmwrd
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notiohe

60th day

15th Jday

aoth day

xiair’ht Gtrth u:,’z;.,..f.sf} Heﬂfhi; Cirth ﬁm,daf *@ni it M S:Lh “?3222
{em)  (am) i;g: (em} (om) (e i?é”
10,77 1,66 BaB  20.91 1,69 25 1470 945
1733 1,55 9466 20.34 1,66 X 37 1,79 12413
21412 1,64  9.73 21,12 1,68 1,76 13,71
19,10 1,57  D.45 21,01 1,73 1,72 11,93
22,28 1.68  £.93 25,01 1,72 10,52 1,72 11,7
1963 1459 S48 5,08 1,60 10,96 75457 1,67 10,46
22,21 1,58 8,8 22,54 1,62 1,63 10,73
21,57 1.63 9,03 21,57 1.62 T2 1,69 11,06
10,96 1,57 2,33 12,96 1,61 1,64 10,53
PaValug 0.66° " 6.93335!39“59.64““'m332 0.32“*1.31‘”
CiND.05)7:87  0.15 1,90 7406 0,20 B0 0,10 3441
h’ .y v e l - —eip

Hot glonilicong,



The height of the secdlings Qariea between 17,33 om
?23 and 22,28 om {TS) on the 60th day after germination.
The girth during the perlod varied from 1,55 cmﬂéTz) o
1.68 cm.(Tg) wﬁile the ﬁumbér of leavesn varied from 8,33 om
{Tg) to 8,73 (?3), The maximum height recorded at 75th
day after germinaticn wasAzﬁﬁaé &m (Té) and the minimum'
204,34 onm {?2), the girth for the same peried ranged from
1,60 om (Tﬁé to 1.7¢ om §T53 while the number of lsaves

produced varied from 9.3 (95) to 11,83 ().

The maximum height observed was 25,97 em (T;) and the
minimum 21.25 em (T13v@n the 90th days The glrth during
the period varied from 1,63 em (T,) to 1.76 om (%) vhile

the number of leaves varlisd from 9,6 ﬁTl) to 13.?1(?33.

Considering the effect of pod size slone (Table 6bL)
thare was fio significant difference in the heicht and
nunber of leaves at any of the intervals vhile the girth

wac significantly hicher for 'large' on the 15th day only.

Taking into account effect of the positicn of the
aeed {Table 6e) there was no sionificant difference in the
height and girth of the seedlings at any of the intervals
of recording while the number of leavas producad was

significently hicher on the 45th day for iMiddles
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Table 6b, fhoot growth parométers of cocsa sccdlings
© at varioug intervals soun in dilderont
monthae January sowinge

feys
after , _ .
erEd e 15¢th cay 3oth day 45t SGay
ﬂéﬁ!"ﬁimi '

Trpate Haloht CLrth Ho.of [eiaht Glrth Ho.of Helght Girth Hoeof

DONtSe g 10w oay o) ASEs oy fomy 106
{em) {om) VOg, fei) {oom) Viga (em) L5 VEGe

20y €W S0 2 & S35 s sy 4 ey

Lorge 13,87 J.451 3,51 16,14 1,52 5,08 17.16 1,59 7.3
Medlum 15,30 .35 3,91 18,13 2.54 4,71 18,73 155 711

fmall 13,63 1.27 3,91 16,83 1.81 5,06 17.2? 1553 Ted

TP na 5

. g £10 O & it 335 ke £ AT i i
Tl i ue 3;,‘?;*4m 3.09%¢,00037 2,446 e 42 12558 261700 e P

CIH{0.05)1.85 0.10 0,34 297 0,00 0,50 1,61 0.006 540

I 105 474 Nt 30 .5 A I S SIS P e W L S e i rers e U QT W T 90 TR IS W U DA SRR LA T ik S A 0 men v 0
HS Hot siondf fosnt

* Slondficont at 59 level,

o~ g5, n -, 4 Amy



65

Table &b Continued
D W 0 o o e ““‘ii:::-‘ S PO s e
Days
afeer .
gorintle 60th day T5¢h day gnth dey
&h‘QBHn T

Trmat» Wﬂiﬁﬁt Firnh H@,aw Hasth el rﬁh u@.a& Hﬂignt um:th hm.@*
monige  {om)  fom)  lege {em) {em) logs  {om) {er) lagw
‘ Te8 LT 3 - vess

T ” S . » DR o i ; - i N T~ - e

Large 18,40 102 9:40 20,79 1.87 10,44 I2.65 1,72 11,81
Madium 20,34 1.61 866 23,55 1,67 10,20 25.56 1,70 11,06

Emall 20,91 1,59 9,08 21,36 1,62 10410 23.07 1,65 10,77

BE L3

5212751 ,02% 1,195,683 %0,05%°

FaValus 0,24 2.6158 4,078, 5587

CR(0.0014:54 0s13 1,10 4,08 0,11 1,61 2,90 0,10 1,97

N R o o o . " .
R IR AN B e e al o : " iy

; s Sl . i
e

R Bot signiiicuont,
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Takla 80, Shoot grouth parasmeters of cotos secdlings
various intervals sown in differcent months,

- : PR3
Janungy aorind.

Baye

aiter

gered- 15¢h day nth day 45¢h day
”ﬂtigﬁo

Trents Peloht Clrth Mn.of Moloht Sirth NHo,of Helpht Gleth No.of

pontse {om} tem!  Yooe {om) {omy - leas  {oms {om) lens
- ves, Vol ves,

Padined , o _ . -
and, 34463 1433 384 1700 1032 5.1i 17.58 1.5 7.06

HASAe 144,14 1,40 4,02 316,95 1.%52 5,123 18,20 1,58 7,83

Distal 14.01 1,30 3,87 16,95 1.32 4,67 17,30 L,58 7,14
end,

PRy . 0 i o O 2 S B N 0 - e St . ey SO o 1 B O i
aes . '
0% W 3

N WAL LR e ETRN e R, M
FalVaiug 0od5 14780 0087 0,02 000 2,08° 0,817 0,617 §,08%

TR{S,051145  CulD 0,349 1457 008 9,50 1,61 0,06 0,45

b ik 4 . _ e , s
ity SV o 4

b EE Not sionificant
& > . o

D
L
T
T4
=4
ot
¢
e
114
L3 ]
b3
G
<
1%
b
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Table &o Orntinuved,
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Daya
aftar ;
carinle GOth Say T5th day goth day
notion
Treagte izight SGirth Ho,of Helo ht Girth Ho.of eicht Cireh Uo.o0f
montae (om)  f{om)  lese  {om {cm) leas {(am}  {om) lede
VER G "ﬂ&. VeRe

- - e o s
pediced ,

and, 2036 1,60 3,62 2149 4,87 10,00 23,50 1,80 10,45

MlEdle 20,39 1.62 9,37 21:99 1,867 10,51 23,36 1,70 11.63
datal . . _
Gy, 1580 180 8,58 22,30 1453 10630 24435 1.69 11,97
M e [ L

TeWalun D08

CR{Q.0554,.54

Qgﬂ7 R

G.Oﬁ”

il

Q.82 nias“ 0,307 0,08 5,900

0,10 1,10 4,33 06,11 1,61 2,90 D0 1,97

Hot signié

oot
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(11) Root growth,

The data on the mean length of the tap root, length
of longest lateral root and the nunber of lateral roots

arg given in Table 72,

There was no significant differenhce in the Yength of
the tap root and the length of the longest lateral rost
at any of the intervals while the nunber of lsteral roots

showad signiZicant variation on the 90th day only,

The maximtm length of the tap root on ihe 30th day
after germination was 14,09 om (?5)-eﬁé the minimum wvas
12.65 (Tg). The lemgth of the longest lateral root for
the period varied from 3.11 om fig}'to 473 om (Tg) while
vﬁhe pumber of lateral roots ranjed from 29.33.€%1i to

39 (Tg)i

On the 60th day aftey germination tha'maximum langth
of the tap root obgervad was 16,5 om (ﬁs) ané'ﬁhe‘miﬁimnm
13,585 cm-{Tl and ?2) while the longast latorel root varied
in length from 3,93 om (Ti) e 5;93 om {T5§g Eha;nnmber
. of lateral roote for the perioed varied froem 31,33 (T13 to
44 (75 Je

The tap root veried in length from 14,08 em (Ty) to
17,38 om (Ts) on 99¢h day,vhile the loncest latersl root
varied in length fr&m‘d.i& &m to B.24 ome The number of

lateral roots was significantly higher in T4(54). T4 wan
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Bent grovth noramgteorsg of Gooog secdlings

at varicug intosvals somm in AEfaront

menthoe

Jaguary gowing.

A sl

Daya
afrar
germni-
natich

S 0 .

30oth

s o o v

Say 60th doy

anth doy

e %

oot
morts,

Lionath
of tan
ront,

{em)

tennrh Ho.of lerath length
of lonelatér-of top of lon-
gost. al root, gent
latorel roots latercl
{om) {csn)

vy

Nol,of Langih length o,

loteren? ton of boe of

sl raots  Geet lote

LOHGUR laterad zral
ECate YOOl

{om)

13,37

12,76
13.1
13,19
14,08
12,85
$34%1

#r 13,98

12,65

387

em)

25,33 13,53 3,93

3443 30,33 13,58 4.56

4,42 39 16,04 5418

4210
“}ﬂvg

14411
4 1645

4424
5493
d43€
33 Y4030 4,02

14,73 4,6

4 13,59 €452

{om)

15,41 824

15.81

30,66 43,332
43433
54
40

47

15,40
17.38
14,02
47,35

B9 33

36,60 14,00 47,66

s » i e i ~

Feiipiue 0,28

CH{0.0532,00

1

te

we

1.36

1.24

307

7255 5,30

2 O bt 038 .
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2250 12,30
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£,13 4,96 5,77
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on par with Tq, The and TB‘ ‘The nunboer obsgrved wag lowast

for "l‘l {43,60).

<

‘ e b laps gl It eyl e e Ty ry
Toking lnto account the size of whe nod only {Toble 7b)
thore was no sicnilicent differnee in any oF tho root

characters at any of v intervoels of recoording,.

- T Ty g oy g S R o s gy A P 3 g %
Considering the mogition of tha soed alene (Table 7¢)

there was no sicaddlcant Sifdarcnce in ©ha lonoth of tha
tar root and the manber of the lateral roots at any of the

3

intervals of regorsing., +ha langth of the longest lateral

root was sicni-jcantly higher for 'middle’ on the 30th dey

oniv.

(4i1) Iy woiche,

The swan dry weidht of the shoot wnd the root and the

total dry wveliaht are nresented in Table da,

3

s
¥
&y
&3
o

o - ot in s
Thore was no sionli:

cifferenue in the dry weight

S T, L T e Taan e pumnds apn s ol n e T QoL
of the shoot and the root ag well as tho wotal dry walght

at eny of the intervels.

on the 30th Joy after gormination the mean dry weight
of he shoot vavied E;Dm 750 mg (T.) to 10486,22 (Té) vhile
that 2Ff the ool varied from 194.66 g iT&} D 249 gy (Tl}.
Tho totol dry velght four tha sme poriod ranged fron G969, 33mg
{T,,} to 1230.39 wy {?H}w
She dry weicht of tne shooi was hichost for ?5
(1556,56 my) and lewvost Sov ?9(1155¢65 txy) while that of
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Table b, Root growth paramcters of cocoa socdiings
at varicus intervals soun in Jdifferent
ronths, Jancary sovwind,

o _ PR . -

Laye
agfter

Qe Tl 3oeh day aoth Jday 2oth day
notion ‘

¢ Fhon Gl it 2 , "

Trente Longth Lengily  Bo.0f lansth anzth fo.,of Length Length Hol.oi
rirnts, OFf tap of lons Latoresf tap of lon-lastor<of top of lon- lates

oot oeat al racste geot &l root. ¢ost | ral
lateral roott. latoral roota lateral roots

{om) {om) {em) foo) {om) {em}

iy g = - " ¥ T oo vy Tl

Targe 13,98 4,26 32,88 14,30 4,55 37,33 15,66 35:23 46,77
Madium 153:43 3458 34.4% 15,04 4,84 40,44 15,87 7.00 40,606

Eril  10.04 3,60 34,370 14,28 4,37 35,85 14,00 6,17 483,44

T £ N S A 2 A B 13 - al S B T o 0 05 Wl RN TR S SASE IR B WIS S AT 7S ey sy it

~1 L S o R "% P g o g o E 3
. 1“7“‘ b o ey Py LY e Lol mf,

Ty goe & Y ; ¥qf , PR i 5 R o oL
Pt G080 " 5443 Qed4’ " 013

o By [ #o  ER A Aoy = 32 w4 € - W e - @ -
CRi00% 5801 78 %4305 P PR { w40 Sanid ce25 3,33

L ot glomilioont,
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Table 7o, fioot growth porametcors of coocos gecdlinge

at variosus invcrvels sown in
SNy souving.

nonths,

diflerent

Bays
after

germis-
OO

3Gth Gay fnel day

goeh dry

fredatv

ments, 08 tép of lon=

Rt  Guel
latoral
ronts

later<ng top
0l ruots
roslee

agaot

oot e

fomnd fomd

poveve

length Length No.of Longth Lemyth No.of iength
of lon~ istor-of wap
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Table 8a, Dry u@i}hg af coon gecdlings at varfous intorwvols

Cmoun in &

if feront Nﬁﬂtﬁﬁt

" . .

Januany a@awng‘ .

Wayﬂ
aftor

gerninotion,.

3oth day

- O0th day

oy

Troatoents

Shaéh

{evy )

Root

Total
{ovr)

Sh@ot
€m53

?ﬁﬁ&
{ear)

Tatal

{1)

Shoat

(ovad

oot
{my)

| ?{iﬁ&l

{3

‘Tﬁ_n‘ I

Wl
13 A
T4
T}ghf%éf
T w0
m%.?@

m c"a

g
iﬁﬁﬂq

993552

?50
877,33
245
870
661,67

D53 460

(i)

049

21

1157.82
195,66 1177,23

210,66 960,66
224,03 1102,16

236,65 1101466

194,66 1064,66
20766 069,33
234,66 1299.59
107466

1353,33

1259

1417,5
1366 .66
1556,66
1503,33
1422.5
1494
1166 ,66

266433
241,66

266,03

293
324466
307
224416
244,66
241,33

1619.66

149156

1664, 33
1664,86
1991, 32
1919, 33
1636,.66

1 733 m’&&‘

1493

35075
13@3;3@
1636466
10596,66
1202
1541,66
1766,65

1753,89
| 367,33

2100

317,33
437,33

636,66
43,33
543

317,86
417,33
356,466

1914.83
2240.,86

2073.33
23:5.00
235000
1959, 23
2184,00"
211555
2457, 33

Ehvalue"“

CRAGL05)

T o A

X S'j;r'} o
gl SAD
2,427

230455

éi’?ga 16

o.»arﬁ
05,3

D L34

f AT

0,32

"\3’6&)

FT“

0.3“8
B634 37

O.,'?sz?

2%;5@
o

0.8
241,07

"S

flor cionificant

E4
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fre)

the root was hichest faor T5(334.66 ) and lowest for Ty

{224,156 mg) on the 60th day. The total dry welght for

the gemc potrilod varlel bestueen 1408 mg forx TQE and

1&91 3@ NJ -‘l-u... !:56

on the 90th Jdoy after germinetdon the maminum dry
weight of the shoot was obtalned for T, {2100 mpy) and
the mindmum for ¢, (1541.66 mg) vhile corregnonding figuras
6 : £ 3

for the root wan obtaine? for T. (543 i) and 71131?.33 relde

LRa

varlied £rom

q

The totel fry aelaht Lo the samz nord

ur

1359,.37 mn for T, and 2467,33 oy For T

e

Taklng inco account of the edfeet of nod size olone

{Takle 8b) there was no aioniiicant difigrenas in the Jdry

welaht of Ythe ahoot and the total dry weildhl at any of &he
intervoles of recording,  Tho Sry usiont 0. “he roobt was
signiricantly hicgher for ‘modium’s,

-

Tongidering the affset of seed positicn by iltseld

1

{(Talble O¢) the dry walght of the sheol varied gigniiicantly

)
¥

on the 20th day oniy whaen tno welint was signlliicontly

$

vhile thare was no gsinnilicent diflerrnon

at any of tho intervels of recowding, “hie total dry weight

VRS s;cni,irant?y hicher for ‘middle’ on the 30th day alonz



Table 8B, Sry welcht of cocea secdlings at warious Intervals
sowm in different months.

JOnUAry SoWinge

Days aftar

germination

30th day

6oth day

90th day

Treatments,

Shoot

{mg)

Ramt
(o)

'Tbtal
{oney )

"§h®@t Root
{mcy) ()

Total

Large

Medium

Small

870,83
897.44

857,18

218,72

22111

109860

1116,16

107829

1340.27 258,27

1475.55 313,22

1357.,72 236,72

FalValue
CR(0.05)

| K
Qadd
121,55

0.0043°°

5’1’ - 25

0.127%  0.537° 5,14 @
161,17

299,08 51.65

'foﬁal ‘ Shmct' Ha@t
{mp) {mg) {ma) {m)
1598.,55 1679.18 297,11 2076.,27
1788,77 1746.77 434,66 2181,44
1594,55 107518 300,44 2255.63
1,047 o.50"%  0.81V% 5,30"°
332,770 30298 6T T2 4B 5%

Na Not sicgnificant

® Sionificant at 5% leval.

G



Table Be, Dry weight of cocea seodlings at various
Inkervale zowmm in Jiffercnt TOnihS.
Janusry sovincs

Dayo aﬁé@r'
germination

Y

Iroawmsnhe

Shogt
{mez )

{mvy

o o
{m}

Torkal
(o}

Shoot
(o}

oot

o)

Toral

o) _

Choest,
{3}

Heaoyd,

(g s

W Sty
W -ty

Pediacl angd

“M&"‘?f}le

Tatal ond

93496

22716
BA2400

2.3’%3: 1@
1316,63
103333

13775
1433.55

1362.,5

.

262,93
273,66

271,82

B4 3S
177122

1624.32

175361
1733.07

1753444

391,90
447.33
373,98

rwifaiue

824,55

5,029
121,55

0,217

61,25

Je61*
161,17

Ggiwﬁ&

296,08

p.

53 460

013"
322,70

o

D2

332,99

&t
Oedt
67,72

-,

88 ot significont. B
* Cignis lcant at § lovela
*s Clendgicant at YWlawel,

R4

32
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1.4.3 February sowind,

The data on the height, girth and nunber of leaves

of the gzeedlings are prascnted in Table 93 and Figure 1,

Thers was no significant difference in the height
a6 well as the number of leaves at any of the intervols
of recording ﬁhile thére-was significant difference on
.ﬁhe‘giéah on the 90th day only. The hoight of tha seedling
ranged ﬁzam 15a23 cm’{T73 to 17,41 cm‘(Til while the girth
ranged £rom 1433 am (T,) to 1.49 am (Ty)e  The number of
laavas produced during the period varied from 3.67(T3)
to 4,07 (Tz)!

on the 0th day after germination the maximum height
obhaserved was 21.%4 o (?S) ﬁﬁﬁ‘ﬁhﬂ mininum height chaerved
17.7 o ng)! The girth varied £rom 1.34 om (Tg) to 1.55 em
(Ta) wﬁile the number of leaves varied from 5,47 (Tg) to
7 (Ts), The height of tne gsecdling ranged from 19,5 om
(?7) £ 33,48 om {?63 on the 45th day after germinacicon
while the girth for the geme poerioed ranged from . 1.40 om
{Tg) to 1.56 ema(Té)y‘ The nunBeyr of leaves produced wag
hichest for 76 (7.87) and lowest for T1(6.53).

onthe 60th day the moximum hoight cbservesd was 26,48
em (Tz) and the minimum 214,45 om (Tl) while the girth
ranyed from 1,52 on (Tl and T4) to 1.86 om (TB}" The

maximum nunber of leaves produced was 10,46 (Ts) and the
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Table Pa. Choot growth parametess of cocga gscdliings
' at various intervals in Aiffcorcnt months,
Telnp:ary sowing, ‘

Daye

agtor .

netion Sth day a0th day 45¢n day

Treat= Helght Cirth lo.of Hoedoht Cirth 12:3,91? Hedight Girth %{ﬁ,aﬁ

mentse ' letaw oy - Epwny  ACEW o Clim
{em)  {em) von, {om) ~ tem) o™ (om} (&) Gog.

T,eUD 17,41 1,43 3,92 20,12 1444 5,87 21,24 1.47 6,53
TAW 17423 1,39 4,07 20,68 1,51 6,853 21,98 1486 7453
TelD 17,14 1,38 3,8 20,80 1,55 5,07 21,42 1,54 7.8
T bR 16,93 1,37 3493 20.58  1.49 5,53 21,896 1.51 7,53
PE 17433 1,38 3,87 21,54 1449 7 29,20 1,54 7.2
Te='™ 17,23 1439 3,8 19,62 1,5 6,27 23,48 1.5 7,97
TaEP 1323 1,33 58 1903 142 5,03 19,5 1.46 713
T 16653 1445 3,67 10,08 1,42 6,13 2046 1454 6.6
T w00 16,07 1433 3,73 17,7 1,36 5,47 19,6  1.40 5,67

o We " s3cn - fn?;’ '* ‘ _ ‘ - f, " 'zr‘ e mr a;«, V ey Fals
TeVolue 0,150 04607 04157 0,17 1,487 0,27 0,207 0,861, 24"
CB(0,05)249% 0,21 0471 5.027 0,12 0,62 4,03 0,17 1,35

He lpt sionifidant.




Table %4, Continued
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i .1 Sy . il i 903
Lays
after
germnls
nation,

-

énth doy

75¢h day

ooth day

Trecte Height Oirth MNo.of

mente, (om)

{om)

b ¥-T. 7
VES,

Height

{em)

Sirth Ho,of Helohe
108w {cm)

(am)

WO,

Cirth Ho.of

{cm

}

1o
VB

?in&? 21:45
Tomidl 36440
Tl 22:36
?ﬁﬁﬁﬁ 23:74
T =P 22405
T?@mﬁ 23,08

1452
1.61
1,66

1.52

1e60
1.60
1,62
1.60

1.58

7496
10,4
Ga93
8.3
10446
B8
o506
503

S.16

26434
27,91
26,57
23,26
29,55
24,69
24,20
25,04

26426

1.64
1,61
1e75
1464
1.8

1,64
1,63
1464

1.6

1.8 3 1,39
10453 33,27
10,9 36,19
11.0 - 20,37

1.4 304,60

10,33 2147

i

2,12
173
2404

1,95

1¢97
2214
2404
1,96
1,90

12,67
11,8

12,23
12,93
12.97
13,8

12633
11,13
11,73

- ————— e S o e s o i s e b

Patlalue Qigsﬁﬁz

CD(0.05)4,67 0,19 2,36

Geld 0,24 2,15 13,54

I I A L me e
Ve 0S4 07T 0,07 0,027 (3,427

2,05% 0,35

G

D18 2.1

¥z, Hot sianifloant,

bl

* fidgnidicant at Slevel,

s
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minimum 7496 (Ty).

The helght ranged from 23,26 om (T,) to 29,55 cm(T5)
oh the 75th day. The maximum girth observed for the peried
was 1471 cm-{?s) angd the mindimen 1,61 om t@é and Tg7. The
nunber of léavea produced varied from 9,8 (?8} to 118 (Ts).

The height of the seedling ranged from 28,25 am (Tg)
to 36,9 am (7,) on the 90th dey after germination, The
'§izﬁh‘was aigniﬁicantly higher in T6(2.14 cmde 1, wag on
par with Ty, vz’3,' Tos Tge Tg and Tgs The minimum girth was
observad for T,(1.78 cm).

Considering the main effact of pod size by itself
{Tabla 5h) thaere was no sighiﬁzaant diﬁierénce 150 the
height of the gecdlings at ony of the intervals while the
girth and number of leaves produced showad gignificont
variation qnlylen'ﬁhe 30th day after germinationy Tho girth
wae aignificantly higher for. Ylarge' while the numbter of
loavas produced was &igﬁiﬁiaant§ for ‘medivm' Suring thié

Pased on the position of the seed alone (Tsble Se)
there was no significant difference in the helght at any
'oﬁ‘the intarvals of racording while the girth vas
'sighséicanely‘higharvah the 90th day only for*distal end*,
The number of Zéavaa produced wag significantly higher for
'middlet only on the 30th days |
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Teble Sb, hoot growth parametara of coues
senéilings at varﬁm;a intervals in
Jdiffarent monthy, Februasry soving,

St s e e o B
gﬁiﬁf 15th day soth day ASeh any
4131 uiﬁ'h

o o Vo X N

Progte .éés@m Birth Nolef Hoiohy Cirth Ho.of Holgh e Ciren :Eﬁ.aﬂ

MRS (em)  femd 222 gem) (gmz;igﬁz (em) fomy 100

Large 17425 1ed4 3,93 20,53 1.5  6.08 21.55 1,52 7,29
Madium 17,16 1430  2.86 20,58 1,40 6.6 22,54 1,51 7.53

Small  15.54 1,33 3,73 18,66 1,30 3.81 12,90 1,46 6,3

PuValue 1.647° 0,049, 56" 1.25?‘5 CB.61%%11,024#2,00" 0,005 2,017

CD{0,08)1459  Du11  Oad 2480 0,06 0435 2,32 0,09 0,78

HE Hot signiiicant
LAl Significant at 1% leval,
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Table 9h, Continued
Tays '
afger = j _ ,
garmde . 60th day 75%h day Sth day
riation -

Treatwe  Height Givth Hoeof Helght Gireh Ho.of Helght Olreh No.of
wentle  {om)  (om) 1098= {om}  {om) le®-  (em}  ({emo 102

Larae 23,43 1,60 8,10 26,07 1,55 10,5 38,05 1,98 12.23
Meddum 23,79 1,57 9,22 25,83 1,69 11,00 33,74 2,02 13,2

Small 23,39 1,59 8,92 25,80 1,63 10,13 331,06 1,99 11.73

N e S M SIS T A R T S DS Bh RO N Wt Gl T S YA A A D SRS AS AR MO O SN 55 ooty st

e il e i

: ; R Es F ¢ - SN PN L N SR .
pevalue 0,127 6,1370,10 0, 1677 0,487 1,177, 35%%, 95573, 33

CD{0,0512,69 011 136 3,77  Deld  1.24 82,84 0,10 1.21

BE  Beot sicmiiioant,
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Tabla 9, Shoot growth parameters of ¢oces ssedlings
' ﬁt Vﬁfﬁ@u$ intervals sown in difdarent
ponthoy  Tebruagy sovdng.

ge&m:i— © 15th Qay 30th day . 4%th day

_“mhﬂ_m_ SR ——————— e S e
Trodhew H&iﬁmtvﬂisﬁh aumﬁ #Hagoht ﬁﬂsth @ﬁg@f wwiﬂhﬁ Gireh ﬁa;ﬁi

- montay  {am) (onl lode 'camz fomd  leaw {om {om) o

rediesd o ) y o
end 16682 1438 3,09 20,00 1.45 6,07 20,87 1,48 706

Middle 1?¢Q3 i,&? 2400 20,89 1,47 6,55 21,62 1.5 7.1

pioeal - o o
and 1@;33 1.8 3;7? 19;37 lgf@ﬁ B206 BL.50 1;‘3@ Te44

Puvlue hé’?“g“ 003" @.1:3?”5*‘ .F,s?ﬁ 018, 7ee a.:’a"mz.w‘%qéﬂf‘

COI0.0611,69 0,11 08 2,89 0,06 0,35 2,82 0,09 0,78

baicao e B A bou Rt 2

H5  Hot significant,
#%  Siondficant ab 19 level,
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Telle 9, Cantinued
ﬂays
aftey : _ ,
gertle GOEh day T5th day 9oth day
nation :
EY ol 1k ’*ieif‘?% &irﬁn %’mmx *%iﬁhﬁ c"irm ?'Ie:.m. izemm & ﬁ,rth 3*&:: .,am. :
mentse f(om)  {om) leaw {om)  {om)  leaw tom) {am) ieae

VESe Ve, ves,

enfle 207 1,55 8,07 24,62 1464 1.4 34,93 2,03 12,66

MIA1e 24,48 1480 0,96 27,50 1.65 131,13 31.33 1,91 11,62

ool , _ »
Lok P 23408 160 940 ‘25;1? 168 10,4 32,4 2400 12,53

239 =2 $"! e I iy er - . T
PoSalue 2,000 @.65”"3.@“ 1ot @.”3* 1,010,467 g.93% 0,93"

CO(00512.68 011 1,36 2,97 0,14 1.24 G.04 0,30 1.21

| N i B ok e i o e 0 O o o i B S50 0 DO A 0 0 il 0 4 50 o YN S0 B A A R A LS B MO

HE | ot cionificent
* - mondicaat at Balevel,



(11) ﬁggg,‘rawﬁh;

The data on the length of the tap voot, the length
of the longeat lateral root and the numhex*mf lateral
roots are presented in Table 10a and figure 1, The
gﬁaphiaél r@presentatisn for the root growth for February

ang March is presented in figure 1.

There was no significant diffcrence at any of the
intervals of recording for any of the root characters, .
on the 30th day after germination the length of the ﬁgpl
root varied £rom 12,58 om {T4J to 14,7 om {?8} vhile the
| longth of the longest lateral root varied from 3@03‘Q@{§b)
to 5,24 am {Ty)e Tﬁa~we&n'nﬁm&af-c§ lateral roots varled

from 30,66 (T,) to 42,33 (T,

On the 60th day the meximum lencth of tap root wag
chserved for Ty(16,36 em) and the minimum for T,(13,5 em)
while the longast lateral root varied from 3,64 ¢ém to
5,65 am iTé)@ The munber of lateral root produced was

highest for 7,(57) and lowest for T,(33),

The maxdmum length of the tap root produced on the
QchE%ay after germination wag 20,59 ¢m (TIB and the
-minimum 16443 em (Ty)e The length of the longest lateral
reot varied from 5 om (?73 to 10,14 am'ileg The number
of lateral poots produged was highest for T, (64.86) and
lovest for Ty (48@66)g



Pable 106. Root growkh paramaters of
at various intervals sown

pounths,
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Bm"s
aﬁttr
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natdon,

FRG A A S . i 0 M i A9

30th day

63th day

gath day

Fraate
ISRy

Tenoth Tangth Ho,of
af tap of . 1@n~§utﬂr- of tayg of

root.  gost

léﬁﬁrﬁlrﬁﬁﬁh

TEte

fem) [GEY

&3’

rdgﬁh

roota

fewn)

Eﬂﬂﬁ*h
longe-
8% lae
teral

goote

{cmi

o g

Bagsnf Inn g*h %ﬂﬂ@ 1 Hoe0E

lutee OF tap OF lON-i34Gw
Yook -

ral

rotks

{om )

goot

2l

lﬁuﬁ"%lfﬂﬂﬁhn

ronty

{em)

$$ﬁﬁ?
a4}

R
12:.7% 3.46G

12,46 5 24
13,94 4.
12,53

@-

[ %]
*
&
&£

14483 5,06
13??@ 4‘22

33&%5 BQBQ
1%g7’ 3403
13.91 3§§@

33
36,33
35,60
066
36,56
38

14,32

14,65
15,19
13,0

16436

14,07

Iﬁggg
15.42
14.04

4,74

565
Gad7
4,14
5e21
4.67
364
4615
3.94

47433
57

£1 .66
45433
42,33
38,66
¥

33433

i v el s

46433

20.J9
17.95
19445
19,73
16,43
18,33
17,34
20437

2@535

10414
7494
Te6D
8465
Ge41
Hae28

55,3

54466
54433
51460
64,86

\5$¢33

4@;33
531

40.66

L

Fbwhl&& @qﬂ&

Col.00)3,64 160

ZaRQ%

”1,19

Te8%

:&
021

Ge62

@ﬁﬁgﬁi

1.72

ST 4 35
1,97

o PP it

K1

12454

: R
108

1.91

":
$

B

D70 "

3.77 16482

e T A . i oI £ b L S O N a5 S Al iy o
e Not significante
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Regarding the sffect of pod size slone {Table 10b)
there was no significant difference in the length of the
tap root at any of the intervals of recording vhile the
length of longest lateral root waes significently hicher
for 'lerge’ only on the 30th day after germination,

%he nunber of lateral roots produced showed
significant variation only on the é@th day wheri the number
was significantily higher for *large’, On the 9Oth day
there was no sinnificant differvence for any of the root

charaotars.

Considering the main effect of seed position only
(Table 10a) there wae no significant difference in the
length of the tap root or tﬁaﬁ of éh@ longeat lateral raot
at any of the intervals of recording while the number of
lataral roots produced gh@weﬁ'signiﬁicant difference only
on the 30th day vhen the pumber was signifdicantly highex

for middles

{i11) Dry weioht,

. The mean dry weldht of the shoot and the root and the
total dry weight are presented in Table 1lla asnd figure 2,
. There was no significant ddiference in the dry weights
 6f the shoot end éhﬁ'raaﬁ and the totol dey weight at any
of the intervals, ©On the 30th day the dry weight of the
- ghoot varied from 741.66 mg (TQ} to 1213.33 mg (@si.while
that of ths oot varled from 177.33 mg (79) to 225.33 mg(TSBQ



Tabla 10he Root growth paramecters of
at varfeus intervals soun
moltthae
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S0eoa geediinga
An diffarent

A PO S S N G
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aftor
germie
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30th day

52th day

Boch doy
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ments,  OF tap of

b g 51

{em)  {om)

longew. eral
gt law roota,
toral

st e

CRE

late o tap of lonslate

TLoY%e

Fooh,e

{om) (o)

st la-aral roots

ternl roote,

oOF

0% tap of lonslate

apral

eyad,
lntow
ris}

ford {omd

large 13,71
Hedium 13,58 4.31

Small 14,06 3,29

39471 4,85 80,22

1477 4.67 45477

14489 348% 38,86

19,33 8,506 L0121

17,83 8402

Feitalue 0,115

i 0 e i s

G I

OB @:;@5 }E.m ‘f}ig

R

) U = o
Dl 377 0,307 2,437 5,71

441 3,24 1,03 7,24

283 BL17 8,75

g
* Mondilaong

ARSI WA s dev B

Mot sionificent

gt I leveks
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Tablo 10g; Poot grcwth paramoters Of cocod sesdlings
at varinus intervols eovn Andiffiorant
monthos  Uebroary souing.

ays

aftcee

germie , Joth day _ £0th day anth day
nm:i oy

arﬁat~ ength Length %mﬁmt &angth Lﬁngth ﬁﬁ,aﬁ L&ug@n uangh Moe OF
mentd, of tap of late~ oF tap of lon-~iat- of tap of lonelate
L ronte lote Fa Fante Gubl sral ropt.e ozt ars
aat roott. lators raota, iate=~ roota.
loters 531 ral
al ooty o0t e
roots

fem)  {em) (em)  em) o) (em)

g i A i S O A O B SN TSR I A 5 o v g o S T 4 o el et i

Feﬁiéﬁi - o o ar

MEGHILe 14453  4.44 38,44 15:40 5.00 43,35 18,35 7,46 36,04

pietal o | g -
Ghde 13480 4402 35,80 14493 4030 45,27 19,36 7,33 56411

AR MOy N T S NN U SRE TS 1 i O BRSS9y T Wi T op e e o S e AL 3 T iy o e L S e Y SO L

By Ages e

A " o <11 Sun g v
PaVaiue 1,220 2,357 5,11% 0.25 © 155 0424 0233570 0e23 0,90

C?,(Q.ﬁfb}:ﬂu 1S L éﬂi‘él 3,24 1;‘?)3 ?q?ad 2285 2437 G5

T ouh o a e . » DR i S ek Sk i - _ s L . . . I .

NS Mot sicnificont ‘
*  Zlomiticant at 57 lavel,



Table lla. Dry weicht of cocon geedlings at various interynls

worm in Sifforont ovmths,

Fehraary sowing.

Toys
after

germinatlons -

3I5th day

Boeh Gay

goth day

Troathorts.

e}

Roct
{miz}

Total

ﬁ-@@t
ey ?

!srx:}

Hoot

e Li

{mg )

{ri b

Lot

Img}

| ?@éai

_»(rz:;)

933,33
1155,75

1202
943433
1030
BT84, 66
920

193433
2&1&66

26,33
165 .65
229433
19433
—01

17733

113166
1370442

140833
1133,00
1442,60
122%.33
1075,8686
1117.66
51070

1537
1679,33
1823,33
3444
1833, 33
AN
1328
1404, 23
1333433

343,33
314,66

401,85
258

284

301066
258,33
2TG 05
283,656

1680433
1594

1825
Y2
2122, 33
27@8)?&
1533632
1683
1647.

RIN2LT3
1967, 33

1922,66
18%9, 23

352,33

263,66
149466
1844,65
14488433

441,73
35%9.32
409
424
603,35
572 ¢ 63
368,66
IN0

2745446
2326,66

235756
2323433
ATOG B8
3221933
1364,.00
1313.33

TeiVnlug

oIEY 15 BT 1o )

ye e

1,977

254413

0,818

339,53

o)
l.g,#a L

73457

by X

3 ™ 2;1'1‘*'&:5

1137,.93

20209

3%

1.24

1303.92

s

ot slonilicant

i
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DAYS AFTER germination



I1

The total dry welcht varied from 91% mg (Tga to 1442,66
C‘{lgjo

The dry welnht of the shoot ranged fdronm 1325 vy T?5

-

to 1833,33 g (TS) vhile that of the root rangaed £rom 253 mg

(“A) Lo 401,66 my (?3) on 60th day., The total Ary weight

for the some »oriod varied from 1533433 mg (T,) to 2122,.370 my
< 7

{7

Jo

5

ht

tho eoth day after germination the masimum dry

('5'

weicht of the ghoot obtained was 310232 ny (TS) and the
minimum 1444,658 o (ib
from 359,33 mg {%,) to £03,33 mg (TS). The totel dry welght

Yo Tho dry welicht of tho root varied
.4

for tho period ranged from 1811,33 g (” .} to 3708, bémg{“ Yo

&

ith reapect to the effest of the pod sigelTabile 11b)

&
Fa

the dry weilght the ghoot was significantly hicher for

*lorge* on the 30th day and Zor *medium' on tho 80th and
anth day vhile that of the roobt wes significoantly higher
for ‘'lerget on the 60th duy and For 'medium® on the 90th Jday.
The total dry welght was signifizantly hicher for
'13&@@‘ an 33th day and for ‘medium’ on the 80th and 20th
Aoy s,
Hith regavrd to tho eflfect of seed mooition (Table llcf
the dry weisht of the shoot ond the tounl dry weight were
gignificnncly higher Zor ‘alddiz' on the 30th day only
wihille there was nwo significcn: Jifforence on the dry waicht

N

of the root at any of the intervale of recoriing,



Teble 1th, Iry waisht of coooa gecdlings st varlous intervals
sovm in Jicffersni monthe. Tebruapry soulnge

ars
after
germination

-

Traatments

Thoot oot

{oxer ) (v ¥

thoot Hepot

{Y”}’} ? (”ﬁ }

shoot  Boot  Total
o)y (o) ewp)

Aepagni.de

DAY, Uikl 2oy

~ Iarge

fedinm

tmall

1009,89 203,77

1062,23 20444

45,44 ,192.,00

1303,47

1037,44

154655 353,22

1370,0% 266,90

1899, 77

185776

Y607.77

2066,57 403435 2465,0

2580, 11 523,33 303344

1462,388 372.00 1841,5%

F=Value

Bas®t 1,26

£.36%  0,13%*
224,91 45.36

GORRE  £,T4% 5,000

656293 116,67 752,02

HS  Hot oigriiloont

* Bi-nificant at 57 level
~an: at 17 lovael,

e A

Akl S&anti

Py W Gy i



Table 1lae Dry welght of cocon gexdiings at various intervals
g &0 ﬁiﬁrﬁfﬁﬂﬁ monthne ?@p aﬁy Bt iﬁﬁ‘

Days
after

ﬁ@:ﬁ&ﬁﬁ%ﬁﬁﬁ

33 days

&0 daye

32 Zays

e uy

41**353‘ "3*"*!1'@5’

thoot
Cragy 2

Boot

ey )

?ﬁtﬁl

rﬂwg}

Ghoot
gy

Totsl,
{mg§

ﬁ@at

{ !&,a

Ehook
iwvi

Pedienioend
MiAaale

“ieh\l Eﬁ%

194,66

212.02

22 AGTLH6

311 JQ*@

IB10,25

L1333483

s UL o

142533

350432

hﬁﬁﬁy?& 411,68 2310.93

2008,99 452,00 2469, 44

reialne

COD,G5)

138,82

| e
Ju3G
182,52

il

‘ﬁ- ™ ﬁ?‘*

146,72

234,91

‘W’*

:“-i.-?v»

45435

83

1.7%
241,17

Keis) I 5 R 4
& o "n 'G'.#- 31 Da 35

s Not sior

PoE

erand
* mi”ﬂixiCdﬁt At 831 fovel,
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1444 March sowing,

(1) Vegetative growth,

The data on ths heicht, girth and nurber of leaveas

of the seedlings are prasented in Table 12a and Eigure 1,

There was no significont difference in the height,
glrth and number of leaves at any of the intervals of
‘recafdinga The height of the geedling on the 15th day
after germination varied from 14,69 cm (Tﬁ) to 16,91 GM(TZ)a
The glrth for the same perlod varled from l.4 em (T;) to
1.48 om {Tl and ?2). The maximum number cof leaves wefe
produced in T5(35¢7) and the minimum in Ty (2,93}, On the
30¢h day the maximum helght of the seedlings was recorded

for T, (23,76 cm) and the minimun for ?8 (20.97 em) while

the alrth varied from 1.46 om (Té and Té) to 1.52 om

(T, and Ty)s The number of leaves produced varied from
593 (T,) to 7,6 (TSD‘ The maximum helght recorded was
25,39 cm (T,) and the minimum 23,3 om (T,) on 45th day.
The girth for the same perlod varied from 1,53 em (TS) to
1,77 cm (T,) while the number of lcaves produced were

hichest in T,(10,06) end lowest in Ty (8483}

on the'aoth day tﬁe had sht of the aée@lings varied
from 24.81 om (Tg) £to 29 am. (Ti) whils the girth varied
from 1.64 on {TB) to 1.35 om (T@}; The number of lcaves
for the same period ranged from 9,53 (Té) to 10,93 €T2).
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Table 128, Shoot growth parameters of cocos secdlings
at various intervals sown in diffcrent
months, HMarch sowing. _

ST AR e i NSO W el 01000 4 U i s e 5 5. i <O P S s 20 S AN ‘-*it NS0 i gnsh WY e 3 Y o
Days

atter : | ‘

gormle 15th day 30th day 45th day
ﬁaﬂ%»

"’waﬁ— H@m}m mrth M.@ﬁ ﬁ@iﬁm‘. {ﬂirth No.of Haight Clirth tH.of

MRS (om)  (em) pear (am)  fom) $SAT (em ) em) 3%

T,=IP 16455 1,48 3,03 233 150 6,07 23,31 1.62 9,13
WL 16,51 1,48 3.2 23,76 1,42 7,53 24,90 1.64 3,45
ToLD 16407 1,45 2453 23456 1,52 7,27 24,74 1.56 9,66
Tt 15,78 14 3e13 20418 1,46 6,47 25,39 1,62 $.06
Tt 16,37 1046 3,47 23.10 1,50 7.6 26427 1,53 10,00
Tyalf? 14,89 1,82 32 20,66 1,46 5.03 23,35 1,57 8,93
TmEP 16,72 1o4d 3,4 21,19 1,56 6,37 23,30 3,96 9,86
TgeiM 18,76 1,44 2,33 20,07 1,50 7.2 23.93 1,63 9,60
%us@f» 15438 142 3,17 22,13 1,52 7,33 24,32 1,77 10.06

F-‘?&lﬁe ﬁ:é‘ﬁ“’w @gs ﬁ%.u'*"?“ 9543 &.26 1.,42‘!‘3@ 0.41" 2,08 3%,&3

\ﬁiiﬂ@,@%?ﬁ,% 0407 0,83 26B7 0,12 1,15 4460 0,18 1,90

NS  Hot sionificants
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Table 12a, Continued.

Days
after o
Gﬁrmt@ &oth day Tth day 206h ‘dzf,&y

S g Aol s e SR TG W e S AN N S T et A it SO0 M =t SR SRR
Troate Height @xiz:‘th tio.0f Haight @irhh E%.m‘f HM ght Sirth MNo.of
mentss  {om)  {om)  loae  {om) fem) legw m}‘ {cm) leaw

VOB - ves, VeB,

Ty~L® 29 1,84 10,2 3151 1,94 11,06 41.55 2419 14.4
Towlit 27.00 1.74 10,93 29,51 2,02 11,13 42,6 2,62 13,53
TyoLD 27466 1,64 10,53 20,59 1,97 10,73 42,95 2,00 12.8
Tyel 26,34 1,67 9,83 30,07 1.01 11,33 37,73 2,25 13,09
T it 26,74 1,69 10,26 33,03 1,03 11,13 36,06 2,15 13,2

T 27,93 3,76 10,53 20.35 1,83 10,73 36,91 2,15 12,0

TonSl 26465 1,71 10,53 31,04 1,90 11,6 33,07 2,12 12,6
P 20575 185 10453 31.51 1,08 11.53 37¢31 2,13 15,19
TS0 24,81 1,81 10,53 29,55 1483 10,06 31,73 2,09 12,27

l
[

5 NP £ LT s 138 wuE R
F«Vai&.&f:&.?ﬁ» 15087 0p1277 0y36 0,41 001

;ﬁ _‘

Quﬂgadﬁ i‘ﬁé‘lf&)'ﬁaﬂ.fu

CRIONI5)5,05 0426 1495 6,53 0,15 2,65 842 0,61 3.45

HE Mot signilicant,
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The maikimum height recorded on the 75th day after
germination was 33,03 om (Tg) and the minimum 28,38 ﬁmiféi,
The éi:th for the same period ranged from 1,81 em (T,) €o
2,02 em (T,) while the number of leaves produced varied
from 10,73 (T, and Tg) to 116 (T4)s On the 90th day after
germination the maximum height recorded was 41.55 om (T,)
and the mindmum 31,78 om (Tg) while the girth varied fram
2.09 ou (TB ané ?é} LG 2.62.cm (TEQ, The muber of leaves
prodused §sz the,aame periond ranged from 12,27 em {TQ) o
15,39 om (Tyls

Considering the effect of pod size by itself (Table I2b)
the height was significently higher for 'large’ on the
15th, 30th and %0th days after germination, The girth was
siomificantly higher for 'lapge' on the 75th day aenly while
there wag no significant Jdiffarence in the nunber of leaves

produced at any of the intervals of recording.

Regarding the gffect of seed position aleone (Tabl€ 12¢)
there was no sighificant diffcrence in the hoight and girth
of the seedlings ot any of the intervals of recording while
the number of lgaven produted was significantly higher Zor
fndddle’ on the 3I0th doy onlye

(1) Hoot growth.

The data on the mean length of the tap root, the

iength of the longest tap root and the number of loteral

¥oots sre presented in Table 13a and Eigure 1,
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Tskhile 12be. Shoot growth paranctors of oocoad soedlines
gt various intervais oowmn dn diflerent
menths, Morch soving.

Layn

after _ | :
germie 13¢h day 3oth day 45¢h Jay
nation

Treat- Haoight Clrth Ho,of Hedght CAreh Ho,of Height Girth to,of
MmNt 8, ; ey O loas ont e oo

T A S O S 2 W S Y i . N s A0 50 M ST ook S e S 5 i i Y 7. W

Large 16,5 1,47 3,05 23,56 1,50 7,15 24,31 1.6 0,42

Herlum 15461 1,42 3,26 21,90 1,47 6,66 24,32 1,57 9.56

. Smalld 15,54 1,43 3.2 21443 1,51 7,06 23,05 1,65 9,77

FRer iXie
?ﬁr)o"&7u3\..

B e

PaVaiue 143670 2,46 3583% 9,510 1,367 000 1,480,237

Q@(@gﬂﬁ} 1,30 0,04 0,43 1.65 0,07 (3..66 2,65 0,106 1,09

~_H“— .A._ - . & % ne-— v :. h ; . e % “'f“‘_ . - ;,- .
B Not aisnilicant
# Significant at 59 lovwels

N
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Table 12h, Continued,
Pays
after
Qerii-
nation.
Treats= Hoight Girth io.of feight Glreh Is,0f Helght Girth Ho.of
mant Qo 32 Qe ) 102 Qe
mEnLe, {om)  (em) %gﬁ. (e} {om) 3}@2. {em)  {em) ;’;;;

goth gay 75¢h any : gnth Gay

Large 28,15 1,74 10,55 29,06 1,99 10,97 42,03 2430 13,57

Fedium 27,00 1oT1 10,24 35,43 1,02  11.006 36480 2,18 13,03

smell 26,74 1,79 10,53 30,63 1,87 11,33 34,05 2,11 13,35

T 29 A - o N U A S0 S W A 438 290 Sp S OO i sl

35 &5,43’3**1‘0‘4%&?@! 18

3 ‘ W10, S35 13g, , -~
FeValue ©0,587° 0,65 0,20° 0,102°°7,05%%0,12

CR{0.05) 2451 0,15 1,13 3:.77 0,00 1.53 4473 0.22 1,99

0 s Ak O AL 4550 WG T S g S oy o - o

H8  Hot elchnificsnt
% s{omiZfcant at 1% leval,
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Table 12¢. Shoot growth parameters of coca geodlings

8t various intervals soun in Sifferont

monthe, Mardh &owing,

Days
after
nationy

15th day aoth day

45¢h day

TrEEte
menka. fom) (em)

HeLuht GLLth Hosof Height CAirth Nosof Heiaht Girth to,of

. i i o 09 102 i s min

?efiiie 3 3

end, 16,34 1,46 3,18

Middle 10401 1.46 3,33
Hiotel :
and 153 1443 3,1

22,45 1,50 6,77

21689 1,49 6,66 24,00 1.6

22455 1,50 T.84 24,38 1.8

lcaves (g:} Cmi logves foml  (om) - looves,

9.55

9.63

29414 1,02 9,82

hiad g d o - 3 -1 o e £

e MA

Patnlue  1.3570 0,050 0,820 s

CR{005) 1,36 G084 0,480 1,568 0,07

% .45 n.a?ﬂﬁ 3,57%

04,66

e M, il
o3 018 T0O5

265 0,106 1,09

BE  Hot sis.rf i ficant

® . Sdonilficant at 59 level,
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kol b » » e y cwe e e S rpas ” At » -
Goth Soy 75eh day gath day
VR S A N D Wi R Y T I o B e +30m o o 50 o e en o mh * o

Trudte Hofoht Sivreh I Cirtb Bo.of lelichh Sireh Noeo!
et Inoven, I aves, jonwve

! % s Y pn i e k £ s
(o) {am) {om) {er) {om) (o
3 ot T QU e A S A T - “ G s Dings e Ko Wl BT S ST U ' S G i T Lo SR 0 Sy S e W AN xan. o patirgn s -

Pediccl ) et ; .
ondd, 7433 1474 10,22 30,87 31,33 37.45 2,13 13,36

Ad

[y
®
&

miosle 27.7C 1,76 10,57 33,34 1,93 11,26 30,59 T,0 13,97

Giatnl
a8 26,830 1.74 105

kY
B

28,76 1,80 18,77 36,54 2.10 123,62

DI E 530 W GG iy b Sy S TR el WL S K W P R AEE AES 2 WD A g S S G R B g S e .y 20 7 D L D -4 SRP Ser TR W

’ IR« CI 1o B¢ M o W o S, 0 :

T, ) 2291 0,15 1,13 JeTT Q0 Za B2 G T3 i3 1,92

nes e el cia il F naeee
' Noe odond foank



Table i3a, Root growth paramwiers of cocoa secdlings ‘
- at various intarvald sown 4o dlflcrent ’
monthag HMaroh sowino,

S vy o W Yok il w7y 1 fy- 33054 05 D .

Daye
aftayry
gaTnie
H&Lﬁm *

3oth day 60th day goth day

T!.'Es?&tm mw;dz Igﬁgth ""*.s” mmth Lenvth aio.e‘» wmm Mngﬂ: m,m
moittas of tap of lonwlitd= of tap of lofi= late of top of mz-l it
Croots gest  ral  root, gast  erel root, qaat eral
lateral ron- lste« rocty. loters oo

roots €9 ral al rontes

{(em) {om) | {em) {am}d {em) ('::m}_

TywL® 12,77 3,73 31,33 16,81 5.95 37,66 21.77 12,13 57,33
Tl 13,91 4459 348 18,71 6,35 40,86 23,23 1342 56433
T LD 11,33 3,87 36 17,78 Gu45 41,33 22.49 9,62 50,30
T 0 13461 3433 29433 20457 7400 41,23 21,98 10,98 56433
13494 3,92 31433 15,77 7.09 44,06 15,29 8,50 54,33
T, M0 13429 3624 34433 1553 404 41,00 17.46 2,17 50,33

0P 12,11 38 32 17,67 4,02 39,66 40,35 13.87 47,67
'E{*Q@??}?é 13.33 3,3 3% 18,52 08,10 38,06 15,1 10,75 80,67
56 32,33 15,86 T16 33.86 20435 10,85 S4,67

2

fud

TgeiD 14507

Fevalue 1,11772, 1'3‘3""”‘"‘ Oe 3:}“3*1.69“ : @.eézzis.wz* R @,m"’ EN o

,@(@_Qs)za~,§}z :23.95 fz-@ss 4657 4.5 4,31 5.6  TJUE 9,06

e Noo eiﬂa.,,,.irxant
* - Menifiesnt at 5% lovels
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There was no siognificant Aiffer e in vho lenath

of tha tap root and that of the loncest lateral root wiille

L%

for the numzer of lateral roots thare wes digniliicont

Aiffdrence only on the 6oth doy after gorminatieon, on the
I3th day after germinaticon the fength of the tap root vas
mascimam in 7, {14,907 en) and mdnirngn in T4(11 +61 om}

vlidle the longest lateral root vavied An lonoth from 3.24om
(Ts) o 4,99 om (Tgﬁ. The mexdmum number of lokaral fO@tﬂ

was nroduced in T,{(38) on?d the minimm in Ty 129633),

Tho leagth ¢f che top root varied from 15.53 on (Tﬁﬁ
to 20,57 em (7, Y oend tho longth of the leonnest loteral
root from 4,92 om {T?} to 8,10 am tTg} on 60th Jdaye The

nunbcr of lateral root profuced wons ciomificantly hicher

for J5(44.66}. T, vas on nar vith TB’ T4, ¢6 and T.e  The
e - ~

lowest nuriber of latoral roots prodused wves for TQQBB.GQB.
The lonoth of ehc fap root veried Frov 17.46 on (7)) ang
23,23 em (7 ) cn the 20th Jdoy afrer orrmination vhile that
af the 1@&@95& lateral root voried from 9,17 om (Té) 0

“ o L2k, S 3 o P S PR e P -t
13,2 ¢m (‘ e nunear of loberal roonts groefuaed ranged

crom 47,67 {T,) to §7.33 (7,),

Conzidering thw effett of nod gige alone (Table 13b)
the length of the tap root and that of tha lonsest lataral
roct did not vary significontly ot any of the intcervals

of reoording thile ¢he numiar of lateral roots was

signiiicantly higher for ‘eedium’ only on the 65th day.

Teking into account of the modn e@ffeet of sead

kY

position alone {(Table 13¢) there was no zniconificant voriation



Table 13b, oot growth soramstarg of

104

cotna secdlings

. at varioup intepvalo soun in diffarant

months,

Maroh goving,

- i

Poys

aftar

naticn..

aoth day

&ith day

0%l doy

b vl <1

geet

latcre poota,

al :
ooty

{em) . {

axel robt.

guet in=rsl root,

teral Toota,

rogke

o)

(cm)

{omd

o on e - ‘ o ok o - . . s v e
T &ﬂﬁgth Lgng % e 0T Lmnguh tength h@.aﬁ ﬁémﬁth Length Yoo
munta, of tap of lon=lot~ of tap of foneiotes of tap of lonw-mber.

al
Yt

gost
lotes
riak
g A%

{om)

Large

Hedium

Small

13,17

4,00
3.4%

3448

f’m"‘?l

el 0,3.8

31466 17,28 7,66 42,33

35,77 17228 6475

1% 24

37433 19426

33.93. 17;?6 642& 3%.'3‘3 2 pég 11&65 44.65

Gs24 53,66

12,05 51,00

- & R ¢
3.52%% 0,52770,106" 0,617 9,30%%

2,06 080" 1415

A

CO05511,73 055 4,50 2463 2,74 2,37 21 4,49 5,23

us
B

Rot sion
Bionilie

iw

% 5

'Law

icant

at 2137 lovel.
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Table 13¢, Root growth parameters of cocon ssedlinge
as varisun mﬁez*vam acwn in Jifdsrent
montha, Horeh sowing,

0 0ot e NIt i A N S % syt Sl st 2 R sl T ST B i S N
Lagy
after ,
gerile - 39th day . &0sh day 9oth doay
ati.ﬁﬂd '
0l 0 ey i el SR SRS 4 . - ﬁm i VS 0 e !
'fmat-- Lzzmgtn Mnf;ﬁa Fé Jmf L@ﬁ:@h Efnegt.h loeof Length mmh :‘l‘wzs.af
monts, of tap of lon=late oOf tap of 10= late of %.*ap Gf lonwlote
rmt.g gest eral root, noest eral roots, goot coral
interal ¥oot lotare foota, ioter-rovts,
ooty al al
roots : FOOte

{em)  {em) {em}  (cm) {em}  {cm)
Pediect A | | _
énde 12536 381 30450 10634 5,98 39,55 20,7 11,66 53,7

MiSdle 13,72 4,08  33:24 17:85 T.46 . 4133 20,20 10,86 53,7

piotal _ | R
anle 12,89 3449 33472 16,25 7.21 23,66 20,3 9,42 51,7

o s . _ N N Sl B A AR N B A BT A _ i s o

P 135 (IO EEEI ¥ L s 135
PeValine 1,80 308 13 3 3.1.39 0'74 &8l 009 70, z’*(‘ @i43

2
-

e
iy 3

CO{0,05)1.73 0455 €.59 2,63 2,78 2,37  3.23 4,43 5,23

NS Mot oigaifdeont,



in any of the reot characters at any of the intarvals.

{113} Tiry weinht,

The meen dry weloht of the ghoot and tha root and
the total dry welcght aye presented in Table l4a and

JF»?.\"_}UI"& Pe

“heve wag cignificeont difference in who doy welght

s e R SR PR 25 o ol ey 2 o - LT A TE T % e
of the ghoot andg Wy total dry weisght o tne J0tn day

afttar geminaiion while ¢here was no slopiflcant difference
~in the swen Jdry welght of the root at any of thoe intervals

of recurainc, W the 30th doy after ccrmination the dry

-

weight of the ghoot voeried from 1108.33 oo 57} o 1568 ¥

L

Pa} oviile that of the root varied from 228,10 myg {T43 €0
388 mg (T.),  The totoel dry weloht rongesd Srom 1430,33 wg

5
{F) to 1966 oy (7).

he mEcdown Sty woloht oF the choot obtoined vasg

1678.65 ey aT } and the mindmum 2:62 - {Tﬁ) vhile that
of the oot varisd from 260 mo (7.3 to 426 Wy (Tv). “he

totel dry veight ran ed from 2116,66 g (Tl) to 2693,32 g

“he ary welcht of the shoot on the 90th day aljter
germination wag significantly hicgher Zor ? i49 TheHH )

which wae on par with T, and Toe The l@wasﬁ dry weinht
1

was recorded for T,{2014,69% ng). The dvy veloht of the

3
[
o
P
%

™

{3
€2

13
A

v

e

root varied fren ’4} to 856,006 mg f?q)' Tho
...

total dry welcht for the same period was pignificantly

bR



Table 4a, Try welohHe of cooor gocdlings at vorinus invesvals odun

= d}fé aftar »

gerﬁinatiun¢

iﬁ uifﬁ@fﬁﬁﬂ ?ﬁﬁ ﬁau

3th ﬂay

6oth day

Mrareh o0viNGe |

Qaub @a;

_xrﬁa&m@nu

Shnat
v )

e

aﬁal
&w?}

Gunot

{ogy)

{oxesd

ﬁaﬁa;‘
{rarsd

Suely 2

Chani
f""ﬁ{;'&

iﬁ@% {3}

Total

Tau@s 3
T e SEL

2307
1369
2380,1%
1554

1215

1305.33
;423365
3505,33

265,56

282

300,56
220416
390

275433
334

202,16
255433

1639
1668,65
1539,27
1965

1493,33
1439,33
2799832
1760,560

1670,66
19002 (&6

1FL3,33

2235.66
2031

RG22
1572,33
1096,66

2125433

526

116,66
251466
635,33 2182,.66
4B 66 2092.32

%3G

453,66 2404,.66

367 2642,00

603

'453.:6 az 24‘5@ e
430,66 2556,00

2233.33

020,66 T16
838,65 OT2  S5T06.66
ST 622 3494,00
261466 400,33 105G
2743.66 458 324660

3316 553,33 3909,33
915,33 542 4461.3)
006,66 5510,66

4632
3730.66 793433 4526,00

Fealue

oy

.
Y P i)
1.6

347,98

o e 30

1I9.15

-,
o

1,-9 3%‘1

401,03

“ eaiis
1.24
4204 ‘@1

e EFS
1,797, 43"

.62 2 2,080 3,04%

'9149” &?1.?9 309?‘a5 252 .39 126&086

N
aer

L2 Ryt oy
bl ekl

f“l,.. ' ‘.cant.s
peant ot

3'2?"'1‘31,@.

0T
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higher for T (5796,66 mgl, 7o WAS on par with TB’ The
lowest totel dry welght was obtained for T, {3105 my)e
Teking into account the effect of pod sire only (Table 14b)
the dry welaht of the shoot was significantly higher for
Ymedium' on the 60th day end for small’on the 90th day
whilc that of the reot was significantily higher for emall’
only on the 95th day., The totol dry weight Aid not show

any sicnicicopt variation at any of the intervals,

Congidering the effect of secd pooition slone _
(Table 14¢) the dry weight of the shoot was clgnificantly
highes Sor middie' on the 20th dey only while that of
the root vas signdficantly hicshor foy 'middle’ on the
60th day only. There was tw significant diffcrence in

the totol Jry welght =t any of the intervals of recording.

{i) Vegetative growth.

The data on the haoight, girth and the mpsher of

leaves are presented in Table 15a,

There was no signifieant differsnce in the heicht,
girth or number of leaves at any of the intervalsg, The
mean helght of the‘seaﬁlings ranged fram 13,74 om {T7)'te
16,43 cm (T3) on the 15th day oiter germination, The girth
at the same period varded fram 1.36 om (%) to 1.46 em
{7, and T,} and the number of leaves produced ranged from

3.70 (Tz to 4,33 {Ts)g ‘The makimﬁm h@1@ht racorded on the



Table 140, ey waioht of coche secdlinos ot vorious intervals
' eoun in different monthas Moreh sowing.

Tays aftor ' ' |
surminotion 30th day | : goth day - 90th <day

Teoatmonts Thoot  doot  Total | Shoot  Rogt  Total  Shoot  Ruot  Total
teag) (o) tryr) {merd  {mey) o) {reg ) frpy fmags

i A i ' nixpny LS

Lorge 1327.83 276,11 1604.00 1793,55 407,72 2261.32 2839,.311  T38.66 4275,.77
£ LR Rt 1300.03 300.5  1622.52 S176.55 432,44 2600.00 289331 527,22 G420, 33

Gmall 1346,11 290.,8  1636,61 1990.44 417,33 2615,77 4090.00 T41.33 4835,33

N R . &5 £ ans oy ogrliTa cax I % 0, 35w
Pe'fplvie 0el0’ 02870 0,257 | 5,28% 1,55 03,61 Tu3E ¥ GGRY ¥¥ (3,35

CD(2,05) 200,05 60.79 231,57 260,49 - SZOD 272.33 632,67 145,72 T32.56

o any " - o s bl

ug Mor slimidizante 4
# Cignilicant at 50 lovel.
% 2gndficant at 17 lovel,

60T




germination

3ot Gay

sovn In Aiéferent monthss Maroh sO0Winge

AN

6uth day aGth Gay

Truatmonts

Rt
{rg)

Total
{mg)

beg) ey img)

(o) el {rogs ¥

Pediacl end 1234.70

E{i@:ﬂfa

Diotal B3 1363,77

1837.55

27574

277,33

1510.,564

177161

1920.55 418,22 236777 WIE.20 582,77  IT01.00
DO05,44 400, 3T 485,77 4301.77 5222 4854,00
2033.55 410,00 2452,55 3306.22 670.22  3976,44

Pwialuce

CR{0.03)

G {i.{ui‘

IR -

2a80°7

Nt - e

P2

D63 5,590 2,987 9,06%

e
Lo

bt e Not oignificant
* Sionil leant at 5% lovel.

OTT




Table 158, Shoot orouth paranctars of cocdos meedlings

at various intervals corm An different
memithise Spril sowinte :

111

tays
aiter
Germie
nation,

15th day

30th day

45th day

-

Traate Helght Cirth Ho.of Heisht Girth

memta, {om)

{om) leas
vael,

{om)

{em)

Ho.of
leaw
VERe

e G N

(o)

_ .

Hodoht Gieth Noof
{om)

1cae~.
Vit

T el 153,98
TP 15,82

T,eH 10,20

vﬂ?-ﬁ.;? 1 3! ?’3
’E’Q&EM 16,12

Ty 15024

TEN’}%} 15,80

1.40 4,82

1.46 3.73
1.42 &

1.46 4,13
1,44 4,33
1,38 3,92
1.40 4,13
1.40 4

1.41 4.2

16423
16,72
17,93
17.01
21,16
18,84
18,18
20422
17,23

1,48

1:40
1.44
1.49
1433
1.45
1.45
1.49

1.47

5463

19,457

21,03
19,36
17.6%
21,37
19,2

19,33
20,58
17,94

1,51
1.56
1.6

1.50
1,55
1.46
1.5%
1,50
1.48

7633
706
646
G
T4
Gal
5,76
7403

" Ted

A0 calp

b 4

Fealue 043570 1,16 De94-

@ . 3 15‘4

13

“o.20

SD{0,0513.43 0,09 0,635 Te2d Dell 156

. R
1,257 8,42

4. 0%

CalZ

Se49

i A W O S g e ey

IS Not sighiflcante

5 -

i B el
ﬁ)i 95 ’fb 7?



Table 153¢ Continued

112

hays

after

gornd 80th Aoy 75¢h day aoth day
naticn ' ‘ s

Traat-» ?&eight (‘irth ﬁ@.ﬂf *‘iﬂi@hﬁ \‘“.:i.rth Hosof

Heloht Glpth m@gof

montoe (em)  {om) lea= {emd  {om) leaw  {em)  {em) loam
vose ves, vas,
TywL® 22,83 1,57 8,06 28,3 2,02 8.8 28,49 2,12 10,06
T, 23,02 1,65 9.6 27,12 2,06 9,73 30,27 2,09 10,73
T,ALD 22,11 1060 7.6 25,43 1.92 10,33 27,41 2,06 10,0
TyetP 19486 1,66 7446 20,50 1,06 3,96 27,77 2.1 11,4
Towh 21451 1,60 8,26 247 1,93 10,06 27,49 2,0¢ 11,46
ToHD 20068 1457 6466 22,49 1.6 9,06 26,72 2.01 10,86
TSP 19479 1,53 Te51 21,85 175 9,76 27,57 2.07 1044
eSO 22,48 1.56 8,93 25,96 1,01 10,46 26,55 2,04 11,83
TgeSD 22,56 1,62 Bl06 23,00 1.3 5.23 20,85 2,07 %2
Pu¥alue ﬁ‘agﬂ”3.39“$0.27 0,42 0,603,347 o 546" 0.99”"9,1& .
CD(D.05) 3,73 0,24 2431 7,56 0,20 2.00 5,94 0,23 2,41

g Mot sioniliicant,



30th day after germination wag 21,16 om {TS} arx] the minimun

18,42 cm (7. ). The naximum alrth produced £or the same

Gl

‘l

P

By

period was 1:%2 (7.} and the minimum 1.44 om (TB). e
* «t

aumber of leaveg produced veciled fron 5,22 {T? o (.8(T {

On the 45th day afeer sermination the hedrht of the
ancdlins vardied from 17.54 om (Té) to 21.37 em (TSD wiile
tho girth ranged from 1,46 on (TBE o 146 om {T3)¢ Tha
mrmer oF lgoves poodueed at the gome sorled variled from

5.76 {2, to 797

\ ‘-'s»f o
Iy thc 60th day after germination the maxlimam hicloht
produced was 23,18 em {5} and the minimum 18,79 om (T?§.

The mamimom oglrth obtedined at dho soamy weriod was 1.66 om

(7)Y and the mindmum 1.7

5 om {7.), Tho nunber of leaves

Y

=
C

profuced ranced from T.as (T,Y 0 0,06 (T,
Ly

fn the 70th doy aftor germination dhw segdliag

hofght varicd from 20,5 om {?4§ o 28,72 o {t}} whillae the

il

girth varled from 1.6 om (TG) to 2.06 om g;g?. Tae number
of leaves gooouced for thoe sae perdoe? pungod from B.EB(TQP
10,86 (7.}, “he seedling Jcight on the 90th day voried
e nirth Tor the
some period ronged from 2,01 am (%) to 2,12 om (T} vhile
the nuvkey of leaves varied Zrom 10.4 E“:?} to 11,93 (T{;)'-
Considaring the effect of pod sico alons (Tohla 185h)
there was no girnidleant diiference 4An the hoelehi anxd

numesr of lagves of ony of &he Antervals of recording hile

L4
-
s

P

gilrth wos aicnific ntly hisher for 'lorge

{24

£y
2
QT



114

Takle 15b, Shost growth parometers of coeos scedlings
at various intorvels gown in diiferent
monthse Soril ooring.

Days

afLar

Germie 15th Jey 30th day 45th day
nation, :

Trepte Haicht Cirth No,of Helcht Cirkh Bo,of Height Girth No.of
motitee  (om)  fem)  leaw {em} (om) dcaw  {em)  {om) leae
V2Ee Vielle Vil e

Lorge 15,57 1443 4,00 17,08 1,47 5,70 20437 1,55 7400
HMeddun 15,96 1.42 4,13 190@9 1:4% §h73 19.40 iaS@ 5;73

Siall 15404 1,40 4,11 18,56 1,47 6,20 19,25 1,50 7,03

o o iy

R

5

T . ,}'\"*}\‘ 3
2,358"71,61 0411

e 2 130 b2 TR & 1] NG, 1§53
PaValue 0,46°° 0.44750.31°° 0,617 70,230,064
CEA0MO511408 0,05 D636 8,18 005 0,90 2,35 0.07 1,63

HE Bot pignidicont,
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Table 16Bk, Continoed,

uﬂ"‘”
Loy

ﬁa’:’z,*;;¢z.- GOth doy 75¢h day 205th day
nation,

Troate  dolght Gdrth Sﬁ.:}f. Toloht gleth i M.o‘* Hoedoht Glreh Kol.of
monte.e cond (oo ) caves (om) (am) Ieaves. (ot {amd leavede

. W den e s ey P e .

crge 22469 1,61 B.42 26,95 2,00 9,62 20.70 2,00 104,60

Fgﬂlh}ﬂiﬂ ?“ﬁcﬁg 1 .51 ‘?o 45 22 » ES h 3. Py 73 go S E ?. :3 ‘Wz.b 13 - :3’3;
#mnll 2101 1.039 3417 23,80 1,82 0,48 27,65 2408 11431

w5 “ e o+ u s
Z}ff e £

& m 4 S R HE TN LR PRI P N :.:_ r;;.--.
PaiZlg 1406777 0,007 71,2177 2,837 0,97% 0,207 2,417 0,247 069

CI0.0512.00 G434 1423 o356 0,15 1415 3,37 0417 1,30




Toking into account the effsct of seed pocition
alone {(Table 15¢) there wase no spignificant Jdifferences

in any of the sheot characgters at any of the intervals,

(11) Root arowths

The data on the mean length of the. tap root,. the
loncent lateral root ond the nunber of lateral rooks are

vrosented in Table iba,

There wae no clonificant Jifference in the length
of tha tap reot and the nunver of lateral roots at any
of the intervalg, vhile there was cignificont variation

in the lenath of the longest lateral root on the 20th day.

On the 30th day after germination the lengih of the
tap root varied from 11,6 em (7,) to 13.34 em (Yg)e The
longest lateral root verdied inm longth at the azne period
from 3,22 om (Tl) to 5,25 om (Ts), The largest mean
nurber of lateral roote was produced in Ty {33) ang the

smallest number in %y {28,33).

on the 60th day afeer gorminotion the length of the
tap rook varled from 12.75 am (T5) to 14,71 on {Td)
wvhile thse lenoth of the longeot latcoral root varied from
4.45 am {Tl} to 5.68 cm (T.). 7The number of latorel roots
for the serng pericd varied from 34 (Ts} ﬁo 40,66 (Tz}.

The length of the tap root yanged Zrom 14,63 om (T7)

to 13,07 cn CTS} on the 30th day after germinatiosn, The
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Table 150, Shoot grouth paraneters o2 coce secdlings
at varicus intervels sowm in didlerent
monthss  AnTil souing.

Dayea
aftar
germi-
nation.

15¢th day 30th dsy 45th day

Tteaﬁ-'&sighé @ﬁrth‘ﬂb;bﬁ Hﬂi@hﬁ @irﬁh;ﬁ@;oﬁ Hai@hﬁ Cirth Wa;gf
menits,  (em)  (om)  leaves, {em) (o) lcaves, {em) (om) leoves.

Bodiexl _ *
oide 18463 1,42 4,16 17,20 1,40 5.83 18,84 31,81 &,96

Mladle 15,97 1,43 4,03 19,38 1,50 6,00 21,01 1,54 7,46

Dlotod | o
ety 15,96 1.40 4,04 18,02 1,45 6,10 18,95 1,51 6,73

. HE . pall. o M8 (NG o o MBL B L S 1 el
PwValue 13,3270 0,750,340 0,617 1,070,098 2,34 0,41%%,97"

OD{0.05)1.98  0.05 0436 4418 0,06 0,50 2,38 0,07 1.43

Y. ' i .‘ B o ” » » ’ adc b e ahacl . — e

M5 Not sionificont
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Teble 15¢. Continued
M N A K i ) o0 A0 o B il L N W0 . S Y AR g A oA G A O Ty L A S i e
Deys
afitor
f‘.‘&?.ﬁin o B vi E3r % E o o
natiﬂn. BOth éﬁy 75¢h day 50th doy
—— s s e eievao s
Frente Hﬁimhﬁ birth h@.aﬁ Holoht Uirﬁh hm‘aﬂ H@iﬁh& *rth Foeof
*wntﬁ, £~m* {mn} &Qu?ﬁ&, éﬂm} ﬁcn) 1@&?ﬁs.(ém} iﬁmﬁ Leowo s

e o s A s o e

Pediasd o A o , . o '
énﬁﬁ 2@;@3 inGS, 7.’;63 33.55 3..531 gq 1? 37;94 2*@9 1@493

miadle 20,37 1J60 5,93 25,92 1,97 10,35 20,10 2,06 131,37

Distal

gnds 21,78 1,60 7.44 23,64 177 947 27,86 2,05 10,02

N

FeValue 1,12 0.1: w.m"“

0,835 3,347 2¢46w”

0,03, 320, 38"

CD(0,03) 2418 Oc14 1,33 4,36 0,16 1,15 3.37 0.12 1.29

HS Mot significant,
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Table 18a, Root growth paramsters of cooon ssedlings
at varicus inteiwals cown in different
months. Anril sovinge

ﬁg?au' P SR p— o s \ -
after i s e v
Germie 30th day &0¢th day 90th day
nﬁtian. '

ﬁr@a&« Lﬂngth Lsngth ha,af u@ﬁ@tﬁ hangth Pa.nf %énﬁth &angtﬁ ﬁb.nﬁ
trentm, of tap of lonwlate- of tap of lonelstes- of fop 6f lon-late
root, gest  ral root. gost  ral | root. gost oral

lateralrootd, };at@raz rostes lotazal roots
roots Footae 4 roote
{emn) {cm) {om)  (em) {em)  {om)

@Eahﬁ 13.4 3022 35466 14,22 4.45 45,66 18,70 4,54 36,33

Tghm-‘fi 13,37 44‘3@ 33 14,10 S463 45,65 15,79 7,05 41
"?3‘&?} 13.4 44,49 34,66 14,34 5433 35,85 16,96 1D.19 386,23

TP 12042 4,03 34,60 14,71 5,59 37,33 14,76 6,65 29,80

‘?504'?"53 12.33 Bel2B 30686 14,00 5,68 34 15,23 6,98 36,33

TgeHD 11,8 4,87 33,86 12,76 4,85 35 12,07 4.53 35,66
To0P 12,91 4469 28,33 14434 4430 36433 14463 5,22 57,20
Taw¥ 12,00 4034 34,60 14,58 5,22 36,56 17,56 G.32 37

TyED 13,04 4418 36 '3.4,44 G400 35,33 18,15 5. 53 37

rmVaiue G.0388 31, $6§@ ,§4ﬂ“ W szﬁﬂ a.azﬂﬁ1.zsﬂy a.oéﬁﬂa.az*'a.@ﬁj

CO{0.0514,67 1,36 5,61 3,16 1,74 6,11 4,91 32,00 4,46

F TR0 N T D e T SN MO A ST P 00 KO S0 2 WO, IR I e B ks A AP A DO e KA ey it i

M5 Mot aigoidicant o
L Sdaniliicent at 8 lovel.
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length of the lonngat lateral root woe significonily
higher for TB(iﬁ.ig omde The minimus length was obhserved
for ”1 {2,54 cm)a The nunber of latersl roots for the

gome pericd varied from 35,66 (T.) to 41 (%,).
‘. &4

onsidering the main effects of pod cize and seed
position semarately (Teble 16b and 16a¢) there was no
significant dlfference in any of the root characters

studied at any of the intervols,

(1141} Pry weight,
The mean dry welght of the shoot ond the root and the

totald dry woicht arc prenented in Tabkle 17a,

Theve was no sionificant differdneoe in tha dry welaht
of the choot and the total Sry waloght at any of the
intervale of recording., “he dry wolcht of the root showed

signidicent varistion on the 60th day only.

tn the 30th day after goeroination the dey weight

of the cghoot varied from 640 mg (T.) to 955,33 m@(T53

&
223433 mg {TQ)¢ The totol dry weight for the same period

varigd from 772,066 (Té) to 1087 mxy (?53.

on the 90th day artar germinaticn thg dry welaht
of the ghoot varied from 1325,33 my (T,) to 2769.33 ng
i?g) while thot of the root ranged from 22133 mg (T.)
Lo 716 mo (4ﬁ o« ihe total dry welight for the same p

varicd from 15483 my (% ) o 3426 wg (7,
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Table 16b, Boot growth poromsters of gooca gecdlings
at vorious intorvals sown in SASforont
monthses April sowing.

Days
~g§§§§ﬁ  aoth day - soth day goth duy
Haticon.
Traat- length Lenath Mo.of fongth length Boeof Length Langth Do.
mntg, af top of loneloter-nf tap of lone lote= of tap of loneos
ront. gest 8l root, geat ral root, gogt  lat
lateral yoots, iateral roots, “loteral ova
oot ront. roote XOU

(em)  (om) em)  fem) (em)  (em)

e e T e T B 10 A 0 7 i A0 g B O 0 8 5

Borne  13¢30 4,00 36,11 14,22 5,15 37.27 16,48 7,26 37,0
L Medlum 12,30 4.02 33,00 13.83 5,31 35444 16,08 6,20 97,2

Sall 12454 4 40 33,00 314.48 5@93 36,44 16,411 5.7@ 37l

BIn

1.78 0.23"

FaVolue 0,36 G006

M I

1,897, 115 0,26 0,16"° 0,38

%(Qcﬁﬁ 1260 G687 3424 10533 100 3.52 2484 1T6 2457

Ho ot sionificant,
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~

Table 162, oot growth parsmetersg of <oda secalings
at various intervels sown in differant
monthsg Anril souinge

Days :
aftor Ieh doy &0th day Doth day
nation

Traate length Length Ho.0f Length Length No.07 langth langth Noos
ments, of tap of lon= loter-of tap of ilatee 2 t3p of Llohs la-
root, qost al roct, longest ral root, gest  teral
lstaral rooty, lateral rooues iaterel yoote,
ronts ratt, EOhe

{em)} {om} : {em)  {ca} {om)  {om)
Pedieel . | _ o , , .
ands 212,91 3,08 32,050 14,42 4,97 36,44 15,36 5,40 37.77

Mladle 19,78 4483 34,44 14,22 5451 37,11 16,21 6.78 33411

tistal _ | )
ends 12,85 de41 34,77 1384 5,01 35,61 17,06 6.00 36,33

R S e e L Ko 3 - WS WS 2

. WD AT
PValus Oeloh > L

bV

2.1475 0.g5" o ST T R S S R 2
TE X Janid Ge22 0677 0440 @‘?d 3.974 lﬂlﬂ

ﬁﬁ{ﬂqﬁﬁ)@i?ﬁ D67 3e24 1;32 1,00 3,52 ggg‘i &.?ﬁ 9057

L i 5 S #.\".mv R o

N3 Hot miondficants



Tarle 17 a. Try weicht of cocow seedlinms at various intervals
8pAl seuiile

gt In Sifferont monthse

Days after

germination

30th day

- B0nh day

90th Say

, ”:‘:‘reémmz nts

{mi1)

Root
_ﬁng)

Total
{oy)

Shoot
{mo

Hlerenks

Total
{rac}

PRSI

Zhoot

(o)

(gl fog)

917,53

752466

TG54 33 .

7683
955.33
G640
5764606
757

713433

172433

157

186,66
137633
131,86
132,656
171,00
223433

809,66
905456
B2, 00
§55,.33

6T, 00

TI2465
347,68
9@9;33

210,56 24,00

C 3185.53
mﬁ?&@%ﬁ

B1Z06
123665
132594.68
1250.,66
1133633
1057.68

017,33

‘2ARGEG

254

25%.332

199,33
266
210
318
2
2183

1432400
. 1528,66

1164400
143660
1580466
146D,.66
45333
1354,06

113533

1672 s
E3Th 56

1365.,566

$325,33

1372450
I320,66
BGT 433
2272

E?éﬁhgg

O 33
330.93

33766

§33933
273
23133
470,66

e {2

BI04 EH

3T7i6 00
1704433

1650466
1548300
2518,00
2823400
342600

e

Twimiug
CRD05)

0,630
290,61

15

1,34 0,04

43,32 299,75

R
26882
z?ﬁ,&ﬁ

23,0655

59,42

7,365
502 .84

T e
N O]
D30

1136,04 219,79

15

'@gSﬁ

Ds éatilf;
1418,.3%

ng

Hot signiZiconts

* Significant at 5¥ levsl,

euT




making into account thoe effsct of pod cize alone
{Table 17} thrre was signiiicans difference on the 60th
day when the weilcht was significantly higher for ‘medium’
and on the 20th day when the weight cop' emnll vas
sionificantly hichere “The dry veloht of the root was
significantly higher #or smallon the 3%th, 60th and 5Oth

days after germination, 7The total dry weight shoved

[ x<]

lonificant difference on tno &0th Say whoen the weight Zor

4]

"maddiunm? was significantly hicher and on the $0th day vhen
the weight for small’was sionificantly hicher,

®

Conpidaring the g¢ffect of soecd position by itself

ol | ]

{(Table 17¢) there was cignificent differcace in the degy

welaghta only on the 60th dey vhen the dry welght of the

ghoot and roat, and thg total dry welght was zipnidicantly

CY

hishar for 'middle’.

1.5 3Size o Containers

A detniled study of the growth characterg upte 90 davs
under verying sizes of polythene bagse (30 x 20, 25 % 18

nd 23 x 15 om) was carried out ky cowing soeds during

i

embar 78, February snd March 1979 and the resulis of the

investigations ore pregented belew, The analysis of

varisnge tables fZor different characters are given in

Ty

[

Appenilr.



Toble 1The Ury weloht of cocoa secdlilngs at vertlous Intorvals

gsowy dn Jdifferent monthe.  April sowlng.

P,

Sam &itoy
gersinaticn

3oth day

&£Oth fay

ontlh day

ﬁrﬂétﬁ@ﬁﬁé

cheot

2ok Total

Total

e
gﬂ"‘"'ﬁd 3

oz TRPONENY- 23
ok

{exa) fmeyd {oye 2

Ryt Tenkerk

| Large
Medium

Zmall

T5L77
U077

T15,66

) o)
172,00 $23.77
127,22 $15.00

201.65 DL7.32

1224422

1260.,65

1374.88

Iy

147,77 325,44 1701.22
1341,55 244,22 1585.77

362,83 614,44 2977,32

Py

167,13

ne

Aot

15.92%% g@,300°

21650 173,00

11,50

G 347 G gnee P oave

685,89 184,63 BI0,.79

RHS RNot signd icant,

CE{OL08)

* slandiicont ok 5% level.
S FF Glgndlleent et 1T Rovele

Ggl




&.;'@"3’ woloht of oooow reedlings otk varicous intervals
govn An Giiforont menthe, April couindge

Bgre edier
bt zmmau%

mm x:xay

&Qts.'! 4”3:3‘? a0% h ﬁay

“’"‘mnmxmm }zmt ' E ‘@ t: . i:%;t;ai _f"!vmt. , rm". _ T@tc;l "Shf.;s@#:‘; . ;Rmt. ‘E@fé&&
o myy '("s.-szs} (*'ﬁ?r s d {ras )y o) {mg)  dmg) Lol
Padiecl end T30.606 153,55 37422 1185,1% 254,606  1438.77 1&“’*1.*”“2 4.% FoFy LIRS |

picdie

823 58

120,33 274.00 38°73.77 ié«ﬁé‘.-.. 41 23313, 2

Pigtal erd 712,28 3‘?23@{315-- BO0,50 - 1036.80 726.&f - 1353,3 mgm 3 405532 z‘smr:a.z_ ;
FmValue 11577 163 1.2 BBSE  4,28% 0,490y mm .ﬁf Dui4

ét!@}m.@m 16778 200 173.50 99,40 . L35 317,31 *5.5;“;39 104453 DIl TH

s ,&a{z vi*mi F ol ) ok

e g ,‘iﬁm
P 2

e

ant ah 5” laveld

'\a ’;}ﬂﬂlthmg wmt ﬁ‘u ,,t iml‘

92T
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1+5.1 Shoot characters,
Data of the holght, girth and nunber of leaves of the
scadlince are presented in Tebles 18 a to ¢ and Eigure 3s
(1) Height.
a) Degamber soving.

There was gigniftcont variation at 1 per cent level
between treatments on the 15&5 ; goth and at 5 per cent
level on 90th day after sowing while on the 30th, 45th and
60th day there was no sicnificant variation among traatmonts,
At all theze intervels maximum hedght was recorded for

30 ® 20 om odze Bags

on the 15th day TB was significantly superior to ?1

but wos on pag with>T2. The meximum heloht was 13,5 om in
=?3 and the minimum 5,14 om in the case of T&. The masximnm

‘height was 20,24 om for T, and the minioum 14438 cm for T,
on the 30th day. on the 45th day the maximum height was

21,16 oo for T. and the minimum 16.64 om for T,. The

3
manirnum height wag 21,52 am for Ts‘anﬁ the mindmum 18,36 om

for Tl on the 60th day,

on the 75th day, TB was signlficantly superior to
T, and T, vhich ware on par, The maximum heilght 29,9 am

wag secordad for T, (30 22 20 om) while the minimum heloht

18,82 cm was recorded for T, (23 = 15 am),

On the 90th day again T, was significantly superior

to T, and T, which were on par. 7The maximum height recorded
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Table 18s, Shoot growth paramcters of cotos gesdlings
' arowe i differant size of baga.legsgbar
BRI .

Daya e

aftey  15th day 3oth Gay : 45th day
germle . "

ﬁﬂti@"ﬁv

TR O A e MR

Trestm kﬁight wirth ﬁﬁ.az Heiﬁht Glrth ﬂt,af P@iaaz Girth eol

T R Loae 1o2- logw
{om) ﬁﬁm} vag, {om) {fem) wves, {om) ieml vas,

T, 5e1d 1418 2,40 14,38 1436 4,20 16464 1,30 5.0

{23%15m)

T, 12,80 1,28 2,40 10,94 1,40 5,40 10,93 1.44 6,80
{25x18¢m)

Tg 13.50 1,32 2,80 20.24 1,56 £,60 21.15 1,56 7,00
{RORIoem)

o o EIN e W By -
Favalua  0.89%% 1,187,750 3,451, 78 ;..43* 2,487 1,837%3,07

CB{0,05) 4.79  0.20 0,71 5,10 0.34 1,20 4,42 0,32 1,72

i e o 5 5 S e e 5 e e

NS Hot sionificent,

#¥  glondficant et 10 level,



Table 18z, Cohbinued,

129

Daya
after

Tk ictie

&0th day 75¢h day

s e o . - . Lo o —— P 00, HE—
= o ™ Wy R

foth day

Tro&ie
mente,

Heloht Girth No.of

R

loa-
VER o

lose  {omd {cm}

Wil e

tom)  fem)

Medaht Sirth No.of Haloht Cirth lo.nf

VeOe

% 18,36 1.32 6.4 18,62 19,36 1,84 6,80

‘Y

{23x15em)
Ty

{2%x318am)

b
&y

3
{30%200m}

19,98 1,48 7.2 1,72 9,80

Bo2 1.92 10,80

21,02 1,86 10,20

3034 239 11,00

@ﬁ{ﬁegﬁ } ’4! 13

e

3!553H1§65§S5‘15*

027 2417 7239 9,26 2,54

9,05%y 40"

b d

51:?7’ G22% QIR AT 00

Ged? 0.26 1,63

S il

fiot sionidlcant,

% Signiticant at 5% leval,

Sianidicant at 1% level,

B S R0 i R S T e S i



Table lab.

Cobriory 8ovwinge

130

oot goowrth parometerd of cocsa segflinge
geowny in Affarent sizes of bogse,

rays
pfter
garmni-
nation. .

15th day

3nth day

45¢h day

TroAt-
nenta, )
{em

1o
{om)

VEB

{cm}

{em)

Height CArth Mo.of Heicht Cirth Ho.of

lnaw-
Va3

{cm)

Hefoht Qlreh Ho.07

{cm}

-

1ot
VEB .

14.18

T Y

‘2
{25x18cm)

16,14

3
{30xa0am}

17436

1,28 3,80

1632 4000

135 4,00

1d.44

12,90

30,50

1.30

1.46

L40

4940

5,20

16,68 1.42

ﬁ@ﬁ‘@ lddg

21400 L.56

kg

5'.&- O

5,80

‘et

 Pavalue 296"

CP{5.05) 279

e & LR
% e 75"01,00

. -

Deid 0435

LeTO*

443

Gedhz®

0,18

i:3

1.3

AR

&

X
o

3,92

3483 0,27

e

B =

e ,
607 5660

1,42

et

*

Mot signdidconte

flonicicant at 590 lovels

ey



Table ;Eb. Coptimued.

o i
afrar :
gaermie PP . -
natian.r 5oth day 75tk day S0th doy |
Treate Helo w:. cirth m.ez zzemm Sirth ?E.es ‘Seifmﬁ Clrth i%»eﬁ |
RNty lea- aw . £ G

*  {em)  (cm} vas, (§ﬁ3 {em) ves. {em) {em} von.
T, 15,50 1,86 11,00 26,08 2,00 12,40 31006 2,02 13,40
{23x150m) |
T, 28,18 1,96 11,60 29,70 2,04 12,60 38,54 2,22 13,60
{25x10am)
{ 30%20em)
Pevolue 13.26%% 2.@2*‘3‘3.12“" 3.67"‘ 1.49”*{@,3*“"‘ ‘,.66”“ 2439°°2,16"

CO{0,08) Toll 030 2,048 5,28 0,30 2,85  7.94 0,30 2,30

18 ot significant,

fkd Slgniiicant at 19 Jevel,
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Table 18::';. Shoot growth paraneters of cocog geedlings
gtc:am in «jifﬁemm si en Q‘-” :.}ags. :hrch
- Eed, Ne

Daye
after | ) ,
gernte 15¢h day 20th dsy - -45th day

Treats Holoht Oirth ¥o.of Neioht Girth Uo,of Helght GLrth No,of
monte, {(om) {em) lea- (om} (om) lea= {(om}  {(om)  lea-
' '  YClle _' I8 R f

A . SO g o W . W “n“” et i el i 5 Sl o U 5 S i Sl O

14.30 1.20 260 34,33 1,23 4,40 18,82 1.36 7,00

B!

{23x15¢m)
Ty
{25%18em) A . : |
T, 17,20 1..32 3680 13,8 1.56 2,80 21.4 1,80 9,60

=4

1$.34 'iiQQ Bgéﬁ 1@i24 19‘3 454@ 2@;3‘ 14&0 Bngﬂ

_ _ . I

15 e S

reVelue  3.71 1.31”’“7.@!3@* 1,985 6.75**@.23 3.12 5412% 1,93

CD{D.,05) 2438 0,17 071 5,26 @.u 1,33 5.,,15 Ce3 3,,9._

o e bl i o Lo ac.

e Hot sidonificant,
* Eiognilicont st 50 J.ewel.

falad SigniZicant at 17 level,
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wable 18c¢ Continued,

fmr:a’ — R - — -
- after
geimie
nation. 7 | o
Troatw. Height Girth Noeof Helght Girth No,of fHeicht Girth Ho.of
OSe fmy ) SR fend (om) b K= : lca-

VOB vos, fomi demd e,

6oth Jday 75th day ooth day

e VA Wl O SRS G e SN A 2 s ol A S 8 iV aly - S o ’ o0 i et 2

Ty 24,6 174 8,60 25,98 1,73 9480 26,30 1,89 11,40

{23x15cm)
@2’ 2686 1,94 10,20  27:03 1,84 11,00 238,82 1,96 11,80
{(25x10cm} '

‘3?3 30,80 1494 121,00 31,38 2,00 11,80 334062 2,12 12,00

{3oxz0om) -

4 N A

N8 158

e i S L T -1 AT o v 4 i
Favalus 0,080 0,80 0,740 1,557 1,767 -3,89% 6,80%% 2,02 70,10

CO{0s519,40  0.37 3,67 6451 0,38 1,57 7,63 0,34 2,17

. . S .. L . " . . R . N .

HE  Not signiflcent, ,
*  stomificant ot 500 level,

*e  Siondficant at 2 loveld,
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wag 30,34 em for T, while the minimun was 19.36 om for Ty
Bigger size bag chowed 58 per cent height than the lowest »

" size kag (23 x 15 em).

. Significant variation betwecn treatmonts wase nsticm
on 30th and 60th day while on the 15th, 45th, 75th ang
90th day there was fio significant variation, Howevoer the
. maxdimn helght at all intervals was noticed for TS

Q

{30 % 20 om)s

on the 30th day 7. was significantly superior to Tl

3

but wae on por with T,e - The mastimum heioht recorded for T,

was 2045 cm and the minimum was for Ty {14,444 €M)y ©On the
S0th day "1’3 wa® again significantly supcerior t@‘i‘z’ and Tie

Tha ma;z;a.!‘.fmum height recorded wes 36.22 om for Ta and the
minimum was 19:5 cn for Ty Although there was no aignificant
diﬁ"ﬁergmca '{a.n. 30th day ,the mexim&m maan height 39,64 om

was recorded in case of T, which was about 26 per cent more

than the heidht of T‘l‘

©) March sowing,

Bignificant varistion among teatments was cbserved
only on the S0th days At all other intervsls the maximum
height was recorded for Ty (30 x 20 em)s

on the 90th day T, was sicmificantly supetior to T,,

and ‘z’l vhich were on par, Under treatment *‘1’3 the mean height
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wags 38,62 em vhich was 46 per cent more than that of Ty
which was the minimum (26,3 cml.

Thus the results clearly indicates the superiority
of T, (30 = 20 em) with regardsto the height of the seedlings

vhen they are 3 months old,

(1) @icth,
a) Degember sov

Significent varistion at 1 per cent level botween
treatments was observed on the 75th and 90th day, At all
other interwvals the maximum girth was shown by seedlings
under T, (30 x 20 em),

on the 75th day, T, showed significant superiority

3
over T1 and wasg on a par with T,, The maximun girth wasg
. &S

choerved for T, (1.92 cm) and the minimun for Ty (1.4 ande
Again TB showed signicticont superiority over ?1 on 90th
day and was on a par wiﬁh'Tz, Ths maxinmum girth observed

wag for TB (2,18 en) and the minimum ot Ti {1.54 cnl,

) February sowing,

At all the intervals the meximun girth was noticed
in TB {30 % 20 em) e Slonifliecant variation was noticed

enly on 30th day when Tg‘was superior to TI and wag on
pay with ?é. The maximum girth observed wag 1,5 om for Ty

and the minimum 1.3 on Lor Ty on 50th day T, shoved

"t

maximum girth (2.32 om) in this cage alone as against 2,02em

in T1 althiough the differance was not significant,
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¢} March sowing.
The mazimum girth was cbserved for T, (30 x 20 om)
hare also, oigniflcant variation was notlced on 30th and

45th day.

on the 30th day the maximuen girth cbsgerved was 1.,56am
£or ?3 and the minimum 1,28 cm for Tl, Tha maxiﬁum glrth
obaarved was.zgﬁiemrﬁax T3 angd the minimum 1,35 om for Tl
ofn 45th day, ©n 90th dayy?g shoved méximumxgirﬁh (2,12 om)

in thig case aleo as against 1.8 em.in'?1,

The results showed that Ty (30 % 20 em) shoved
superiority in respect of the girth of the seedling. The
Yvariation in girth was 33 per cent, iﬁf§gr cont higher in
' case of large size bags during Docember, February and March
sowing, | |

(1ii) Humber of leaves,

a) Legembor, sowlng,

The highest humber of leaves vas recorded for Ty

(30 x 20 om) and the minimum for T; {23 x 15 om) at all the
ibtervals, Significant Variation was observed on the 15th
day ond on the 90th days -

Bb) February souings

At 2ll the intervals the hichest number of lcaves
was recovded for T, {30 x 20 am), Sloni€icant variation was
obgerved only on the 45th 6ay'whﬁn TE wag Zound supefi@r‘tc
Tl and 4t was on par with ﬁé;, The maximum mean nusber
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obgserved wag 7 for T, and the mindmum 5 for Ti‘ on 9anth

3
day the mean nurber of leavesz was 15,4 in ease'aﬁ'T3 and

13.4 in case of Tyn

&) Morch sowind, .

The hishest number was noticed for TS (30 » 20 om)
at all the intervals. Tﬁare wag significant variation
betwaen treatments only on 15th day, whsn‘?S wag found
supordcr to T, and wes on a par with 7,, the highest mean
number wog 3.8 for 33 and tlx lowest 2.6 for ?i. On 90th
day the Ta ghared a meén numhear af.lz lecaves as against

13.;4 i’l} SBng of Tl!

In csse of height, girth and number of leaves the
blguer sized bags { 30 % 20 om) was superior in all the
three months (Eﬁaambér, Fehirvary and March), Uthen comparing
the growth parameter among th@ three months VYabruary was
fownd o ke the bagst Jor sowing for hetter hedshtwn ,glrth
and 2oy more number of leaves, Thie ig closely followed by
Harche. %he Tebruary sﬁming haskgaﬁ an advantcags that the
seedlings will be ready by the middle of May with @ height
of around 40 ocm and thig is the congeniel period for

planting cocoan under Kerala conditions,

1.5.2 Qeot shoroeters,

The Lcngth of the tap root length of the longest
lateral root and the number of latasral roots are olven in

Table 19 & o e
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Table 198. foot growth parangters of Cocon secdiings
grown in different sices of Iago.

December aowliid.

after

germile

nacian,
TEOR ™
mentise

60th day

9oth day

of tap of lone lataw of tap
root, gest ral rout,
lsteral.roocts,
TSt

{em)

{om) {em)

tenath Longth No,0f Leagth length No,of fength Length |

tioae
8t Jon= late« of tap of dans lote
gest  ral roots ¢gept ol
lateral.roots, lateral root
oot roote

{am) {em) {om}

. 12,32 2,78 17,20 13,76 4,38 36,00 15:26 4,86 54,00

{23%1%cm)

Ty

12,70 3430 23,00 15,30

{2521Com)

En

‘3

13,52 3,70 23,80 16,10

{ a0e200m)

P [ 4400 10,00 i g P54

4,06 55,00 16433 11.40 730

Foﬁﬁlﬁe Se 4 E?q Y

B fae ot i b s o g

@

He 115
liBSJ“ 24 QQeeY 1T

CD{C.05)2,35 1,20 2,17 3,36 2,33 10.06 7.9 4aZ0 13401
Hg ot significont,

s

Sdgnificant st %% level,

sionificsnt at 1% level,
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Table 15b. foot grovih paramoters of cocon scedlings

grown in Aifferent sinen of baga,
Tagbrusry acwing,

Baya
alftar
g@rmﬁp
nation.

.

oth day

o

GOth day

W

Roth day

TEBE L
Mt
roch,

lenath Longth Bo,of
of teép of lomn= late~ of tap of lon-late-

gest

lateral.roots.

KQGtQ

GE tap
gesgt ral oot,
lotEral roots,
Poats

rai ront

Tangth tength To,of  iength

zﬁﬁgth'mw;a

of lon-lata
acgtt  Fadt
lateral
ronts

{em}  {omd , Cgm} .zcmi (gm) (o)

(22x18cm)
?2 12594
{ 281 30wn)

T 13,30

3
- {30%20cm}

2,78

B.32

1680 11,94 3,42 38,00 18,56

23400 14.64 6,36 39,00 19,12

22,60 19,80 .20 30,00 19,46

G446 44,0

7236 47,0

?*Hﬁlﬂe Aqﬁ 1@@5 igﬁéﬂ** 13$S

CO(0.08) !

ity S e L

ra

@@15 ‘4&@?

S R 133
04081, 0o

Yot cionificant,
fiondificont at 59 level,
CioniZicont at 170 level,



?amsza 19G, Root L}f@!iﬁi ;arammm ol cocoa seadiings
mr@*m in ﬁi&.ﬁsmzw glzena of Eays,
HMagoh coud Title

i LA T TATIATY S A 0 ) 5 e

Bays
after

gormis
nation.

weh day 60th day - B0th day

Trogte

nents,

oy 3 : i o A 2 Lo 58 ke
mmf@h m;ngth ﬁa.aﬁ Iangth _Lnf;ﬁ‘h m,@i Langth lenoth Ho.of
of tap of lon- lotee 6F tap of lonelales of tap of lofe latls
ropdts gest ral rook, gest ral roots et Tal
latgral roots, S lateral.ronta, lateral root,
Toot, B>, roote,

{emd {om} {em) (o) {em) {em)

- — o A

Ty

12,56 2,78 17.60 15,43 4,36 34,00 18,58 6,80 35,00

{23150}

Ty

12,70 2,98 235,20 17,15 7,84 37,00 19,90 8,68 49,

{25x18em)

7

1 3% 35 3.} 58 2 3 » 3@ 1‘335‘2 3. Sﬁ 491@3 3109‘3 8;% Sl c‘-’:’f}

FuValug 04200 2,01 1@,92**@.:@ T 8,00% .51 ¢

%, 813 My,
NS U W
Gedl” CeGH

CTHDLOD)ReB5  Gu8 225 5,42 2,79 12,069 7,29 6,42 16,35 -

N 09 55 o A, M N i W Wl 9 iy 4 0 Y S e e a5t W A 4
Not significant,
Stenificent at 8% lovel,

signisicant at 17t level,



(1) Length of tap root.

a) bey, sowind.

Mo significant variation between treatmonts was
obgerved, The maximum value was however obteined for T&
{30 = 20 om} on 30th, 60th and SOth days, The mean length
of tap root mean humber of laterals and the length of
longest laterzl) root were 16.38 om, 73 . and 11,4 cm

regpaativaly in case of ?3 and on 920th day,

b) Februory goudng,
| The maxdmumy valua‘wae obtained for T, (30 x 20 <m)
at all intervals, 2But there was no signiflcant difference
between tpestments at any of the intervals. The tap root,
length, nunber of laterals and length of longest laterals

were 19,46, 49 and 10,52 om respectively on 90th day,

¢} March sowindg,

The longest tap root was noticed at all intervals for
Ta (30 2 20 em), No significant difference betweeon treatmenta
wag however obtained, On 90th day the tap root length was
21 cm and the number of lateralg was 51 and the leongth of

lateral was 8,96 cm in ¢ase of Toa

The resulis thus indicate that, though no sisnificant.
ditference was gbsérved beﬁwagn treatments, the length of
the tap root was mﬁximum‘in 36 ¥ 20 om gize Lage., The maxdmum
roeot growth wes chserved in February ond March sowing which

also indicated the desirablility of sowing seads in February
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or in March rather than in Degenber,

z longest lateral rootde

The longest lateral root was obtained for T, at all
interﬁels. However significant wvariation between treoatments
wag noticed only on the 50th daye. The maximum leﬁgth
1144 om was for T, (30 x 20 an) and the minimum 4,86 cm
gor T, {23 =% 15 omde

) Fe}:»ruar_y Sovings

ﬁivﬁifieaﬂﬁ Giffarance at 3 per cent level batweean
trcatments was ahsﬂrveé n GOth dav, T3 wvas superior to
T, and was on a par with TR; The length of the longest
lateral root was maxim for T, {30 x 20 om ) which wag
728 cm and miﬂimum for ?& (22 % 15 cml) which wag 3,42 om,
However the longest lateral roots were observed for T, on

the 30th (3,76 om) and $oth day (10,52} as wells

¢) Morgh sowings

ﬂer&'alsa slenificant difference at § per cent level
ke tvean treatments was obtalned @é the 50tn day whan T3
(30 % 20 dm) was Ffound cuperior to T, and was on 2 par
with T,s The length 8,5 em was mescimun o TS and minimm
for Tl {4,356 cm)e Aé—mther intervale alﬁﬁlﬁhﬁ longest
length was observed for T, (30 x 20 emls  From the results
it can there be sald thet the longest lateral roots are

geen in cotoo geedlings grovm in 30 1 20 om sized bags.
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{(124) Numbor of lateral zeots,

a) Dogember sowing,
There was signiﬁiﬁamt variation between treatmonts on
zoth, 60th and 9th day. At all thase intervals the
maximun value was in T, and the minimum in T, On the

5 Was significantly sunmarior to Tl andé on a per

with T,, The largest number of lateral roots {(23,6) were

3oth day T

produced in 30 x 20 om bags and ¢he smallest number (17.2)
in 23 x 15 om bagse ©n the 60th day T, was superior to

T, and 7, vhich were on a par, The largesht nmuiber was
noticed for in T3 {55} and the smailest-nnmbef in T1(36)¢
The same treoatment was auperiar to Tz and wag on & par with
The largost nurcer of latersl roots were obtained in

Tg’

T, {73) and thoe smellest for ?1 {S54).

b) February sowing.
Significent veriacion between treatments wag obtained

was supevior to T, and was on

3 1
a par with ng The number of lateral roots vere highest

6ﬁ1y'an 30th day where T

Eor T3 {23.6)and lowest for Ti {16,8), On the 60th and
90th day also the gumber of lateral roots was hishest in

the care of gesdiings growm in 30 x 20 am b@gs;

¢} March souings

Here also signiflicent variation waz obtained between
-tréatments only at the 30th daye Ty wag fownd superior to
Tl.anﬁ wag on a pay with ﬁé. Tha highestiﬁwﬁ&er~sf lateral
roots were obtoined in TB{EE,E) and tho lowegt number in



Tabla 208, Lry weicht of cosos seodiings grovn in

ﬂs.é.mx:e*zt tsw QAN

] tzzﬁ migs. &mhwwar amzim_’a.

Deys after

gormination,

Smh my

60th Coy

9oth day

Treatrants,

.5%315;}%; Hoot Total

{owid {ms 3 Cmgd

Shoo® ol

{roey § {osd

Tolal

oot
{ereyd (133 I

Poot  Totel

fm ¥ (e d

R

1
{231 5omd

oy
i,
PA

{28 Bem)

ﬂ uﬁ

{ 2@@;

a—

But 254 X145

88c 292 1147

1057

1560 280
1500 354

180 347

1860 1620

2034 1680

227 1960

268 1994

371 2081

80 2440

Fallx] i

CR{D,08)

135471 183,70

STL

N e 1
T410 L

204438

wE s

5,72 ¥5

572,00 B35,35

R

ey f A

1630 D53

562,47 701,81

G 06*% 1,16 HE

101,06 301,19

no Hot sighiflcants

i Sunilioont at 17 lovel.
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%‘az:),’i@z 20b,. Pry welight of coeon. seadlincoe grown in differant
“.im“ (}C vas, st’:bmar* s&*:’fi"ﬁ". :

Thils e

voys after omen e ' b s
geTmination. 20th day S0th day Frth day

N - . N ek

fi?xr@-amixﬁs;< “hﬂmt Eis:xat Tokal r”:hm 1:; &’?zmi. mml chost  Roog  Tetal
- ) Ampd  (mg) {oy {rg - tmé tma)  Aegp) )

Py [y

Ty 20 280 100D 1490 2085 1779 1604 346 195D
{233\15@,’!}) . : I

. 848 358 1306 ®6es 360 2020 4856 384 2220
 (25x38cm)

Tq 876 276 1252 1062 £70 2332 3236 480 2356

oy
“

¢ rmmnns IR 7= RN - - S M , o um e TR
CIHO.05 ) 144,88 118,74 164,99 538,870 136,34 553.54 Th.e42 170,76 0505.94

Na Hot signidicante

# Sicnificant at 52 lnvel.

P~

CyI



Table 200, Try welght of cocoa secdlings grown in different
sizas of bags, HMerch sowing.

Days after

germination, 30th day ﬁﬁth dzy | , ooth day ‘

Tréatﬁﬁnta shoot Root Tgéal Shoot 1 Eﬁéﬁ Total 3hﬁ§ﬁ‘ ?azt:' Tgt£§"~
(mg) (g {mg) - {mg) {mg ) {mg Cmg} {may) . (mq}

T, ‘ 721 246 267 1275 202 1567 1798 332 2135

{23x15cm)

T2 2848 308 1156 1524 334 1843 2046 370 2416

(25x18em)

TB 855 366 12231 1630 366 19?6 2116 386 2502

{ 30%x20cm)

ooy 2y
i

< s
2.85°° o.8 "

N

NS - ue e a1t Ne
0.98°°% " 1.18"° o.30" 0. 51V 0.4a25F

*eValue 35 1. '

14
P(0.0S) 12442 172,73 235,60 624.1¢ 115.527 616411 932,73 108,70 919.36

ek lint significants

Sbt
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on the 60th and 90th day as well as thr nuwber of
lateral roots were hichest in the case of geedilngs grown
in 30 %.20 om bags, Thus the results show that seedlings
grown in 35 x 20 om bsge have the 1argest:ﬁumber of lateral
roots, |

1.5,3 Dry weicht,

Iry weight of the shoot, root and the total dry
welght are presented in Teble 20 a,b,0. The analveis of

variance tables are qiven in Apnandix.

(1) Pry weioht of sh@ctg

There was no aigniéimaﬁt Jdifference between treatments
in cage of Docembar, January and February sowlhge ?hé
highest values were however obtailned ét all invervals in
the cage of T§ (30 2 20 em)s The values for S0th day -
were 1960 mp in PDecember, 1516 mg in Janiuary end 2116 mg
in Pebruary, 9he hichest values in all the three months

wera obtained fov TB’
Thus from the tables 1t ds clear that the dry waight
of ghoot was hichest for secdlinga grown in 30 x 20 om

DAYy

{1i) bry weicht of roots

al) EBogerber sowing.

Slgnicicant variatien botween treatments was cbserved
on Soth day, T3 wags superdor o ?é and Tl vhich were on
a2 pars The dry welght of the root for T, was 480 g and
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that for T, 284 mg. On the 30th and 60th day also the

1
hichest dry weight were obtained for seedlings grown in

30 x 20 om bags,

b) February sowlng, |

on 3oth and Qoﬁh day there was no significant
variation between troatments thelgh the highest welghts
ware obtained for Ty

on the 60th day Té tag found significently superior

o Tl and on a par wiﬁh’Tiq The higheat weicht vwas obtolned

For Ta {470 ry) and the lawest weisht for Tg (285 mde

¢} Morch smowind.

?here-wés ne sioaificant variation between troatments
though the hichest welghts were seen In T, et all the
intervale, |

- Ehus.it can be cliearly secen that the dry weioht of
root was hichezt for secdlings orowa in 30 x 20 cm bags,
fmong the dAfferent mrieds of souving the maximum dry
Wﬁiﬁhg of the root was chserved in December éﬁﬂ Fepruary

{430 mg) which wae 386 my in case of Mareh sowing, vhen the

scedlings wire 90 dayn old,

&) Degerbar sowing.

The hi~hast weighte werc ostained at all intervals

h

oy ?3 (30 x 29 ¢m ) though there wag no sioaificant

dificrenca,
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b) February sowing.

There was significant variation 4in total dry weight
en 30th doya. T, was sunarior Tl and was cn a par with T..
The highest total dry weight was obtained for T3(1252 )

and the lowast for '1‘-1(‘102}9 my)e

On the 60th and S0th day also the hishest total dry
weight was obtained for T3 though there was no significant

dlfference,

¢) March sowinge
The total Ary weight waz highest for T4 on the 30th

60th and 20th days though there was no gignilficant Jdifference,

Thuz the results show that the total growth as
measured by dry welght of shoots and roots was maximum in
case of 'Z‘-B (3C x 20 em) and among the months of sowing the
maximum observed in March sowing (2502 mg)followed by
December (2440 mg) end February (239.6 mg)., However maximum
root growth by way of dry weight wag observed in case of
Fekruary and Decerber sowing (480 my each) as against 386 mg

in Mﬂrghq&

1,6 Potiing Medium

The results of the deteliled study of the grovth
choragters of cocoa seedlings in &lfferent potting mixtures
are presented below, The analysis of varlance tables for

the different characters ave given in Appendix.
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1.6.1 Shoot characters,

The height, girth and nunber of leaves 6f the cocos

secdlings are given in the Teble 21a to c.and Flgure 4.

(1) Height.

(a) December sowing.

The maximum heicht was in T, (11132 mixture) at all

2
intervals, Significent differencde bhetween treatments was
ocbhtained at 1 per ceﬁt Jevel on the 30th day, at 5 per cent
level on 45th and 75th day. At these intervals T, vos |
significantly superior to T, (sei}) and was on a per with
Ti‘ " on 30th day, the maximum height was 19,16 em in Tg

and the minimum 14,08 in T, On the 45th day again thoe
maximum helght was 2045 om in Tz and the minimum 17,02 om

in 7 The maximum height on 75th day was 27,54 om in Tz

3*
and the minimum 18,54 ém in ?é, On the 90th day the
marimun helght was 34,18 on in T? and the minimom 26,16 om

b) February sowing.

The maximum heloht was obtalined for Tz at all the
intervals, ‘There was significant variation between the
trcatmonts at 5 per cent level on the 15th and at 1 per cent
level on the 30th daye ©n the 15th day, T, was significantly |
‘superier to Ty and Ty vhich were on par, The meximum
height was 18,38 ém for T, and the minimum 14,16 om for ¢

3
vas on par with Ti‘ The helght 19,36 cm fer-?z w.g the

2
on the 30th doy T, war significontly swerior to T, and
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Table 212,

Shoot growth parameters of cocoa
secadlings grown in diffcrent madia,
December sowings

Days
after
germi-

15th day

30th day

45th day

nation.

-

Treat- Helght Girth No,of Height Girth No.of Height Girth No.of

menta, {cm) (cm) lea- (cm) (cm) lea-~ (cm) (cm) lea=
VES, VR8s veg,

T, 14,30 1.24 4,20 18.90 1.34 4,20 19,186 1,62 7,00

(1:1:¢1)

T, 14,80 1,32 4,40 19416 1,34 4,60 20,50 1,72 7.40

(1:1:2)

Ty 14,30 1,06 4,00 14,80 1.32 4,20 17.02 1.5 6460

(80il)

PaValue 0.06°° 1,055° 1.200°7,50%* 0,067%0,19"%4,50 * 1,590, 58"

CD(0.05)3.39 0.40 0,56 319 011 1,63 2,54 04,26 1,61

NS Not significant.

* Significant at 5% level.
**  Significant at 1% level,



Table 21a. Continued.

io

Days
after
germi-
nation.

60th day 75th day

90th day

Treat- Height Girth

No.of Height Girth No,of Height Girth No,of

ments, _ lea= lea= lea-
>t fem)  (em) o7 (em)  (em) ves, (cm)  (em) ves,

Tl 23,22 2,06 7.20 25.36 2,06 8.20 32,98 2.08 12,60

(1:1:1)

T, 23.88 2.14 9,80 27.54 2.16 11,20 34,18 2,22 13.80

(1:1:2)

T, 19.86 1,76 7,00 20,54 1,88 7.20 26416 1.90 9.80

(Soil)

FeValue 1,960 5,05% 12,62%%6.:8% 2,45%° 3,49757;32%40,76" °2,98"°

CD(0,05)4,74 0,27 1,36 558 Q.27 3,43 4,92 0.56 3,66

NS Not significant.

* Significant at 5% level,

. **  gignificant at 1% level,
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Table 21b, Contihued,

104

PR A L

oys
after 3, et T ety S
cornie 80th day 78¢h day Soth day
nation.
Treat. ledght Gireh §§;°° Hotshe Glreh fio,of fetght Cireh N eOf
MR8 tom)  {em) " ;’ {cn) {om)  leaw {om) {cm)  lsow
G8. vag, : Ve,

?1 26,08 1.64 11,20 28,22 2,02 13,20 40,55 2,12 13.6D
{11131)
;'7‘2 25‘1‘5 1‘74 12.?6 29.29 3.24 1‘:!; ¢ ":l:lq»% 2:34 1‘4065’3
{1¢1:2)
Ty- 22400 1,55 8,40 2510 1,92 11,00 237,90 1,94 12,25
(Gl

B Rl 13 [REH FRc 195 ,,E(I"
FaVlue Cu510 0630 2,74 O, 29’ o.ga e 54 0.13 1,641,158

CD{0.05110,18 0,26 365 312,280 0,35 2,94 13,15 0,36 3,44
us » algnifdcant,
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Table 2lc, ‘hoot growth porancters of cocoa zocdlings
groem in differont media, Harch aovdn .

Doy

: £ {lr A & g ” o K,
§;§m1‘ 15th day 3%¢h Jdoy 4Sth day
nation,

Tronts HMzicht Clirth Ho.of Holght Tlpth No.of Hedaht Girth No.of
monba, {omd {em) loaw {omd {omYy leaw {om) {cm)  izos
VES, ves, VEY,

2 VD S U A U A ST S s A S ; A e " S " e

: Ti 14,30 1.24 .20 17,46 1,34 4,20 15012 1,54 6,80

{15121}

!“{z

2
{1:122)

2473 1,20 4,40 20,5 1.34 4,80 21,10 1,72 7,60

?3 14,30 1,08 4,00 54,18 1,32 4.2D 16,068 1,50 5,80

{s0ik)

5 GNE 38 o 1a SR
TaValue 0,080 0,97 1.20710,8% 006" 0,187 1,667 0,79 000"

ﬂﬁf@g@ﬁ)ﬁ.&ﬁ GQB& 0056 2.96 (Q.)s 14‘ 1;&‘3 5&@7 ‘:’046 3' IQ

TPy el 45 S YV i " A3 TIPS S »e

NS UHet olondilicost

#»  cdonilicent ab 17 level,
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Taible 2ic, donidinuad.

L . P - S
- Sy G o -

Dage
agfter _

Gormde- 60th day . 75th day goth day
nakion, )

Lt b

Treate Medaht Cirth No.of Haight Sloth wg.au %ﬁight Cirth Heeof

S i)

Mot " - 10 g P rny  CA= fomy AO8=
{em)  {em) vege  © @} (om) ves, {end  lemd o
P 23,73 158 3,30 26,42  1.88 10,80 29,00 L9 12.00

20:30 14,04 11400 32,02 1,90 13,07 3404 1,96 14440

7 20,40 1,50 2400 22,84 168 10,00 D466 3,06 10,40

20 AR S TOE P et 57 W R A5 S - e B * " it SRS S Y W Yol - S

o e NI i3 [ 15 e
FwVaiue ....aﬁ :1 40 .#.% 10077 2,307 2,407 D53 3435

CD(0,0518.48 0,47 2,66 7,31 ©.3% 3,15 5,10  0.21 3,39

. ysh e . 7 iy 7 el g W F N U R AT 2 G Tl BT W TR s W L

NE&  Not significont






107

moximum and 15.3 am obtained for wa wags the minimum. The
maximum hoioht was 41,24 c¢m in case of Té with soill sand

and FY¥ in the proportion of 1:1:2,

@) March scwings

The height obtained for Té was the highest at all the
intervals, Slgnificant variation at 1 per cent lgvel
between the treatmonts was obtained only on the 30th day
when T, was significently superior to T, and EE; The |
maximum height was 205 on for T, and the minitum 14,18 om

for T on the 90th day 34,04 cm height was recorded in

3'

T, and it was only 24,66 em in 7, and 29 cm in case of ¥

d:,‘la
Thus in all the three sowings the maximum height Was

3

heen observed in seedlings grown in goil, sand and dried

£orm yard manure in the ratio of 1:1:2,

{11) ¢irth.

a) Lecember sowing.

The ssedlings under T, (111:2 mixture) showed the
maxiﬁumrgirﬁh at all intervals.Siopificant variation at
5 per cont level was éhﬁained on the 60th dayy, ié was
éi@niiieantly superior to T3 {s0il) and was on a par with
T, {153:1)% The maximum girth wee 2,14 on for Té and the
mindmum 1,76 om for 7T

3*
b) February gowing,
Though no significant variation between treatments
was obtained, the girth vag ﬁ@unﬂ mmx1mum for the seedlings

in T,{1:1s2) and minimum for those in'TE (s0ille,



e) Mardh_a@

Here also no significant variation between the
treatments was found, But T, had the maximum girth and
TB the minirmm,

The results conclusively proove that the geadlings

grown in 1s51:2 potting mixture had the maximum girth,

(111) Bumber of leaves,

a} Decsmber smziﬁg,

The number ©f 1@&»@3 gxenucaﬁ were highest for 7T &2

(1#1:2) at all the intervals and tha lowest £ov ? (s&ili.

gignificaent variation st 1 per cent level was obtained on

6oth days The mean nwiber of leaves profuced for T, was

2.8 vhich wos significently superior to Tl (?,2) and T (7).

T, and T

Were On @ par

3

The hishest nunkey of leaves were produced for Ty
and the lowest for ?3, No gignificant variation was
howevor obtained,

@) March aowinge

The numbker of locaves was highevt for Té and lowaat for

TS at all the intervals, though there was no significant
4ifference,

| Frgm the results obtained it Lo guite evident that
the height, girth atd the numbeX of 1@aved produced ware
higher for the seed sown in,tﬁe,yattiﬁ@ mixture of soil,

sand and dried farm yard manure in the ratio of 1:1:2,
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Erong the diffevrent monthe of sowing Eebruaéy
raea:&eé the mavimum growch by helght (41,24 om ) @irﬁﬁEQ,QQQ
cm anﬁ‘number of leaéestlétﬁ)whea the sagdlings are 80 days
olds v |
| 14642 Ropt characterss
The mean values of the length of the tap root, ﬁhei
- length of the longest lateral root and the tumber of latoral

rootg are pregented in Table 22 a to Q4

, (1) length of tho tan root,

a) Bogember sowing,

the length wes grestest for T, {1¢1:2) and shortest
for T, (soil} on the 30th, 60th and 90th day, There was no

alonificent variation betwaen the treatm@ntaq‘

b} February Sowinge

ﬁé producad the maxdmum lengéh and T, ¢he minimum at

3
all the intervals. There was no algnificont variation at
eny of the intervals,

e} Mazch sowing.

The longest tap rocts ware produced in Ty {121:2) and

the ghorteet in T, (soil), However there was no significent

varistion.

of the longest latcorald zoot,

i

a) Becenber souing.

The longeat lateral roots were produced for T, (1:132)

ang the shortest for Taéaail)g_ There was no significant
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Table 22a, Reot grovwth parameters of cocoa seedlings

4 £L

grovn In diE£

erent media, Decemibar sowing.

Bays
after
germie~
nation

30th day

€oth day

aGth dGay

Treat- Length
ments. of tap

of lon=later«of tap of lon~late-

Yength No,of lLength length No,o0f Length Length No.c

of tap of lon-late

root. gest al roote gest® ral root, gest ral
, lateralraota,. 1ateral, roota, lateralroot
roct, roont, ront,
{em) {cm) {cm) {camy {om) (cm)
'rl 13484 2,98 23,00 15,72 6,06 51,00 16,10 8,386 56,00
(is1:13
T, . 13,20 3,48 25,80 16,36 6,58 64,00 24.12 11.08 81,07
(1:1:2)
Holl)
PeVolue 1.43°0 1,447 1,30072,71% 0,547 1.03%" 3.40‘3” 1.15%3,66°
Co{0,05)4,26 0,94 4,91 3,57 242 24,71 792 7.17 24,23

e

Not significant,
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Table 22he Root growth parametors of coccs seedlings
grovm in Gifferent media, February sovdfidde

Days
artar _

geride xh day Both day 90th Qay
natian, '

Treoat= length Isngth Ho.of langth length Ho.of Iéngth Léength Yol.of
nents, of tap of lonslaters of tap of lon- lates of top of lon-lote=-
root, gost al. root, Gost ral roots gpest  pal
‘ lonteral foots lateral rcotg. lateral root
b 3t rost, rooaty
{om) {om) {em}  {cm) (o) {em)

Tl 12,38 2,98 23400 20,58 564 40,00 21462 12,885 53,00
(181ed) '

Tﬁ 13,84 3,48 .Qﬁgﬁ9-22§24 9,56 41,00 285,72 13;%@ 53400
(18132) '

Ta 11.28 2,76 20,00 315418 8,56 37,00 19.30 7.46 80,00

{ooll)

Ny gt U5 el y 137 PR 14
3.39 2607 1a45 Du15 14317 16,03*%0,32

g

PmValue I,BSHQ 1.49

&m{Q.@S)B.ﬂs $.93 4,85 6;53 4437 1@1«,51 5,73 2;‘6’? Dl

o Hat significont

*#  Sanddicgtnt ar 3 dovel,
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Table 220, Root grouth psramwters of cocon gsoadiings
groun dn differont media, Maxrch sowing.

oo

nays |
0 A n :
§Z§§§- 3oth day Goth day g0t day

nation,

Treat- langth Length No.of length lengeth lNo,of Longth Length Ho,
mentse. of tap of lon~ latéw of tap of lonw late~ of tap of lone of
root, goot ral roote gest »al root, gest lata
lateral rootas lateral rootne 1oteral al
ToCte gl ronte  root

(em)  (em) (em) () (em)  lem)

Ty 13,38 2,83 23,00 15.10 5,80 37,00 16,3 6,24 37,00

(211111}

?Qi 13!38 3.48 25@80 2@@?5 794@ 44400 21;2@ asﬁﬂ 52Q@j
-

{23102)

3
{5odil)

x. 13422 2,76 20,00 14,88 5,12 3000 16,4 5,12 37.00

Bty T ek o A R e . 1o e
Pevolue 1,597 166" 44917 2,15 1,03 5,34% 4,05% 1,347 3,02"

£D{0405)3.45 0.0 4,03 6,99 3,61 9,32 4,26 3,05 15,35

D Sy A i o porrins e i s e e s st

nBE  Hot significant |
*  sfonisicant at 5% level,



differonce hotween the trsoatments cliher on 30th, 60th

or 92th doy.

) Fehruary cowiao,

The seedlings in Tﬁ had the longect lateral roots
&

and the shortest in miomidicent differonce bhowweon

N

)

ths treatmant at 1 por cent level wag obtained on 90th day.
The length of 13,82 am obtained for 7, was on por uith o
L] [

(12,96 com) and sionificantly sunerizsr to ?3{7.ﬁ5 enle

egt latecal roots vers —roduced in ©

=)

and the dshorkest in {s0il)e No signiicon: wvaviation

3
etwesn troatnents wan ougervad,

{1i1) Number of latersl roots,

a) Docember souwdng.

Rrs . % Y s $e - P 2 L4l
he putiwer of lateral rvoole wore hiohest in T, and
&

rh
r‘-‘\
)
%
0]
o

e ]
[6:]
;::3-
=
o
24
?-

Los]

9

X

4
s
Fad

lovest in T.. o oiconiieant
P |
was hovever notads

b)) February sowing.

b

thisz sowing dl"m the larcest namber of latera

reots were seen in T,(1:1312) gnd the emollest munber in 7

e

{ooil)s Mo cionificent difforenge betweon traabmonks was

Sicniiilonnt variation betweon treoatmal was obtained
“on the 30th dnd 60th dayo, On the 30th Jay, 1. {(25.0) wa
Lo

sirmificantly hishez thon ;H{“ﬁ) and wos on por vith Tl{?3)’



4 o MM
il and Ty

(44) wae signiiicantly highsr than T3(30) ond was on a

yere also on @ pars On the 60th day again, lé

par with 7,(37), T, and TS werae also on pars

From thoe results it can be secn that the length of
the tap root, nupler of laterals end the length of the

longeat latorals were hichest in case of 7, and closely

2
£ollowed by Tl (131:1), The least growth wasg recorded in
TB-(in sollls Among the months of sowing Febfusry sowing
recorded the maximum length of tep root (25,72 em) and
laterals (13,88 emls But the maximum nunmbor of laterals
were observed in lecenber tali‘when the peedlings were 90

Gays old,

The mean dry welght of the shoot, root and the total
dry weight of cocoa seedlings grown in the three potting

mixtures are presented in Tables 23a to o,

(1) Dry weioht of shoot,

a) Degember soving,
The dey wedght of the shoot was highest in T,(111¢2)
and lowest in Ts {soil)e Significant difference botwaen

treatownts was obtained on the 60th day. Tg(isﬁé mg) was
cignificantly sussrior to Ty {1090 mYe

L) Februory souings

The highest dry welght were obtained for Ty and the
lomesﬁlﬁaf T3. Ho significant variaiion botween itrzatnonts

wao hovdéver obtained,
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Table 238, Dry weight of cocon secdlings grown

Wi coviany e

in differcat medlias Deeanber sovlog,

vays
aftar
germie
naticn.

s g

30th day aD¥h day 20th doy

Troats  Shoot

mante,

(g}

e

oot

ST vl oo i W i s e

ﬁ@@él Thoot Root
{mg) (e ()

og) (ma) (mg) () (e

Total Shoot foot Total

T
1
(1311}

724

7 a3z

2

{11122}
e
"3

{204})

714

235

243

171

950 109 249 1339 2750 3130

1135 1324 04 1638

1086 243 1304 2589

Paalue 3,

'$&§§@@§§2ﬁ4,95 B4:95 264,03 200432 141,08 236,65 1405,50 258,03 18

LR

58 772,04

ne 3

2,247 5,03 * 0,48" 5.43%

. _ -

5

1

0,917 72,097 1,24

l?!

NG

.

b oy e i

Mot Gigndiicant
Jenificant at 57 lavel,



Table 23b, Dry welght of cocoa sapdiings growm
in different medin, Pobruary oowings

Daye
after 7
germie- 35th day 60%h day ootk day
noation. , '

Treat- Shoot oot Total Choot Ooot  Total Choot Dodt Total
monts, (mg) {rg) () (o) ) (v (om) () o

Yok e

T, 710 240 950 1770 390 2160 2016 434 2450

(1?!31)

Ty 863 246 1109 2120 432 2552 Q130 630 2796
(131¢2) '

T, 07 180 837 1580 330 1910  183¢ 390 2226
(soil)

G N5 oy g d by nNo <TI0 o i heis ? e S
reValue 1,937 1,74772.25 V1,265 1,017 17077 0,617 3,01772, 447

C0(0,05)205,97 65,06 232,77 745,93 157,06 763,84 505,67 223,84 566,29

Hg  Hob significant,
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Table 23¢, Dry weloht of cocea ssedlings grovn in
- fAfferent media, Harch souing,

Days
agter
germdes
antlon,

T, e o 5 i W . i 9, o

Tradte Shoot Hoot Yotal Shoot oot Total Thoot  Boot Totul
WENtHe (a)  Goyd (o) (gl sy dmg) () (mgd )

Ty

{1s3:1)

724 223 846 1204 240 1444 2132 328 2457

5, 90z 246 1148 1799 334 2113 2586 372 2009

2 .
{12322}

Ty 716 168 @04 1055 200 1263 2110 246 2356
{3081 |

-

Cmevalue 1,460 2,720 1,08770.08% 2,16 3,90% 0,517 2,22, 74"

CDON03) 262,03 74451 304418 59149 137.00 683,26 1103,97 131.46 1109,

NG Mot si-nificant

“ signiricent at 5 lavel,
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¢} March BOviiey.

The highest dry welghts were obtalned E@r‘ﬁg(azer)
and the lowast for ?3(5011}. Glgnifiecant difference between
treatments vas obtalned at the 60th day vhen Tz (1778 mg)
was signiflcaently superior to T, {1055 m) and was on & par

with T, (1204 ma)s Tl an T3 Were Also on par,

1
(11) Dry weight of _rogt.

a) Decenber Bowing,.

The dry weight of the roots was highest for T, {111:2)

and lowumst for TB {ooll)e Ho significant variation betwecn

treatmente was obtained,

b) Febrtuscy sowing,
Though no sigidiicent variation betwecn treatments
was noted, the rooty in 7, had the hisnest and those in

o

Ta‘thﬁ lovwest drvy weichis,

©) March sowing,
The dry weiyht was highest in 7, ang lowsst in T,

No sighificant variatiom was however, cbiained,
1ii) Zotal dry welioht,

a) Degember sowing,
Az 5ll the intervals, the totel dry velght was highest

for Tﬁ {121:2) and lowest for Ts {coil)e Blognificant

difference hetween the treatments at 5 per cent lovel was
obtained on 60th day, T, (1639 mg) was significantly

superior to T, (13392 mg) ond Tg {1304 mgl} which were on par,



B) February sowhine

The total dry weight was highest for T, {12132) and
lowest for Tg(soii). There was no sinnificant difference

eithey on 30th, 60th or 90th day.

<) ﬁaxéb soﬁfnﬁ.

The total dry welght was highest Far' T, and lowes
for TB. ':if‘:n @l‘..?'ﬁf., voris iDn hetuecn Lreatmrnts ab
per cent level was obtained on G0th doy, T,{2113 mg)

[543

was sicnificantly superilor to T, {1263 mg) and vas on par
~?

wich 7, {1444 agle T, and Ty Wore als

Ty

ﬁ"

1 (ALY (& 1 < QI kX

o
Ad
o
i~
-

Fhus it can be seen from ths results that the dry
waight of the shoot and the roov and tﬁe total dry weight
sere hhqher in cage of the 1:1:2 maedium and lowest in the
soll medium, Among the Jdifierent pericds the total dry
weldht (3478 mg) and the dry weicht of shoot (2900 ma)

were high2y in Decanber sowing vhile the duy weight of the

roots wes naxieum {658 wyi in Februars sowing,

1,7 Viability of Sceds in Storase

The date on the percentags of qa:mimaiion-for the
varicus trsatmante are presentasd in Table 244

Pode kept Qs sueh in the room oonditions showed the
maximum germination, After three davs the germination
parcentage woes 78.02 ont aftor 12 doys 23,33 per cent,  The

geedy extrsoted and kept at room tomparature, showed

germination wpto the 6Lh Jdoy 9f sterage though the percentags
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Table 24, Cermination of coooa sescda under
varipuo conjitions of storage
(tean porcentage}

e o e 0 0 i o e St 1
Roogm tomyarature Refrigorated conditions

Ll wagey G e p oty s il

- Days after In the pod Ixtractcd In the pod  diracted
harvest, :

98402 d4.44 wil Ll
656429 20,07 i1 Nil
33,09 1l TR )]
23433 HLY (%) Hid

[ ST < B S %
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was very low (20) . The pods and the seeds kept under
refrigerat&a conditlong Jd4d not show any gexminatioh even

on the 3rd daye.

1.8 Boot Growth Studies

The data on the root characters studlsd are presented
in Table 25 and éhs disferent stageg of root gfawﬁh in %late
VII and VIII,

‘The roct characters of 15,30,60,90, 180 and 270 doy
old, zeedlings were studied. The mean lenoth of the tap
rool was 13,12 em whaﬁ the geadlings wore 15 day old and
29,93 om when 9 menths olde The mean length of the longest
latarael of 15 day old secdlings was 2,78 ¢m and that of
270 day old secdlings 29,93 om, ‘The mesn nurmbers of lateral
raﬁts»oi 15 days and 270 days old seedlinge were 34,5 and
78,0 raspectively. The mean dry weicht of the root was 161gc
when the gecdlings were 15 days old and 4,69 g when 270 deys
old, The seme is presented graphically in Figure 5

Thus from the Table it can be seen that the growth
of the tap root amd the laterals was at a faster rate upto
15 days by which time the tap roct grew 43,8 per cent of the
growth upto 270 days end the number of laterals was 44,2 per
cent, By the time the secdlings ave 30 days old, 57.2 per
cent growth of the tap root wos completed and the number of
laterale increaseﬁ upto 70.7 per cant, The rate of tap

root arowth and the produdtien of laterals were comparatively



Table ITe oot grivth of coooa seedlings at varlous
Intervale,. (fean of 20 gecdlings)
Age of Length Percentane Length Percentace Ho.of Sereentage XYy Poreentage Uy Pireetie
secdlings of tap of increase of of increnge lateral of increase welght inerease  weight taje

roct in tap root longest in length roots  in number of rectindoy o€ increpsn

grouth loteral of longost of Isteral woight of shoot in dry

. oot latoral roots root o weloht
oot , of shoot

(cm) - (em) (w3 - )

R

15 days  13.12 43,90 2,73 15.20 34450 4420 151,00  2.40 350,30  3.21

30 days 17,11 13,30 3418 2420 55,18 26450 161,25  0.01  655.50 2,64
60 daye 18,05  3.10 3.64 2450 61.00 8450 352,00 4,10 1730,00  9.59
90 daye . 38,37 1,10 o G 24,80 62415 0450 6I6e00 6,10 270,00 B.04
180 Aoye  22.45 17,00 16.5¢ 47050 71,75 12,30 3314,50 57,08 | 1035000 68413
270 Suys 20,93 21.7D 13,29 Tl YR 8307 4633,70 29,30 31700,00 7.39

Note: The percentags incroase o baged on the walues Zor the 270th dow

ol
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slow during:.the period between 30 and 90 days of growii,
thereaftgr it gradually lncreased upto 90 days, But ths
rate of lnerease in growth was faster between 90 and 180 doys
thane from 180 to 270 days, The same is pregsented in
Pigure &,

Figure 6 also makes clear that the increage in the
growth rate and the indérease in dry weicht of the shoot
and root were alternated, In other uwards vhen the percentage
of increase of tap root and number of laterals were higﬁer;
the pereentage of accunulation of dry matter was lesg and
vice versas The accumulation of dry matter was more in
shoots than in goots and the porcentage of increage in dry
matter acounulation was also fmore in shoots till 180 days
aftor germinotion, Thareafter the dry matter accumulation
was at a faster rate in roots than in shoots upto 270 days,
gince the root growth f£rom S0 t6 120 days ia guite low it
will be advigable that the plontg are transplanted éuring
thig perims for bettor establishment, The length of tap
root and the number of lateral roots are also not tog large
during this time so thot 1t can be easily accomodated

without coiling in a polythene bag 6£ 30 x 20 ome
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2, VIGETATIVE PROPAGATION

The data on the percentage of rooting, average humber
of roots and the average longth of the roots, &0 days
after potting in the nursery are prescnted in Table 26a

and 26b ™~

2,1,1 Mist chamber method,

(1) Persenteae of rooting.

Statistical analysia showed that there was significent
variation at 1 per cent level in the percesntage of rooting,

The percentace of rooting was sionificently hicher for ?12

(96,3) followed by T,,(94.9), T,(34.3), ?15(31.6};'T1¢4397,
13

and T11(7G,8). The lowest npercehtage of resting was
obtained'far'Té@ (1.1) which was lower than the control(3.7)s

(ii) Humber of rgots,

Statistical analysis showed significant variation at
1 per cent level, The mean number of roots was significantly
hicher for T,g(10,76) followed by Ty (9:63) and T.,(7.64),
The number of roots was lowest in Tss(c.ze) and TSG(G.BQ),
The number of roots obtained for COntrol was D20 .

(111} lenath of roots.

The mean length of the roots was maximun for T,(Bs7cm)
followed by T,{5435 cm);wltsg34 emy, Tg(5,06 am) and



Tabla 286n, fopting data of ﬂﬁ&ﬂé seni-hardwood

cuttings treated with differsnt plont
geovilt regulotore,
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gy chombwy methodd,

Trasgtmonts

Parcentacs @ Mean number san loh
of rooting of rootsee ¢th of

paadt |

roots{omn)

aee

Uod o B3 s}

¢ @ oo

TR R A T R ¥ G
W} g ¢t s

[

b
b

2000 Do

£ &
2300 pom
EOa S

y 2000 Dpm
2003 o €
4000 ppa 3
% AUOD pem
v 400D pran
A 4000 prom
Y SO0 prm
A 6MXD pram

6000 o

u.GﬁS@ ﬁ;m
B3 pom ]

A% GDO0 pm

Pt oad BT et i
PR B C
> B @

® —
wii o
T
~ T

Haa
Bnk

Al

REAEAN

HAR 40

ST

BH0 mom 37

1o

20

30 ¢

ege
soQ

2z el

B4,3
56,6
50.1
3525
9.2
5Dub
6046
33,3
63,4
568
0.3
05,3
T8
50O
B31l.6
Gig 7
9647
50,5
9.7
433
IG,.4
e
502
D42

{6G4563)

£37.223)
{45'@3)
{37,221}

Lok
Ja 3%
4,57
JedT

iEEn?ﬂﬁ 6@?3

{51.14)
(51,14)
{35,21)
(82,77
(45,03)
(57.29)

2408
4.42
4.19
4,38
.04
4,80

(72,93} 4,06

{52,29)
(63,44}
(64,03}
€54q?ﬂ§
(48,84}
(65,299
(39,56 )
{41.15)
{37.14)
(32.21)
(45,00}
176,92}

3453
8.30
5.31
5.13
2253
4436
Ja00
4248
4452
HeOX)
162
S.71

(1.35)
{2.032)
{2,386}
(2,12}
{2,79)
{1,76)
{2424)
{2,281}
(2,32}
(2,201}
(2,41}
{2.29)
(2,14}
{2.51)
{24612
(2.67)
{1.83)
(2,427
§2,001
{2.34)
(2,43}
£204§§
{2.13)

De34
547

Se35
3. 33
3433
3460
2,00
2423
$,06
4421
3472
3,87
24 3%

EJ Tak

23 OB

» .9 %
Ui O k3
N B et

-
[
R
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Table 26a. Continued,

176

Treatments Doreentage “ean number Mean lohe
of rooting of rocts gth of
rooto{en)

25 NAA 6000 ppm 10 sec 46,0(42,70) 10,76(3,43) 2,05
26 AN 6000 ppm 20 ssc 39,3{38,85) 9,53(3.26) 2,60
27 MAR 6000 prm 30 sec 23,2(28,77) 3.24(2.01) 4,35
28 NAA 6000 ppm 60 sea 39,3(38.85)  2,01(1,90) 1.84
29 NAN 8000 ppm 10 mec 53¢3(46,92) Z2e¢30(1.,95) 2.54
30 WNrAA 8000 pmin 20 seo 26,5(30,920)  7.34(2.%4) 2.25
31 N2 8000 ppm 30 seq 43.3(41.15)  3,12(2.03) 2.74
32 N2A 8O0 ppm 60 sec 30600334217 3.24(2,01) 2,50
33 IBA 2000 ppm 10 sec 36.4(37.14)  2,03(1.74) 1,99
34 IBA 2000 ppm 20 sso 53,3{46,02)  4,30(2,43) 2,43
35 IDA 2000 ppm 30 see 66,7(54.73) 4.76{2,43) 3,40
36 INA 2000 ppm 60 sec 43,2(41,07) 6,02(2,65) 1.78
37  IDA 4000 ppm 10 sec 39,7(39.06)  2,28{1.81) 1,51
38 IO 4000 ppm 20 sec 30,0(33,21) S.00(2.87) 2417
39 IBA 4000 ppr 30 sec 43,2(41.07)  S.i0{2.47) 2.46
40 IBA 4000 ppm 60 seo 56.8{458,93)  3.,49{2,12) 1,31
41 InA 5000 ppm 10 sec 22,4(28,28)  3.12{2,03) 2,31
42 IBA 6000 ppm 20 sec 26,2(30.78)  2.46{1.06) 1,95
43 I8A 6000 ppm 30 sec 28,5(32.30)  3.54{2.13) 1,75
44 IDA 6000 ppm 60 sec 36,4(37,14) - 3,04{2,01) 3,07
45 IBA 8OO0 ppm 10 wee 15,7(23,36)  1.31{2,52) ©,07
46 IDA G000 pom 20 sed 26,2(30,73)  2,55{1.83) 2.30
47 IDA 8000 pom 30 cec 23,2(23.77) 6440{2.72) 2466
48 IRA GOOD ppn 60 eoc 13.3{25,37}) 4,02{2.24) 2.3




Table 26a, Continued,

Treatﬁkggs o ?er&anﬁage _f;an nunker Mean len-
of rocting of roots gih of
' ' ' ' raots(cn}
49 NAA snd IBA 2000 ppm 10 see 13,0 (21.14) 4.71(2.39) 2.40
50 HNAA and INN 2000 puin 20 sag 6.2 (30.78) 5.71(2.89) 1.58
51 HaA and Ina 2000 gpm 30 ace 13,0 {21,14) 2,24{1,80) 1,93
52 HWad and IDA 2000 pon 60 seqc 21,0 (27.29) 1.22{1,48) 1,99
53 NAA and IHRA 4000 oom 10 sac 26,5 {(30,99) 2.35(1.82) 1.57
54 NAA and IRA 4000 ppm 20 gse@ 2642 {30,78) 2.13{1,77) 2,50
53 MAA and IDA 4000 pom 30 agac 2.4 (8,85) 0.28(1.,13) 037
55 AR and IDA 4000 wom 60 sec 32,9 (35,090 1.46{1.87) 1647
57 UAA and IDA S000 D 10 sec 2.4 (3.85) 0,6001,20) 0,50
53 KrA and IBA GOOD ppm 20 see 10,0 (18,44) 2,131,771 0,03
56 HAA and IDA G000 mxn 30 see 9.2 (17.70) 0,77(1.33) 1,83
60 NAA and 10D 6000 pom 80 see 1,1 (5,14) O30{1.14) 1,17
61 NrA and IDA 5000 ppm 10 sec 3.2 (17,70) 1.86(1,69) e 71
62 WAk and IDA 8000 prm 20 sec 10,0 (18,44 6.5642.75) 1,50
62 HAM and IDA 8000 ppm 30 sec 5,3 (12,29) 1,22(1,49) 1,42
64 WAA and IDA 3000 pom 60 sec 9,2 (17,70) 1,55{1.33) 0,43
Control | 3,7 (11.07) 0.30(1,34) 0,33
Faa lue 2, EE** C 13,03k
CD(0405) 15,36 te 33
**  gigniZicant at 15 level,
@ The values in parenthesis denote angular transformed ones,
@@ The values in parenthesis are expressed as JZFIy
Ge@ Not analysed statistically as there was ne rooting in

certain replications which resulted in incomplete data,
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Table. 26b, Rooting data of cocos semishardwood
cuttinge treated with different plant
growth regulators, Polythene shect

method, :
" Tromtments Perccntage®  Mean number fean len-
of rooting of Toots@@ gth of
rggts(@m)

1 IAA 2000 ppm 10 sec 77.6 (61.71) 2,53 (1,88} 3,31
2 TAR 2090 ppm 20 sec 33,3 {35.,21) 2,13 {1,97) 4.46
3 IND 2000 pom 30 6@ 6043 (50,93) 4.29 (24307 6439
4 TAA 2000 pam 60 gec 3343 (35,21) 2,35 (1.83) 3,57
5 IAA 4000 pom 10 sec 53,0 (46,71) 4,15 (2,27) 5,72
6 IAA 4000 pp 20 sae 7048 {57.29) 2.80 {1.95) 5483
7 IAA 4009 ppm 30 sec 7642 (60,78} 3.84 (£,20) 3.41
8 IA) 4000 pom 60 seC 43,2 (41,07) 3.24 (2,06) 4,93
9 IAL GODO ppm 20 sac 66,7 (54.78) 3.33 (2,08) 5,62
10 INA 6000 pom 20 gee 43,2 (41.07) 4,06 {2,25) 2,14
11 IAN 6000 pra 30 mec 60,6 (51.14) 5,05 (2.46) 3,07
12 IAN 6000 ppa 60 sec 85,8 (67,86) 3,08 (2,02) 2,33
13 IAx 8000 pom 10 sece 60s6 (51.14) 2,53 (1.,88) 3,00
14 IAN 8000 pa 20 sec BG.0 (63.44) 3.94 (2,01) 2,76
15 INA BOOD pom 30 meo 30,7 (39.06) 3,16 {2,04) 2,37
16 IAN BOOO pom 50 pad G344 (S2.77)  3.80 (2,19) 3,70
17 Hrs 2000 dpm 10 pec 3044 (37.14) 2,24 (1.00) 4,24
18 NAR 2000 poin 20 geo 57.2 (45,14) 5,55 (2.56) 3,13
18 NAA 2000 pom 30 sec 43,2 {41,07) 3.84 (2,207 3,80
Z6 NrA 2000 nom 60 sec 4646 {43.07) 9.43 (3,23) 4,50
21  NAMR 4000 ppin 10 e 43,2 (41,07 7,00 (2,83) 3,07
22 Kak 4020 pim 20 see 3040 (33.21) 8,15 (2.48) 2,73
23 NaD 4900 ppm 30 sec 50,0 (45,00} 7,18 (2,86) 3,28
24 NZA 4000 ppm 50 sec 0.6 (63,84} 4.15 (2,27) 2,87
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Tanle 26b, Continued,

Treatnents Fareantage dean nunber  ean ldwe
of rooting Of roste gth of
zoots (em)

AR OO0 o 10 de 323 (34463) 11.085(3.,59) 4,94
N2 6020 ppm 20 gRe 292 (32,70  5.30(2,51) 8,15
NbA 6OCO ppm 30 ssc 53,0 (85,71 4.15(2,27) 3,12
GAA B0CO pm 6D gac 222 (20,77)  0,2962.70) 4,31
HRA 0000 pom 10 &0 £660 (43,07  2.65{1,01) 2480
ek 8029 sy 2 157 €23,38) 3,00(3.00% 1.5%
MrA SO0 pom 30 sec 46,5 (43.07) 4.20{2,30) 2461
HAR DOOO pom AD s 1567 (33.36)  3,0001,50) 1,84
IDA 2000 np 10 gew 43,2 (41,971 5.,40(2,52) 4451
IO 2000 pofy 20 nac 0 29,7 (39,96} 7.5342.92) 279
Inn 2000 w39 gee 5341 (A5.00)  5B435£2,52) 2.9
IOA 2000 piEn A0 sEe 0 29,8 (39140 §,33(2,71) 2.34
THA 4000 s 10 sa@ 0 49:9 (44,910 2.83{3,27) 3,24
Inn 4300 nom 22 &oe 30,0 {24,21) S.40{(2.72) 2.58
IDA AOPD prm 30 e 36e4 (37.14) 3.49{5,132) 4,27
Tan 4000 prem 6 oo CB3.S [B2,38) S.60(00,57) 8
ICA 020 prn 30 =Eo D 3507 (23.,368) 1,13{1.48) 2,
DA GOZ0 pam 20 sko D 3209 {35.90) 4,76{5.40) 5
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Troatmonts

rereontage

of rosting

tean humber Mean 1one
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{1) Percentags of rooting.

Statisticol analysis showed cignificant varlation at
1 per cent level, The percentage of rooting was significontly
’;" " 24 k Ao 8275 (o ‘> g ' ‘3 o3 » . PR 4
hichar for Tlgias.a) followad hy mzéxeo.e) ans 424(893, The
percantage of germination was lowest £or Tﬁo vhera there was

no reoting. The, control showed 8,8 per cent rooting.

(1i) Dumber of ronte,

Statistical anelysis showed sipnificant differeince at
1 per cent levels. The mean number of recots was highost for

(7.00), Ty, (6484) and T, (6473

{iid) Lﬂngih of_roots,

The average longth of the roots was hichest in TE
{6439 cm) f£ellowed byAwgéts.;s em) and T,o (6415 cm)s 7he
lowest average length was recorded for T6369.33 cm) and
Té¢(0¢33)* The eontrol recorded 0,71 om,

among the two methods .0, the ‘miszt chomber! and’ the
‘nolytheng sheet' methed, the hichest percentage was
obtained with the mist chamber method., ‘The rooting
percentage was 11 per cent more, However the average auinber
of roots (11,89) was highest in the *nolythene shect' method
compared to the ‘mizst chomber' method (10,76)s Similarly

the everage leongthgthe root was also more in ‘polythene sheet’
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method (6,5) than the *mist chamber' method (5,7)s

Hovevar, both methods can e adopted under our conlltions
denanding unen the situationg, In the caselgi th@‘:olythene
ghaoot mo othod the percentage i1l be slightly lowy but the
number of rocts por cuttings will he hicher, The augstion

oo, survivhl of the rooted cuttings have to Le ascertalned
before sunggestlng a cingle mothod,
Among tho treatments it wasg Zound that IAN at 6000 oM

coneontration treated for 60 see gave the mastimun percentago

rooting of 96,9, ITn certain renlications the mercentage of

rooting s even 100 per cent for thic freantment, HAM at
4000 prm trepted for 60 gee gave 94,9 per cent rooting with

170 per cent in certain raplicatidans,

Howawsy, whion the nurmber of roosts and the average

loenoth of roots were alco taken into acoount AN a2t 4000 oonm
trcated for 60 seg io clightly sunerdor, Therefore I at

6000 yom or HAA at 4000 pym for 60 sed are supcoested Dok
roosting of coceoa cuttings (Plate IM), IPA, though in general
jig more effective for rooting, is not found producing the
effect in this case, Though oynergetic effieccet lg cipooted

by thoe comilnation of A and IBA the g wag oot found wary

effactive An the ~“wagent investioation,



PLATE IM  Rooted outéinge.
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242 Bﬁﬁd& ng

The results of the four methods of budding earried
out are nrcacnted 1n'Tab15 27, The *'T!, 'invertedwT’,
pateh and forkert methods of budding were carried out on

7 to 11 months old root stocks from Jsnuary to May 1979,

In January the percentage of succeas was 35 for ihe
T and *inverted-T'! methoda and 30 for patch budding while
the forkert method gave 50 per cent success,

In February the percentaga of success increased to
40 and 45 for the 'T' and 'invertedeT' methods respectively
and 35 for pateh budding. ‘“he forkert method gave 60 per
cent success, o

In March 45 per cent success was obtained f&r the *'T?
and *inverted=7' methods wvhile for patch and forkert the
corrcasponding percentage of succesa were 40 and 60
Seapeetivﬁlyg

,xQ April 3% per cent success was obtained for ;T’ and
patch budding while for the '1nveftgd—?' methed it was
30 per cent, The forhert methed gave 55 per cent success,

Thug among the four mathods of budding carried out,
the forkert method gave the maximum success while the
'inverted-T* and patch methods ranged nexts The maschinim
sutcess was obtained in February and March when the budding
was dopne on ¢ight and nine montha old root stocks, Plate

X shows a budded plant,
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PLATE ¥ Budded plant two months
after budding,






2_.;\:3 Green Eudding

The data on green budding is presented in Tsble 28,
The percentage of success was 40 in all the methods for
two months 0ld root stock using green buds, But when the
buds were taken from.greenish,brewn aoloured twings, the
peroentage of success wag 60 in case of forkert method, .
while it was oniy 40% in other mathods.

on three month old root stocks fme of graeh buds
gava 40 per cent success for 'T' and ‘inverted«T' methods,
20 per gent for patch and 60 per cent for forkert, Using
buds f£rom greenish brown coloured twinga, 100 per cent
succegs was obtained in the forkert method and 850 per cent
in the ‘invertedwT' method, But the succegs was only 40
per c¢ent for 'T' and patch buddinge

¥hen four months old root stocks were used 20 per
cent sucaesa-waa»ahtainedviu‘all the methods using green bhuds
The success was 40 per cant for *T' and patch budding and
80 per cent for the invertedwT and the forkert methods when

the bwis were taken from ¢greenish brown coloured twiga;

The datd; therefore indicates that 100 per cent
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success cari be obtained by the forkert method when three‘
to four months ¢ld rooct stocks are used for budding
during the months of March and april with tﬁe buds taken
from the twigs which arve gresnish brown in colour, éuda
taken from green twige are found to be less auccesaﬁul;'
60 per cent success can ba obtalined by fhé forkert method

fvan Qhen the root stocks are two months old;
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DISCUSSION

In v£cw>ef'ﬁhe pepulariéatien of largalceals
cultivacion of céeoa in Rerala it has been necsasitated
to standardise the production of quality seediings and
also the vegatative propagation methods in order to
obtain quality, high ylelding progenies, Therafore, &
atudy on the above aspecte was mode and the results of

thé present Anvestigationas on the various aspects of
'~quality secdling production and vggetativa §zopagatian
methods aée discussed below,

1. SEED PRODAGATION.

1.1 : exr & Snatio
The result of the present investigation indicated
_ that the volune and weight of the pod varled smong the
elaszes of pods (largé, medium and small) and also within
€ach clags in the different monthsg, The pods harvested
in Decsmber and February had comparatively higher volume
while the pods harveated in Degemnber an67%pxi1 recorded
the highest weight in all the classes, The volume and
weight were highest for large pods which is quite natural
becsuge of its size, The varlation Lﬁ:valume and wéight.v
in the diifferent months méy‘be due to the climatic and |
the environmental faﬁtarg pfavaiant during tﬁevcritieai ‘

peried of growth of the podsy,
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There was not much variation in the number of seeds
among the three classesy but variation was noticed in the
nurber of seeds produced in the differcnt months with
maximum in Yebruery £ollowed by Mareh and april,

The average waight of the seed has highest for large
poda and lowest for small pods, The average weight of the
seed wag also found to be highest in TFebruary followed by
Mareh and Anril, The fact that there was not much varlation
in the number of sseds produced in the different classes
indicated that the pods of any sice can be utilized for secd
purposesy but the fact that the average welght of tha saeed
wag lowest in small pods indicataes that ﬁh@ smsll pods may
be avoidad éo produce more vigorous sexcdlings. In general,
number of seeds and the mean weight of sound sceds were

agheyr ﬁuriné Februery to April suggesting that the pods
harvested ﬂufiﬁg tﬁese'manthsvwill be more desirable for

raising the nursery.

The germination studies indlcated clearly that neither
the gize of tho pod nor the position of the saed within the
nod (pedicel end, middle and distal end) had aﬁy inflnence
on the germination percentages Hence, nods of any size and
all seﬁn@ acads in a pod cen b selected, if germination alone
is taken into considérati@n(

Moong the different months, without considering the
clagses @E'p@@g and the position of seeds in the pods, the

germination pereentage was hichest for March sowing (94.5)
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followed by Febiuary (05.,56) Jonuvary (79.29), UTecember
(78,44} and Aprdl (77,46}, 7“his indicates that thoe pods
harvested in Fcehruery and March will hg hetter Iy
obtaining hi her geminoatlon than the pods harvested in
December,; January or Aprils, More number of gecdlings ¢an

oloo ke expegted from the pode harvested in Pebruany ond

Mareh as the npumber of seeds and the mean weloght por seed

Jar@ fourd to be more in the pods hervestesd during thase montho.
ﬁﬁere&are, vhe study indicates that for better germination

ang for more number of seedlinmg, the nods horveasted in
Fehruary ond March will be desir ;'ble. ihis gaaecon will be
sultanle for raising the WESCTY fér nlonting throo o five
month old seadlings £2om the middle « Mar to the end of Juke

which will Leg the best pericd for plenting cococa under HFerala

conditions,

The data on the sbove fagtors suggested thot large
and macdium sized pods cailécteﬂ in Tebruary ard lbhrch will
e most suitable for producing more numoer of sSeedlings ond
aloe to protuce the ostdmum aged plonts Sor planting in %a?

ond Junsg

1.2 WYegotative Srouth

furding the Inecenber soving sionlfilcont difilevenoe in
the helght was obsorved on the 15th, 3o9th, 45th and 60th
day after qeymzuatimn. The girth varied sdonidliconily only

on the 60th doy afier gornmlnation thile the number oF leaves

differed significently on the 45th andsoth day, Thore was

no simnilficont difference in holohi, tdirth angd the ouiber of



191

leaves on the 90th day after germination when the sine of
the pads ag well ag tha position of seeds within the pod
were talken into consideration.

In gencral thore was no correlation between the helght
of thé plont at 15 davs after germination and dlffersnt
frult characters gwh ags langth, gicth, velums and weight of
the wods,  There was also no gorrelation batween the volume
and weidght of the
ner wid, HMowever in February and Marceh in the case of
large pods, the girth and the weioht of the pod were found
o be pmsitiVQlﬁ corralated with the hiodcht of the plent on
90th dayes In the cage of »ods harvaested in March, unwier

*large! aize, ih

2

z volune and weight of the pad wes “ound to

be positively correlated with the heicht of the plant on S0th

i3]

day, In the case of '‘medium' gized pods horvestad in Agrdl,

¢

the agirth and volume was found? to Lz negatively corrclated

with the haight of the plant on SoOth day, Thofefore the
rosults indicate no general correletion botween the pad and
seed characgters ond the halght of the secdlings on 10th atd
S0th daye

The secds oxtracted Zreom amall
secdlings (22,1 em) vhile thnhpicht of scedlings was 323,49 <n
in the case of large pods and 20424 om in cace oFf medium
riexds, Althouoh no signilicent differvences in the heloht,

cgirth and number of leaves pro’uced were obgscrved on ths 9dth

day, the readings were higher for large and medium size paonsg



indicating the suirability of such pode for the mweoduction
of gecdlings than the small podse The height, girth and
number of leaves preduced on the 90th day were 33.40cm,
216 cm and i2g02 cm respactively for large pods and 30,24 om,
2404 om and 11,27 om respoctively for msdium pods,

Sumaing up,the growth narameters such as the hoight,
the girth and the number of lesaves por plent are not found
o vary signiEiCantly‘when the soeeds ére gsenarated on the
-basis of pod sige and position of sced within the pod. Thoug!
sicnificant difference in helght was obacrved on the 15th to
60th doy after germination the differcnce was not significant
thercafter, Guch voriations were also found in other
characters. However, it 1s pertinent to polnt out that on
the 90th doy after germination there was no sionificant
difference in any of the characters studied including the roo
characters, The ﬂiﬁf@fencea_in these characters, vhen taking
into account of thehpasitisn withina a gatticular class of
nod, vasg not found to vary much in all the £ive months of
sowing insicating thoreby that the position ofﬂse@ds within
a fruit is not important in the production of guality
secdlings,

143 Root Growth

The number of latersl roots of the seedlings obtained
from different sizes of pods varled siconificontly on the
60th day, the number beley sicnificantly hicher for 'large’

(76,66) and it was on par with 'medium' (75.58), However,



there was no gignificant dliferenge cn the 75th day. On the
90th day, the number of lateral roots agaln didfered
significantly with maximum in ‘mediun' (124,30) vhich was on

par with that of 'large’ (123.44),

Although no signifiecant difference wag noticed in the
Sry waight, the maxdmum total dry weoight (3.37 gl was
highest in ‘large’ which was closely folloved by 'medium’
(3,20 gls The total dry welght wes only 2,72 g in case of
'emall’s ‘The above data clearly indicated the suporiority
of seedlings produced from ‘large’ and 'medium' sized pods
over that of ‘small’,

The some trend as obgerved in the mecﬁmhet sown scedlinge
was noticed in the growth parameters during Janmary to Anvril
also, except that the height was more in March and lowest
"in January, The length of tap root was higher in case of
flarge’ in all the monthe studled, But in ¢ase of ‘mediun'
it was £aundcﬁo‘be higher than 'small’ during the month of
Jonuary alone. In all other months ‘indll' produced longer
tép rook, But the number of latersl roots woere always hicher
in '‘medium' compared to ‘small', The dry welight of root was
also higher in general in the case of 'large' and ‘medium’
comparad to the ‘amall', Therefore, whicn taking into aeceﬁnt
of the qrawtn,parametera éeuﬁieﬁ the secdlings produced from
larae and medium pods are found to be suparior to thosae from
smalle Thie suggests that large and medium sized podis
(waighing more than 350 Fe with volume of not less than 400 o)

may be selected for propegations
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Data aloo sungest sowving in Pebwuary and Mareh Do
obtaining botter scedlings., The earlicr studies also indicated
a hetter gorminavion during ihis perieod, Additlonmlly, the
secdlinge raiped in Tebruary and Hereh will be ready for
planting in Moy and June which io the main ploniing season
under Xerala conditiong,

From the different grouth mfwaﬁgterseﬁdﬂi@d o act of
selection critoria basged on the holght ond the numser of loaves

produced is suggested, The ecsdlings should hove not less thon

Howaver, ths above criteria osn be nroved only after tha
perfornance of the nlants of varied groums are studied
for whizh the gesdlingg hove besn planted in the field.

This result agreas with thot of Cardosa {1963) who had

studied tthe germination amxd growvth of plantg from the seeds

taken £rom ci* erent position (top, aenter and bottom) in tha
podse e algo obperved no difference in germdnaidion or in

devalopinont of the secdlings based on the pozitlan of the saod

<3

1.4 Size of Containe

In the stuiles conhctad in Docombeor, Feberoory and Morch
with different eizes of contaeliners (polyihene Lags), the
h@i@kt, the girth and the nurber of leaves nroduced wore
mesdimum for thv seedlings growm in 3D x 20 om bags ond minimun
for th@ e groun in 23 x 15 om bage. The growth was hicher in

February and March sowindg.
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analysic of the data on root growth revealed that the
gan root growth and latoral rooh ;:034~t¢on vere mosimum in
the came of 30 2 20 & baga and mdninum in 23 x 15 o0 bogs.
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Wichest dor the seedlings grown ip 30 ¢ 240
-in thore arowm in 23 22 15 am bege,
Thus it can oo cionrly mald chot vhs lapgest Hog tried
{230 # 20 em lay flat) iz most gultable for growing the
ediinge in the nurgery unto thrse monthsz, as naxdoum

vagetatlive grovth and root orovth os wnll azm the dry matter

acoumilatlon wae okgerved in the case of secdlinea groon in
these boas, This ie netural Legause of thoe lergsr area for

the rost growth in big bagg. Tho root extension grovih doata

{

also revoeal thot the ovtdmum slize g 30 = 20 ome Migher nirne

noturally vill  be more

several workers had Investianted the op imum sizne of
gslytﬁeﬁe agae or pots An relation to tho growth of the piaﬁt%.
Capriles and Tonzalo (1965} found that the grouvth of cosoa
peedlingcs in plastic bago of 15 om dismeter holding 6,0 ko

or potting mivture was slichtly hetter than thet in cmaller

» 7" {30 % 17.5¢cm)
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bags. Iedlrown et al. (2
gize pelythene beop for raising aeoona Sé@ﬁlinﬁa. leach gt als
{1971) Found nolythone bags ~F 30 x 20 on size as ontimum in
Malaysis whon the pardad in the mursery vaos four to five

months,  They also recommended amoller sise (23 = 18 om or

25 2 18 cm) whon tho period in the nurscry was two Lo two and

& hal® months, Shepherd (19763 had ogilven swpecific
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recomandatione on the size of $he bags o the uwoaed depan~ing
usen the perled o e retoined in fhe nursgary.  Mocording to
him the optimum sire tonl? ke 50 x 20 o vith 30 povioretlons

o the nureery and 05 0 18 em with
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20 porforations for three to four months in the nursenye.
viood {1978) sugoested 25 ¢ 12 om sizg for thoe zeedlings upto
flve months in the nureary,

The present investicalion agraes with the fiadinge of

&Y
e

La Browm al. {39267), Ieach gt al.{1971) ah’ hepherd{1376}
but reoords slight variation from that of Camrllesn and

stieon of Voosd (19721, In caze of

Canrilea and donzalo {1965) the nlaztic g in qquite lon ae
it has &0 hold 60,0 ko mizture vhieh will be unecononical under
‘our conditiong. The prescont investimation haes token into
asccount not only tha wagetative growth but also the root
agrowth vhich is dmeortant in Jlxing the anize of the holythone

bage to be uzed in the nursery., I£ tha nolythenc bao s

b

smaller in size, the tan root vwill cell at the otiom of the

ag and there ulll not be proser dcv&lapmonﬁ o laﬁeral roots
whilch is quiite evideny from the Table 75, Under Herala
conditions, the “e"ﬁliais areg to be grovm for a nerlod of
three to five months depending upon the planting time,There’s

for thoe best grovth of plonts an ontimum nolythene bog sice

of 30 x 20 ¢m is recomynoended,
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cirth and magier o7 laavos

s e oy v . SRIL SR VT S -7 s g eyt ST A py e Yo d
Lecember souing and tho hodoht zione was sicnidicanliy Hilcher

in Mersh sowiag in the seedlings grovn 4dn potting mimtura

farm yoard venure in Lhe orction

cononed afl soil gsapd

horae wao o sl D loant

G ie vy i SRR ¥ - . . - R T T
vac precerded i the coms tedntemont,

The data on root growth incdcated that tue taop root

lenath and the lawcral root production were migzioum Jor

seeaiines grown Ln the 1:1:38 potling minture althouh 1t wags
not stotisticeldy sioniliecant. “ho dry matier qcccumlation

Y o~ AL oy R : Ty e 4 s e gew ¢ £ T ey S R ] v — P -
in tho ront amd the choot vwas olse hiclwest for Lo goerlinis

The hettor grouth x&cs:&e%Axn goil sand angd VU onlodiiee
in the proportion of 1:1:2 10 mewural becouge of tho Deltox
taxture and resulidng botter dSrodnnge ond acrailon of the
soll as well as the highsr mutrient content Lo the medium,

In soll oedium, perhans lock of gurficlent mutvients,acration

and drainage limits the grovth,  Sul An casge of the oediunm

sidh Low WSS ‘&1§~.51) the low nrtriaont contoent Ay w0

Dearons

£, v . o v
Only © e A suitalle

pottiag alxture Zor the Cotoa nursery, Dvke {(1935) obtalned

beot germinatdeon in calearcous sand, " hdiehoad {1954)
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revorted that a mixture of seven parts of loem, threc ports
dried £farm verd manure and too wnarts of gand for foairly
uniiom growvth of scadlings, Tesael (19266) found better
cerminetion in heavy soilsy; but the subseguont growth vas
betier in lichit soilse Nepnerd (1976) suggested & sandy-clay
loam texture and a stable structure for the potilng mirture
to be used SHor oocoa geedlings. e alooe suggested incororailor
of 2D rper cant coarse sawn) and well decomposed i, Wsod (1973)

resortec thet in test Alfrica top seil ndone wan uged Jor
£11ling the bags. The abiwe finldnas clearly indigate that
the preopartion of soll, soand and favm yord oanure variod
desaiiing woan the coll tvpos. ot 4t rowvools thot o sandy

Y -

loan texture wiih hich poerecatoge crgnnlico aathor 41! 5¢ most
principle with the above findinmdgs, Cousidcring our soll tyncs
a normal mizture of coll, sand and famn yerd mamnure In the
nrooortion of 141:2 i mere sulitakle thaen Lhe soll clone or

a l:1:1 mixture

1.6 Viabilitvy of Saseds in Storace

Cocon gead 195 non=resting and vhen the uwod io ripe the
seeds are alse ready fov germination, Cocea scedg nornolly

lose thelr viabllity after a comparitively short period

Ag aggeinst the normal germination in fregh coving e
nresent resulis shoued that the sceds tokon Srom the =oda

kKent as such under room conditions showed the mardmum
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germinotion (70.02%) as compared to the normal germination
vhien covn on the day of horvest aftar threce days of atorase.
The gerninatdon was roducad Lo 65,29, 33.89 ond 23,33 nor

cent 6, 9 and 12 doyo after harvest raopreotivaly,

The sceds extracted and then hept in polythene bhags
under room conditions showed 44,44 per cent cermination
after threoe days of storajge and 20 por cent aftor iz doys.

The seeds extracied and stored in polythene bags did not

gormdnote aftcr 9 days of gtorage,

There was noe germinotion under refrigerated ¢onditions

even aftey threce daye vhen the vode were keopt ag such and

also whion the gsccdes were extracted and hept in polythene

Fow workers have studicd the viabilivy of cocoa zonds

aftcr storacc. Byhe (19358) roported 95 uer cent gorminotion
fourteen dayge aftoe gstora’e ad an average tomneraturc of 80°0,

et storsge ak 50°F and 45°F destroyed viebility even after
wo daye, vhile a temseratura of 860°F gave normal reseentage
of germination even after twenty days. e also suogosted
that the deterioration of podes under normal coviitions are
mainly dues wo deslecation, Sungnl attack and SENeSERNCe.
Zink and Rochelle (1964) §Mtained 72 por cent germination
altter %0 dayc wvhen stored in ventilated glass containers with
40 por cent relative humidity, while the beong otorad at 5O°%C

foiled te germinate qQuon after 15 duys, ‘oodstoak et 2l,{1867)

i

reported that the garminated soods wer (illed by chilling
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at 2 to 4°C for 30 minuteg. The non-gerniination of the
goeds stored under rrfragera ed conditions may be dus

o chilling as sugoested by vke (1934), Dyke ot al. {1934}

-y

zock gh al.(1967), The present study indicetes

Y
Lot K2

anid loods
that it io hetter to sow the feed on the some day ol
wtraction for obieining hicher poreentage of germdnaticn;

L2

but the node can be stored under room conditions even upto

al: dayvg vith upto 66 per eent qarmination,

"

[

&
LN
ey,

oot Crowth Stuwiieg

The root oharacters studliad revealed that the grouth

of the tap rmmt'waé at a faster rate upto 15 dayg (43,805
an:d thereafter the graowth rate decrseased at slow rote upto
anth day. The growth f£rom I0th to 90 days wasg aomsaratively
very slov, Thareafter the grawth was fagter but at low
rote than the £irst 15 days. “The increase in the number of
loterals aleo followed the game tyend Yhe Jehoth of the
lateral rootg dncrecsed only gradually wpto 69 days and

thercafter at a much feater rate, The inoreace in dry motie
accunulatdon In the root was a2t o slow rate upio 3D days aw
thereadter the inerease was at a much fastor rote upto 100
days, Then the pate of increasce vas reducaed, The growih

of rootes and accumulation of dry matter in shoots andd roots

g3}

ollowad alternatively,

-~

The slow root growth durdng the period Dhatween 80 and
130 dovys sugg@st that it will be advisckle to mlant the

n

gsec:lings during this perlod for Letter and early growth in

v
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the field, 7he tap root growth and the nunber of lateorals
ot this stage will be roosonable to accovwodate in the
molythane bag or pot of the size 30 2 20 cme.  The study

lso indicote that keeping the plants in thée nursery in
omall boas, 1o not cdvisakle as thoy become ‘pot bound!
by that time and it may lead to casualiiles in the main
Jield,

zevalloe (1963) compoarod the grosth oF the ghoot and

root in the nursery and found that during the Sfour months
in the nursery, the relative lenath of shoot and root
remadned the same therxeafier the shoot grew more randdly.

£,

“he pregent study revoala that the dry matter accownulation
off ths shoot wag almost three timee than that of the root,
‘the hei@ht of the secdlingg was olwavs more than the tap

reot longth ot lzast by 25 to 23,5 per cent,

PRIV BRI AT
2.9 VIGn e [N S TR I A

In order 6 standardise the mothods of vegetatdve

provazation, rooting of cutidngs uelins plont grost

S PO wt

THRISSUR
586 654

regulacors and four mathods of bhudding were tried,

2431 EBeoring of Cuttrinog

“he hirhest pereentage of rooting in Lhe 'misy chamber!
method (86.3) was obtained for IAN 6000 ppa treated for 60 sea,
closely followed by MHnd 4000 pmm treatel for 60 sec (94,9
.These two Lreatmants though en par were gloniicantly
surerior to the reste In the polythenc sheet method alsgo

the highest noreentage of rooting was obhtained Zor IAAR 6000

nrm 60 sec {**.8”) Tollowed by AN 4000 prm 60 sec (30,6.)



which were also siqmificenitly hicher, ihe nean nunber
of roots were 3,37 am and 2,52 fox INY 6000 prm and
MBS 4000 ppm, respectively,

The nunber of roots was zignificantly hiloher Lor
6000 mpm NAR trcated fov 10 sec,, but the peoreentate of

Tho owean number of roots wore

Y
]

routing vas very lov (46
aleo fowrd o wary oignilicently smony the treatnmnts, “he
meon humber of rootg inoreagsed with the concentration of

plont grorth regulators troated, upto 30 secondg and

lecreanad thoercafter exeent in a few cnaes. The averane

length of roots wasg found to ba more in case of low

l'}

acopoantration

i

1t ghort peried of troatmonts (10 sec, ) and

Q2

degreaned o b aoncantration wan increaced andg time of

wrcatmait wag prolonged,
The omcentrazions and time of Lreasthinnts ware

bok

s
s

found to e ontimum hicher romting ot a partdaoular

-

tovel (6010 prn TAN for 60 seconds, 4000 pom N°A Zor 80

sl

seconds ) abtove vhilch the rereentage of raoting vao found
to decaasze, This ig natural because the nlant grimeth
regulators have gpeciflicelity in thie action with reference

Lo eoncentration and conditlions under vhich treated,

Savaeral workers have tried dlffcrent plant growth
roalators fSor Angreacing the rooting of conoa cnilinags,
Qlchords (19438) found that IBA and BAA were effective in
.increasing the pereentacge of rootdng and mean root longth,

focording to Gareds and Naundorf (1959) IDN markedly

inereased the pereentacnc of rooting and the pumber of roos.
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mvansg (1951) susgested mudek dipn mathod to o more
aonvenient, According to him, the mixture of egqual pavrts
of NAR and IDA bstuvecn 8000 and 12000 ppm were dfound more

arfective, Alvim ang Duarte (1054) recommanded Q.7 or 0.8

]

per cent INA, while Ediwards (1961) recorded best reoults
with 8000 pom TtA Cabato {(1961) racoomended NMA at 3000 prm
in powder form, Bouma and Ringling (1962) obtuined

34 per <ont rootlng with 4000 ppm IO while, Hatloram gt al.
{1564} thd?ﬁuﬂ bast regults with a mixture of 08 and

HAA at 53000 o,

-~

The nresent investigation dilfferg with those of tle
above workers with regeords to the concontration ond the
tyvpe of plant groweh reculator uscd, However, it agrecs’
with the Zindings of Coboato {(1961) who found N at S0CC prm
morae cultable, The variation eon be agslained by the fact

)

that the plant growth roguletcrs are specific in thelr
action at diffsrent conecentrotione under Jdifferant
ditions, “oking into account the hicgheor oiseontoge of

rooting, optimum nunbesr of rpots produced and the average
longth of roots a2 ‘*qguick die' method for 60 seconds in
A200 pom of HAA or 6000 pon of Ian is recomwasnded,

Maons the two methods tried the 'miost chember® and
) ,

the polythene shoet mechad (M.RL,C.0,.7. mathod) the
pereentage of rooting wuas higher for the "mist =himbsr’
mothod but tho averege nuiler of rootn ond tho average
length of the roote were hi hor for the molythene shott

mrithod,
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The 'mist chamber' method requires gpraying of
water once a week while in the ‘polythene shect nethod!
the watering‘hae‘tc be done once in three days, Thus
though the iniﬁiai investment in the mist chambar method
is comparatively higher, the recurring expsnditure will
be less than in the polythens sheet methods 7Thus the
'mist chamber® method Lo recommended although both the

methods can e usned,

2.2 Budding

Four methods of budding, namely the '7T%, the inverted
¢, the patch and the forkert methods were tried on
geven to eleven month old root stoeks, Among the methods
tried, the forkart method gave the highest percentage of
auceeés (60.0) in February and in March when the bhudding
wag done on elght and nine month old root stogis felipwed
by the inverted 7' (45%) and the patch {(49),

Rcéanquist (1952) repovted 56 to 892 per cent succass
with patch budding, Topper (1856) developed an inverted
'70 budding and Liabeuf (1958), testing this method,
ohtalned 50 to 80 per cent 'take’ after top budding Zhupons
growing from previously cut back eight year old troes,
Urquhart {(1961) reported the use of shield budding on fcur

,montﬁ old eonooa seedlings. Asaénss (1863} obtained %0 to
80 per cent success with patch budding and 77 per cent with
inverted 'T' method in Sao Tome., Van do Purg (1969) found
that better rasults could he obtained by the Fforkert method

i{ the flap was completely out off from the stock, The
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-recent finding also prove the superiority of Zorkart
method over the other method and the percentane of

suecess con furthaer e ifioroved by experionca,

243 Graen hbudo

g

ne four methodz of budding were also tried on

¥

yvounger root stocks of two to four months old,

o highest per cent of success was obtalned by

1}

using buds from greenish brown twigs than from green

budg, The higheat per centage o7 pucccess on budidlng done
on two month old root stocks in March was 60 for forkart
mathods Mmdred poy cent guceess vas obtoined by rorkert
method on three month old rost stocks ond eichty ey oont

far ‘inverted=T? Ain Mpril vhile on four month 0ld root

stocks the hichest per oent of suecess (80) was obtoalned

for forkeort and invortad=T' methods in "Gy,

Toprer (1959) developed a technicue of greanbudding
on three to four sonths old cooca rost stogiks, Thnis methoc
o subgemuently lnproved Ly furov (1961,1971) and used
in Halaycia for bwliing of wso to eight wmonth old rubbex

secdlings. Thicion (1939), Foaredes (1949}, Are (10565,1967}

Van Ge Sorg (1869) and Macethaes (1974) found that cocoa

3
{1
=3
r&?
Go

udded guosesziully on Jfouww o five months 0ld
segedlings, ANceording to Slegbergar and Couater (1976),
forkert mathod is suceessful to the extont of 890 to 100

p2r cent in Metherlonds under glasshouse conditions on

¥
a
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six wecks old root stocka, He sungested that four to five
months old seedlings can be uszed as root stogcks under
tropiconl conditionsg, The present investigation hés claarly
proved thot forkert method can be suceeasfully adopted for
gracn budding on three to ﬁourrmsﬁﬁhs old otocks during
the months of spril and May, the bhest pericd beiny april,

g

The green budding has added advantage that the period in

the nurgery s conciderauly reduced,



SUMMARY
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A-detailea study ﬁas conduoted during the period
from May 1978 to July 1979 at the College of Horticulture,
Vellanikkara, on different agpects of propagation of coTOas
The objectives of the investigations were (1) to
standardise the eriteris for selecting the pods, seads
and sedilings (i1) to £4nd cut the optinmum cime of
rolythen: boge and to standerdise the suitable potting
mediun for the nursery and (iii§ to standardise the bast
vegetative pﬁmpagatisn mothods The results are summarised

below,

1, The volume and welght of the pods Vvarled among
the three classes of poda namely, ‘larget,
‘medium' and ‘emallt and also ameng the months

Gf harvest,

2; The pods collected in Cecembey ond February had
gomparatively hicgher volume and the pods harvested
in Deeenber and Ppril the higheat weichts

3. The volume and welosht were hichest for large pods
followed by mediuwm and small,

4e There was hot much vaciation in the nutbcr of secds
among the three classes of podz, The mean nunber
of geecds poer pod varied beotween 30 ond 42,

S, ° The nuaber of scoeds were highest in pods harvested

i February followed by larch and April,
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74

Ba

9.

10,

20§

aecds as well ag thoe mean
were hicghest for ‘large

nedium® and ‘small’ pods,

marvegted in Fehruagy foliewed by Mool an?t Zoril,

T, x Em NI 5 N N Ry . T 3 o o
The slze of the pod and the pooiticn of the szcds

s, middle and Aigtal and) had no

Influence on the germination pereentage,

Tha cesrmination erconiage was hichest in Maxch

folloucd Ly Pebruary, Januavy, Decsnber and Anril,

Thore was no siondlicont Gifferonce, in general,
by the Chird sonth in the vegetarive grarth
paramcters, root grovth paramcters omd the dry

aatier soouwmwalation when concllering tue size of

pods anoe the position of the szad in the pod,

Thore wag, in gencrsl, ne coarrclation botwacon the
hedoat of the seollings on 1%th an? 20th day aftc
germination and tho pod choracters sush ag lﬂﬂﬁtﬁe
girth, veolume 2n0 wolght o fhs roxie,

the ‘large’ and ‘*medium’ nods ghowad

large o medium olzed node vedohidns more than 350g
aoen with not less than 400 @2 wolune should be
szleated {for yaiacing pursery Jdurine the wmonths of

Pebruary ond Harch,
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From the diféerent growth parameters studled
hased on the height and the number of leaves
produced, & selection criterion is suggested

for selecting quality geed)ingn, The seedlings
should have not less than 30em helght and not
lsas than 10 leaves whan they are three months
old,

Polythene bags of 30cmx20cm lay f£lat size are
most suiltable for growing the aseediings in the
nurgery for three to five manths'comparea te

23 om x 15 em and 25cm 2 18 om sizes as the
seadlings grown in these bags are superior in
height, girth and the number of leavea produced,
These gecdlings are also fourxi to produce better
root gystem,

A normal mixture of soll, sand and farm yard
manure in the proportion of 1:1:2 13 recommended

for growing seedlings 1in the nursery,

The seeds may be sown on the same day of extraction
for maximum percentage of germination,The percentage
of germination is decreased as the days after harvest
is advanced, But the pods can be stored upto six
days under roeé conditions with 66 per cent
germinatian,

The root growth atudies conducted periodically on
sfedlings upt® nine months had indicated that the
root. growth is maximum’ during the first fortnight
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210

after garmination and th@rgafter the rate of

growth 45 comparstively decreased and the growth

was vex% slow between 30 to 90 days. The posalbility.
of taking advantage of alow growth ef'rogts

botween three to four months for planiing was
discussed.

e root grovth and the Jdry matter accoumulztion was
founé to be alternated, that is, when hich shoot
growth rate was recordesd, the accumulation of dry
matter was low and ihc game was inmreéseﬂ considarably

when the ghoot growth vas slow,

Taking into account of the hicher perdentoge of

-rooting, optimum nunber of roote produced ahd the

average longth of roots; a ‘guick dip' method for

60 zec in 4000 prm NAA or 6000 ppm I2A is recomuanded

L]

for producing rooted cuttings,
The merits and demerits of the two mothods, that is,

the 'mist chamber' and ‘polythene sheaet method!

wera discugeed ond the 'mict ¢hamber‘method is

-~

recomaended,

Among the differesnt method of budding tried, &0
per cent succaseg was ebtalned in forXert method
vihen budﬁéé on eight to nlne month old romt'stocks.

Ihe bost time for budding wvas found to bio between

| February to Aprily



20,

Green budding on thwree to four months old cocosn
gesdling stock was found to give 80 to 100 per

cent succesg with forker:t mothod, April and May
were found to be the hest time for éreen budding
vith 100 per cent success iﬁ Mprile Henoee green
budding in April and May on three to four months

old seedlings is recomiendad,

a1y



REFERENCES



REPERBICES

_ waYvim, P De ’1’, { 1953h Hew -ampagatomﬁﬁ: rting COCas

*mvm.&m T 08ind Izuartegﬁ. {1554), Msjoris
prapgfaemnea hormonalaes para shraizamiento
de las estaces de Cacno (The bhest growthe
subgtance formulation for rooting cocoa .
cuttings), (Prog) ¥V Reunion Comstsc,interame
gacsa.ls 12

Anans (1946 ), Annual Report We2,Ce Ry, ,Tafo: 59

anon, (1951),Notes on current investigations, April to
June, 1951, Cacao.Malay.agric.d,34t134=5

- Anone (1951) 2nnuad Report HeAWCeRel.Tafo:84

Archivald,o,.7, (1955}, The propagation of Cocos by
cuttings,Jach, Bull, K AeCaRaTo (3}

Are, L, {1964),Drying treatmonts to keen coona sesds
viable in storage, pap.Ist sesn, Tech,work

DAty £ogoa,prod,,Roma.6E(4)t6

ASCENE0 .7, Cy (1968)Cacas budding in Sao Tome . IXon. Agric,
45(4)1323+9 *

Ashim,c.k.(w?m. Viebility of dacao beans.&m&@r O
£3321=4

Atanda, 0,2, ,and Jacob,Ved, 1970)sBean germination studies
in Theobroma cagao L.Cacan Ingt.Interametl,
Clenvias Agral5(4)113«8 ‘



i1

thandary,X.R., end Shivashankar,¥.7.{1974),
Mist propagaticn of Cacao J.Pln,Crops.
2{1)12022

Boroughg,,H.,and Huntey,J,.0, (1961} ,E€fects de la temperature
dokre el crecimients de semillar de cacao
{The effect of temperature on the germination
of cocos sesda) Turrialba, }11:160

*Bauma, D, and Ringeling,C,{(1962), A new method of taking
cuttings of cocoea in Surinam,Surinam,land
M.Lgnéauﬂs

Burchardt H.(’QSé}.ﬁrafting and budding. Cocoa.iron.daric,
13:18&

Cabato,T.HeJr, (1961), » study on the propagation of cocsa

Theobroma cacan.l,) by gtem cuttings.hranata.
J.hqric.§:110~131

*Caprilas.Q.L;: and Gonzala.%.q.(lﬁsq). Trops.de potes max
convenientes para propegation de cacao {(Types
of pots most suitable for cocon propagationl,
Cacao,Bol, inh.Lstae.axm.@acaa.@aucaaua.2(1&2):
38

’*Caréosa;ﬁ.(1963).1nf1ueneia da posicao das sementas no
fruto lo cecauciro sobre a gerninacas ©
desenvoluimento das mudas, (Influence of secd
lovation in cocoa kruit on germination and
seedling growth).Braganiia,221461=464

Cheesmarn,B,51 and Spencer,G,5.L, {1935)s Ceneral notea on

" technique with cuttings. Figxh anou.lep.on
cocos ?eaaarch,z,ﬁ.é.h.T 1nidad¢

Cbeesman,w.“.a and 5gen@er,asu.b.(1936). The propagation

of cuttings in tropical climates, Zrop, Egrig
13:1201=3 *



111

Coogter,ilsAss and Ohler,Jt.C,.(1976), Cashew propagation
: by cuttings.lroped ric,33(4)=353-358

Dyanat—ﬂajad,ﬂ.(1971)
Relationship interfaring in the morphogencsis
of the cocoa and reoot system,Late,Cacac,
15(2):105-14

Dady,GeHa (1920 )4 Vegetative reproduction in cacso, Year
 book ofi the Peptedgric,Sold Coasts

Bdward,I.X. (1961 )4Clonal Cacao at Keravat,Part II,Papua
NﬁW'Guinaa Aqric¢J.1g116-37

“scamilla,a.:Pareﬂes,ha,&nﬁ Van Buchwald,hs (1048,
: Pronagation of cacao,Methods and problems,
- Cacimo Inf,Bull,l (14)31w2

zvana.ﬂ.(lQSl).Rcecnt inveatigation on the propagation

OZ cacaa. H.Cacaa ﬁeu.Imw.uo;;.irgg ;gric.
29~37 -

'*leer,s.(19a4),ﬂlanﬁen in ylastic.“hdaddinat.vkgg
1hou

*ﬂarcia,@., and ﬂaundgr ,G.(19So).fnsays camparatives
Con las diversar fitohormonag on el
enralzamento de eastacas de cacao(comparative
triazls with various grawth subatances Loy
the rocting of cagao cuutings, Agron,
Talinora¢33191~4 , i

*Garcla,ﬁ.c., and uaundorz,Gflgss). Algunas apundles
© para el transplante de estacar decacao.

primers nota (some notes on transplanting
cocoa cuttings) Sacno en ca; 2:17=20



iv

*Garcia,R.?.(1954).?n5ajs comparative entre pergamim
de cafe Y sgerrin de madera, Como medias
de enralzamienle para estacar de caQao,
{comparison of coffee silver skin and
sawdust as rooting media for cocoa
cuttinga) Proc.V,Reumion Come.the interamer,
ﬁacag.%z3 ' ' . . .

*Garcia Brand,T.R, (1054) ,Bfecto de)l Dithane Z=78 ¥ del
acido 3eindole budrico en el enraizamiento
de estacar de cacap (Effeact of Dithane-Z=79
and indole butyzic agid an the rooting of
cocoa cuttingss Cacag en, ;ggg 3315756

Clesherger ,Ge ,and Coestar.v.A.{1976). Glasshouse
. experimenta on green bhudding and grafting
of coccoa (Tscagag. b, Yiz Ap.qu*05§3(411359m72

Hacris,R.J, (1953} Vegetativa propagation of cacao from
greenwood cuttings at the lowland Agriculture
Lxgvriﬂsnt statian;xgrQVag gggyﬁ_haw Guinea,

Hurov, R, (1961 ).Creen bud strip budding of twomtoecighit
' month old rubber saeﬁ?1nra.ﬁrec.Ngt.Puhher

- Bes.zonf.Ruala Iampur, 419-623

Hurov,H,R, (1971) Investigations in budding seedlings of
the rubber tree, Plant Bropacs17(4):16-20

Kallasam,Na.,Poules,D,, and Kup swamy.B.J.(lﬁsdl.
measure of vegetat ve propagation trizls on

cocoa at Kallar Frult station, Madrag,
agric.u,&&:??

Reaping,G.5. (1950), The vegetative propagation of cocoa,
Malaveagrics .33 27~31

LeachauqueShephﬁrﬂ.ﬁ.anﬁ Turner,P., (1971) Underplanting
-coconute with cocea in Malaye.Broge 3rd
Internat ,Cacaa.Rea.Cogf Accra, 1969 ,346w55



v

Egtablishment and maintenance of cocoa on
Borneo ibasca Limited‘'s estates. Pare I,
‘Batablichment, Coroa prover's Bull.(9):9~14

*Liabeus,J, {1558), Stude des methodes de multiplication
dey clones de cagaoyers selectronnes a la
atation de Nkoemvone, Sept.Conf,Interam,

Cocon,Palmira, Colombiat 52 4m33

Idpp,Ca.Bs {1953), New methods in plant propagation,Arnojdia
A 33161 '

Mabcy.ﬁsﬁ.(1964). The budegrafting of cocoa in Uganda.ra At
: A‘gic.g‘gric.Fo 56.3{1)349"‘)3

*Magalhaﬂs,w.s¢(1§74). Regroducao aarexuada 4o cacauciro
cacausAlualidodans 11(1)s21.23 .

*MalinanSmith,t.K.(IQS!). The pit method of rooting Qacao,
Proge Ve Reumbon QQL,ge'c.;nto:gmgr.Cacao.2=4

MaKelvie,AyDe {1957) 4 The pozythem gheet method of rooting
cacao cuttings.irop.faric, 34(4)1260-65,

Marray.D.B. (1954). A new technique in the vegatative
propagation of Cacan,A.R.CaCa0,RA8,T+CoTesst
5355

Nair,PeCaSe (1979), ﬁgricultural Regearch in Kerala, Statug
gggg_g,?,h,v.,Vbllanikgaraziz

Paredes,b.h.leis)ﬁﬁr¢pagaLian of cacae by budding,Cacac
Inf.Bull. 1(2145)

*pirez,J 4,0+ (1954), Experimentos comparatives cntre suite
medios de enraizamento para sstacas de dacao,
{Experiments on seven meﬁhcda of rooting cocoa

cuttings) Cacac en Colomb « 3175-91

Pwkﬂ,§.F.(1931).Ca¢ae propagation, The vegetative propacation
Theobroma cacao by soft wood cuttings, Txop.
&§r16¢33249



vi

Pyke, B8 (1933), The vegetative propagation of cacao 1V,
Propagation by soft waoa cutt&nga under
eaﬁate wonditions, Ihird Ann.Rept Q%_C 208
Reasearch for 1933 I,C.Tg o Trini eIy ]

Fyke,J.?,(1934). The vegetative propagation of cacacglll,
Chaervations on varletsl dlfferences in the
rc@ting bahaviaur of cocon cuttingu. Thggg

g 3214—?

Pysﬁ.ﬂ.u.,hemnard.E.R, and %ardlaw,C.W.(lﬁzd}. on the
viabllity of cocoa secds afiter storage, Irop.

' agric.\Iulz

?ykaaa.?n(IBBS)g én the germinatian of cacao beans with
epacial reference to storage and transport
rroblense Fourth.Ann.Hept,on Cocoa esearah
fdf 1934 TalaT 0y g'?rénidad. 33”40

- Richards,Ded, (1948} Moten on the wegetative propagation of
cocos cutiingssd.hort.Scl.24:192 :

Acsenquiet,@.a.(lgszi, Notes on the inverted 'U! method
: : ‘budding of amcna.ﬁalaz.agric.a.3s(1)378-84

Sheplierd,R{1976 ) 4,Cstablishment and maintenanes-of cocoa
seedling nurseries, Cogoa grower's Bull, (25)

sneéaear,G‘V.,and Cochran, WeG. (1567) .
Statistical Maﬁhoda.cxfara and ISH Publishing
Coe LHeéw Delhd,

*Ihirdlon,F. (193%), totes sur guedques factauf's susceptiblegd"
influencer le success de la graffs du cacaoyer
. an congoe VIL.Congreint,gric,Tron, Subtrop,
1937:165=168

Tapper,ﬁ,F,tlgss). A new method of vagetative propagation
for Cocoa,laatl,.ro t.Agrig.ggmgggg;I-S



vii

Topper ,DeFe (1957), New method of vegetative propagation
for cocoas lgrd grops 2 (1):38-39

Tbmpcr,ﬁ.&~(1959).The buddage of cocoa and rootage of

seionlings,. Jth Conf.Interam.Cocoa,Palmiva,
1958153045

Urquhart, DeH, (1961) «Cocon, Longmans, London: 7097

Van de Burg..silgﬁg) Cosoa budding « a neglected technique,
Vorld er Qu.(91 (2Y2205m7

Van Hall,CuJ.7, (1932) Caceo,Macmillan and Company,londons

weasel M, (1966) Effect of potting soil on germination and
growth of cocoa seedlings,Ann.Rep,Cocoa.Res,
Inst Higeria«1964=65:87=08,

rhitahead,, (1954) Cocoa propagation in Malaya with special
reference to cocoa nursary technicues,Malay,

Food ,Cely Ry (1978) s £oCou s Longmans, Landon 16473

Uoodatoek, Ly, alae, By sahd Combe,M,Fy (2967)¢ Inhibition of
regpiration and secdling grewﬁh by chilling

traatmenta in Theobroma Zacso E;an*¢¢ 11
gsio; g=339~42

*aeVallos,A.uaaima(1958).In€1uence of the soil on the
davelopment of the roots of ccaca',Cacau.
Alualidadgg 332~5

*Zink, B, sand Poﬁhella.h.h.(1964). Estudos Sobre a Congerva
cac de sementes,XI,cacau (secd storage studies,
HI4Cacao) Brggantia..&;sl!ﬁnlﬁ

* Driginals not ﬁeeﬁﬁ



APPERDIX » I

Analysis of variance for percentage of
garmination in differsnt monthe,

o Mean squares
source 9 N - e

Month of sowing

I g . > o

Decenber January Februazy  March

2pril

rod size 2 120,93 164,92 165,71 47,84 238,64
Seed 2 422,48 26,05  1008,56 194,39 44,26
pogition

Interaction 4 35,29 53,99 60459 74,17 94,65

Error 18 114,423 337,06 212.76 116,78

203,19




APPENDIM &« II

Aﬁalysia of variance for height of saedlings at
various intervals,

Month

tource afg

N o B P

Mean asquares

S e N

30 45

e

Daye after'gekmihatién o
e mes o g e i ran

e

December

siee 2

tosieion 2
Inters

action 4

Brror 18

12,33% 16,13*%% 123,27%* 66,08*
2,33

16,52

5429

5449 9,80%

*  9,84%*  33,90%
3.45 7450

7+80%

32450
1,38

131,08 66,15

108,01

101,60

172,42%* 86,03

94,03

96,83

January

Size 2

Poaition 2

Inters
action 4

Brror 18

150
ﬁg@ﬁ\

3458

2,17

9,70 6.50.
001 1,63
1430 1.36
3,95 2,64

;ﬁ 5;20
068

13,99
21,07

19,16
1,50

10,87

16,97

22,51
2465

8.87
B.62

Pebruary

size 2
Pomition 2
Intare

sction 4

Error 18

4,84
0,58
0,45
2@9‘

i 0 b

10,73 ‘ 16,03
2438 1,47

1,47 1,10
8:56 5,53

0,54

15,37

6420
Te42

2463

20,97

11,51
14956

22,4

- 30.84

27,83
66,01

March

size 3

Poaition 2

INtere
action 4
Trror 18

2,59

2,57

1#59
1,89

fi;%g . 6;26

1,49 2,96

2480 719

10, 74% 0,64

5,10

2,09

6462
8457

1,48
16,99

S.15

14;51

147.12
13.73

9,65
22,84

size "'“2 _
?asiﬁiéﬂ.gfv.

Ap:;i

Inters
action 4

Error 18

321

1g74
4,84

,3s$94.

9.54 2,19
11,01 - 13,35

§5.69 2,40
17§85 _5@69

9,03
5445

2,431

4@&5“

47,28
16,28

8.28

19.44

4,80
045

5,33
11.58

* Siénificant'at 5% level,
W gignificant st 1% level,.

phasdien



ADPDPENDIX « IIT

Mnalysia of variance for glrth of seedlings
at varicus intervals in different months.

" Mean squares

of Ssource daf Daye after germination
- b 3] 30 45 80 75 90

Siza 2 0.07 0,002  123,27%% 66,08%* 131,03 66,1
Position2 0401 0,012  9,80* 7,80 108,01 101,6¢

ey INLEre » - :
Pecember  ovson 4 0,01 0,013  38,09%% 32,50%% 172,42 86,0:

Error 18 0,04 0,013 7«50 .143B> 9@.&3‘ 56.48¢

Size 2 0.04 0,002 0,002 G001 0,015 0,01.
rosition 2 0,02 0,001 D,001* 0,001 0003 0,01

January  Inter .. o o 8 '
action 4 .01 0,001 Q001 0401 0,005 0,00
Error 18 0,01 0,001 0,001 0,01 0,013 0,00
- T Size 2 0,001 O0,03%% 0,001 0,002 0,003 0,01
, Position?  CL,006 0,01 0.01 0,001 0,002 0,05
- February  Inter= : ‘ : ; - :
- action 4  0.009 0,01 04001 0,001 0,01 0,03
Exror 18 0,015 0,01 0,01 0401 0402  0.01
Size 2 N,005 03002 0,02 0,01 D,05%% 0,08
Position2 0,003 0,003 0,002 04003 0,004 0,08
¥arch Inter : . : . : .
ac¢tion ¢ 0,008 04002 04024 0,02 0.0@2 0,03
Error 18 0e002 0,005 0,011 02 0,003 0086
Stze 2 0,003 0,001 0,001 0,001  017% 0.0
Position2  0:001 04003 0,003 0001 0,09 0,00
2prdl  Intere . g 7 | |
. action” & 0,002 0,001  0.001 0,002 0401 0,004
Drror 18 0,003 0,004 0,004 0,02 0,02 0,00

* significant at 5% levely
*# Significant at 1 levely



APPENDIN ~ IV

Arialysds of variance for number of leaves. at
various intervals in different monthse

Month
sowlng

Sourve af

b om0 - - SR S i iy o o i i =
kan SQuaTes
7 ) N )

‘Days after germination

5

20

i

45

6D

- S

Decenmber

pod

size 2
Seed 2
position

- Intere

action 4
Error 18

@géﬁ
0sd9

0De24
Cel3

a2

0446
0,59

Ced9

Qu90%®

0e12’

1,28%*
0,13

2,32%%

0463

3,53
O;ﬁO

1.4%
0218

1,02
0,97

January

Pod 2
olze
Seed 2

position

Intere 4
agtion

ryery
- 0+083
Q§¢51

@Q%ZE

-

0,40
0,75
0445

0¢36

0,23

0,85
Oqi?

0,21

1,27

1,13
Qu47

1.23

 0§15“"

.40

2}43

2,67

February

sive |
Seed @ 2
position
Inter= 4
action

Error 18

Errer 18
rod 2

0,093
04031
0,024
017

1.44
112
Du04
(3 7% Rc!

1,25%*

De?7

0462

“Giéé___.

6448

1,04

1,90

1,85
1,68

1430
1,58

HMarch

rod
size 2

Seed 2.

position

Tnter~ 4
- action .
Error 18

‘Qﬁiﬁ
03

0u03

0,24

b i

061
1,59*

063

0,45

1.22

Ce28
0307

OutS

1.30

0427
0,33

Qﬂia

0,30
0482

0,04

2438




APDENDIX w IV CONITHLED,

Month | | | .r«;han”squar-es |
of U n i srmination
sowing Source A& z;faysfagter ‘germix?zra»t‘sn‘ e
15 30 45 60 75 B
Pod ,
sigze 2 3469 0570 0,24 2420 0,39 1.38
seed 2 1621 0,32 2,06 5.76 3,37 075
April position '
Inteyre _ : . _
action 4 1,74 1.05 1.64 0e49 2,52 D3

Srror 18 4484 0,83 2,11 1,02 1436 1.9




: mﬂﬂ#hﬁ.,

APPENDIX = V

Analyais of variance for length of tap
root at various 1ntervale in different

| &fm th ‘ ' ti&an squamc
o R
acuing source .| af . _na?s fftér garninakimn |
o 30 60 %0
ﬂm& size 2 2.3 24494 | 76,77%
Deceamber positi@n 2 . 3elu 4,78* 13.51
- Interamtian 4 | 5,51 9;41 | 23,42
—_— o ot e it ke A e e i man —
- senmores . , e
Podosize 2 | 0420 1,60 2490
seeqd ' 5 |
Jahuary . position’ 2 1.14 2410 1422
Interaction 4 0,76 5,04 4,45
‘ Errer . 18 2486 : 11.80 5,80
Pod slze. 2 . 0.54 0,67 | Godl
- Geed C : '
o position - 2 5,53 3,16 . 2,77
FebTUSEY . yneeraction 4 0,19 2,35 | 8482
. Frrer ' 13 f 4.53 10;75 :A8q21
Tt sime 2 2,38’ L0475 D155
. Yead : oo :
March yosition 2 5454 9.89 ; 059‘*
Interasction 4 3:40 11.99 L 10455
Fgror 18 3,07 7409 3064
Pad slce 2 M 0,91 5,1
~ Boad o f
April  position 2 0407 0,77 6.48
Intaracwimﬂ d 1 7% 1 11 54208

o Significant at S% 1eva1.
** Significant at 1% level,



ABPENDIX-VI

Analysis of variarnce for length of the longest
lateral root at vaerious intervals in diﬂferent

monﬁhs.

Month A : : : :

of j ' o f Maan squares

sowing Sourge - df  wemmaeemene e

; - Days aﬁter germination

» _ .S B 5 I 90
Pod size 2 016 1e62%%® - 137

Degenber Sead : ' ' .

' ' position 2 0 047 2,33%* 3.8
Interaction 4 0680 3.09** 744
grror . 18 D40 L D13 T 445
Pod size 2 0:7% D49 2485

January - Seed
Interaction 4 0,71 0.99 6463
Error 18 0.52 2,12 8,38
Pod slze 2 3.82% 2,62 13,71

_ 2 Secd \ .

February position 2 2,10 ' 1468 1.12

' 7 interaction 4. 1.04 Q25 8.20
Brror 18 0,37 1,08 4,32

. ¥od size 2 1610 _ 4.72 14,12
March Yeed position 2 0486 5,68 11,33
- Intevaction 4 . D468 1484 362
Frror 13 031 7.66 20,48
?@ddsi@a 2 0,37 0617 5.68
2 Gee

April pocition 2 0,99 0480 . 5455
Interectiosn 4 0,88 0,71 131454
Error 18 c:.aa 1,03 3.18

3 Signiﬂicant at 1“ level.
e Signiflcant at 5% level,



ADDURLEN o« VEX

relyaie of warjande Jor number of laveral

roots at varicus intervale in different

o thsy
Honth o
of Hean pouares
aoing Soures aAf T ST S
: fays after gsrindnation
) 30 ot %
wgd ofre . 2 2565 1095,93" Q438,420
asd
Deeanber position 2 4e14% 79:57 20429
Interaction § 15400 253 1145,02
npLer 1B 21,33 235,14 . 531,35
Pod sive 2 % ¥ 58413 15,92
faed . : .
January nosition 2 14,77 40,52 3,37
Interection 2 38432 39,88 34, 15*
Ypror 18 19,37 51448 11,33
fod size b 2670 BT 246432
Petruery  ooeieton 2 101401 13,00 87,61
Interaction 4 23431 95,11 T2
frror 1n 19,02 53,48 97,38
i soed , ‘
B position 2 26442 16,59 12,00
Inverection 4 6.44 19,08 48,90
roy 19 21e40 L] 2709
' M&aﬁm‘ 2 29,03 7489 1458
b1 ¢
posisden 2 9. 14 5,08 (4073
Interacticn 4 .48 14,83 134,01
Lprar 13 310,20 12,69 $.77

¥ Slondfieant it 50 level,
*& dienitloont at 4 lavel,



APPINDIX « VIIL

dnalysis of variance for dry weight of shoot

at various isntsrvals in differsnt months,

Month - -
of _ ﬂcan squares
sowing source ag e cnns
Days azter germination
30 60 %0
Fod cive 2 01581.8%  104023,4** 716845,4
) " Seed : ' .
December  ropition 2 151549.8%% 144004, 1%* 207500.9
Interaction 4 22459,6 56204,1%* 75334 ,3
ﬁrror 8 2?614.5 1170242 265606.5
. rod gize @ 2 36657 48733.6 892?4«8
. Seed | ~
Januaxy position 2 §0697,7 12624.2 3062 o1
Interaction 4 36505,9 62362,2  123960,7
Drror 18 15063.8 91189.6  149537,1
. pod slze 2  169559,8%%  225232.3% 2670445,4ve
yois o v Seed . ,
Februdry  osition 2 72608,5% 95160,7  168808,6
¥ Interaction 4 35081 6 47238,2  534204.4
Brror 18 19593, 4 51568,4 440022,9
Pod olze .- 2 7" 6832,0°i7 . 330898,0% 1261027, 74*
: Seed -
o position 2 112675, 4 26048,0  2453451,3%
LT Interaction 4 . §6608,9 T8146,5 1480892.8
. Beror 18 41128,7 62949,8 409345, 8
’vad iz 2 1170090 o 116780.4%% 2751237,0%%
aorid - itioa 2 - 33141,1 S7132.4%* 616734 9
praL - Imﬁe#actian 4 25318,7 29020,2 220165, O
Brror 18 2870044 10072,9  439558,8
R o .

* sicnificant at 5% level,
** SlgniZicant & 1% level,



APDENDIN w» IX

Analysis of voriance for dry weight of root at

varicus intervals in different montha,

:‘?‘m Mean squares
slng Source % " Daye after germination
rod size 2 792,5 1548,5 7629, 2
Beed . 5 ,
Decenber position 2 4671.6 2318,8 2716,2
: Interaction 4 7599 4424.4 73%7.1
Error 13 3599,6 4687.4 3544.6
Pod size 2 16,7 14003, 7* 6942,4
Seed _ .
January position ' 2 826 .9 30042 13290,5
: Interaction 4 1664,5 . 889,686 21988,7
Error 18 3825,3 272046 . 28677.2
70d size 2 441,0 19276,3%  65858,8*
‘ Seed ' N
February  position 2 = 11178 3298,6 4326,5
“ Interaction 4 525,9 2183,2 14294,1
Erroxr 18 3497 2098,2 13878.1
ﬁbﬂ nize 2 - 1382,7 4449,9 149236,0%%
Seed
tarch position 2 42281 12821,4¢ 73649, 3
: Interaction 4 12496,9 487443 4229047
o Trror 18 : 4324,1 2B82,9 21666,9
rod size 2 12640,7%  6622.4%  340773.8%
April - Beed »
e position 2 1284.4 5147.7* 27971,8
_ Interaction 4 . 91,5 3693.4 12695,.9
grror 18 793,86 1200,0 347516

» Significant at S% level,
** Significant at 1% levaly



ADDNIE - M
Analysis of variance for total dry weight at

various intervals in different months,

Month L .
of o Mean ogquares .
sowing Source ag o o e v  ———
. Days after germination
30 60 90
Pod size 2 7541243 103275,3% 866997.3
Dewember - Seed i o o
position 2 205818 ,0* 141772,2%% 24628342
Interaction 4 - 30621, O 187681 * 120534,7
Error 18 35023,3 22568,9 3296880,7
Pod size 2 3232,5 110804,1 73096,1
Serd ' ' !
January position 2 95704,8 14734, 4 28185,6
Interactiocn 4 4570645 697538, 8 194716,4
Error 18 26482.7 - 106160, 3 240383,5
-  fod size 2 187002,4%  273236,1*  3470313.8+
Seed ' :
Februery position 2 89492,9* 101945,6 207554 ,2
Interaction 4 = 43419,8 44148,.7 720742, O
Erroy 13 21945,.,9 59296,7 577766,6
 pod size 2 14010,9 273090,0%  4570869,9*
March Seed ’ . g
- position 2 153229.4 46689,1 3263073,6%
Interaction 2 73413,6 - 108517.8 1774804,.6
Error 4 54645,1 756377 547051,7
vod size 2 196,43 132708,6%  5080696,8*
;;prj_l Seed = . :
' pesition 2 37270, 3 132703,6%* 99354, 1
Interaction 2 2880943 33047,7 2698559.6
grror 18 30530,4 139814 3 683460, 7

* Significant at 5% level,
w* signiZicant at 1% levely



varicus intervals in different sizee of bags

‘ ADPPENOIK » I
Analysis of variance for helght of seedlings at

Month of

Mean equares

sowdng Source af Days aftsr germinations
15 30 45 60 % 80
g Treatmeonts 2 107.54%* 47,35 25,54 12,48 177,52% 175.14**
Degenber ] : -
- Error 12 12,08 13,69 10,29 . 9,00 28,82 22,09
A Treatmonts | 2 12,15 49.31 27,38 353,76%% 165.6¢ §3.60
February L . _
Error 12 4,09 10,34 3,52 26467 45,09 33,20
Treatments 2 11,09 28,95 43,90 45,91 39,11  232.66%*
March ~
Brror 12 2,92 14459  14.05 46,60 25,18 36,22

* sionificant at 5% level,
*% oi-snificant at 1% levels



ADDERLIY = XIT
Analysls of variance for girth of seedlings at wvarious

intervals in different sizes of bags,

Honth of
sowing

Mean scuares

 source = Af

‘Days after Qeﬁminﬁtion‘

1 0 4 6o 5

Decarbayr

Treaﬁments A 2

. Brror 12

D 9x02  Oull 0,08 0,14  0.34**

@032 ' B’Qé QQGS CeD4 003

0. B AR

Februery

Treatmenty 2

Error 12

0,001 0.05%* 0,02 0,10 0,06

001 = 0,01  0.,04  0.04 0.04

ol
0,04

Mareh

Treatments 2

Error 12

0402 0:10%* - 0.25% 0,06 0.1

04,01 0,01 0,04 0,07 0.06

‘QQ 3.2

0.06

% Sienifieant at 5S¢ lovel,,

% sicnificant at 1% lovels



ADDENDIY = XIXT

analyeis of variance for number of leaves produced
in dlifferent aizes of bags.

"fnﬂh Meon squares
sowing Source ag Nays after germination
"15 30 45 &0 75 o0
Teeatmnts 2 P GO 1.86 5,06 5,06 1,40 5 .80
December - ‘ ) :
| Treatments 2 0.06 1.06  6.00% 2,46 1,40 6,06
February _
Crror 12 0406 093 1406 2,20 4,30 2,50
Trestmonts 2 DT 6% T 0,26 8460 5.60 Bl.60 .46
March ' _
Grror 12 026 093 4,43 1,53 4.43 2450

» significant at 5% level.
*% Significant at 1% level,



APPENIYY o XIV

Analysis of variance for length of tap root
in @igferent slzes of bega, .

Month - e Joan BqUATES

sowing SoUres as ‘-g;Qggs7a§ger:§§:m;§atie§ o

0 € 90

Treatments :2 i 1,88 7407 ‘ 3.28
December - .
Error A2 ' 4441 - 5,94 . 29,62

Treatment 2 5,56 - 19,61 1,03

February

Brror . 12 3432 12,64 12,53

March ‘ '
Spror 12 3.42 15452 28,00




ADDENDI GV

analysis of variance for length of longest
lateral root in different sizea of bags,

Month Maan soguares
sowing Sourae ag Naya after garmination
30 I %0
Treatmants 2. 1.06 2423 54,72*
Pecsmber
nrror 12 Q.77 2,87 10.70
Treatments 2 1.20 19,71% 22473
February ' ‘
Trror 2 Ge64 4,78 . B.59
_ Treatments 2 D436 24473% 6479
Mareh

* Blgnificant at 5% level,



ADRENDIN w HVI

rnelysis of variance for number of laterxals

in different sizes of bags.,

Month
of
sowiﬁg

Mean squares

Sowrce ag Days after germination

30

60 %0

Dacember

Traatments 2 62,46%%

Error 12 2,59

455,00%%

53633

545,00

89‘16

February

Treatmants 2 70,86

Dreor 12 383

1468

35400

31.66

47.50

March

S0 S B 1 At ST B W o

Treatments 2 504G *

Ireor R 2.6&

45400

87,50

380,00

140,83

** significant at 1% loval,



APRINDIX w» NVII

~ Analysls of varia
in different sises of bages

nee for dry welght of shoot

Mean squares

Month |
Of : ‘ Nt afepr rermd rmmsd
souing Source az Dayn after germination
30 80 90
Treatments 2 3962147 125166,7  171500.0
Dacoember , . /
Error 12 1276647 172333,3° 323333.3
, - S —— R
Treatmonts £ 3458647 169820,0 1137049,0
FPebruary
Error 12 11050,00 3888000  316596,7
Trestmonts 2 28445.,0 16605147  139606,7
March ‘
Error 12 8116, 7 205126,7  464043,3




ARDTINDIN « FVILI

Analysis of varlence for dry weight of root
in Jifferent sizes of bagas

T %ﬁan‘éqﬁares
Month - . 0 s i e B '
af : Days after germination
sowing Sourge 554 ———————— i . oo
30 60 90
Treatments 2 8211.7 15011.7 43223, 7%~
Decenber '
Drror 12 1875040 4791,7  5375.3
Trootments 2 1302040 43291,7*  26440,7
February
Brror 12 755040 981647 15353, 3
Treatments 2 1800647 638647 3246,7
March

* Significant at 5% lavel,
% Siogniliecant at 1% ieval,



ADDENDIN o JIX

Mualyels of variance for total dey welght in
different slzes of bags.

Mean soquares
of Source AL Deys after germination

sowing

| -

30 60 1)

Treatments . 2 13306,7

S 12 26500,8

219345,00

16658343

395071.7

337936,7

Pebruary

Treatments 2 80046,7

EXror 12 14333,3

S o i

3870150

224098 ,7

" 78 ot

25232647

342010.0

March

Tfreatments 2

12

8358840

grror 29226,9

237421.7
199873,3

189646, 7
445045,8

significan: at 5% levely



APDENDIY » X

Annlysia of variaence for height of seedlinga

in different media.

Month Maan squaren
of , i i s S5 ,
sowing Sourcs a£ Daye after germinatian
it o W v oo .
15 30 : 4_5 60 75 90
Treatments 2 - 0,41 40,52%* 15.40 23423 110,22* 93,5¢
Decernber N . _ , . .
Treatments 2 . 22,42% 20,64%* 13,89 28,20 23,43 16,6¢
Fabruary ' ,
'Error 12 ° 3,90 1,48 4,34 56,59 79,59 91,0¢
. Treatments 2 0,26  49,95%% 22462  T8,30 104,93 110.1¢
March .
grror 12 4495 4462 1357 37.94 32,13 44,4

. * Significent at 59 leval.
% Significant at 19 levely



| ADPENDIX = XL

Analysis of variance for girth of seedlings
-in differont potting media, .

Month Mean squares

of
sowing

Source . 4f Da-?ﬂ ag’,‘?"_z‘f?”ff?’?“#i’“_, |

L

15 30 a5 60 75 80

Treatments 2 Ge0B . 0003 006 0.20% 0,08 ) 0,12
Decamber _
Error 12 0,08 0,01 0403 0,03 003 @16

Treatmontys 2 04001 0,002 0406 04,06 0,03 0,11
Fabruary } ’ _
trror 12 001 0,008 2,04 006 0403 0,08

March

Treatments 2 0,06 0,002 0,06 0,16 0,07 0,01
Error 12 0,07 0,01 0,08  0O.dl 0,06 0,02

, ¥ Significant at 5% level,



APPENDIY « ZHIT

Analysis of variance for number of leaves
produced in different nedla,

ey

Month  osrce

Mean ;quarna

Af o

gaw!ng

ané after germiﬁatiéni

10

30

60 __T5__

80

Treatments

Decamber
Eryxor

.C

2 0,20 0,26

0;1_6 ‘ 1.40

12-26** 21'65

0,96 3ud9

"21,0€

7406

Treatments
February
Erroy

2 0486 0,08

12 0:26 1,06

0.60

1,06

| 19,40 12,06

7.06 4,56

7.26

6,26

Treatmenta

Exror

2 020 0,26

12 0.16 - 1,40

4,06

5406

14,06 12,06

3«73 5.23

2026

6:@ 03

*: Significant at 1% level,



ADPENDT Yl NI TE

analyois of variance for lpnnth of tap. root
in difxerent medic.

Manth E»han ewmaren

of ag - Days after g&rninahion

soving  Source

2. &9 %o

Treatments 13,76 18,22 112,52
Dacembey . . : . 4 ) _
Brror 12 9457 671 33,06

Treatwmsnts 2 9,31 ' 58,50 T 652,84
February
BEror 12 . 5466 22,45 ‘ 40,17

. o s Tosh -

e

Treatments 2 9,99 55,54 38,89%

March _ | ' | ' ”
Erroxr 1z 627 25,79 .58

* Signifieent at S level,



APDENDIX « HXIV

Analysis of variance £or the length of
the longest 1ata;al

W S R0 SN s Sei il L e o G SR i S Sl B A S ainly S vy 00 T rn

tonth Mzan squarss

£ Source - 4 it o PRRS— s :
soving - Days= after germination

N 60 80

Decamber .
- Errox 12 : 0.47. 3:310 27,11

Treatments 2 - D.68 14,861 60,206%
Fehruary
Error 12 045 10,05 3.75

Treatmonts 2 0468 7,11 10,53
March
 Zgror 12 0440 8,89 7.81

¥ significant at 5% level,



APPENDIX w XXV

Mmalysis of varience for number of laterals
produced in different media,

Mean sguares

Month
of i
sowing - Source ag Days after germination
30 s 90
Treatments 2 42,06 331,66 1131,66
Dacember ) : .
Brror 12 12,73 321,66 309,16
Treatmonts 2 42,06 21,66 15,00
HFebruary
Brror 12 12440 112,50 46,66
Treatments 2 42,06* 248,00 375,00
Mareh
Brror 12 3.56 45,83 124,16

* significant at 5% leval,



APPERDIXN & VI

Malysis of warisnce for dry weight of
shoot in dlfference madia.

Month Mean sguares
of Souroe ag R T
sowing | - Days after germination
- 30 60 90
Treatmants 2 5000647 114880,0%  953166,7
Degember _
Error 12 31593.3 22853,3  1040250,0
Treatments 2 38795,0 375166 ,7 115406,7
February : . '
Brroy 12 22338, 3 296165847 186826,7
Treatmenta 2 730835,0% 730835,0  330646,7
March .
Trror 12 184470,0 13447040 6417167

* gignificant at 5% levely



APPENDI XedNVEY

Analysig of variance for dry welight of
roct in differsnt media,

Month -Mean sgquares

of source @€  Days after germination
sowing . ,

an 60 90

et U A O O A SR A I S ST S S S0 8

Treatments 2 T186,7 513540 T18B20 .

December

frror 2 3800,0 10480.3 34463,

Treatoenta 2 . 68600 13140,0 103280,

February
Error 12 3310.,0 12999.0 26333'. 3

s i

Treatments 2 7980,0 21446,7  20271,7
March |
Error 12 2523,3 9833,3 . 9100,0

S - D e o . - b



ADPPENDIN « OIVIII

analysis of variance for total dry weight
in different media,

Month Mean gguares
of Source - - A R
soving Days after gegm;natian
o 3 80 90
Treatmenta 2 82460,0 160351,7%  1389786.7
Decenber
Prror 12 3670548 2048,2 121208040
Treatments 2 554845 ,0 523606,7 412326,7
February
Error 12 28529.2 30720647 168953.3
Treatments 2 95206, 7% 1002351,7 483571,7
Mareh , S
Eeror 12 42710,0 25672343 647740,0

* signifleant at 5% level,



APPENDIN w XNXIX

aalysic of varisnce for percaontage of rooting
and mean number of ;oots.

Mist Chamber Method,

AR s i

' Mean squaresg

Source as Percentage of " Mean number
' . rooting of roots

Treatments 18 2222,05** 1.23%%

{Crwoth regulators

and concentration)

Time 3 95,13 O6T**

Interaction 45 260,43%% Dad7%*

Trroyr 128 90636 0.04

v Sionificant at 1% level.s

APPINDIX o 3004
Mnalysis of variance for pareccntage of rocting
and mean numnber of roots,
Folythene Sheet Method,

Mean squares

Source as , . e - o i e o e
Percentage of tean number

. rooting of rcots

o rins eencan , ,

Treatments 16 AR AR ; ,

(Gruoth regulators 15 1994,46%* 1.99*>

and concentrations)

Time 3 19,45 0,42%%

Interaction 45 242 ,42%* 0. 3B**

Error 128 . 101420 0,06

* 51gn4£1cantAat 1% level,



Correlaticn coefficient of seadling and pod
charactero of large pods.

. APDERADIR = JNKL

HMonth of

seedling

Pod characters

1enuth -

Volunme

Felght

sewing characters ? Girth :
- Height on 15th day  + 0,18155 +0, 49918 + 03078 4 0»43;5"
pecember Height on Oth day  + 0,201 ~0,326"° «0,453° = 0,840
o Height on -15th day ¢ 0.020°° + 0,107 = 0.3647° < 0.028"°
Januery Height on 90th day  + 0,024"° 0, 224" 0,371 ¥ 0,508
e Heloht on 15th day  =0.224° 0,239 0, 31155 ~Oe1700
Ay Heicht on S0th day 40,431 40,633* 10494 304641 %
— Height on 15th day  +0.,48085 +0,086MS +0 4 S40NS 40, 34455
Heioht on 90th day  +0,512°°0 «0,30178 +0,753* +0,669%
ey Height on 15th day  =0.406°° +0p 2800 40,0597 30,3370
iy . o 15 g ‘ ok :
April Hefcht on 90th day 40,019 O 03700 «0e3727° ma10™®

NS Not significant,.
* Significant at 5% levely



APPENNEIX - XRXTI

Correlation coefficients of taae@iimg and pod characters

OF meciimn pods,

rbnth Seedling Pod characters

of shoracters e

sowing A .

tength . Girth Volume weright

Height on 15th day  + 0,266 - 0,318 w0,266"° ©  w 0.216*‘*’

December Height on 90th day = 0,004" - 0,042  w0.200"0 = 0,019"
Helcht on 15th day = e.aso N5 + 0.401‘% =04109 M8 481"

January NS N3
Height on SOth day  + 0.1247° + 0.5017° 10,228 - 0,050

- M R *ﬁ.‘?a .‘ s

o Height on 1Sth day = D.065°° + 0040 + 0,080 o o.uah

February Helght on 90th day = 0.001%* = 03254*“’8 4 011570 w 0,133
, _ ‘ ' — : -
flaicht on 15th day = 9.10.5 NS + 0.135““’ + 0.2767° - 3317 He

¥arch Height on 90th day - + 0.492 - 0y20178 * o.xsf‘*“’ - 0.09?*
Height on 15th day  =0.427 © » 0.410° 40,3100 - mcnom

April Helght on Souhday +0.0737° «D.632% g 742 - o.sggf s
S HNot sigﬁiricant.
*  Significant at 5 level.

** Sionificant at 1%

level,.



APPERDI XXX T

Correlation coefficients of seedlings and pod

characters of small pods.

g?nth Seedling | K | Pod charactezfg — _
sowing characters Length Girth Volume - Uedght -
 Height on 15th day  +0.047° 0,047 w0, 3TTE - wp.072
15 : 35 . NS T
}‘B}ecamhsr Height on 90th day -0d1 4221..«; +0.25 NS m.;zse”""’ w‘mztm
Helicht on 15th day ~D.ﬁ523ﬂ$ 04 32&)35 ' rusdgswﬂ_ w._aaszs
1Ay B aye 3
January Height on SOth day 40,268 “0e 32007 40,0610 ~00132"
. Heicht on 15th day  40.313°° 40,0145 4002025° 40,290"°
En g ' Fog 2N 1‘303
February Height on 90th day  +0:435 0 20,2095 10,181 40,0480
Height on 15th day  =0.515° =0, 20475 0,210 a0.4187°
Hereh Haight on 90th day  =0.193" ~0,621"° ~0aTO6* =0, 4957°
Helght on 15th day  +0.1200° 40,1697 +0,19275 40,1957
) , . L S Lo . . 23y - Y& NG
April Heloht on th day 40,349 10,4485 10455177 0,120

NS Not significant, ..
* Sdgnificant at 5% levelsy’
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1 PR TSTY ST
ABSTRACTE

A study on the Jdiffcrent aspscts of propagation of
coona was undertaken at the College of Horticulture Lrom
May 1978 to July 1979 to atandardise the crilteria for
aelacting the pods, secds and gesmdlings for raising the
nurgery, to {ind out the optimum size of polythene bags
and the sultable medium Sor ralsing the nursery and alsgo to
stenderdise the beat vegatative propagation methods for

COTDH

The results had indicated that the volume and weight
of the nods varied wizhin the three clacses of podes namely
large, medium and smell, There was not much variation in
the nunber of éée@s among the three clasges of ywoads and
gh@ maan nunber voaried betuween 30 to 42, Ths number of
secds were found to be highest in pods harvested in Tebruary
and March followed by April. 7he highest percentage of
germinatdon was recofrsended in March followed by Pebruary,

January, Decamber and April.

The gize of the nod and the position of seeda{pedicel
end, mlddle and ddgtel end) had no sionificent influano
on tho germination ond the qrovwth of the seedlings,Howcver,
the large and medium sizped pods are found to produce botier

geadlince, Based on the studiss tho £9llowing



recommendation aré made 1) Large and medium sized pods
welghing more than 350g each with not less than 400 co
volume should be salectsd for raising the nursery during

the month of February and March, i1} The secd should be

soWiT on the same day?haEVuet but 4t can ba atorad under

reom conditions upte six days, The percentage of germination
will be decreaged to 66 per cent by the sixth day. 1ii) A
aéleeticu eriterion for selecting'tﬁe seedlings when they
are three months old is recommended, The gecdlings should
have atleast 30cm height and 10 or more number of leaves

when thay are three menths alds

For railsing three to Ffive month old seedlings, the
optimum size of bag de found to be 30 x 20 om and the bast
medium for raising cocoa nursery is a mixture soil, sand and

farm yard manure in the proportion 1:1:12,

considering the pattern and extent of root and shoot
growth of the seedlings, planting the sesdling when they -

are three to four months old ls sugoested,

For hidher percentace of rooting and optimum number
of roots and higher root length, a 'quick dip' method
for 60 zec in 4000 ppm HAA or 6000 ppm Ia&—ia recommended
for producing rooted cuttings, A ‘mist chamber' method

is suggested for rootingithe cuttings



Forkert method of budding is recommended for couoa

!
cither on eight to nine months 0ld root=stocks ov by grea

fdding on three to four months oll rootestock, The bast

time for budding is Pabrusry oand fsroh on older rootestocke

arvd April and My for grecon budding,





