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IlfTBOmiCTM

Cocoa is one of the most important beverage crops 
of the vrorld after tea and coffee. Though cocoa ha# 
been introduced to India about fifty years back, it# 
c o m m er c ia l importance ha© been felt only during the 
last f e w  years* The cultivation ha® been gaining ground 
during the last six years because of the heavy demand in 
the world .market and the consequent high prices* The 
world production of cocoa increased from 18,000 tonnes in 
1850 to 15,00,000 tonnes in 1975* This quantity is hardly 
sufficient to meet 50 per cent of the requirements 
{Na±r,1979>* The world demand according to the F,A*0* 
report la .Increasing at least by 3*9 per cent per annum 
and the consumption is likely to be increased to 2*4 million 
tonne® by 1985,

i

Out of the estimated 7981 hectares under cocoa in 
India, Kerala contributes around 5548 hectares followed by 
Karnataka'With 2240 hectares and Tamil Nadu with 193 hectares, 
The estimated production In 1976 is around 400 tonnes while 
the demand by 1985 will be around 20,000 tonnes even for 
meeting the Internal consumption* Further there are immense 
possibilities o£ exporting cocoa beans or cocoa products 
in view of the shortage in the world market*. During 1973-74, 
India imported cocoa beans and cocoa product© to the tune



of 1134*3 tonnes valued at 240*6 lakhs of rupees.
Since then, the quantity imported is being -reduced mainly 
because of import restrictions and to a certain extent 
due to the increase in the internal production. Even 
during 1973--74, India exported 1699*3 tonnes of cocoa 
products valued at 95.5 lakhs of rupees which indicate* 
the immense possibilities for the export of cocoa products 
CNair*t979)* .

In a perennial crop* the selection of planting 
material is very Important to perpetuate high yielding*
■uniform quality plants*. This becomes more, important with 
cocoa which is heterozygous and highly cross pollinated*
The seedlings are the main planting material at present and 
the 'production of quality seedlings has not received serious 
attention* Hence* standardisation o£ the seedling selection 
is essential*

Production ' of true-to-.type progeny by resorting to 
vegetative methods of propagation is another way o£ 
obtaining uniform*, high yielding plants* Rooting of 
cuttings and different -methods of budding have been tried 
in other cocoa growing countries of the world with eneoxiraging 
results* then.compared with rooting of cuttings# budding 
has an additional advantage in that it can also be used 
for top wor^dng the uneconomical* inferior plants* it is 
therefore necessary that methods of vegetative propagation
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s u i t a b l e  under the a g r o c  l im a  t i e  c o n d i t i o n s  o f  K e r a la  
are standardised*

Standardisation of nursery practices# such as the 
sise of pots or polythene bags to be used and formulating 
suitable potting medium to be used is also important*

Under the above circumstances* a study has b een  
undertaken at the College of Horticulture with the following 
objectives#

1, To standardise the criteria for selecting the 
pods* seeds and seedlings*

2* To determine the optimum size of polythene 
bags and to formulate the suitable potting 
medium to be used in the nursery*

3* To standardise the methods of vegetative 
propagation*.



REVIEW OF LITERATURE
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nmxrzi op timRttrofts

Cocoa# though a comparatively new crop of economic 
importance' t o  India* is one that h a s  been i n v e s t i g a t e d  
upon rather extensively in other important cocoa growing 
areas o f  the w o r ld *  'She present study deals with only 
the propagation aspects. An attempt has been made to 
provide a brief review of the literature available oh t h e  
different aspects on propagation*

I*. s ® m  miGpmm~js®
1 * 1  s i c e  o f . P o ly t h e n e  B aas

small differences exist i n  the various aspects of 
Seed' propagation a s  followed i n  th e  cocoa grating 
countries*.: • Sice of polythene bags*, thickness and c o lo u r  
o f  polythene film used constitution o f  potting m edia#  
method of sowing the seed* . and g e r m in a t io n  process srm 
some of the aspects that have received the attention of, 
research workersThe sis© of polythene hags or p o t s  i n  
relation: t o  the g r o w th  of the .plant has been studied b y  
several workers* Capriles and G o n z a lo  (1965) found th a t, 
the growth|of cocoa seedlings'in plastic bags of 15 cm 
diameter holding six kg -of potting mixture was slightly 
better than in smaller bags containing, lesser quantities 
of p e t t i n g  medium* L s  Brawn at (19673 ■recommended
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12" x 7" size black pfrlythane bags for raising cocoa 
seedlings#, But according to Leach et al»(1971). in 
f-Salayeia#: polythene bags of 30 x 20 cm were being used 
■when the period in the nursery was four to five months.
They also found polythene bags of 23 sc 18-cm or 25 x 13cm 
sice to be quite sufficient, if the period in the nursery
was only two to two and a half months#

:

Shepherd (1975) had given specific recocrnsndatioti 
on the length# width# gauge, perforation and colour of 
-.polythene, bags as well as the quantity of potting -mixture 
that eari be filled. He indicated specific types of bags 
that could be used depending upon the period for which 
the seedlings' were retained in the nursery# Wood (39 73) 
suggested the use of polythene bags of 25 x 10 I 12|em 
oize for retaining phe seedlings in the nursery tipto five 
months# Thus a relationship between the slse of polythene 
bags and the duration of the nursery life of cocoa seedlings 
has been established#

1*2 Potting Hedia

M  in the case of other crops# attempts "to formulate 
a suitable potting medium for cocoa has been made by

i

several workers# Fyke (1935) obtained the best germinatio) 
with calcareous washed# beach sand*, tShitshead (1954) 
reported that a mixture of seven parts loam# three parts
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dried farmyard manure and two parts sand gave fairly 
uniform growth* According to t’essel (1966) germination .

i

was slightly better on heavy soils; but subsequent growth 
was better on lighter soils* . Atanda and Jacob (1970) 
obtained higher, germination percentage in sawdust* 
i-’owever* ;She«her<S (1976) suggested that bags need be 
filled with top soil of good stable structure; a sandy-elay 
loam tcssturG being favourable to the growth of cocoa 
seedlings* If the soils lack organic matter* he recommended 
incorporating 20 per cent coarse sand and well rotted 
farmyard manure* Uood (1978) reported that in v-fcst Africa 
top soil alone was used for filling the bags*

Cocoa seed is epigeal in its growth and the cotyledons 
are raised above the soil surface, by the growth o£ the 
root*

It is better to plant the seeds with hilum or sear 
end downwards to prevent the development of distorted 
seedlings*. The seeds can also be sown on their aides* 
laying them fiat (brquhart* 1961; Wood*1978)* Shepherd 
(1976') reported that the cocoa seeds should be sown with 
their ling axis in a horizontal plane or with their hilum 
pointing downwards* According to him*,sowing of seeds with
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with the hAJLism pointing upwards was liable to distort • 
the hypocotyi end the radicle consequent to which the 
seedling - -growth would be weak, with low recovery*

The depth of serving is also im portant* seeds 
should fee' sown no raearo than 1 an below the surface of 
th e p o t t ih g  medium fsfiepherd# 1976? tb-cxl# %$!&)*

i

1*4 tb rn a nation
i

obtaining earlier germination# higher percentage of
i

germination and better viability have been- the problems 
which received the attention of investigators* Py3eefJ93S)
obtained earlier germination by soaking the seed In water 
for an hour at.-80%# 95% and 104®f> but there wag little 
Increase in percentage over unsaeked in the final results*

Escamilla efc jjL* (1948) reported quicker and higher
total percentage germination by removing the outer skin*

; - (

Urquhart 1(1961) suggested that there was no need to reroove 
the mucilage and that good seed should give not less than 
80 per cent germination*

i

According to Boroughs and Hunter (1961)# cocoa seeds
i

lost viability after 16 minutes in water at 52% while 
immersion' for four minutes at 20% reduced the viability 
to six per cent*

I
AtsBcia -and «Jacofe (I9?0) reported that the final 

percentage germination was negatively correlated with', time
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ffot f in a l  and SO p er m nt ©er«i«sti©f** 'Jhty a tm  
i m m  tihsait p e e l e d  s e e d s  g e m i n a t e d  -qui-psi&r t4*l*' feafctsir 
percentage off ■gerf?inatld«>

ShipN & d t l» W  ffsd&fsssifeaed t ft t t  m M »  .io -n o t

gafmtMt* *4$a£» I t  day#' M  $iscard«S an ia te
g a g p Y ^ in f  m®€® mm mtsm&W le s s  vigorous* tssxxSti&Ve) 
s iu o  rafaoftaS tH»fe © erisin atio ii off a  off net© should

i

bn usually  rc^feete  wifchiti i**& wecfts «ftd tlis rat© off 
©srf&nstlon fee at Maet 90 per cent*

I*® siasissi
I

ib e  •teocoa sseti i#  n-ssi^cfiwting and i t  &e r^fcSy Sor 

gs-sii.neffei-on %?h«o thci pod it .  r ip e  &£sd o o tm sliy  lo e s s  i t s  

•cpg^acity :to fj^rs&aate sfftor a. oom>4ritiveiy ebort fjerlod off 
st#?af;% j “Jhe ffostof# i^aaslieafd ia  d e te s lo re t la a  &8 poAe

oesjainl. coasitienst a*ra deeiec& tion* dfcUKft aod

s«a®®@eftcn vihiob i s  geaeir& lly  m r& ed fey tb s  serffiS&etl&n 

off tb s  bean In the 'pod#
In the  csss &£ lov temperature storage d e te rio ra tio n  

■%ms tsmm® fey cbi,tlin«i 1934)# ttyfee ot. s |#  1@34>*.
tl® 3 §>  .oMain«d 9$ p er esfit *$£e$ttaa gertftiiifttfcaft

efffcer |4 ;dsys "off storage a t cm average . off
: . !ttul!e tatijsersttsress at’ $®*F end 4$*1? corspleteiy destroyed 
n & e fe tllty  enmn nffter tm  day®* sto^irsr* a enaaperaturs off 
60*1’- <gstdg beans off n a m a i •genairsndLon p m e t & n m g ®  a van s ffte r  

twenty days* §5i«& m& Rochelle. |I3M ) •jreparted tftat beans 
s to re#  a t  §©*o ie ilo d  -t© gertiin&to even off t e r ,  i s  days %&tUe
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those stored in ventilated glass containers with
40 per cent, relative humidity had a geminating capacity

!

o£ 72 -pericent even after 90 day®*

I n  trials conducted in N i g e r i a ,-mucilage free cocoa 
'#Asd dried at 20°C f o r  8  h o u r s# treated w it h  Capfcah at a  
rate of lg. per- 100 seeds and stored in dry charcoal at 
3Si*C showed 35  per cent germination after four w eefcs s t o r a g e  
and 14 per cent after eight weefes storage* Drying at 
temperature of 23 to 29 *c for more than 10- hours resulted 
in- much lower germination- percentages* The viability of

i

the seeds,wag rapidly destroyed by storage in a sawdust-sodlur 
chloride rhsdium after drying, and fey storage at temperatures

i

below freezing point either with or without drying (Are,1964), 
ttoodstocfe: «t ml* .(1967) reported that seeds germinated at 
25 to 30®C were hilled fey chilling for 30 minutes in water 
at 2 to 4®c*

i

i

AeMrn (1970) found that beans partially -dried ill a
I

stream- of j carfeondioiside or nitrogen and stored at 2S to 28*C
i

remained viable for upto 50 days, while those dried in air 
lost viability within 45 days# -Storage o£ artificially 
dried beans in the absence of air reduced their viability#
A moisture content of about 50 per cent gave high percentage

i

■of gersninatioii within 30 days and reduced deterioration*
i:



1*6 Root System

zovailos (1968) found that during the four month 
period after germination# the relative lengths of th« 
taproot and of the stem remained the same* After that, 
the stem grew more rapidly than the tap foot*

' Dyanat : Nejad (1971) further found that 
cotyledons and the tap root most markedly influence each 
other during growth* They also found that the root system 
is determined -within 15 days after germination*

2* VSGSTAT1VE PROPAGATION

2*1 Rooted Cutting®

Although several methods of vegetative propagation 
have been , tried in cocoa# and rooting of cuttings and 
budding have given encouraging results* attempts to increase

ithe percentage of rooting* Improving the take of buds and 
obtaining proper plant types# have been made by cosoa 
research workers*’

Pyke (1931) reported that the material for cuttings 
should be taken soon after the leaves had become mature* 
the stems feeing hard but ©till green* Six inches was 
suggested as a suitable length for the cutting# Cheesman 
and Spencer (1936) observed that the shoots of the current 
flush were suitable for rooting*- semihardwood cuttings 
were found more suitable than hardwood cuttings(Anon,1951}.
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Leafless cocoa cuttings do not normally produce 
roots even under optimum conditions including suitable 
treatments with root inducing substances, in the case
of the few cuttings- which produce roots# the roots rot

‘ !
after a short period. However the leaf lamina on a 
cutting con be reduced by one third or two third without 
greatly affecting root formation (Kvans# 1951).

2.1.1 Plant growth regulators.

Use of growth substances increased rooting of cocoa 
cuttings from 5 to 30 per cent# the concentrated dip ■ 
•being preferable to a 24 hour dilute dip (Anon 1946).

Richards (1940) reported that concentrated dips 
for one second using indoly1-butyric acid# potassium 
indolyl—butyrate and a mixture of indoly1 butyric:acid# 
phenyl acetic acid and naphthalene acetic acid gave 
significant increases in percentage of cuttings rooted 
and in the mean root length*.

Garcia and Haundrof (1950) tried 3-indole butyric 
acid (ISA)# 3-indole acetic acid (I AA5# <£ -naphthalene 
acetic acid (NAA) and 2#4~dichlorophenoxy acetic acid 
(2#4-0) for rooting cocoa cuttings*. They reported thatI
2BA markedly increased the rate and percentage of rooting 
as well as the number of roots produced*-. The dusting 
method of application was reported to be better than the 
dip method*- However,# Svane (1951) found the quick dip
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method convenient* The best treatment according to him 
was a  mixture consisting of equal parts of NAA and IBh 
at a total concentration o f  0 to 10 mg per ml of SO 
per cent alcohol for stem cuttings and 4 t© S mg per ml 
for single node or single loaf cuttings*

Alvim and IXaarta (19S4) recommended 0*7 or 
0*8 per cent ISA in either 60 per cent alcohol -or talc 
as the best growth substance formulation.for rooting of 
cocoa cuttings, % e  addition of fungicides Phygon XL 
or SR-406 in powder f o n a  to the talc formulation at the 
rate ©£ 1:3 significantly Increased the percentage of 
rooting* :

Garcia Brand (1954) reported that imuersion of 
cuttings in Sineb (Sithane 5*78) solution (32g per 4 gal 
of water) followed by dipping their bases in ISA (S mg per 
ml of SO per cent alcohol) gave the bast results*

Edward (1961) suggested that cocoa cuttings be 
treated with ©000 ppm ISA for best results while Cobato 
(1961) reeotmnended NAA at 8000 ppm in powder form* Bouma 
and Ringeling(1962) obtained 84 per cent rooting by 
treating with 4000 ppm IRA* But Kailasam efc al* (1964) 
found a mixture of XBA and FtfrA at 5000 ppm to be the beat 
for rooting.

Bhandary and Shivashankar (1974) obtained 100 per cent 
rooting of cocoa cuttings under intermittent mist with 
•’Rootone* and 73 per cent with IDA 2500 ppm*/ They were
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of*the view that in general the rooting percentage decreased 
with inareas© in concentration» However they reported that 
IBA produced more root® and greater length of roots at 
higher levels while the roots were shorter, thicker and 
brittle with NAA,

2*1*2 Media and, propagators*

Changing the constitution of media and using 
propagating units, with Control devices for various 
environmental factors are Known to Influence the percentage 
of rooting,

Pyke (1931) suggested that the cuttings be inserted 
in coarse sand in a solar propagator. Transpiration waa 
checked by using cuttings with nature leaves and keeping 
the air around the cuttings humid by placing porous pota 
filled with water at on© foot intervals among the- cuttings* 
•A double layer of cloth was then spread over’ the top and 
kept moist, thus enclosing the cuttings in a sort of tent,
Pyke (1933) reported that cuttings were rpoted under shade
in portable wooden glass lighted frames. He suggested 
fine white sand or medium calcareous sand, overlying 
successive strata of fine and cearse sand as the moot 
successful rooting medium,

According to cheesraan and Spencer (1935,1936) cut tings
;must foe set in six inches of calcareous sand overlying one

foot of coarse gravel and large stones for obtaining better
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rooting*. ' They also pointed out the importance of 
maintaining a practically saturated atmosphere within 
the frames while providing the correct amount o£ light 
which must not he sufficiently strong to raise the 
temperature and increase transpiration or weak enough to 
retard photosynthesis# Escamilla ct al# (1949) used soil 
with a lo cm capping ©£ organic material as the rooting 
medium# Palm fibre and sand was reported to be the best 
rooting.medium under Brasilian conditions (Anon#195t)#

Lipp (1953) used polythene for roofing cuttings# 
storing# stratified seeds and for wrapping balled root 
Systems when transplanting# Floor (X9S4) w rap p ed  cuttings 
in polythene for increased rooting and also stored plant© 
in it without water for several weeks, Garcia (1954) 
obtained 66 per cent rooting with coffeo silver s?:in and 
52 per cent with sawdust as the rooting medium*

Archibald (19S5) described a method of rooting cocoa 
cuttings in a bed of soil by covering them with a sheet 
of polythene. 57 per cent rooting resulted with clone 
3-36 compared with 75 per cent usually obtained with this 
clone in concrete bins* '-he new method had the advantage# 
however* of being cheap in materials and labour#-

, The value of polythene in rooting cuttings lies in 
it© ability to conserve moisture while allowing diffusion 
of gases (M cK eiv ie #1957)* Moreover it is thugh#.chemieally



15

inert and is not attacked by £ungi* He. also observed that 
covering the cuttings with polythene sheet was cheaper/ 
simpler and more efficient* 'The hardness of cuttings 
rooted under polythene was greater than with any o£ the 
alternative means of propagation so that there was no need 
for close control over the environment* The cuttings under 
polythene sheet were in nearly perfect condition and could 
tolerate greater external changes* with polythene ohoat . 
frequent attention was not needed to keep the atmosphere 
saturated,

Mvim (1953) used sawdust as the rooting medium while 
Harris (1953) suggested sawdust treats 3 with a solution of 
potassium indole butyrate and potassium naphthalene acetate 
which gave 75 to 100 per cent strike and the roots were in 
clusters of 6 to 11, and 3,5 to 4,0 inches long after four 
weeks,

tlaXins-.Smith (1954) described a pit 3’ x 5* 20” as a
propagating unit, A jute cover was used and sawdust was the 
rooting medium. The cover was kept constantly wet* The 
rooting was reported to be better than in conventional 
propagators,

Murray (1954) described producing rooted cuttings in 
baskets in one operation at a substantial saving in cost,
The cuttings were inserted in baskets with a central core of
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rooting medium surrounded by potting soil* The baskets 
were kept in a glasshouse with a cetrifugal humidifier 
maintaining 100 per cent humidity.

Pirez (1954) comparing seven.media for rooting cocoa 
cuttings suggested that fresh and decomposed rice husks 
and sand gave the highest strikes of 84,5, 86*5 and 63,5 
per cent £ollo*wed by fresh sawdust, vegetable charcoal, 
decomposed wood and decomposed sawdust.

Edward (1961) reported that cuttings rooted in 
leached sawdust in 28 days and then were potted in mimosa 
leaf mould*,

2.1.3 Root Initiation and rooting,

Pyke (1931) reported that the cuttings had callused 
and some had rooted just above the callus in three weeks 
when the leaves were retained* In four or five weeks, 
cuttings were well rooted and fit for potting.;, observing 
on the irarietal differences. in the rooting behaviour of 
cocoa cuttings, Pyke (1933) reported that the cuttings in 
both Criollo and Forastero tended to fall into two groups, 
one with a mean rooting time of 18*9 days and the other 
with a mean of 39 days*

Cheesman and Spencer (1935) reported 100 per cent 
rooting of fan shoots in three weeks while chu>pons took 
upto 12 weeks* Bhandary and Shivashankar (1974) observed
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root initiation in growth regulator treated cutting® after 
three weeks of planting* Wood (1978) reported that 
optimum conditions would lead to growth of a prolific 
root system within fourteen days but twentyone days was the 
usual duration#

2.1*4 Hoot ovstcm.
o

Differences in the nature of root system of cocoa 
plants resulting from rooting of cuttings have been observed 
by several workers* Pyke (1933) reported that there was 
marked dlraorphism between the root systems of fan end 
ehupon cuttings* In the fan* the characteristic type of 
root system in which the spread of the roots occurred at an 
angle between 72* ana 60* to the vertical* was practically 
constant* The chupon exhibited a variety of root systems 
ranging from the vertical to the almost horisontal. In the 
chupon however there was always atleasfe one vertical root*

2*2 Budding

Cocoa is usually grown from seed though several 
methods of vegetative propagation are known*. Budding is on 
easy and cheap method of clonal multiplication and has been 
used as such in many countries (Rosenquist* 1952?
Mabey*, 1964? Asoanco* 1968? Van de Burg* 1969)*



18

2*2,1 ?4ethoda,

Patch budding had been used for budding cocoa 
'seedlings and for top budding cocoa trees (Van Hall, 1922? 
Burchardlt,2936)•

Paredes (1949) had recommended making an inverted 
*U* cut with a rectangular patch bud. Keeping (1950) also 
suggested a modified forkert method of budding while 
Rosengulst (1952) reported 56 to 32 per cent success with 
patch budding.

Topper (1956) developed an invcrfced~Tlmethod, a form 
of shield budding, which involved the use of buds upto 4 cm 
long taken from mature terminal shoots,

idafeeuf (1958) tried the inverted- *T* method for the 
propagation of selected clones and obtained 50 to 80 per cent 
success after top budding chupone growing from previously 
cut back eight year old trees* Urquhart (1961) reported the 
use of shield budding on four month old cocoa seedlings.,
Aseenso (1968) obtained 50 to SO per cent success with patch 
budding and 77 per cent with inverted- 'T* method in 5a0 Tome, 
Van de Burg (1969) found that better results could be 
obtained toy the forkert method if the flap of the rind was 
completely cut off from the stock*
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2#2«2 Budwood preparation# •

Paredes (1949) recommended preparation of budstieks 
eight days before their removal from the trees by cutting 
of the leaf blades# Keeping (19S0) reported that with 
modified forkert method# unpetioled ftuduood produced 44 . . 
per cent matured plant® after three months and petiolecl 
budwood 38 per cent; although the latter grew out more 
quickly. Giestoerger and Coaster (1976) described a 
pretreatment of cutting off the leaves and the terminal end 
of the branch ten days before budding? but according to 
them this was not effective# Ascenso (1968) also suggested 
that the practice of budwood preparation by cutting off the 
leaf blade® 10 days prior to collection, of budwood was not 
to be recommended in sac Tews as It involved extra work and 
brought no significant increase in budding efficiency#

2*2.3 Cutting of rootstock#

Paredes (1949) recommended that the rootstock be 
decapitated about lOcm above the bud at the time of budding# 
Topper (1957) suggested nicking and bending over of the 
rootstock about lo cm above the bud when most of the buds 
would grow in a fortnight#

Asqenso (1968) recommended cutting off the tape used 
to tie the bud after IQ to 14 days# If the budding was 
successful# the stock could then be nicked four Inches 
above the union and bent down to the ground where it was 
fastened by pegs#
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Giesberger and Coaster (1976). reported that 
measures to indues the bud to shoot were required after 
the feud has taken and the bud ruateh has hardened off for 
a week* failing which the apical dominance ©ffeqts of the 
rootstocks would inhibit the sprouting of buds, They 
recommended slicing the stem of the rootstock to a length 
of two to three cm and a depth of half the diameter of the 
rootstock above the bud union without breaking it* The 
terminal part of the rootstock could also be cut off* A 
month later* when the bud shoot had developed its first, 
flush of properly hardened leaves* the rootstock could 
finally be cut hack with a slanting cut just above the feud 
union*

2*2,4 Green budding.

Budding on nruch younger rootstock saves considerable 
cost and time* Topper (1956* 1957*1959) developed a  
technique of green budding on* three to four month-old-cocoo 
rootstocks, Hurov (1961* 1971) subsequently improved it 
and introduced it to Malaysia for budding two to four month 
old rubber seedlings,

Gicsbcrger and Coeeter (1976) conducting glasshouse 
experiments on green budding tried *T* budding and the
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Inverted *W * or modified forkert method in two to six 
week-old seedlings. The modified forkert method was 
reported to give 90 to 100 per cent success, Green 
budding of very young rootstocks in the nurseries should 
result in the establishment of coco® plantings from well 
grown buddings within five to six months.



MATERIALS AND METHODS
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MATERIALS METMGDS

In view ©f the importance of the standardisation 
of quality seedling selection • and vegetative propagation 
methods in cocoa.# a study on the. various aspects of 
propagation vma underfca&cn at the College of Horticulture 
from May 1978 to July 1979* The study included 
standardising the criteria for selecting the pods# seeds 
and seedlings# determination of the optimum else of 
polythene bags and the suitable potting medium to he 
used# viability of seeds in storage# the characteristics 
of the root# and standardisation of vegetative propagotion 
methods# The details of the methods followed ore as 
given below*

l. sled phopmmxmi

1*1 Selection ofhod

Mature Porastero pods (those showing yellow colour 
particularly in the furrows) were harvested at monthly 
intervals from selected plants yielding more than 100 
pods per year* Pods were collected at monthly intervals 
from December 1973 to April 1979* The pods wore then 
classified into •large*# *medium* and ‘small* depending 
upon their sise* (Plate I) Ten pocSo were collected in 
each sine group during each month*.



PLATE 2 Three classes, of pods 
large#Medium and small*.
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1.2 Pod Characters
In each category, the following observations of 

the pods were recorded. The length of the pod was 
measured in cm as the distance between the pedicel end 
and the apex of the pod, The girth at the thickest 
portion of the pod was measured in cm using a twine and 
a scale. The weight of the pods was recorded in gm.
The volume of the .pods was determined by the water 
displacement method and expressed in cc,

1*3 seed.characters

1,3*1 Classification of seed based on the position.

The pods were then cut into three equal portions 
with a knife and the three portions were classified as 
the’pedicel end*( l/3rd of the pod near the pedicel), the 
‘middle* (middle l/3rd) and the ‘distal end* <l/3rd of 
the pod from the distal end),

1.3.2 Humber, and weight of. the seeds.

The seeds in each of the above groups were collected 
separately and the following observations were recorded.

The number of good, fully formed (hard) seeds in 
each group and their weight,, The number of Incompletely 
formed (soft) seeds, in each group.



24

Prom the ten pods harvested £©r each group per 
months .the seeds were .pooled separately fi«*n each 
position* Thus for ten"large "sized poda harvested at 
one month# the seeds from the "’•pedicel end 'w ere  pooled 
together as also the seeds from the"middle"portion and 
*distaZ<*eru3{ similar pooling was also done tor•medium"and 
•small"sized pods*

1*4 Sowing o£ Seeds

1*4*1 Patting container& and media.

The pooled seed® in each category were sown in 
polythene bags of 23 X.-15 cm lay flat else ( gauge ISO) 
containing ‘ potting medium of Isltl proportion of soil 
sand and well decomposed farm yard manure (r-tli),

1*4*2 Etefchod of sowing.

• The seeds.were sown flat, in the potting mixture 
at the rate of one per bag a t  ope‘cm depth*. Nine . 
treatments' were replicated three times with 30 bags in 
each, treatment per replication* The treatments i$er& Ty- 
large pedicel end* T-^large middle# T -large distal end*4* ' «5 I

T̂ -mediutn pedicel end# T^-medium middle*. Ty—medium distal 
end# ly-smsll pedicel end# T^-nmall middle and Tg—email 
distal end*
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t,s rjrpvtnt'Kto
, t h v  m *  r e c o r d e d  w m * x  d a y  m m  t h e

t o t a l  m &  fnaneentftae «?«*&ItKWdton m m  mlmi&M&m

the m m iilm i character# .such mm the height* tm  

and the mMsm of leave* w tm  m m z£ M  m. 

fortnightly Intervale roucting irm  th-e ISth till th* 
90th day efteer gemination* 3h© dry weights ©fi the 
shoot :n»# reserved from the 3Qth day till the' iDfeh day 
-«t m m h lf intervale aftar agy&tgr in in eleetela &*m 

at "90®€ for three deye,

*•?**
Hi© root# m m  *%»$tea efter cutting and removing 

the polythene hag® and placing the tm ll m  earth in  th* 
weter and •e*r«fuJtly washing ©at the soil* 

u t a

The length &£ the tap root ana the lengesl lateral
t o o t  ana t h e  xmntetir o f  l a t e r a l  r o o t *  v© r# r e g a r d e d *  The
y a e o r d ia g  we* d o n s  a t . m o n th ly  i n t e r v a l s  a t a r t t r ©  fr o m  a s
till ^  day* after germination. Bate ee*e recorded 

*

s e p a r a t e l y  f « m  f i e *  s e t s  o f  a e e d & f& e  sow n  l a  gfceaateer  
1&78, denusry# w @ h  end April 1979,

-fhe d r y  w e ig h t  o f  t h e  r o o t  i m  jreo o rd eg  fr o s t  t h e  
3 0 th  d a y  t i l l  t h e  s o t h  d a y  a t  isa & th ly  i n t e r v a l e *
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1,8 Sige off Container© and Potting .Medium

1,8*1 sise of container®,

Anotfî r experiment was carried out to determine 
the optimum size of polythene bag©-' for growing th« 
seedlihgs for three months* Three sizes of polythene 
bags namely* 23 k IS cm (T^), 25 x 18 cm (Tg),&iid 
30 x 20 as (T ) were used* For each size*'fifty bags

v

were filled with standard (Istil) potting mixture and 
well developed seeds were gm m  at the rate of one seed 
per bag, the.trial was repeated thrice in the months 
of Stecenfcer 1978, February 1979 and fferoh 1979, 
Observations as mentioned earlier' regarding the shoot 
and root characters ware recorded,

1*9,2 Proportion of, notting medium*

in order to determine the best economical, potting 
mixture for 'optimum health growth of cocoa seedling®* 
another experiment was conducted, The treatments were 

sell,* Tg-soll* sand and i?m (lsltl) and T^-soil, 
sand and SYM (Ills2),'

Fifty sound seeds were sown per treatment and the 
trial was repeated thrice in Socemher 1979, February 
1979 and fssrch 1979, M l  the observation© mentioned 
previously were recorded,,
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1 , 9  S t u d ie s  o n  t h e  V i a b i l i t y  -of S e e d s
To t e s t  t h e  v i a b i l i t y  o f  s e e d s  a f t e r  s t o r a g e ,  a  

t r i a l  w as u n d e r ta k e n  w i t h  t h e  f o l l o w in g  t r e a tm e n ts *
i )  s t o r i n g  the- p o d s  i n  t h e  room , e x t r a c t i n g  t h e  

s e e d s  an d  so w in g  them  o n  t h e  3 r d , 6 t h ,  9 t h  and  
1 2 th  d a y  a f t e r  h a r v e s t .

M )  s t o r i n g  t h e  p o d s  i n  t h e  r e f r i g r a t o r  and so w in g  
t h e  e x t r a c t e d  s e e d s  o n  t h e  3 r d , 6 t h ,  9 t h  and  
1 2 t h  d a y  a f t e r  h a r v e s t ,

l i t )  e x t r a c t i n g  t h e  s e e d s  on  t h e  same d a y  o f  h a r v e s t ,  
k e e p in g  them  i n  p o ly t h e n e  b a g s  u n d er  room  
t e m p e r a tu r e  and so w in g  th em  o n  th e  3 r d ,6 t h ,9 t h  
and 1 2 th  d a y  a f t e r  e x t r a c t i o n ,

i v )  a s  i n  ( i l i ) #  b u t  k e e p in g  t h e  p o ly th e n e  b a g s  i n  
t h e  r e f r i g e r a t o r  and so w in g  t h e  n e e d s  o n  t h e  ■ 
3 r d , 6fch,9fch and 1 2 th  d a y  a f t e r  e x t r a c t i o n .

Two p o d s  w ere  u s e d  f o r  e a c h  t r e a t m e n t  and  t h e  s e e d s  
w ere  sown i n  p o ly t h e n e  b a g s .  The number o f  s e e d s  
g e r m in a te d  w ere  r e c o r d e d *
1 * 1 0  R oot S t u d ie s

In  o r d e r  t o  s t u d y  th e  c h a r a c t e r i s t i c s  o f  r o o t s  a t  
v a r io u s  a g e s  o f  s e e d l i n g s ,  a n o th e r  e x p e r im e n t  w as c a r r ie d  
ou t* .
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Root characters were studied f o r  th e  following 
age groups o f  seedlings2 15# 30# 60#  90# 1 8 0  and 27 0  
days after germination, Twenty seedlings were studied 
for each age group*

Hie length' of the tap root and- l o n g e s t  lateral# 
the nianber of laterals# as well as t h e  dry weight of
the root were recorded for each seedling and the mean
was worked out,

2* VEGETATIVE pp.GP&dATIOM

In order to standardise the vegetative propagation 
methods# rooting of cuttings and different methods of 
budding were tried as detailed below*

2*1 Rooted. Cuttings

2 *1 , 1  Preparation off cuttings*

From selected three year old Foraotero trees* 
sepii har-€h;ood; cuttings were taken from mature- fan 
branches of current season growth. The cuttings taken 
had fully hardened leaves* The bark was brown on the
anterior aide and green on the posterior side* Three
to four leaves were retained with l/3rd of the lamina 
(Plate ID* The cuttings were taken early in the morning 
and put in buckets containing water till they were 
treated with growth.regulators and planted*



PliiYTS II A semi-hard wood c u t t i n g  
prepared for rooting*
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2*1*2 Treatment with growth regulators*,

The growth regulators tried wore indole-3-scetic 
acid (XAA), alpha-naphthalene acetic acid (MM), 
indoie-3-butyric acid (xba) and a mixture of 
alpha-oaphthalen© acetic acid and indole-3-feutyric acid 
at concentrations of 2000*4000,6000 and 8000 ppm in 
50 per cent ethyl alcohol* The rquick dip* method was 
used at four different dip durations of 10, 20, 30, and 
60 seconds. There were 65 treatments including control, 
in which the cuttings were not treated with any growth ■ 
regulator. Ten cutting© were used for each treatment 
per replication and there were three replications,

2,1,3 Method of planting cutting©.

The cuttings were taken to the nursery and given a 
fresh cut at the base* The water at the base of the 
cutting was blotted out and then the cuttings were 
clipped In the specific solution of growth regulators 
for the required time, The cuttings were slightly shaken 
to remove any excess growth regulator solution and planted 
in previously watered ©and beds raised to a height of 12cm*

2*1,4 Methods of covering cuttings,
Two methods were used for covering the cuttings.

After thorough watering, one set of cuttings was covered 
with a polythene sheet following-- :?4oKelvie *© method (Plate 
■1X1)* The edges all around were sealed off with wet clay.



PLfe'rK xxi Polythene sheet method of 
rooting cuttings*
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ah® cuttings were watered one© in three days fey removing 
the polythene sheet and later replacing the-sheet as 
before* She clay used for plastering the edges was also 
kept wet to prevent cracking*

In the second method/ a wooden frame 2*Gxl*<fe:0*5m 
in else was contracted and covered with polythene sheet 
(Plate IV), mts frame m s  placed over tbs feed of 
cuttings which was first watered* '*he edges were sealed 
as before* The sand bed t*as watered only when ■ needed. 
However/ to maintain humidity, sprays of water were given 
ones a week inside the frame fey inserting the nooole of ■ 
a sprayer*

the number of cuttings rooted/ the number of'roots 
per cutting and their average length were recorded after 
60 days*.

2*2 Budding

2*2*1 Methods of budding*
Budding was done on cocoa seedlings of 7 to 11 

foonthn age* The methods tried were patch* forkcrt* *T‘# 
and *lhvsrted'-.T** only the standard methods of budding 
were adopted esecepfc In' the case of forkert budding- where 
half the flap was. cut and removed in the beginning Itself.#



PLM'S IV Mist chamber method' of rooting cuttings*
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2,2*2 Selection and preparation of bud tTQod,

Budwood was taken from selected mother trees*.
Recently matured fan or ehupon branches of approximately 
the same girth as the rootstock* growing vigorously and 
containing several good' buds were used as hudvjood* fhe 
buds in the upper end were discarded* Pro curing of the 
feudwood was done by defoliating the twigs 10 days in 
advance, The budwtod was collected just before tho 
budding operations and the basal ends of the budwood , 
twigs were dipper! in water till it was used for budding 
to avoid desiccation,

2*2*3 Buddl.no technique,

The bud was inserted into the rootstock just below 
the cotyledonary mark, Polythene tape was used to 
completely cover the bud union from about two cm above 
the bud patch to two ora below (Plate v). The tape was 
carefully cut after 15 days* A month after budding* a 
cut was given to the rootstock above the bud union to 
about half the thickness of the stock first horisontally 
and then vertically extending about four to seven cm 
upward a £ ̂1ate VI), After two months of scion growth 
when the leaves had hardened* the stock was cut back 
immediately above the bud union. Till the stock was out* 
■the scion drouth was supported with twigs to prevent damage.



Different stages In budding





PLATE V I The c u t  g iv e n  t o  t h e  r o o t  s t o c k  
a  m onth a f t e r  b u d d in g *
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2,3«4 Preen budding.

J u v e n i l e  c o c o a  s e e d l in g s #  tw© t o  f o u r  m on th s o ld #  
w e r e  u s e d  f o r  g r e e n  b u d d in g *  Budwood w a s ta K en  from  
chu p on  o r  f a n  b r a n c h e s  w h ic h  w e re  you n g  a n d  g r e e n  o r  
g r e e n i s h  b ro w n , m e  f o u r  m eth o d s t r i e d  f o r  o l d e r  r o o t ' 
stock® w e r e  a l s o  t r i e d  i n  g r e e n  b u d d in g , .

3* SfTA'n&PXCAt* ANALYSIS

fbm d a t a  m  t h e  d i f f e r e n t  c h a r a c t e r #  s t u d ie d  w ere  
s u b j e c t e d  t o  s t a t i s t i c a l  a n a l y s i s ,  f o l l o w in g  t h e  m eth od *  
s u g g e s t e d  b y  S n s d e c o r  and C ochran  (1 9 6 ? )*  ^ r a n a f o r m s i io n s  
w e r e  d on e  w h e r e v e r  n e e d e d  a n d  t h e  d a t a  a n a ly s e d  b y  t h e  
a n a l y s i s  o f  v a r ia n c e  technique;,.. S i g n i f i c a n t  r e s u l t s '  w ere  
com pared  a f t e r  f i n d i n g  o u t  t h e  c r i t i c a l  'd i f f e r e n c e s : ! ,



RESULTS
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nrmhrs

1* SEE© PROPAGATION

Seed propagation studies were Initiated to standardise 
the criteria for selecting the pods* seeds and seedling© 
in cocoa* The results of the study are presented below*
The analysis of variance tables for the different 
characters are given in Appendix

The first phase of the study included the assessment 
of variation among the♦large** ’medium* and 'small' pods 
in the volume* weight* number and weight of sound seeds 
as well as in the mean weight of a sound seed* The data 
on the above characters are presented in Table 1*

1,1 Pod Characters

t*l«l Volume of pod*
The volume of the pods* determined by the displacement 

method* was sound to vary with the.different classes and 
variation wan also noticed within the classes during the 
different months*- Hie large pod® recorded a mean'volume 
of 615 cc during Decernher end February while ths corresponding 
figures for -January* March and April were 391* 466 and 497cc 
respectively*. The medium siced pods had volumes of 445*
284* 407* 345 and 358 cc in December*. January* February*
March and, April*re0pectively*; The small pods'recorded



TaM« I* C haracters ©f tlse tJsre© elsase® <ai Cocos
pttSu An M 'M m m t months*

( .Mean values )
n w w m w

rimth Slse of
pod* .pods 

8%xs0~ 
led*

length Girth m̂ toaie t&ight fas*©# &*»$£ 
to3 .to) tc.<a*) (m) m m * J£^,

R&lfgtsfe of
seeds
Cgol

Average 
«e£#i£. 
©£ e 
eosd*

Large 10 20*5 '28*08 615 617 ■ 36 3.4*4 93*27 2*72
Bmmmh&r SO 16*80 26*71 445 428 34*5 34*2 33*6 ■ -a*4Stm ssaalt 10 12*85 m*m 3S4 294. 36*4 34*3 7S*5 2*20

January
1979

large 10 19.73 23*48 391 270 30' •29 76*0 2*65
Mediirs 10 10*12 23*24 284 174 3SW9 34*2 63*6 2*01

email to 1.4*04 22*73 253 ' tm 34*7 33*3 62*2 1*87

tstfg* to ta.84 27*92 615 475 ■ 42 40*5 224*3 3*07'.
February
1979 so 25*44 407 308 33*6 35*2 204*7 2*97

saatl to 13*33 23*41 276 192 38*2 36*7 76*95 3*10
Large to 16*91 26*63 466 420 40*1 39*3 225*3 2*93

fSardti’
1979 fSedluira so 16* 31 23* SS 345 304 49*3 37*3 96*8 2*60

490811 to 12*3 23*42 ’268 236 37 35*9 91*0 2*56

%seil
1979

z&m® to 18*45 27*41. 497 53S*4S 40*6 39*5 119* IS 3.02 '

'm&A'm 1.0 ■ 17*31 25*22 338 356 41*2 39.5 94.8 2*40
assail ■ 10 13*52 23*20 220 272 37 35*9 34*05 2*34
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3S4 co and 276 cc in December and February while in the 
months of January* March and April tin® volumes were 253*
26® and 223 ce* respectively*

Thus it can be seen fra the- data presented that the. 
volume varied among the classes of pods and also within 
each class in the different months* Regarding the different 
months# the pods harvested in December and February had 
comparitiveiy higher volume*

1*1*2 Weight. of cod.

Hie large pods had a mean weight of 617 g and 535,41 g 
in December. and: April while in the months of January* 
February and March the weights ware 270 g* 475 g and 428 g* 
respectively*

Hie medium sisad pods also had their highest mean 
weight®- in December and April when the weights ware 42® g

tand 356 g* The corresponding figures for January* February 
and March war® 174 g* 308 g and 304 g* respectively,

Hie small pods had a mean weight of 294 g in December 
and 272 g in April while in January* February and March 
the weights were 152 g* 192 g and 238 g* respectively*

it can thus be seen that the weight of the pods also 
varied among the three classes of pods and also within each, 
class in the different .months* Among the months*.December 
and April recorded the highest weight in all the classes*
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1*2 Seed -Characters

1*2*1 Humber of seeds*

In December* the mean number o£ seeds was 36 In ■ 
large pods# 34.5 in medium pod® and 36*4 in small pods*
This indicates that there was not much variation in the 
number- of seeds among the three classes of' pods. In 
January# the number of seeds was 30 for large pods#
35.9- for medium pods and 34.7 for small pods while in 
February the corresponding numbers were 42# 35.6 and 38*2. 
In March# the variation was even less with 40.1 for large# 
40*5 for medium and 37 for small poda. The same trend 
was reflected in April also Where the figures were 40,6 
for large# 41.2 for medium and 37 for small pods*

The number of seeds did not show much variation 
among the three classes of pods as also between the classes 
in the different months. However# comparing the different 
months# the number of seeds were higher In pods harvested 
in February# March and April, The mean number of seeds 
per pod taking all sise group® together varied betvjeen 
30 and 42*

1,2*2 ueiohfc .of sound seeds.

The sound seeds from large pods had a mean weight of 
93,27 g in December# 76*8 g in *7anuary# 124.3 g in February4
115.3 g in March and 119*15 g in April*. The corresponding 
figure® for medium pods were 33*6 g# 68*6 g# 104.7 g#
96.3 g and 94*3 g while for small pods the figures were
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75,50®, 62*20®, 76*9$ g, 01*80® and 84*05 §, respectively.

The wight of the sound seeds i n  the different 
Classes ®'£ pads varied in the different norths* The. wights 
were highest in the months of February, March and April for 
sound seeds-from all the classes of pods*

1*2*3 Mean welnfot. of. a .sound . seed*

The mean weight of a sound seed from large pods 
varied from 3*07 g in February to 2,65 in January while in 
the months of. December, March and April the mean wights- • 
were 2*71 g, 2*93 g end 3*02 g respectively* -The medium ' 
pods gave sound seeds weighing from 2*97 g in February 
to 2*01 in January while in the months of December, March 
and April the weights were 2 * 4 5  g, 2*60 g and 2*40 g, 
respectively* The-variation in mean weight'of a sound 
seed from small pods was from 2 *5 6  g in March to 1*30 g in 
January* The corresponding weights in the months of 
maw&xr, February and April were 2*2o g, 2,10 g -and. 2*34g»

There was wide variation in 'the mean weight of a seed 
among the'three classes of pods* The seeds from the .large
p o d s  had the highest weight followed by the seeds from  the 
medium pods while the .seeds in the small pods had the 
lowest weight* Considering all the sice groups together, 
the mean weight of a sound seed varied between 1*07 and 
3*07 g. The mean weight of a seed from large and medium 
pods was highest in February followed by March* seeds from 
small pods weighed highest in March*



Thus from a study of various characters of the pods,, 
it. is clear that there was wide variation in the volume 
and the weight among the three classes of pods and also- in 
the different months of harvest within each class,- The 
volume and weight were highest obviously for large nods.,
The volume was highest in the pods harvested in December 
and February 'while the mean weight was highest in December 
and April* There was. not much variation in the number of 
seeds among the three classes while among the different 
months the number was highest in the case of pod's harvested 
in February* March arid April*. ' Regarding the weight of sound
iseeds the three classes differed in their weight suggesting 
differences in the average weight of individual seeds*. The 
mean weight of a seed was hldieat for large pods and lowest 
for small pods* the m a n  total weight of sound seeds in a 
pod an well as the 'mean weight of a ©ead was highest in 
February, March and .April*

In the second phase of the study, the germination*, 
vegetative' growth, root growth and accumulation of dry 
weight were -studied;*,' The large, medium and small pads ware 
divided into three sections' namely* the pedicel end,, the 
middle portion and the distal end* lionthly sowing of the 
seedo from these position -groups in the three si&e groups 
was done separately,end the germination .behaviour assessed*
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1*3 Gemination

1.3*1 Number of days for germination.w  ~ . .(myr^pinfim'-ni-- mfr hnrtnr-̂ i —r mrii T i f*n— r ~ ‘ifrfiTi •>

The germination was found to start on the eighth day 
and continue npto the.tenth day-after sowing, for all the 
treatments•

1.3*3 PcroentS'ne, of germination.
The mean percentage of germination £or the five 

monthly sowings are presented in Table 3*

Ko significant difference in  respect of the percentage 

oi gemination among the different trsatuKmts was observed 

in  any of the monthly sowings*

For the December sowing, the percentage of germination 
was highest: for Tj (89.6) followed by T,? (39,0) and 7^(68,95 
The lowest percentage of germination wac for If, (64,3}» TheO
percentage of gemination. v-qg highest for (07,0) followed 
by (87.0? and (86,05 during January cowing, "he 
lowest percentage was for (69,3), ihe highest percentage 
of termination In the February sowing was for T« (90.6)o
followed by (.38,4 5 and (S5.6), The lowest percentage

•3 (L. "

was for t (69,4), The maximum percentage o£ geradnatiosi 
during March sawing was Cor (98,2; followed by T?(93.S)#

Por analysing the vegetative growth, root growth anti dry
matter accumulation the Identity of position groups and
sloe groups was also maintained.
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2m of ©ejraiuatism of coeoe
m m 3« iti different montHs 

< Htais valum >

Peo«t!fe@-S’ January Feto&mtty Haroh &o*£X

@8*0 
<99*53)•

% a ©9*4
<36*41)

99*24  
(85 )

90*4
(7 1 ,9 6 )

_ @52,4
(65»38)

'95*6
(60 ,46)

95 . 6 
(77*97)

98*5
(83*02}

02*3 . 
(64*4)

T$~U® ' 0 0 ,3  
<83*63)

60 .5  
<96*9)

85*3
(6 7 ,5 )

0 6 ,5
(68*43)

S3
.(63*69)

@0*6 
<91*15)

as
(68*02)

75
(60 )

94*3
(76*25)

71
(57*4)

t 9* m 9 1 ,6
<S7*0)

75*1
<6o#ia)

9 8 .4
<82*87)

99*4
(81*15)

82*4
(64*43)

' 95*2 
(6 0 ,0 ? )

89
(68*85)

71*7
(59*99)

95*5 ' 
(77*72)

89
(63*445

iy«sf» ■ 80
m m )

87*8
(68*59)

85*9
(©7*30)

92 .2
(7 2 .7 2 )

6 6 .9
(S4.S9)

V s1 6 4 ,3
163 ,33 !

@4*6
(66*92)

90*8
(83*89)

97*2 02*9  
(80* 36) (64*95)

a

1 
1

04*©
153*49)

76
(60*85)

90*a
(71*8)

0 9 ,2  62*3 
(70*745(52*55)

F *  Value ’a*308-ris 0.17S15 0*2B S^ 0,635**® 0 * 4 6 0 ^
%£MQ*0S)10.3S a » « 25 .02  , 20 ,54 24*45

m
*

Hot miciTiiiiarmt
Th® £l0iim s  iis ^offtotSassi© as?e ©jjrmla*: trme&®em$
m m *
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T4 (97*6), Tg (95.S3 end (94,3). Tile minimum percentage 
of germination was for ^(QS.S)* highest percentage 
of germination Bering April rowing was recorded for T^(90*4) 
followed fey t3 (83*0) and (81.8). The lowest'was for 
■T9(61.3)*

The result® clearly indicate that neither the ©ise 
of the pod nor the' position of the seed inside the pod 
(pedicel end. middle and distal end) had any significant 
influence on the germination percentage. Hence, pod© of 
any e»i'40 and all the sound seed® in a pod can fee utilised 
for propagation* Asiofig the different months* disregarding 
the classes of pods and the jjoaition of seed© in the pods, 
the germination percentage was 'highest in March (94*35), 
followed fey Psferuaty (95*58), January (79,29), December' 
(78*44) and April <77.46). "Shis indicated, that the peels 
harvested in February and rtarch will, give higher germination 
ana those harvested in December, January end April should 
fee avoided for propagation purposes*.

1.4 Growth studies

1*4# % jSgoemfeer sowing*
(i) Vegetative approth.
The data on the growth paranieters such as the height, 

the girth and the maatfcer of leaves produced under varying 
sis®® of pods and position of seeds are presented in.
Table 3a.
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©a^a
gerat- 1Sth 30til day 4Sth day
a^etu!.-. ...'  —   ................   —treat*, f lig h t Girth vku Haight Girth m* Haight Girth 
'** * «» tea) (cm! g _  < « )  tea) (cm! (on! 1<savcs

vcs. vos.

Table 3a. Shoot growth parameters ©£! Cocoa seedlings
at various intervals sown in diSfierent
noriths. Dece?nber sowing.

T|**y? 15,74 1.34 3.6 10*34 2.38 4*27 30.01 2,71 6,47
T̂ -lSf 11.54 1.34 3.53 15.46 1*36 4.4 17,07 1.68 7.07
T^*0 13.74 2.34 4. 43 16,46 1.4 5.6 17.21 1.76 7,23

*r3 1 i 10*63 1.22 4.07 12,59 1.33 5.07 16.60 1,37 7

Tg*?S4 11.41 2.23 4,07 lifSa 1.29 3.33 16,03 1.4 6.6
o

t^m 1S.06 2*21 4.07 15*74 1.24 4,73 17*11 2,39 5.4

3y*8i? 14*08 3.23 3*9.3 19.60 2*26 4,2? 21,01 1.6S . 6,2

Vg~m 17*04 2.2 4.27 20*91 1*40 4*73 21.93 2, 53 5.23

To-S© 14.20 1.21 4,4 25,12 1*33 4.0 16.56 2,50 6*6
4SSiflS4Ŝlv;J*̂4i0Sl*MtsifcSSSvsŜj*S*S(4SS9FSfc(!(8*f)4ilShSStt4IH**Sfe*aHBSvvS’̂iSSSwSi4IS*VSSfc**ÎJMŜ£fe4t4 S(ÎS(*̂S")tei>Ŝ*(e*MiFŜMS*sa)ŜSiŜ,Ŝ̂S*̂4Ŝ4̂e*sSI*WWya(ŴP!Sfifr4IWŜS(|S(kS®*
revalue 3*34* O.OS^0 t* # 9 ,t2 * *  0.7fSl,S§S 4.32 Q*dlP 9.07**

C&* (0*03) 3.7? 0*30 0.66 2.74 0.20 1.2 2.74 0.21 0*62

MG Hot significant** BigniC'ieaot at ST, level, '
* *  S i g n i f i c a n t  at. IT  le v e l* -
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tafele 3a. CohtimASffU

m »H> »*«»*«

Da^a
ost&t
Ue*nA»
.nation*

60th 75th tlay 90th «3ay

Trtiefe* fieic^ht Girth Ho. Height Girth Mb* Haight -Girth Ho*off
taanta* Cera) (era) off (ora) Cora) off (era) im ) I cjave*

las- 3,e®v#s.
vee* —« !»»..» a»v»j»4 ..»«»■»» .«»«»»«—IX.*-»<■»»»—»« Mi

V%mhW 22*53 1*83 7*06 33,73 2*03 10*66 43,49- 2*29 12.6

% 22 1*88 s » m 24*19 2*05 9*73 m * m 8.28 13 * 2
•s 4*m& 19*33 1*80 ■9*16 27.42 1.98 11*26 87*48 1.98 11.26

17*04 1.45 a»03 23*03 1.8 10,73 28*56 l.ai 12*26
16*68 1*65 8*8 33*68 2.0S 1.1,16 33*77 2*05 11*16

6 30*79 1*75 7*06. 24*96 .2*26 10*4 28*38 2*26 10*4

? ■ 23.96 1.83 9*91. 26*86 i*D5 10*06 80*93 1*9S 11*2

V ® 34.1? l .a s 7*53 23*22 2*03 9*93 30.20 2,03 30*8

% .6 B ■ 18*72 1*67 8.26 20,13 1*70 10 2*03 1.0*46

fwx?ato 2 ,3 8s 5*86** 13*42**4*9!*’ .1 *2 1MS 1 *0§G 0.88851# 21^0.31 
'.5.29 0*14. 0*83 6*34 Q.S2 1.69 16.88 0*51 1*66

B5 liot aighifflcsht.
** Sigaiffieeat at i#  level*
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Hie Height of the seedlings varied significantly 
at 55)'p e r  cent level on- the 15th and 4Sfch day© and at 
1 per cent level on the 30th and 75th days* There was 
no significant variation at the 60th and 30th days*

There was significant variation at 1 per cent level 
in the girth of the seedling© at the 60th day only and 
in the number of leaves at the 45th and 66th days*

On the 15th day after germination, the maximum 
height m s  17*04. cm for Tg which tms significantly higher 
than those for Tg, and and on par with those of 
Tt, Tg, T?, Tg and Tg* The minimum height was recorded 
for (10.63 cm)* The-girth-, varied between 1*13 em for T„ 
and 1*34 cm for T̂ , and t3 while the number of leaves
ranged from 3.53 for T0 to 4*45 for Tg*

On the 30th day, the height for Tq (20*31 cm) w  
significantly higher? but this was on a par with the 
figures for and T̂ , the minirmim height was r e c o r d e d  for 
Tg (11*5 cm)* The girth during the period varied between
1*24 can for T& to 1*4 cm for and TQ* The number of
leaves v a r ie d  between 4*37 for T and Ty and 5*6 for T̂ ,

Qn the 45th day after germination, the height fb r  T„CJ
(21*95 cm) was significantly higher* was can per with 

and Tj* The lowest height at this period was recorded 
for Tg (16*03 cm)* The girth ranged from 1*3? cm for 7^

to 1*76 cm for T^* The number of leaves was significantly
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h ig h e r  for (7,13) which was however on par' with 7̂ *
T,- and Hie number of leaves was lowest for (5,4),

On the 60th day, the height varied from 16,68 cm for 
Tg to 24,12 cm for Tq, The girth for T2 (1,08 cm) waa 
. significantly greater* though on par with those for Tg#
T2* ^ 3 and ^6* lowest girth was for i'4 (1,45 cm). The 
number of leaves for (9,93) was significantly greater* 
but this was on par with the data for T , The lowest natter 
of leaves recorded was for (7,065,.

Oh the 75th day# the height for (33,68 cm) was 
significantly higher, Tg was on par with and T̂ , The 
height for (20*13 cm) was the minimum recorded. The girth 
at this interval ranged from 1*7 cm (T̂ ) to 2,26 cm (T̂ ) 
while the number of leaves varied from 9,73 (T^) to 11*27(T̂ ),

On the 90th day after germination# the height of the 
seedlings varied from-25,16 cm (7^) to 43,4 cm (T^) while 
the girth varied from!*81 cm (T̂ ) to 2,29 cm (T̂ ), Hie 
number of leaves at this stage ranged from 10,4 (Tfi} to 
12,6 <TX)

The data on the.height, girth and number of seedlings 
for the different pod sizes are presented in Table 3b,

There was significant difference in the height of the 
seedlings on the 15th and 60fch day after germination at 
5 per cent level and on the 30th and 45th days at one per
cent level, At these intervals* the height for the
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ffefeto 3b* parameters of Cocoa seedling©
at various intervals sotti its different 
months* •Doeeni£cr ©cs&ner*

©aye
* "

gter in i- . I S t h  -day 3 0 th  d ay 4 5 t h  d a y
natten*

*Ereafc*> sieinht. Girth' £&*•#• Height Girth $&*©£ Height ©irth &o* 
«****• <«) to) |fa. to) <«> lesvee*to) to)

ve©, vecu

u x m  13*47 i*34 3*S6 1 0 * 0 2 % » m  4*t sa*io i*7i 0 * 0 0

M&litsa 12*37 1,2£ 4*00 12*03 1*29 8*04 16*61 1*38 6*33

& & U  15.40 1*10 4*2 ■ m*S4 1*33 4.6 19,84 1*50 6*31

* tin tin . ** «e u« . ** ** #*SV*V3ltt4 4*32 2*03 1,79 28*70.' 1.29 “ 0*93 .9*19 14*7 7*46

CD {0*0S)2*17 0*17 0*37 1,53 0*11 0*69 1,50 0*12 0*35

sis n&t significant*
■* Significant at 5£f. two I.* 

Significant at i" level*
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Tafeie 3b* Continued
mk n » p g w n i i :  :t m -0 i i t n r v ^ r n i.i  •. ~ ' wi - ‘ r r ' ; ~ . ~ r — i - " " ' , l f * .. ’T  ; '•11 i i i , i t " *

gersni- 60th <3ay 75th day 90th asy
notion

•Stmtm sleight G irth «fc>, . Height O irth  No* Height G irth  K&..
nsn&s* to) to) to) ?t: to) to)Ico- loa*

v<?s* v o a , .  v e »

.taupe 21 * 2 8 1 .0 4 0 * 6 6 27* 44 3 * 0 3 1 0 ,9 5 3.3*46 2 * 1 6 1 2* 02

m a i m 1 0 * 1 7 1 ,6 1 7*76 27*  22 2 * 0 4 1 0 * 7 6 3 0 .  24 2 * 0 4 1 1 * 2 7

a s s i i 2 1 .9 3 1 *7 8 0 * 5 7 2 4 * 0 7 1 * 3 9 1 0 * 0 6 2 8 * 1 0 2 ,0 1 10*02
[«* ;—  O frfBf W t  # > ■ » ! —  Mp • » < » • * »  rjQi » * »  *!*•*». p»MKi*im < m m :n  y* — ' ■ * » , » «  * 3

SWyalm 3*97* 16,54** 8,33** 2* 23f*%*62?<%; *44|,,a 0*63^^ 0*60^3*^
&  <0*05)2 *90 0,08 0*49 3*66 0*30 0,97 9*74 0*29 0*96

US- I Jot slgnil’icsrsfc* otgiiitieent at sg. level** otgnlsicant a t  l-'v level*
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s e e d l i n g s  frexn s m a l l  p o d s  w&e s i g n i f i c a n t l y  h ig h e r *  B u t  
on  t h e  7 5 t h  an a SOth d a y s  t h e r e  w a s n o  s i g n i f i c a n t  
v a r ia t i o n *  The g i r t h  w as s i g n i f i c a n t l y  d i f f e r e n t  o n  t h e  
4 5 t h  and 6 0 t h  d a y s  o n ly  when t h e  g i r t h  o f  s e e d l i n g s  fro m  
l a r g e  p o d s  w as s i g n i f i c a n t l y  h ig h e r *  H ere a l s o #  b y  t h e  
7 5 t h  and § o th  d a y s  t h e r e  w as n o  s i g n i f i c a n t  v a r ia t i o n *  The 
sam e tr e n d  w as r e f l e c t e d  f o r  t h e  num ber o f  l e a v e s  p r o d u c e d  
a s  w e l l*  T h e r e fo r e #  i t  c a n  b e  s e e n  t h a t  t h e  b e n e f i t s  o f  
g r o w th  w ere  n o t  s i g n i f i c a n t  when t h e  s e e d l i n g s  a r e  t h r e e  
m on th s o l d  i r r e s p e c t i v e  o f  th e  s i z e  o f  t h e  f r u i t *

The d a t a  a n  t h e  h e ig h t #  g i r t h  and num ber o f  l e a v e e  
f o r  th e  t h r e e  p o s i t i o n s  o f  s e e d  ( p e d i c e l  en d #  m id d le  
p o r t io n  and d i s t a l  e n d )  a r e  p r e s e n t e d  i n  T a b le  3c* T h ere  
w as a i g n i f i c a n t  d i f f e r e n c e  i n  t h e  h e i g h t  o f  t h s  s e e d l i n g s  
o n ly  on  th e  4 5 t h  d a y  when t h e  h e i g h t  w as s i g n i f i c a n t l y  
h ig h e r  f o r  ' p e d i c e l  end *  w h ic h  w as o n  p a r  w i t h  ‘m id d le 4*
T h ere w as n o  s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  g i r t h  and number 
o f  l e a v e s  p ro d u c e d  a t  an y  o f  t h e  i n t e r v a l s *

T h e r e fo r e #  th e  d a t a  i n d i c a t e  n o  s i g n i f i c a n t  d i f f e r e n c e  
i n  g r o w th  c h a r a c t e r s  when t h e  s e e d l i n g s  a r e  t h r e e  m on th s  
o l d  i r r e s p e c t i v e  o f  t h e  p o s i t i o n  o f  t h e  s e e d  w i t h in  t h e  pod*

(it) R oot g r o w th .
The d a t a  o n  t h e  l e n g t h  o f  t h e  t a p  r o o t *  t h e  l o n g e s t

l a t e r a l  r o o t  and t h e  num ber o f  l a t e r a l  r o o t s  a r e  g iv e n  i n  
&T a b le  4a*
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ttfels 3e* oliosfc (groutti. porsraatQro ©C Como i&ctilinss 
at various Intervals emm in  3££S<nreiifc 
taon&ts. Bseecfcor so^lno*

Days
aster
gc-ml-* ISth day SOtJi. «jlay 45th clay
h&tlSRaw» »g» wgfc r» <iil tijjwr <>rta s—fi <<■ wS»' «■»gijiji i>* «*»> 0# ~*M» ■■■ agwiit̂iiaipO wgi W S— »* »*0 Jir tojwi Wi> wii 'iw; Ŝl <n» •if iMMwi i oli'fip i
•ftnmt** rfsi-ght eixth 8©* Haight Girth 8a* Zteitfit ©Arth ■
mats* to) to? ©I to) to) ©£ to) to) oS

, Asa*# • loa** Aasw*
tfltft* vcff* vos.

Pa&ieel
end* ' 1 3 * 7 0  UZ2 % m  1 6 * 5 8  1 * 3 3  4 * 5 3  I S *2'3 1 * 5 8  4 * 5 5

mail© 13*33  1*26. '3*95 1 5 * 9 6  1 * 3 5  4*32 1 8 * 3 5  1 * 3 4  6 ,6

otstai
enft* 14.33 1*25 4.30 15*73 1.32 5.04 16*96 1.S5 M l

0 * 4 7 ^  0 . 6 1 i,'fb * 1 3 ^ ril * 2 ‘oS4 * 6 i*  0 .X 7 ! o .9 6

£80 < 0 * 0 5 )2 .1 7  0 * 1 7  0 * 3 7  1 .5 9  0 * 1 1  0 * 6 9  1 * 5 0  0 .1 2  0 * 3 5

ns tsm signzsiemt*

* 3lgoi2&cant at 5% laval,
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Table 3c* Continued

Oayd
tzitm
Oercsi* 6.0th day ?5th day 90th day
nation*

Treat* c>irth Mo* Height Girth Ho# Weight Girth i!o*©g
monte* (cm) Com) c£ t o l  t o )  of t o )  Cos) lea*

lea* lee* vee#
vas, he©#.

CM#.' 20*04 1,71 8*61 26.07 1*03 10*48 33.63 2,01 12.02

MLd4Tie 20*93 1,79 8.23 27*70 2.04 10*27 31*20 2*11 11.38

metal 19*61 1*74 8*16 24.1? 1*98 10*SS 26*98 2*09 10.71
Boa*

ftts ,itr« #7-?* «n 'f»r* n<" ?-ir- rtnBmV&lrn 0*S3 2*23 3*09 % 2 : r  0«3tT 0*19 i#04li  ̂ 0*24^4*10*

<28*0*0$) 2.99 0*09 0*49 3.66 0.30 0.97 9.74 0*29 0,96

s© sot oigalficsant
* 8iORii:icant at 6b level.
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tabie 4&, Hoot growth parameters -Coem seedling© a t  various interval©  tmm In  d if fe re n t ■ montha* txmrtbet

w n W n m H w e i M w *

Baya
after
■gercst*
nation.

30th day 60th day doth <tay

nfgi>Mt» ii.ii >» ill liMM WHWil
Treat* length Length Z3o*.o£ Length Length E?s>*of Lsngth
mcata* of tap o£ ion-* later-* of tap ©£ later- os top th • of

root*, goat ai root* longest ol root* of la-
lateral root©, lateral root©, Isng-ter-
root,. .root. cot ai 

lotO'-roa-
t o ) t o ' ) ■ to) Com) t o ) 1 r a l

r®afc,
to O

ts#
i

Ti -LP 1 1 *3 5 9 *9 3 2 1 *6 7 13*41 6 *3 7 72 2 3 *0 0 7 *2 5 147*6

Tg—1*4 1 1 ,2 4 3 ,1 3 20*6 1 2 ,7 1 4*31 1 S *6S 21*11 10*21 9 9 ,6 6

1 2 ,1 7 3 ,4 7 24*0 14*20 5*25 7 9 .3 3 1 9 ,6 7 9*33 120

T.*fc1P4 9 -7 3*73 2 5 ,9 3 12*51 4 ,7 7 2 *3 3 14*44 7 *16 106*66

1 2 *6 6 2  *77 ' 22 *4 7 1 3 .6 1 4 .0 8 2 *6 6 1 3 ,9 2 8 *9 9 130*06

1 3 ,5 1 2 ,6 7 2 1 *6 7 15 4 71*66 1 0 *3 4 6 *4 0 137*66

%f*SP • 12 *7 9 3*49 22*67 i t S*.©» 6 1 *6 6 23*44 6 ,4 7 6 4 .3 3

T ^ m 13*42 3*79 23*47 15*3 6 *5 5 53 18*93 5 .1 3 67*06

7y*S&
**■ Ki.»»~aa.niT— i >|>

19*02. 2 *6 7 2 1 ,1 3 1 6 *3 5 3*93 5 1*4 16*90 7 .9 0 71*33

,MSJWaiti© 3*13» 2*27 1*32 2,13
*©B> 2,25 1*00 5,77 1*32

e> ii|< n wit jji> N  >w> nw » ii|wi— .wii WMWaniiMi a w  ■W-i>ii*>,eaiw*. *».«■> | w >i

0 5  s o t  signlfloenfc*?» . etgnioiaanfe a t  in  l e v e l  ,**’ S ig n if ic a n t  a t  i n" leve l.*

-Efe 23.94** 0.358S l , z t m  1.62™ *'**' 
0.617 26,30 7,53 3,63 42.4
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The length of the tap root significant
variation only at the 30fh day while there was significant 
variation in the length or the longest lateral root at the 
60th day only* There was no significant variation in the 
number of lateral roots at any of the intervals* On the 
30th day the length ©£ the tap root was massiraum for'

(13*51 cm) and minimum for (9,7 cm), T& was on par 
' with Tq ,- Ty, Tg, ? , Tg and T̂ » The length of the longest 
lateral root varied from 2,67 cm (T~ and T^) to 3*79 <Tg) 
while the number of lateral roots ranged from 20,6 (T̂ ) to 
25,93 (T4>,

On the 60th day the length of the tap root varied 
from 12*41 cm (T^) to 17 era (T̂ )* Hie length of the 
longest lateral root was significantly higher for (6,35cm) 
which was ott par with T̂ .* The lowest value was obtained 
for (3*93 cm), The number ef lateral roots for this 
period varied from 51,4 (T̂ ) to 92,66(Tg), The length, 
of the tap root ranged from 13,92 cm (Tg) to 23*44 cm„ (T̂  ) 
on the 90th day. The length of the longest lateral root 
varied from 5,13 cm (7g) to 10*21 cm (TT,) while the number 
of lateral roots varied from 64,33 (Ty) to 147*66 (7̂ )*

Considering the effect of pod sice on the root growth 
(Table 4b) there was significant difference in the length 
of the tap root at 1 per cent level on the 60th day when the 
length was significantly higher for *small* and at 5 per cent
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?at&g 4b# Root growth Cg&m $ma%$Jt®a
©t various intervals sown in sxesormt msntha* isedartber sowing*

'mgs

gstosili* 3 0®  «fey day 70th eay
b&fel<ati»
Treat** i*n@tb length &»*«£ r̂tcitb length &>«o£ Length langth ?io*o£ 
m t »  tap1 •£# later-of tap a£ later* o£ ■ of ' later*

root*/ longest al root* longest ©1 tap ' longest &A
lateral roots* lateral roofee*root* lateral footo*
root* 8ciofe» root*

tom) ta) Cea) <oa) leer) Coalĵjrpfcty <N> **■»• ftpL̂CTTw<»> ̂i>> igiW!«»s*#8 i*»» ]̂*saii-̂4̂>Sf̂»3wSfâ»: wif r *SS» !•»#<<!» sŵ-iSWi <HT»Si «»«M**» 'W ■ ■ J I'i' I! ■ MSI' I -Ml

urn® n#98 s#i7 as.*3s • ta*i© 5*2? ?&«m n » &  b *®9 _ 1 2 2 * 4 4

m m m  -n*m- 3«os 2 3 * 3 5  t%$w 4 * 5 ■ 7®,ss is*63 r * u  ' m . 0

smll 12*74' .1*31 22*48 16*21 S.13 57*02 ' 19*SO 6*52 67.5?

f ^ l u s  1*88^ 0*3#S a*23*?S22U61** 12*5** 4*68* 3*00* 3#1*33 18*43*'

m  (0.05)1*30 0#6a 3.33 1*05 0*3$ IS*18 4*34 2.09 24*43

Hs .Hot significant
# gigaicieant. at S3 level 
•* StffliSioimt at *55 level *
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on the 90th' day whan the length was significantly higher for 
•large*-*: Hie length of the longest lateral root showed
significant variation only on the 60th day, the length being 
significantly higher for •large* which t?as on par with 
•small** Hie number of lateral roots varied significantly 
on the 60th day, the number being significantly higher for 
‘large * (on par with ‘medium*) and on the '90th day, the 
number being significantly higher for ‘ which was on
par with •large1*

'Taking into account of the position of the seed alone 
(Table 4c) the length of the tap root varied significantly 
only on the 60th day when the length was significantly 
higher for *<listal end** The length of the longest lateral 
root varied significantly only on the 60th and when the 
length was significantly higher for 'pedicel end** There 
was no significant variation in the number of lateral roots 
at any of the interval©*,

(ill )I3ry weight*.
The data on the mean dry weight of the shoot# root 

and the total dry weight are presented in Table 5a*
Significant variation in the dry weight of the shoot 

was obtained on the’ 60fch day only while for the dry weight 
©S the root as well as the total dry weight there was- no 
significant variation at any of the intervals.
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M d *  48# toot growtti paratttaJGo o£ yariotup in te rv a ls  m m  in  d if fe re n t 
siontHs# iiscemfeer sowing*

«€t§r
233JJJ ■ 3©t*a ilaf , 60th day £&&» day

treat* length &engt& ESq»o0 length Utm^b lb.of length length Hfc.ef 
« « * § !  of lnt©r«©f tap of internes tap of late* . 

tap longest nl root.#, longest ml i»t* longaatval.
root# lateral roots*. lateral rosfce# letaxolXDofco* 

root*, . root# root*
• t e >  Cdsil t e l  t e l  t e l  Com}

m & X m l
m m *  11*49 3*38’ m * m  13*97 5*3S 69,6© 20*25 6*9S 106*22

m m u  12*44 3*23 22*17 13*87 8*21 73*11 1 0 * 0 0  8*11 93*53

laiatai
and 12*37 2*93 22*53 IS.* 19 4*39 67*46 10*39 7*59 l O W

Pallia' l*e#ri3 l*19ns 0*36®® 4*22* 19*93%* 33®®
&><0*OS)U30 0*63 3.33 1*05 0.36 15.10 4*34 3*0$ 24*49

Us Bat significant*
* Significant at 52 level*
** aigoifloant at S?-' level*



5s* ncy might;. •Oaeoa • jmgUBgrf? ©t various tefccrvala
m m n  in <M££ez'ct]& months* T&zenm&zr aeedsetg

.TJays
after
f̂ spaln-stjl.oju 30th' ■60th 90 th

Tr<5Qtaa::nt.9 FhoCfc
to>

fS-;ot
t o l

Total
t o )

shoot
to")

'Soot
<135)1

Total
<*ag>

shoot
to>

SSoofc
t o )

4\>tal
t o ) 1

Tj.1 ^ 900 240.33 1155,33 1:007, 33 307*33 2314,66 2752,66 425*26 3376.03

#244 265*65 1439,66 IS6S 354 3922*00 2946*66 425 3374*66

3 720.56 2m 920* 66 1247 316*33 1563,33 aim 472. 3572*00

3:50 277*66 1127*65 1016' 386.33 1401*33 2510 410 2920*00

Tgrnim 803.33 252*60 1056*00 1126 290 1426*00 3033*33 513*66 35S2.O0

T^m $53.65 223.66 352*33 1046.66 294*66 1341*33 2766*66. 392,66 3259*33
726.56 256*66 933*33 1123 .346 1469*03 23SD 413* 35 2763*33

339*66 269,33 1IO3.0O 2194 *iS2* !j6 1556*66 2540 386 2526,OO
*£* 634 243,66 @77*36 1034 333.03 1437.00 226© 372.66 2632*66

swvtdus
CD 40.05)

* * t 7

O.90-'"
237*37

0.2 lnS
102.92

'6,1-rv

0.37^“-'
321.03

4.3-** . 
235*57

s'+'trz
0.94“"*
117,44

3*49*
257*71

0*234m
334.1

0*03^
250*57

M O w r i  i w m b u m  —  «iw

r-y.iy. '
O* 36* 
9SS.2S

MO r&fc elQniSicacfc..
* sigadLglctnt at S?r- i&ml
** Significant as !';. low®!.*
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Tne dry weight of the shoot ranged from 634 mg (T^) 
to 1144 mg (T̂ ) while that of the root varied from 200 mg 
(if) to 277*66 mg (T̂ )* the total dry weight Ibr the same 
period varied from 877*66 mg (T̂ ) to 1409*66 mg (T^)*
On the 60th day the dry weight of the shoot was significantly 
higher for <1568 mg)* The lowest weight recorded wan 
for f|<1007*33. mg)* ‘She dry weight of the root varied from 
290 mg (T̂ ) to 362*66 mg <Tg) while the total dry weight 
•varied from 1314*66 mg (7j) to 1922 mg (Tg)* On the 90feh 
day the dry\3f the shoot ranged from 2260 mg <T^) to 
30.33*33 mg (T̂ ) while that of the root ranged from 372*66me? 
(Tg) to $18,66 mg (T̂ )* The total dry weight for the same 
period varied from 2632*66 mg (Tg) to 3572 mg

Considering effect of the nod else alone (Table Ŝ ) 
the dry weight of the shoot showed significant variation 
among the pod sizes on the 30th and 60th days when the 
weight for 1 large* was .significantly higher* The dry weight 
of the root did not show any significant variation at any 
of the intervals while- the total dry weight showed 
significant variation only on the soth day* the weight for 
*large* feeing significantly higher*

Taking into account the- effect of the position of the 
seed (Table Sc) the dry wight of the shoot was ' 
significantly different on the'30th day* and 60th day* the



jh> a n i.nm mm m

'forge
EtaSlxei
f^all

Smg& after 
gemination
Treatments ?hoofe

Table -Ste* Bry weight, o: 
SGW&

30th

Coe*>a seedlings at various intervals
eisn&lts* Eecer^r ©oibrlrig*

60tfc Doth
T3©t
<«©)

Tot

923.55 238.33 1161.08
770,66 251.33 1022.00
733.11 256.S3 989*66

■Shoot
(mg)

Root
(mg)

S h o o t  SX56 T c t a l  
tag)(mg)

1274,11 325*83 1600*00 2932.70 441*75 2374*50
1062*09 323*33 1386.22 2770.-00 440,44 3210*44
1133*66-. 347*'2.3 1433,03 2393*33 300*66 2774,00'

IMfelue
er4o.'05)

4*04*
143*94

0* 221)S a .

59*42 18S*.:

!3ot aifjoi-';-leant*
Signiffotrit -at 5;"’ level* 
significant -ob %■:■'. level*,

0* 9 ** 0*33WS
107.14 -67.90

4*57'* 2*7*® 9,39^%*62r®
148,-79 210*43 91. S3 §60*05

nin'-QTiMrnmu r~n4 ijijiTM-nr^T-fiTe iTaTnrTr.'ri m. i i ' 1 1 . ^  .



aftcar
■Cjcrralsiatitsw
TreatrKKts

Poaieei $n<9
t-m&M

ZzXG'tal en8

T able 5e* B»y c €  <5»ec© «w®$StoKjs a t  'variou s infeerural,*
sown to &€&toreat cmttm* 'SSecsetfissir sowing*

33tfc 60th- ©Ofcfe
■■^wiwtiu

£3*dOt Hoot
<na>

Total shoe* ©oofc o
rotal shoot Toot

(og>
Total 
fine >

337*55
923.66

671.1,1

261*22 1033.77 1048*79 • 346*22 139S.O0 2537*22 416*1:6 39S3+3& 
262*55 119:1*22 1296.00 335*55 1631*53 2840*00 444*22 3284.22

"9??.44 ©93.53 1125*09 514*66 1440*53 2708.S9' 412.44 312S.32
A :f ^-J-rvalue 6.7** 1.29^ S.S7* 12* 3** 0*49^' 6.23** •0*78^ 0.31t,w' ©.7<r*'

CD«D*oS) 148.94. 59*42 185*35 107*14 67*80 149*79 510*43 SI*35 553.85
i-wn»fn— h it* »a n,*.»t«r»»*«y.ww.w *«iiw»i|P iw*'W

W6 Hot oighiTicant.
* Sign&Sic&ot at S'"’- Icjwl*.!2fgr&£iaant a t  i:.» le v e l*

cnCD
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weight for 'medium1 being significantly higher* while there 
was ao significant difference In the dry weight of the root 
efc any of the- intervale# 'She total dry weight was 
significantly higher for *medium* on 39th and 60th day*

1*4*2 January, sowing*.
<i) vadetativa growth,
The data on the height* girth and number of leaves 

o£ the seedlings are presented in Table 6a*

'there was. no aignificant difference in the height* 
girth and the' num ber o£ leave® produced in the seedlings 
at any o f  the i n t e r v a l s  of recording* The height of the 
seedlings varied between 12*8? cm (T̂ ) and 16*59 cm CT̂ .l 
■on the 15th day after germination, The girth during the 
period varied between 1*21 cm <Tg) and 1*46 cm cy) while 
the number of leaves was minimum in ‘jy (3*73) and maximum' 
in Tg (4*13)*

On the 30th day the height o f  the s e e d l in g ©  varied
between IS,68 cm (f̂ ) and 13*29 cm. (*!% ) while the girth,
varied from 1*48 cm and ly) to i*(5S cm CT̂ },.- -The 
number of leaves produced ranged from 4,27 (1̂ ) to S-,:7<Tg)* 
on the 4 5 th  day after germination the maximum height was 
19*01 cm <t$) ana t h e  minimum 16,26 cm Cy), The girth
for the period ranged from 1*52 cm - to 1,63 cm Cy) and
the number of' leaves from 6.,87 (T^lto 8 (ry )•
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Tefel# 6a# £&e©t growth patvrntcta of cocoa «©cdlings 
at various intervals sown Ip, different 
ffmtiis* tfesmsxy $®«ine?*

says
MZ<SX
gmml* IZfth flay '3Qth if ay 45th daynation*
T̂ aat** Height Girth tlo«of 'Height Oirfct* '&o*©£ Height Girth fto#ti£merits* .  ̂ j le** <^) C<sm> leave* to) to) J*'®*'ves* ve».
V » 13*89 1*38 4 I.5.8S 1*40 S 17,33 1*63 6*,9?

1 9 * 0 7 1 ,4 0 3*95 15.08 1*52 5,7 17*2® 1*58 8
fr3*HD 14*07 1,39 3,0 16.88 1*S5 4*6 16,88 1*56 7 * 1 3

4 10*59 1,38 3,8 1 8 ,0 2 1*6 5,27 18,26 1*6 7,07
Tg*m 1 5 * 2 2 1,38 4 18,28 1,32 4*6 18* 92 1*39 7* 3
T̂ rntm 1 4 ,1 1*31 3*9 3  18*08- i * s t 4,27 10,01 1,58 6 * 9 7
■Ty~n p 13*43 1*28 .3*73 17*12 1,48' 3*07 17,14 1*30 7*27
7 0* s w 14.33 1*34 4 , 1 3  m * m 1,53 5,13 18*40 1*56 7,0
t 6«*oo 13*0? 1,21 3,87 15* 39 1,51 5 16*26 1,52 7*33

CD(0«OS>2»53 0*1®  -0 *6 0 2  3*41 0 *1 4  G *S?6 2 *7 0  0 ,1 0  0 *7 8

us t*©t significant*
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raisl© 8a* Gontlflued

60th &ay
Day©
■after 
gossi- ttafcion*
$peat«* Height Girth §&>m®£

£a&** 
ves*

75th 0ay 90th

Height Oirth ilo.of slight 0irt!vH©*of
m s n m *  (c m ) {«&)■ Con) lea*

vea< (cm) (era) lea-*
ves

?.*U? 19*77 1*66 3*0 20.91 1*69 5.4 21.2S 1 .7 0 9*6
Tv*U*

s &
17*33 1*55 9*66 20*34 1*66 10*4 21*37 1 .7 9 12.13

T-^hD 21*12 1*64 9*73 21*12 1*68 11.53 25* 34 1,76 13,71
?v*MP# 19*10 1*57 ’ 0*45 21*01 1*70 10*2 35*76 1*73 11*03

22*28 1*68 0*93 23*01 1.72 10*5:3 as 1*72 11*7

,t g » m 19*63 1*59 8*6 25*84 1*60 10.06 25* ©7 1*67 10.46
22*21 1*58 8*8 22*54 1*62 10*66 23*65 1*63 10*73

fft ...Acs“ ,-i'5
«w»

21*57 1*63 9*33 21*57 1.63 10*6 23*72 1*60 11.06
T-*»f309 19*86 1*57 9*33 19*96 1*61 0.3 .21*34 1,64 10*53

f ^ a l m  0**6‘Wi a*93l5% * 3 # ;':b*64^ ©*32m b#03M-; 1,02ttlb* 32*^1, 33*r 
•aH'0#0SJ7*87- 0*I€ 1*90 7*06 0*20 2,8 5*03 0*19 3*41

riG Hot aigniCieanfc.
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The height o£ the seedlings varied between 17, 33 cm 
(fg) and 22,23 cm (Tg) on the 60th day after germination* 
The girth daring the period varied from 1,55 cm (?*>) to 
1,68 cm while the number of leaves varied from 8.33 cm 
(Tg) to 8.73 <T,), The maximum height recorded at 75th 
day after germination was 26*84 cm (T̂ ) and the minimum 
20,34 cm -{Tg), The girth for the same period' ranged from 
1*60 cm CT̂ ) to 1.72 cm (T̂ ) while the number of leaves 
produced varied from t,3 (T^) to 11*53 (7^),

The maximum height observed was 25,97 cm (T̂ j and the 
minimum 21,25 cm (T̂ ) on the 90th day* The girth during 
the period varied from 1,63 cm (¥j) to 1*76 cm <T > while 
the number of leaves varied from 9,6 (T̂  5 to 13*71(f̂ )*

Considering the effect of pod sis© alone (Table 6b) 
there was ho. significant difference' in the height and 
number of leaves at any of the intervale while the girth 
was significantly higher for Marge * on the 15th day only.

Taking into account effect of the position of the 
seed (Table 6c) there was no significant difference in the 
height and girth of the seedling© at any og the intervals 
of recording while the nisaber of leaves produced was 
significantly higher on the 45th day for-Middle*1.
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Table 6b# shoot growth ^sraantere <s>£ ooeoa mc&Xlng*at various intervals sown in  <2A3£erent 
months* Smvmxy sowing#'

says
gormi## 15th 6ay 30th 6&y 45th Say
nation#

Treat#* Height, oirth 8»*©g Height Oirfch Ho*©*r sfeighfe Ciirfch Kb»of
"*”*•' <«) <*•» w * T  <aa) <cs,) ve«r <«•» ««> ^sl

b a r g e  1 3 * 8 7  1 *4 1  3,71 16*14 1 ,5 2  5 * 0 8  1 7 .1 6  1*59 7*33

Stediura 15*30 1#35  3*91 18*13 1*54 4,71 1 8 ,7 3  1 * 5 9  7*11

emit 13.61 1*37 3*91 3 6 * 6 3  1*51 5 ,0 6  17,37 1*53 7,4

J M felu *  3 * 4 4 ilC .1*O W *O O O fffi'*”2»44W>b * 4 1 li:',i * 5 5 ??i-y2 * 6 l i‘S #6 9 npO *98ia;! 

£ & < 0#0 S )1* 45  0 * 1 0  0*3.4 1*97  0 * 0 8  0 , 5 0  1*61 0 * 0 6  0 * 4 5

PS Hot sigoiiPle&rst
* Gionif.loant at level* -
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Table 6b. Continued
«w  a w w  -& »»< » ■* « » < » ^  m*tmtn < m » ih m iw'i w»i m*mt

Bays
§erfei* SOth day ?5th ii&y 98th day
mtXm# '

Trtet* Height Girth bio#eidg Height Oirth Ho#©? Haight oirth tfo*©£
tsenfcd* to) to) lea* tof to) lea* to) to) lea*

ve©*, vg©. v©©.

19.40 1.62 3*40- 20* 79 1.6? 10.44 22,63 1,72 11*31

» 4 W n  ao.34 1.61 3*66 23. SS 1.6? 10.26 25*88 l.?0 11.06

m$lt' 20,31 1.58 8,03 21,36 1*62 10,18 23,0? 1,63 10*??

CEJCO.08H.S4 0.10 1*10 4,03 0.U 1,61 2.30 0,10 1,97

SIS Slot slgsixicaot.
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table 6c* Shoot growth parameters a£ eoeoa seedling*
various intervals & o m  in &l££erent months*
January noting*

Cay*
aJt€r
germi* XSth day 30th day 45th day
fiat&on*

Treat*? Kteitftt Girth No*o£ H&%ht Girth ?Jo*<s2' Height Girth rfe*a£
merits* <ctn> Com! lo&*« Ccm) to) ■ lea* to) to) lea

ves* vos*. ve#*
***— « » ’•»« » T *n»— i« a a »n i M f i»i

Pedim’i
end* 14,63 1*33 3*84 17.00 1,52' 3*11 17.SS 1,58 7.06

ftiddlfe 14,14 1*40 4.02 m + m JUS2 3,13 18.20 1.53 7*63

Distalend. 14*01 1*30 3.07 16.95 1*32 4,62 . 17.38 1*55 7,14

F~Vairn 0 .4 S ^  i*74f%,;67-'^b*02 l?f?0*00Kf-2,08“ ‘ 0.61"'';'0*41W<3 4,06* 
Cfc(0*0S)l*45 0,10 0*34 1,97 0*08 0,50 1,61 0,06 M B

us jfet sionlflceht
* {Significant at 5% lev^l,
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Owitintatd*

a f  t a r
gerralw  GOth ctey 7 3 t h  <2ay 9 0 t h  d ay
ymfciois
« ■  im  « ■ wum' a i  ■ago  lit it* +****+,'*•

T r e a t*  H e ig h t  © ir tfc  £Jo*o£ i t e lg h t  O ir th  t f a .o f  H e ig h t  G ir th  K o .a f
•rasnfca* (cw&5 Cots) lea«* '(csn4 (cm) lea* Com) t a )  lea-..

ve«c vaa* VG«,

Pe«3ieeieiK?% 2 0 .3 6  1 .6 0  <MS* 25,649 1*67 j©*©B 23*53 1,60- 1 0 .4 5

f^a<3i© 20:* 39 I *.62 0*37 21 *99 1 .6 ?  10* SI 23*36 1 .7 0  11*63

en a . 13*90' 1*60 8*S3 2 2 .2 0  X*63 1 0 .3 0  2 4 .3 3  1*69 11*37

r~¥aliie 0*03b? Q9O7^0*9r'ZQ*Q3'ir 0* 42u' ’0* XS^O.30Wc’ 0.04̂ "' 0*99M ; 

00(0*03)4,54 0*i0 1*10 4*03 0*11 1*61 2*90 0 .1 0  1*97
W W e * ! F ^ * fw i w * ^ w * r » *  . ». >.»»■>«» . » « * » » » * »  mmtm « i i w w « i m  »w  M

vs Hot significant
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(ii) Root growth*

The d a t a  on the mean- length of- the tap root# length 
of longest lateral root and the number of lateral roots 
are given in Table ? a ,

There was no significant difference, in the length of 
the tap root and the length of the longest lateral root 
at any of the intervals while the num ber of lateral roots 
showed significant variation on the 90th day only.

The masd-smsm length of the tap root on the 30th day 
after germination 'was 14,09 Cm (Tg>- end the minimum was
12,65 (Tg), The length of the longest lateral root for 
the period varied from 3,11 cm (T̂ ) to 4.73 cm <Tj.) while 
the number of lateral roots ranged from 29,33 C?j) to 
39 <?3)*

On the 60th day after germination the masdlfflum length 
of the tap root observed was 16,5 cm (Tj.) and the minimum
13,S5 cm (T̂  and T̂ ) while the longest lateral root varied 
in length from 3,93 cm (T̂ ) to 5,93 cm (T̂ )* The number 
of lateral roots for the? period varied from 31,33 (T^) to 
44 (T0 ),

The tap root varied in length from 14,OS cm (T̂ ) to 
17.38 cm (Tg) on 90th day,while the longest lateral root 
varied in length from' 4,16 cm to 8,24 cm. The number of 
lateral roots was significantly higher in Tj(54). T* was
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'Table 7a, Koot grawth fcarasnetors ©£ eoeoa seedlings-at various intervale sewn in tUfSorcot
roontho* January sowing*

fef®after
gemt- 30th day 60th day 9Qtft day
nation
7fceat» Iterngth length tto*.©£ lifcrgfeh inoagth ?&s*af x&ngth length. i*o,
monte* of t%p of loa-»later-of taj> ©£ Ion.** lator-oS tan of t*i» of

root* gest al root* goat el root* goat lat* 
latoral roota, lateral roots* lateral erdL
root, root* root* roots*

to) to)
S i m  w»-«esw*n* >«»» .*» m a i n t t w t w  mm

Cars)
»*»*•«< **.»a<wr*«»

(cm) Com) to)
«** +*m i4mh> m

?t~ W 13*37 3*8? 39*33 13*55' 3*93: 31*33 14.76 4*16 43*66

Tg«LM 12*76_ 4*48 36*33 13. 5S 4*36 38*66 15*41 0.E4 43*33
V w , 13*1 4*43 30 16,04 5*18 43 16.91 7*20 43.33

4 13*19 4.10 34 14*11 4*24 39 15*40 4.92 S4
T g»m 14*09 4*73 3S.ee 16*5 S*f>3 44 17,38 7,19 4Q

6 12*93 3* IX 33.66- 14*51 4.se 30,33 14.02 4*40 47
|3* H 3*24' 35#33■ 14.36 4.02 36 13.49 6,61 47*35

T̂ -*SK ' 13*96 4.S2 34*33 14*78 4,6 36 14,05 5.01 SO,33

T ~S& 9 12.63 3.2CS 33*33 13,39 4*52 34*60 14*03 6*68 47*66
: 5 ^ * * * e M * ^ y « w e ^ 4 » W N W 4 L . F « » W * » a

FMteluc 0*28r5f? 1*36^ l*r?t3%*42W0 0*46^ 0,7?nS 0*76H£t»*7#:;,3*06*' 
CS<0.0S)2.Q0 1.24 7*SS 5*39 2*50 12.30- 4*13 4,96 0*77

Hot significant*
* significant at §g’ level,
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on par- with and T̂ * The number observed vt&a lowest
for Tj (43,66).

Taking into account the size cb; the pod only {-Tabic 7b) 
there was no significant difference in any of the root 
characters at any of the intervals of recording.

Considering the position of the seed alone (Table 7c) 
there was no significant difference in the length of the 
tap root and the number of the lateral roots at any of the 
intervals of recording, The length of the longest lateral 
root was sic.ni-icantly higher for ’middle' on the 30th day 
only,

(ill) dry, weight.

The mean dry 'weight or the- shoot and the root and the 
total dry weight are presented in Table 8a,

‘There was no significant difference in tho dry weight 
of the shoot and the root: a* well as the total dry weight 
at any of the intervals.

On the 30th -day after germination the moan dry weight 
of the shoot varied from 750 mg (Id) to 1056,22 (T ) while3 <3
thefc of the root varied from 194,66 mg (T̂ > to 249 mg {T^),
The tofcol dry w eigh t f o r  th e same p er io d  ranged from 869*33mg
(%,) to 1290.37 mg {?.),* a

The dry weight of the shoot was highest for T_5
(1556,66 mg) and lowest for (1166*65 mg) while that of
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Table 7b* Hoot growth parameters .of cocoa eoê lifiga 
at various intervals sofeft in different months* Janr&ry sowing*

Cay©
after
gemi~ 30th «3ay &3tU clay 90th ciay
n a t io n
mr>W '3jV,*w<w>«ar *m *o w » s g i wi«e* a>M>.riLi>sv w ^ O'wMW f w ^  mmim**m+mi-mmrns+m.w «n — wrta

Treat-* length Length &o*o£ length Length no*of length length k®,oi 
©o-Bts* o f  t a p  o f  Ion** la te tM S fi t a p  o f  io o # - la to r -» o f  t a p  o f  i o n -  i a t e -  root* -goat a l  root* gect a l  root* gest ral lateral r o o t s *  l a t e r a l  r c c t s t  lateral r o o t*

r o o t*  r o o t *  c o o t *

(cm) (cm) (css) (cm) (cm) • (cm)

large 13,08 4,a6 32*88 14,30 4*55 37,33 15*66 3*2.3 46*77

He<3iutti 13*41 3*93 34*44 1S,04 4,84 40*44 15,37 7*00 49,66

SaaU 13*24 3*60 34*32 14*53 4*32 36* £5 14*80 6*12 •43*44'

'KJ,C?. T1)/ i> £KtT V1  ̂ W*** »?«*;- *3 6* tA'■ T
M 0& 0* t*Q&" %*4'S" 0*34" *•■ 0»i3‘"l- 0*23“’" 1*07‘"‘ 0,50 9,92 "3U68‘'

CP{©,0$>S.,«*X 0,71 4*33 3*^0 1,44 7*10 2,23 2*G5 3*33

OS !-k?t aiarililcent*
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Bays
after
mm&*- 3$tH day SQtH Oay w u  <feynation

Table 7Cm 8ca% growth parameter* of cocoa seedling*at various intervals satm in different
months*. January sowing*,

Treat- &$ngtft Length Nb.otf Length iengtfc ito.of length length Bo.of 
meats, of tap .of ion- later«*o2 top of Ion- later-©f tap of l©n»laicr* 

root* yuiat nl ^oot* gqsi. si root*- $?&t aX
l a t e r a l  ro-ats* lateral roots. l a t e r a l  ircxste*.root. root. root.
{cm) to) to? . ■ Com) <gm>

pedicel
end* 13*22 3*74 32*88 14.01 4.06 35.44 13,22 6.56 40*33

mddte u .e i  4 .5 0  33.44  *4*04 5*03 3o*ss 18,87 5 .5 0  48.ss

DA®tel
•end* 12,90 3#60 35*33 14,71 4.60 33,33 13*24 6.37 47.60

SWVsltte 0,42il1' 4*79^ 0.7$KS 0,17 K°l,01^} 0.77"S 0*21*^ 0*34M T).2r': 
eS{a,OS> 1*61 0*71 4*35 3.40 1*44 7.10 3*38 2.86 3* 33

RS *ifc>t significant.



Table '8a#. ©ry tmloht cqca secc&inejs at various intervalssosot in different; months, timme? sm-dn&+ ■
fays
after
gGrnXnatien. 30th -day OOfelt 6«iy 90th clay
Treatments Shoot Root Total Shoot Soot ■ Total Sh$at. FiOOt Total

(m) fag) ■Ctsgl fag) ■ (nrr) (m) (og) fag) fa®) ■ ■

?j«*LP 908.82 249 1157.82 13 S3. 33 266.33r 1619.66<■ 1597,5 317,33 1914,83
T ^ m 930*6? 196*66'i' 1177.35 1250 241.66 1491.66- 3303,33 437*33 2240.66

750 210,66 960*66 1417. S- 265,03 1604.33 1636.66 436.66 2073.33
077.33 224.83 1102.16 1366.66 290 1664.66 1096.66 430.33 23.3S.OD

T.g*m 945 236.66 1181.66 1556.66 334.66 189£,32 1002 543 2350.03
T <•*:■$> 070 194.66 1064.66 1503* 33 307 1310.33 1541.66 317.66 1859,33
T7~8P 661*67 207.66 369.33 1412.5 224.16 1636.66 1766*66 417,33 2134.00"

1056,22 234.66 1290.89 1494 244.66 1738.66- 1758.09' 356.66 211S.SS
■8S3.6& ■221 1074.66 1166.66 241,33' 1408 210O ’ 36t.33 2467.33

P—Value 2.42P8 0.435K? X,72*3? s«m4 0.32“'
■*
' 0.65^' * 0.323^ C.,764̂ 0.81tlr

CD(0.0S) 210*55 106.1 279.16 510.03 89,4? 558*93 653,3? 290,50j 841.07.

HS Not sigoifieont.
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the root was Merest far ¥*.(334*66 mg) and lowest for

{224,16 rag) on the 60th day. The total dry weight for 
the same period ■varied bett^een 1408 rag for T^} and 
1891*32 mg for Tg*

On the 90th day after germination the maximum dry
weight of the shoot was obtained for T {2100 rag) oncl
the minimum for <1541*66 rag) while corresponding figures
for the root wan obtained for Tc (540 rag) and 1' (317.33 rag),JL
The total dry ’'Sight, for the same period varied from 
1359,33 mg for ?6 and 246?*33 mg for Tft

Taking Into account of the effect of poJ siae alone 
(Table 8b) there was no significant • difference in tho dry 
weight of the shoot and the total dry weight at any of the 
intervals of recording, ifoo dry weight of the roof was 
significantly higher for *medium %

Considering the effect of seed position by itself 
(Table Oc) the dry x-jelght of the shoot varied significantly 
on the 30th any only when tao weight too significantly 
higher for ’middle* while there was no significant difference 
at any or the intervale of recording,, The total dry weight 
was significantly higher for ‘middle’ on the 30th day alone.



Table 8b. Pry weight of cocoa sae&lings at various intervals
sown in different months, January sowing.

£>ays after 
germination
Treatments. %oofe 

(mg)

30th day 60th day 90th day
Root Total Shoot Root
(mg) tmg) (mg) tag)

m M M  m w  ■»! »m i w  am

Total Shoot Root Total 
(mg) (rag) (mg) Crag:)

Large 079.83' 21®.:77 1098.;, 60 1340*27’ 258.27 1598*55 1879.16 397.11 2076.-27

Medium 897.44 218.72 ■ 1116.16 1475.55 313.22 1788*77 1746.77 434.66 2181.44

Small 857.18- 221.11• 1078*29 1357.72 2'^,72 1594.55 1875.18 380.44 £255*63

BVValue 
CD (0.05 )

0.24^ 
121.55■

0.0043
61.25

Us 0*12**®
161.1?

0.53
299.08

S. 14 * 
51.66

1.04
322*70

.„J8S0.S9
332.99

~ o-.NS A _J3C 0.81 0.30
167.72 435.59

US Sot significant
*■ Significant at $% level..



'Tab!© Sc* Sry weight of ceeea s©c$3UUsgs at various 
Intervals- aotea i« different fjc&fels#. 
JahtiorF sowing*

Say© after 
gerradnetion

‘Sroat^Jits Shcat Rogt
■Cmg> (m: i)

Total
(r q )

Shoot Toot
(tag) fag)

santmap MOriiwwii tm **

tBvxrt
fag)

m w fc

atOOt
(rag)

m*» i f *  ■■ Oi l *  «i

fatal 
{raj)

maieei end 815.94 227.16

« « ®  993.96 222*66

m-stal and' @24*55 208*??

1843.10 2377*5 262*83 1648*33 2753*61 391,00 2244.62
2SM.68 2433. SS 273*66- 1707*22 2738*07 447*33- 2235.40
1033*33 1362*3 271.82 2634,33 2739,44 373.83 2133.33

sŵ aluft
60(0.05)

6,02**
121.5!

0*21Hl' 3,62* 0*13KB
61,25. 262.1? 299,€e

«•-■: f.l.:?, £|n0.12 0.23 O..02
52.66 322,70. 382.99

,W£0..46‘~“ 0.11'
167.72 4B5* 59

SS Not significant** tlgnifleant at 54 level..
** Significant at 15'lsval..
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1,4*3 February sowing,

(i) Vegetative growth.

The data on the height, girth and number of leaves 
of thG seedlings are presented in Table 9a and Figure 1,

There was no significant difference in the height 
as well as the number of leaves at any of the intervals 
of recording while there -mm significant difference on 
the girth on the 90th day only. The height of the seedling 
ranged from 15,23 cm (?y) to 17*41 cm <T̂ > while the girth 
ranged from 1,33 m  (T̂ ) to 1,49 cm (tq), The number of 
leaves produced during the period varied from 3,67(T̂ ) 
to 4,07 <T$),

On the 3oth day after germination the maximum height 
observed was 21*54 cm (T̂ ) and the minimum height observed 
17,7 cm (T̂ ), The girth varied from 1,34 cm (T̂ 3 to 1,55 cm 
CT̂ ) while the number of leave© varied from 5,47 (T§) to 
7 (T^}# The height of the seedling ranged from 19,5 cm 
(T̂ ) to 23,43 cm (T̂ ) on the 45th day after germination 
while the girth for the same period ranged from. 1,40 cm 
(Tg) to 1,56 cm <T23* ' The number of leaves produced was 
highest for 76 <7,87) and lowest for T̂, (6,53),

On the 60th day the maximum height observed was 26,48 
cm (Tg) and the minimum 21,45 cm (T̂ ) while the girth 
ranged from 1,52 cm CT̂  and T4) to 1*66 cm (T̂ ), The 
maximum number of leaves produced was 10,46 (Tg) and the
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Table 9a. Shoot growth parameters of cocas seedlings
at various intervals .in dififorGat months*
February sowing#

a £ t c r
germi**
'flS tioR '

15 th day 30th day 45th day

W a t ~  fieigfet Girth Ho.of Height oirth tto*o£ Height eirth no.of
«»*•* te) (cm) lea-

ves* (on) ■ tarn.) lea
ves* (cm.) (®a) lea

ves*

fgmhP i t *  4i 1.43 3*03 20*1.2 1.44 5.37 21.24 1.47 6 * 5 3
1 7 * 2 3 1.30 4.07 20.68 l . s i 6.53 21*98 1.86 7.S3
17*14 1*38 3.8 20.00 i . s s 3,0? 21.42 1 .5 4 7*8

v .mm4 16*03 1*37 3*93 a o . s a 1,49 6.53 21.06 1.51 7*53

s  - 17*33 1*38 3.07 21*54 1.49 7 22*28 1,54 7*2

6 17*23 1.30 3*8 19.62 i.S 6.27 23.48 l.S 7*87
T ^-Sh 1S.23 1*35 3.8 19.32 1 * 4 2 5*83 1 9* 3 1*4 6 7*13

v 16*53 1 .4 9 3*67 18.96 1.42 6 .1 3 20.6 1 * 5 4 6 * 6
T- «,SD9 16*0? 1*33 3.73 17*7' 1*34 5.47 19*6 1.40 6.67

F-Value C*iSWs 13 rj t;O...60 0*I5‘
f.tn v1.4CT' 0.2T’ 0*20 0 * 4 6 ?'* W

€©{0.05)2*04 0*21
W'SW.Wf'Wsi'Jwl*

0*71
mm *§*#**•*

5,03 0.12 0.62
e w w e i H i i m W

4.03 0.17
Snwiiiiiiiiiat—

1,35
l.wa<wfcwwp— ij

fji <«• lip Itefc. signifiiesRt*
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SttoXe 9a *  C o n tin u e d

6 0 t h  d a y  7 5 t h  d a y  9 0 t h  d a y
n a t io n *

twt* Height Girth Nfc*o£ Height Cirth tte#of saeloht dirth tio#o£
tacntf* to) Can) hs» Can) to) %?.*+ to) 'to-) to*

vg3, v m «  mm*
1 r,,'T"*1

21 * 4 5 2*32 7 * 96 26 *34 1*64 10 *06 3 6 .-S 2*12 12*67

t 2**u s 2 6 * 4 3 1*61 10*4 27*91 1*61 11*0 3 1 * 3 9  2*73 22*0

'T^fcE* '
3

2 2 *,,36 1*66 3 * 9 3 2 4 * 5 7 1*71 10* S 3 3 3 * 2 7  2*04 22*23

?,.*?*?
4

2 2 * 0 7 1*52 ' 8 * 3 2 3 *26 1*64 10*8 36 * 1 9  1*93 22 *93

$£«MM 2 2 * 5 6 1 * 60 10*46 2 9 *5,5 1*3 1 1 *8 ■ 2 9 * 3 7  1* 97 22*87

t 6*ms> 23*74 1 * 60 8 * 9 2 4 * 6 9 1*64 10*4 35 *68 2 * 14 23*3

t^rnB P 2 2 * 0 9 1*62 0 * 5 6 24 *20 1*63 10*33 31*72 2*04 22*33

f ^ « S M 24*41 1*60 9* 0 3 .25 * 0 4 1*64 9*8 33 * 2 4  1*96 22*13

T g - S S 2 3 *03 l . S S 9*16 26 * 3 6 1*61 20*26 2 9 * 2 3  1*90 11 * 7 3

SWVato 0*83^' 0*69r3%*.$4!% * 7 9 ^  0*67tr0f92I% « 4 2 !?f> 2*95* 0*3SHJ 
00(0*03)4*67 0*19 2*36 6*54 0*24 2*15 13*94 0*18 2*1
— w■  — * n  tm m m tm mwi

Its*  N ot G l« r * i£ le a n t*
* 'Qt0 f t & £ t o n t  a t  S ^ le ve -X *
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minimum 7*96 (T̂ ).

The height ranged from 23,26 cm (T̂ ) to '29*55 cra(Tg) 
on the' 75th day, The foaximum girth observed for the period 
m s  l,7i cm- <T3> and the minimum 1*61 am (T̂  and T^)* . The 
number of leave a produced varied from 9,8 (T̂ ) to 11*8 (Tg),

The height of the seedling ranged from 28*25 cm (T̂ ) 
to 36*9 cm (T^) on the 90th day after germination* the 
girth was significantly higher in T^(2*14 cm)*. was on 
par with t3, Tj , Tg, t5 and tq, the minimum girth wae 
observed for t2<i,78 cm).

Considering the main effect of pod sise by itself 
{Table 9b) there was no significant difference in the 
■height -of the seedlings at any of the intervals while the 
girth and number of leaves produced showed significant 
variation only on the 30th day after germination-* fho girth 
was significantly higher for. '’large* While the number of 
leaves produced was significant^ for ’medium* during this 
period,,

Based on the position of the seed alone (Table' 9c) 
there was no significant difference in the height at any 
of the intervals of ■recording While the girth was 
significantly higher on the ioth day only for’distal end** 
The number of leaves produced was significantly higher for 
’middle * only on the 30th day-*.
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table 0b* dftsot ©cowth parameter© of %®Qm 
wasi&ng* at wsfloae intervals' let M££$mn% -mouths* February sowing*

getSsL lSth m m  daF «laf
ftat&sn*
treat* Height Oirth w©*e£ Heights oxrtb no*©£ Height ©irtft H©*«£
’mo^ :* (era) fern) J®®* fera) Cm) J**" t o l  (o«) *??*vos* vqs* vce

£*&$« 17.2$ 1*4 3*93 2©*S3 t*S 6 .03 21*55 1*52 7*28

!4s<§iym 17*16 1.-30 ■ 3*86 20*38 1*49 6.6 23*34 1*51 7*S3

Small 13*94 1*38 3*73 1©*66 1*39 5*81 18*90- 1*46 6*8

SVValfcS 1*64^ ©•#O 4 # ,io.5Sa% 2 5 f?%*61**ll.O2**2*e9l4%*.8#f!2*0im  

M&tt*69 0*« .0*4 2*09 0*06 0*35 2*32 0*09 0*73
■ wmmmwsvpm

MB H ot o i $ n t 5 l e a j i t** . oigoMlcant at i% lovel*
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Table 9b* Centimes

gerad* ■ 60fch def 7Sth clay 90th day
oatioo ■

Treat* Height Girth So«c$ ttelgfrt Sirth i%*ef tteight Oirtta !?0«€>£
tpenta* |gg|) (c») lee* («g&> te> 2®®* -(-era) (era© lo**'ve«i* ime* we*# ■

23*43 1*60 9* SO 26*27 1*£S 10*0 33*03 1*90 12*23

m m m  23*79 1*S7 9*22 05*03 1*69 11.00 33*74 2*02 13*2

StoaU 23,19 1*30 0*02 35*20 1*53 10*13 31*06 1,99 11.73

#«*¥alue 0*12 0*13 0.10 0*18 0*44 l.IT 0,33 0*33 3.33

*05)2*69 ■ .0*11 U M  3*77 0*14 1*24 8,04 0*10 1*21
» . -•*>».» tgM,!. nriimmmmiim/i

158 net aigiil£ieanfe*
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Tfe&ia 9 %  Shoot ggo&feh parstmitsts o£ coooa afĉ linQji 
ftt vasiou® intervals ggMh in MUStoterib, 
months* P&hmmz? .amiim*

Pays
aftergernsi- i iStli- day 30th <Say 4Sth aay
liQtiqfi.*

®psat"* H e igh t o ir t h  f3o*of tfetgh t ©is-th m * & £  H e ig h t o tr th  
n^nta* tcfei) t e l  t e l  t e >  lesw  t e )  t e l  te*»

ve®-» ' - yea* ye®*

aistS 16.32 1*39 3*00 20*00 1*4S 6.07 20*01? 1,40 7*06

?€001@ 17*03 1*42 3*06 20,39 1.47 6.SS 21*02 1*54 7*11

O tS & a l ........................
■®m 16.es 1.36 3*77 17*37 1*46 3,06 21* SO 1.40 7*44'

PwV&lua 1*7#° 0*43!% * . l # % #37KSi ©aS^CM?** 0*g6m it2 # % t6f

miQ.m>nm o*ti 0*4 2*0 $ 0 , 0s o*ss 2*02 0.0# o*?8

fm Hot signiS'loant*
** 0ig.ai£±eaiifc at i?" l^ml*
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T&teie 9c5*

B a y s
a f t e rgeresi**- 6 0 t h  d a y  T&tH d a y  3 9 t h  d a y
nation
5'raafc* Height titlttlt K&*&£ Sialglit Oirtli fte#of Height cirth lfe,*oftaeitfc#.*- Caml fern) lcm» (cm) (cm) lea *  (<ss) t o ) '  lea*»

vea* we* ws»

PeetAeel
ana# 21*07 1*55 0*2? 24*62 1*64 .10*4 .34*93 .2*03 12*64

maajLe a4 .4 s 1* 4 0 % 9© 2 % m 1*68 11*13 31*33 i#91 ll.*#3

s is t a l
ana* 33*06 1*6# % m 25*17 1*6S 10*4 32*4 2*06 1 2.58

svtfeitut 2 ,m m #*6SI3S3 * S # j
f*» T*yr’

^#44**°
fTSi ft

o*aar^ i* .o i^ :

MuAKtffe 4 m w a  fwiaa^

O  f ^ r Tv

*t> *46*w 4*93* 0.93*

G i)tQ * & S )M 8 © «1 I 1*36 3*r? 0*14 1*34 €>.*.04 o * to 1*21

US , tigg significant
♦ jacjrsi.C'least at
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(i d  Root growth*
The data, oh the length of the tap root, the length 

of the longest lateral root ana the number of lateral 
roots are presented in Table iOe and figure 1*., the 
graphical represe station for the roof -growth for 'February 
ana March 1® presented in -figure 1*

There was no significant cliff ore nee at any of the 
intervals of recording Soar any of the root characters* . 
on the 30th day after germination the length of the- tap 
root varied from 12*58 cat <T̂ ) to  14*7 cm (T̂ > while the 
length of the longest lateral root varied from 3*03 cm{7g) 
to 5*24 cm CTg)# mean number of lateral roots varied 
from 30*66 (Tj) to 42*33 <t2U

On the 60th day the maximum length of tap root was 
observed for T̂ <16.936 cm) and the minimum for (13,9 cm) 
while the longest lateral root varied from 3*64 cm to 
5*65 cm (T?). m e  number of lateral root produced was 
highest for Tg(S7) and lowest for Tg{38)*

■The maximum length of the tap root produced on the 
90th day after germination.- was 20*59 cm (Tj) and the 
minimum 16*43 cm (Tg)# The length-of the longest, lateral 
root varied from S cm <T̂ ) to 10*14 cm- (T̂  5* The number 
of lateral root© produced m s  highest for Tg C64*96> and 
lowest for tg {48*66 )€
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1®$* ftooft of cocoa ©eediisjg#tst v a r io u s  in t e r v a ls  sown in  d i f f e r e n t  
lentil®* Fs&ruary ses£i*t$*

Oay*a &tm
gcrni** 3®tH €iay 69feft day 80th day
nation#

'treat** t:8f*otSi l-sngth £te*o€ Insngtft Length ?icsi£ftts So*0f
menfcss* of tap of .loo-iat«r« of tap of' late** of tap o£ lefoAftt** 

root** goat a& ' root*" ion®*-, r&i root* gsat rati
la te ra l roots* ®-t roots* lateral-root*
root* terai , root*

root*
tan) (ami te) (cm) (cm > ( gib .)

■^-O^ ’ 12*7$ 3*46 31*66 14,32 4*74 46*33 20*39 10*14 35*33

14*46 5*24 42.33 14*6S 5*65 47*33 27*95 7*94 54*86

3
13*94 4*44 34 '15*18 4*47 57 28*48 7 .6 0 64*33

13 * 0 3 3*64 33 |3*f 4*14 51*66 18*73 s.es 51*66

*T <**£#! 
■S

14*43 S.06 36* 33 26*36 5.22 45*33 16.43 6.41 64*86
T «M& 13*74 4,22 35.66 24*07 4.67 40.33 10, 3S B.32 55*33"c**

33*36 3*39 30*66 15*20 3*64 39.66 17*1.4 5 46*23

14*7 3*03 36.66 15*42 4*25 38 2 0.37 8*05 Si
iy*stj 13*91 3*40 33 14.04 3*94 38*33 20*29 $*57 48*66

•**«•-. " *»*> *«#* w/i *Tr» *#<* win *«rto*or'° 2 .1 8 *1 *1 9 ^  ©t^i " o i * o s ~ -  % * m ‘ ©*?r'3

C©Cdt©S5a*#4 1*6® 7*6$ .6*62 2.70 12*54 4*92 3*77 16*92

fJS Hot significant*
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Segardingf the of pod sise alone (table 10b)
there was m  significant aifference in the length of the 
tap root at any of the intervals of recording while the 
length of longest lateral root was significantly higher 
for Marge* only on the 30th. day after germination*

The number of lateral roots produced showed 
significant variation only on the 60th day when the number 
was significantly higher for Marge'1* On the 90th day 
there was no significant difference for any of the root 
characters:.

Considering the main effect of seed position only 
(Table 10c) there was no significant difference in the 
length of the tap root or that of the longest lateral root 
at any of the intervals of■recording while the number of 
lateral roots .produced showed significant difference only 
on the 30th day vbeh the number was signif icantly higher 
.for middle*.

(ill) -Brv weight*.
. The 'mean dry weight of the shoot and the root and the 

total dry weight are presented in Table lia and figure 2*
There was no significant difference in the dry weights 

of. the shoot and the -root and the total dry weight at any 
of the interval®.*, m  the 30th day the dry weight of the 
shoot varied from 741*66 m  (T^) to 1213,*33 mg (Tg). while 
that of the root varied from 177.33 mg (79) to 229.33 rag(Tgl
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tfe&ga float h pacmeMtB &£■ cocaa m&dX,ingi& 
at jtotMwate is d&££&&mt
' mmzitSf s^lsmary m*&n§*

Fays
after a
gsrm i~  30 m  day Ooth dsy 50th -gay
ha t.io n ,

4Stem%» le n g th  le n g th  ti©*©* le n g th  le n g th  Ha*©£ Length le n g th  $s*ofi
nsnts, os tog or lot- o£ t oS lontilatw *£ tap oS to»4o*».

Jfl®: ®” ?., cost la-eral root* 0wfc oral
f~*f' eoo‘fl* teroi roots, lots- roots.
SX. *«*t «** root*

to)- to) Com) (era) to) to)

t o i *  i 3 . n  ‘ 4*38 $ $ * m  % 4 «n  4 *9,3 m * n  19 * 3 3  a * s $ . 5 0 * 11

r fe a to  13*58 4*31 3S*00 14.77 4*67 45*77 17.83 B .0 2  57*20

SffiaU j#*©6 3*27 35*11 14*8© ‘ 3*91 .39*66 19*26 - 6*2 ’ 48*66

« m M u b  o * i i h s '4*3« 0 *1 3 ^  o * i o P  a * 4 # 3s*7i*  $.78® * .2*94l3'f5a*.53® 

0 *9  4 * 4 1  3*24  1* 0 3  7* 24  2 * 0 3  2 * 1 7  $*i&
!- a  >»»>* « * «c t » » *  w *** ■< w ^ w w .w m -m w i s w w w w H ii*  * > ^ ^ s s w * » i W ^ * « * » s r o * M ^ » « > i M M * « » W i * i * s » * r o * s , » *<iai<*l>« » W s

IIS Hot- a lgaiciessst
* t71gnl6ldst5t st &i Xsvefc*
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Tablo lOq.* Sdd'% ̂ rqt#th parameter^ oS cocoa ,me&Xif\®$ 
at variolas JjstarrGla aovm j&diffcrcmfe 
m n m & m  S’qbrdary sowing!*

w M w w p u w t i w f f i  n w M W i i ii  a»<» iiii'iw^ r# »

Day©
germi* 30th clay 60th day 9oth day
nation*
taett* length fcangth w&*o.t' £sm3th length fe*of Length Zemgh $&« of 
•smsnte* of tap of *£’ tap of lon~Xat~ of: tap -«sg Xon-iab*

. root*,' %mg* raX root* gest oral root* gost oral
sat roots# later* r^ts# lats« 'roots*
lstcx> ol ral
aI root* root*
root*

(acn-> (cm) (cm) to) to) Com)
■ W i l l

@nd* $2fp6 3*49 31*7? 14*47 4*10 49*09 10*92 7*99 S l.U

Mdf31& 14*53 4*44 39*44 15*40 5*00 43,55 10*25 7*46 56*04

'Distal
tflft 13,86 4*02 35*0® 14*43. 4*36 45#22 19*36 7*33 56*11

W n  fit* tt*-* .??v> Mtn %fr* *•**-•F*Vfelue U22^K 2*3*-' 5*11* 0*25 *’ i*5S‘ 0*24 0*33 ' 0*2j"'0»90 ‘-
3D (0*05 )S* JO 0*9 4*41 3.24 1*03 7*24 2*03 2*1? 0*76

fis ffet si^nifiq aht
* sicifsificant at Btt Xsvtl*



T able li-a*  w e ig h t e f  co co a  geedliacM i at. :m r i c n s  lo ttR W als
■so®*?* its different txmths* Vhbruary sowing*

&$y*a fter - 3gth day 6dth. <5&y 9 9 th  clay
gemination* •

Treatment®. UToot &©ofe T o ta l Shoot S o o t T o ta l Shoot, Root T o ta l
■-(mg) (tag) Csag) to) to) to> to) tori to)

Tj'-'IiP' 9.3B.33, 193.33 1131*66 1537 343.33 1880*33' 2303.73 441*73 274.5*46
? g * m . 11.59*73 211.66 1370*41 1679*33 314*66 ISM 1967*33 3.39*33 232**66
iy*£D 1202 206.33 1408*33 1423*33, 401*85 1925. ' 1928*66 409 2337*66
*ff» 943*33 1m * m  1133*00 1444 255 1.702 -1859*33 424 2323.33
Ts-M$ 1213*33 229*33 1442*66 18.33,33 284 2122*33 3202*33 603*33 3705,66

1030- 194,33 2224.3.3 1777*5 301,46 27©Q*96 2648*65 572*66 3221*33
Vf*m> 074,66 201 1075,66 1325 258.33 2553*33 14M.-6S 369.33 1364*00
?g«$M 920 197*66 1227*66 1404*33 278*66 1683 1444*66 566.60 2311*33
Tg-.SD 741*66 177,4*3 919*00 133.-3*33- 263*68 1647* 1449.33 330 2849*43

P-Valu« 1*78**° U $ m  1 *07^ 0*91^® 1*04^ 0.744*5' 1.21”“ X*024*~ 2*24"°

CStoOS) 240*74 32*00® 254*13 339*55 73*57 41.7,73 1137,93 202*09 1303*93

its Bot $2gni dicars t
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The total dry weight varied from 919 mg (T^) to 1442*66 mg

< V *
The dry weight of the shoot ranged from 132$ mg (T̂ ) 

to 1333,33 mg {Tp > while that of the root ranged from 253 mg 
<T4) to 401*66 rag (T ) on 60th clay, Tnc- total dry weight 
for the some period varied from 1533*33 mg (T̂ ) to 2122*33 nr;

< V
At th e  9oth clay after germination the maximum dry 

weight of the shoot obtained vias 3102*33 nig (T̂ ) and the 
minimum 1444,66 mg (T̂ J, The dry weight of the root varied 
from 359*33 mg <T ) to 603,33 mg (Tg). The total dry weight 
for the period ranged from 1811,33 mg (T̂ ) to 3705,66mg(Tg).

With respect to the effect of the pod sise(Table lib) 
the dry weight of the shoot was significantly higher for 
Marge* on the 30 th clay and for * medium* on the 60 th and 
90th day while that of the root was significantly higher 
for Marge * on the 60th day and for ‘medium* on the 90th day.

The total dry weight was significantly higher for 
‘large* on 30th day and for ‘medium* on the 60th and 90th 
clays,

with regard to the effect of seed position (Table lie) 
the dry weight of the shoot and the total dry weight were 
significantly higher for ‘middle * on the 30th day only 
while there was no 'significant difference on the dry weight 
of the root at any of the intervale, of recording.



Day# - 
Mtet
germination

T able l ib #  tgo&gfet o f  eoeoa  s e e d l in g s  a t  im tlo® # interval-®  
B&zm in di££we«ttt months*- reterij&iry sotiog.

«wo»iirti m ■** m w »  an rt»mra w r a w g W «

Treatment# £ho©: Root
Car

rotal l-ihoct
rag)

;%©t T o t a l  Shoo*. Hoofc T o t a l  
fa©) (rag) C»g) Cmg)

largo '1095*69' 203*77 1303*47 1546*55 353*22 1.390*77 2066*37 403*35 2469.9;

1062*22 £34*44 1266,66- 1630*61 201*13 1967*76 2 S S 0 .I1  333*33 3093.44

email 345*44 ,.192*0© 1037*44 1370*93 266*93 16-37*7?' 1462*38 372.00- 1341*5*

pvvalue 3.6** ' 1*26®** 0, 4*36* 9.* I#** «*6* 6.06** 4*74* 6*00*
©EKO.05) ■ 130*90 *5-*52 146*72 224.91 45*36 241*17 656,93 116.67 752*02

MG -riot significant.
* Significant at; 5-'G level.
** 3Xgni£leant at l ■’ level*

CDr\*i



T&fei®: tie* Cry wfivjbt -o£ -cocoa ae&dMitga at, variants intesrvsIs■&&m fe aifferest February sowing:*
»^t«r
germination. 30 days SO day s 30 days:

n iviii (»n> wwi»<i ■»a*frw

treatments Shoot Root Total
fog) £®t> fog) Shoot

■fo»35
Root T o ta l Shoofe ^ o o t T o ta lfog) fog) fog) tag) <rag)

p®d£<sajUm<3 918.77 194.66 1113.44 143?)* 33 -28635 1721*38 1359*24 411*68 2310#»$

1097*36 212.08 1310*25 £32*44 1933*11 2272*44 443*11 2614.35

Distal end 991*22 lf2 *66 ' 1133*83. 1528.05 ... 322*2# 2330*22.. 2008*90 453.00 2469*44

K-wai«e a.sa* 3 . » ”" 4. 0 7* 1.8*"8 ■sse? fcwi %s«! ijq j,1.57""* 1.71^ 0*33^ 0*31 0.35'
CD(O«05) 138*93 18*52 146*72 724.91 45.36 241*17 656*93 116*67 732*02

US not significant
* Significant at Sii level.
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1*4*4 frjarch sowing*

(15 Vegetative growth.

The data on the height# girth and nuiriber &£ leaves 
of the seatliings are presented in Table 12a- and figure 1*

There was no significant difference in the height* 
girth and number of leaves at any of the intervals of 
recording* Hie height o£ the seedling on the 15th day 
after germination varied from 14*69 cm (T̂ ) to 16*91 cm(T?>* 
The girth fear the same period varied from 1*4 cm (?4) to 
1*48 cm (Tj and 7^}* The maximum number of leaves were 
produced in 7^(3* 47) and the minimum in (2*93)* On the 
30th day the maximum height of the seedlings was recorded 
for (23*76 cm) and the minimum for (20.97 cm) while 
the girth varied from 1*46 cm (T̂  and T^) to 1*52 cm 
(7*2 and T^), The number of leaves produced varied from 
5*93 (T^) to 7.6 (T^), The maximum height recorded was 
25*39 cm (T̂ ) and the minimum 23*3 cm < v  on 45th day.
The girth for the same period varied from 1*53.cm (T*.) to 
1*77 cm (t )̂ while the number of loaves produced were 
highest in (10*06) and lowest in (8*83)*

on the 60th day the hei ght of the seedlings varied 
from 24*81 cm (7g) to 29 cm.' (T, ) while the girth varied 
from 1*64 cm (7̂ ) to 1*35 cm (T )̂* The number of leaves 
for the same period ranged from 9*93 (7̂ ) to 10*93 (T̂ ).
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12a* shoot growth coco® needling#at various intervals ©own in difbEerant months, ftarch ao^ing.
Csys
gerasl-
nation* ISfch day 45th day

® ea a t*  O ir t h  fto *o£  H a ig h t  G ir th  h o*o £  H e ig h t  e i i r t h  tto#a£
r a e n * s *  ( c m )  t o )  * * • *  < < * » >  « < » >  1 “ ’vss# ve#. ve®*
M m w u  >»»•«••■•<«»• • * « * « •  « » « » » « « « »

jL i i ^ s s 1*48 3.03 23*3 1*80 6*67 23*31 1*62 9*13

t e , 9 l 1*48 3*2 23*76 1 .4 9 7 ,5 3 24*88 1*64 % m

16*0? %  48 2*93: 23.S6 1.S2 7*27 24*74 1*54 9*66

1 8.70 1*4 3*13 21*18 1.46 6*47 25*39 1*62 9*86

16*37 1*46 3*4? ' 23*1© |*S0 7*6 24.22 1*53 18*89

T ^ * m 14,6# 1*42 3*2 21*66 1*46 8*93 23*33 i 1*57 S .9 3

16*73 1*44 3*4. 21*1# J .S 0 6*0? '23*30 1*36 9*66

14*76 1*44 3*33 20,9? U S O 7 ,2 23,93 ' 1, 63 9 ,6 0

? . h s &9 13*16 1*4® 3*1? 22*13 1,82 7*13 24*32. 1 ,7 7  10.06

F *?a lti#  0 .« S # s  O e S S P ^ M * 11*  6 # S 3 fS U 6 {tS ..42 tit0 0 * 4 1  

£ £ < 0 * 0 5 ) 2 ,  36 0 ,0 7  © *83 2 , 8 7 0 ,  1 2  1 4 S  4 .8 0 .  0 , 1 9  1*9©

JIB 2»O3 0#63l

Us Ifet @igni€4icaht;<F
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7Bbl« 1,2a* Continue.
«.  ■ »<■>■■  « ««»«■  n > —  n  ■» nn n y *»«» m »■ »'« w «©ay#

«garrai~ 60tti flay 76h <Say 90th <3ay
nation*
' T r e a t -  B r i g h t  G i r t h  2f e « e £  t f g i g h t e  © J U r t h  f e . o f  m i g h t  G i r t h  i f c > * © £
m w m *  to) to) la#- to) to) 1##- to) (era;) lea

ves. - vep, vep.

X^-i# 2® 1*84 10.2 31.51 1.94 11*06 41.SS 2*19 14.4
7 *.£14 27.00 1.74 10.93 29.51 2.02 11.13 43.6 2.62 13.5.3
Tg*m 27.66 1.64 to.53 20.69 1.97 10*73 40.95 2.09 12.3
7^-1# 26*34 1.67 9# 93 30.07 1*$X 11*33 37*73 2.25 13.09
? ~ « m  26.74 1*69 10.26 $3*03 1*03 11*13 36*06 2*15 13*2s
S^lKD 27*91 1*76 10*53 28*35 1.83 10*73 36*91 2*15 12*0

36*65 1.71 10.53 31.04 1.90 11*6 33*07 2.12 12*6
TA*SW m*m 1.85 10*53 31.51 1*08 11*53 37*31 2*13 15*10y .

TgwSB 24*8-1 1.01 10*33 20*35 1*03 10*86 31.70 2.09 12*27

w •»* -s. . A*tm* -.,8s ^ « j»s l Mm  ̂ Aj8C: . . m  .jebF-ValueO.76 1*04 0*12 0.36 0.41 0*01 0.42 1.46 0*69

0010*05)5.05 0*2© 1*95 6*53 -0*15 2*65 8.2 0.41 5*45

I® Mot  ©ifRlSieaot*
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Hie roâ irman height recorded on the 75th day after 
germination was 33.03 cm (T̂ ) and the minimum 23.35 cmCT^). 
Hie girth for the same period ranged from 1*81 cm (T̂ ) to 
2*02 cm ) while the number of leaves produced varied 
from 10*73 (T3 and T^) to 11*6 (T̂ >* on the 90th day after 
germination the maa&mum height 'recorded was 41.55 an (T̂ ) ■ 
and the minimum 31*78 cm <T̂ ) while the girth varied from 
2.09 cm (?3 and T^> to 2,62 cm (T2>* The number of leaves 
produced fear the earns period ranged from 12*27 cm <Tg) to 
15*19 cm CTg)*

Considering the. effect of pod sisse by itself {Table 12b) 
the height was significantly higher for ‘large1 on the 
15th, 30th and 9oth days after germination* The girth, was 
significantly higher for ‘large* on the 75th day only tMla 
there was no significant difference in the marnfcer of leaves 
produced at any of the intervals of recording*

Regarding the effect of seed p o s i t i o n  alone C’fabl®. 12e) 
there was no significant difference in the height and girth 
of the seedlings at any o £  the intervals of r e c o r d in g  while 
the num ber of leaves produced was significantly higher for 
•‘middle* on the 30bh day only*

(if) Soot growth*-.

The data on the mean length of the tap root, the 
length of the longest tap root and the number -of lateral 
roots, are presented in Table I3a and' figure 1*
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fcsflWte tat** B&mt growth of ooooa ace&34ii$&
at vadtoa tntae^aia axm It* «Mf£ere8fc 
essntfea* ?%r<3li sov/iag*

after .

g®ml* I5th tiâ  30th day 4Sth day
nation
l&r*afcs« KolgNb o u eth  H©*o£ H aight G ir th  &o#o£ if& lght <3i*?th ijto*e£
w m m *. (efti) ( m )  t o - )  t o )  M f "vat-* vea*. vaa*

mo whi w#  war ?wii iwir»»» unit wai wMrtMgj jri*i ms» ■».#»» »*. ■la.i *r» <■*»-<» g ̂ a» i^raMi *j». war ipii. #|f <wi ^i» g »̂ «■»»»»

Mmm 16 *S 1*4? 3*05 23*84 1*S© 7, IS 24*31 1*6 %AZ

m m m .  is*ei 1 * 4 2  3 * 2 6 2 1 * 9 0  1 *4? 6,66: 2 4 . 3 2  i.s? 9*56

mrn&l 15.54 1*43 3*3 21.43' 1.51 7*06 23*05 1*65 8.77

w ^ m i m  %*$&m .a^eT^O*^'50 3*;83* 0*51H:\*36W" 0*0$^ 1.4^%*23CJ0 

>*05 > 1*36 . 0*04- 0*43. 1*85 0*07 0*-66 2t.65 .0.106 1.09

m  tiQt slgniriieatnt 
 ̂ Significant at. 5?5 level*
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Table 12b* Continued*

after
laSSn aatli day 75th a&y - <^7
T re a ts  H a igh t G i r t h  Ife*oi H e ig h t G i r t h  ife*©£ H e ig h t G i r t h  Nh*oC
m sn te *  # * * * ^ a * *  , .  . ,, , t e e *  t M ^ x fgm̂ \  le a *

(c m ) (era ) ^ a e *  (c m ) ^ Q af (c m ) (<sra> v s s -

20*15- 1*74 10*55 29*06. 1*90 10*97 42*03 2*30 23*57

e m tm 2 7 * 0 0 1 * 7 2 1 0 * 2 4 3 0*4-3 1 . 0 2 .1 1 * 0 6 '36*9 0 z*m 2 3 * 0 3

©3aU 26*74 2*79 20*33 30*63 2*87 21*33 34*05 2*11 13*35

f'IZl * VT* b$<*' $*'vJ62 770' •f»*2’*■%Valiie 0*56 0*61"~‘0*20'v J 0*20® 7*O5**0*121’,i''6.44**1*4r'}'O*16lvi'

2*91 0 .1 5  1*23 3*77 0 * 0 8  i*S3 4*73 0 .2 3  2*99
■M itoW iiwMP »■»«■ Nit***w»ws < » p » p » 'pqp» ^-p* î <!ap* p pm$*mm n » P»i« p y ' m  wa.i>p p >ia> we  w p iwipr ** mi «»»«#«

IIS  H o t  s i g n i f i c a n t  
** s i g u i S i e a r i t  a t  2?4 le v ® !*



1 0 0

?nfc>Ie 12e* shoot, growth parssiefcera pS coe* 0Q c& ilnga  
■ at various intervals s m m  in different 
months* *4arch eov-lno.

M  ys
Se«5«* iStfe 'day 30th day 45th day
nation*
T r e a t*  H eigh t <31.rth flo#of tte ig h t © ir th  No* o f  H eight c iir th  h b .o f  
tomfce. (cm) t o )  leave®  t o )  t o )  le a v e s  t o )  - leavee,

£©<31eoI
«SKt. 16*34 1.44 3.10 21*09 1.49 6*66 24*00 1.6 9*55

m & aie 16*01  1 *46  3*33  2 2 .6 1  1 .5 0  7 *4 4  24*34  1*6  9 *69

Diets!
end. 1 8 *3  1 .4 3  3 .1  22*45  1 *5 0  6 *7 7  24*14  1 .6 2  9 .5 2

SMfefctt U & m  0*9S^©*52I?S 0 .4 5 KP0*07HS 3*57* 0 * 0 3 ^ 0 . l# % * 0 5 Ij 

CS(0*05) 1 .3 6  0*04 0*40 1*65 '0*07 0*66 ' S.6S 0*106 1*09

KS !fet ®i9rii£i<Jsnt 
* ■ S io n ic ic & n t a t  &Z ’le v e l*
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a(?tor
CcrtLi.**
nation. GOth day 75th 6ay 90th dav

^ *■» <M W W  IIK| *1 tl* *!<» * *  OK4M •*> ifgr.-y,, pfe it* JW.1W w* v

Bc.inhte Girth Hcinbt Girth ?la.o£ rfeieftt Qiarth H©*oin a n ta . l e a v e s ,  lea v es*  icavc
(cm) (cm) <cm) (cp.) (cm) (cm)

Pedicel
crmu 27*33 1.74 20*22 30,87 1.83 11*33 37,45 2,10 13,36

13,97&ele 27.76 1,76 10,57 31.34 1*91 11,26 23.99 2,3

6*00 1,74 ID.S3 28*76 1,88 10*77 36*54 2,10 12,62
Mated

2<
-Pirpfc mb Wii —  i w  in’* *m BU »><■» »«w — > *j »i1 *» 4a* c»iiw»ltt.jiM * ..<p»aMifcg»*rM  ip  P IIWI iii, aafefeiw  i>i. 10, ■q g ^ Mw .mT** sp ^ .apii

*i r> ■.i&U nr;rvalue 0*24"'' "'0,0C ‘"'0.25""* 1.IT" 0«42*''t)f34 d,6 1,40“'"" 1,02''

C&io.OS) 2,91 0*15 1,13 3,77 0*03 1,53 4*73 0*23 1,99

08 Oat nir.-ni .leant
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fable 23a* Soot growth- imramtanr ot ooooa aecOiinge '
at various? interval^ eowri in $i££sr«fttmonths* i'&jfch sowing*

BSfS
gormi* 30th day 09th day 90th day
nation*
»̂ia >!■» <ifW îB> tap pif: <w* <a|fr*yp I*v>,l|pi »PW Jen >(% ̂ V> ^  Mail aiiitffar eiai iaiw WJP Wiw WMJ a<>»*r|»a»iK»i> aa>fc^ -!»■ <Wj»

treat- length, Length f*&,©2 M&t>th Length. ife.of Length length Jt>*p£mn%&» «£ tap  of lon^idte-* of tap  of Ion-* l e t -  o f top of liSti-* '. root* greet r a i  root* g s s t am i root* greet ’ J  • 7la te re  X ro o - la te -  roots* la te r*  fJL«.root* t s ,  r a l  a l  roote*
root* „ root*.
{om-> <esm) -(eaO

57*33
56*33

(<sa? to! (cm)

12*77 3*73 31*33 16*61
Tg~LH 13*91 4*99 34*4 18*71
f  *LD3 11*33 3*57 36 27*70
f *»££* 4 11*61 3*33 29*33 20*57
fv**!#? 13*94 3*92 31*33 25.77
T.ntBS* 6 " 13,29 3*24 34*33 23*53-

^?~©P 12*11 3*5 32 27*87
7^*BM 13*33 3*3 34 10*52
?-«*&>9 14*07 3*66 32*33 15*56

■— tiii 0Wn4»i*i~— ■» «*< #*»v a***1** *m •* ** ■+*■ *

SO»33

M l l u e  2*21^2*18^ 0*30^1*6#^ 0*24M% 3 2 *  0 * ^ r,0*ir^ 1*72' 
es<0*0S)*if0X 0*96 7*95 4*S? 4*7$ 4*11 5.6 7*76 9*06

W$ Mat significant - 
* ' significant at S& level#

i
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Triero was no significant difference in the length 
of the tap root and that o£ the longest lateral root while 
for the? number of lateral roots there was significant 
difference only on the 60th day after germination, on the 
30th day after germination the length of the tap root was 
massimum In Tg (14*07 cm) and minimum in (11,61 cm) 
while the longest lateral root varied in length from 3.24cm 
<T-) to 4,99 cm (T0 5. The? maximum number of lateral roots 
was produced in T3<36) end the minimum in (29.33 5.

The length of the tap root varied from 15,53 cm (T^) 
t© 20,57 cm (?*) and the. length oil the lonoest lateral 
root from 4,92 cm (T^) to 3,10 cm (Tg) on 60th day. The 
number of lateral root produced wns significantly higher 
for T r  (44.60). Tr was an par with T , 5‘ , *? and T*. The 
lowest number of lateral roots produced wan for (33*66).
The length of the tap root varied from 17*46 cm (T^> and 
23*23 cm (T9) on the 90th day after germination while that 
o£ the longest lateral root varied from 0,17 cm (T ) to 
13*2 cm (T^). The nurdiror o£ lateral roofs produced ranged 
from 47,67 <T?> to 57.33 (Tj),

Considering the effect of pod ©is® alone (Table; 13b) 
the length ox the tap root and that of the longest lateral 
root did not vary significantly at any oS the intervals 
of recording while the number of lateral roots va# 
signiileantly higher for 'medium * only or the 60th day.

Talcing into account of the main, effect of seed 
position alone (Table 13c) there van no significant variation
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13b. fSoot growth garm m t m m  oi eoeoa #«c<3iiî fa
• at variouG intervals ooun in different
months, T̂ arch nofsing*

ssyt
30th day 60£h day' 53th day

notion* *» *» *»«>*»

Treat** Langth 14ngt& $to«o$ fcrngtfe length *?o*o£ length Lerngtft Ko.oi
taenia # oi iaj? of icsn-iot- of tap of iorfc*iuie«* of tap' ©£ ioi>&ter«

root*. geat are! root* gcat la-r&l root.’ goat ai
la to r * » ; r o o ts* . t e r a i  r o o t s #  • la ta**  root<
al r o o t*  r a l
r o o t #  r o o t# ,

(cm) (cm)
*m «i* **_**<■ wa t t  <w #,!*»■«.j ---frjTj-1.—

Cera} (css) Can) (cm)

tatgi 4*09 33*91 17*76 6.24 39.03 23*49 11*65 $4.66

Medium 12*94 3.49 31.66 17.28 7*66 42*33 19.24 9*24 53.66

agall 13.17 3.48 32*77 17*24 6.75 37.33 1 9 * 2 6 11.05 51.00

SWVaXua 0*19 3.52** Oi.S2tl% f10^!-S0*61Jr9*30** 2*tHp-CU63WrUlB*

a>(0*0S)l*?3 0*5$ 4*50 2*63 2 .7 4  2*37 3*23 4 *.40 5*23
» « » » »  #* i ^  imwwtwi *■»■?.*«*■*«.»»-yin* ̂ ,^1 <i>jw m

ils iiot aignieieanfc
** fl&enifJteanb at i>i lev©!.
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fable -X3e* Hoot growth pararaatera of co&m seedling® 
a t  v a r i o u s  I n t e r v a l s . so w n i n  d i f f e r e n t  
monthe* iteren souring*

coy*
aiter
germi** ' 39th clay 60th day 90th day
nation *.

mu**'** r*

VMM** Length Length Wb*o£ ho.n$& Length S3q*o£ hsngtb Uffigh 13a«©£
m-nts* of tap of ien~ist«- o£ tap of Jc n iat-* of tap o£ iorwiat^

root# geet era), root* ngesgfc era! root©.,* gcst era!
iateeaiifoot* later-* roots* iatsr-roota*
root* al ©X

root*' - root*

• to) (cm) to) to) (cm) to)

lsi8(S|,a©i
and* 12*i6 3.51 |0«a3 10*34 5*98 39*55 20*7 11*66 53*71

*&331e 13*72 4*06. 33*24 17*66 7*46 . 41*33 20*20 1.O.04 53,71

Elista 1
QUO* 12.89 3.49 34*22 16*39 7*21 33*66 20*1 9*44 51,71

AAfelua t*80f̂  3*0Q^ l.sr^.al*1̂  0,.74W% 0 9 W3 O*O06^O*55f% # 4 3 1 

€©(0.05)1*73 0*55 4*59 3*63 2*74 2*37 3*23 4*48 5.23

Wot oignifieont#



in any ox the root characters at any of the intervals*

(ill) Kryjfeioht*

The mean dry weight of the shoot, and the root and 
the total dry weight ore presented in Table 14a and 
fit g rare 2.

There was significant difference in the dry weight 
of the shoot anc the total dry weight on the 90th day 
after germination while there was no significant difference 
in the mean dry weight of th© root at any of the intervals 
ok recording. On the 30th day after germination the dry 
weight of the shoot varied from 1105*33 mg (T̂ ) to 1568 mg 
<T,.) while that of the root varied from 228*16 wj (T.) to 
398 mg <7T>* The total dry weight ranged from 1439*33 mg
('$*,) to 1965 mg <TP).t

The niaieinum dry weight of the shoot obtained was 
1678*66 mg (T̂  ) and the minimum 22.62 me (T^) while that 
of the root varied from 360 mg (T_) to 526 rarj (T0). The

r **

total dry weight ranged from 2116*66 ;ng (T^) to 2693*35 mg
4 m \

The dry 'weight of the shoot on the 90th day after
germination was significantly higher for T„(4924*60 mg)<•
which wao on nar with T- and T_* The lowest drv weight 
was recorded for <2614*66 rag)* The dry weight of the
root varied from 499*33 mrj {?*) to 886*66 mo (IT,). The** ‘O
total dry weight for the saiae period was significantly



TfckXa sap? wAtflifc ©£ e?SQ®a tfee&Lbtepi a t  msrXmia Xiiearw&le ■sssawto
$n €tf£ar«mfc -eofitlia*. £5&*cfh smMng*, .

Kay© «£t« .r
9 G ra iiia tio ? a .*  3 0 t h  6 a y  6 0 t h  d a y  9o-tt» ^a y -

Treetrrscnt, ■shoot 
(m g)

Soo't
Cfflff)

T o t a l ■•Shoot
f a g l

R oot 7 © t a i
(ml f a t # II 1 v*

 0*
I

ite sta i 
( rag)

V 1* 1 2 3 8 * 6 6
•  « *  lliWiflii M p M

£ 6 5 * 6 6 2 S 0 4 .3 3 2 6 7 8 * 6 6 4 3 8  2 1 1 6 * 6 6 ,20:20*66 72 6 3 5 3 6 * 6 6  ■
■Tf*m .13*?? 262 2 6 3 9 2 9 0 3 .6 6 5 2 6  2 5 1 4 ,6 6 4 5 2 4 ,6 6 S 7 2 5796*66 .

X 368 3 0 0 ,6 6 1 6 6 0 ,6 6 27X 3*33 4 3 9 ,3 3 ’ 2 1 3 2 * 6 6 :£B72 ■622 3 4 9 4 .0 0
1 3 6 0 .1 2 2 2 0 .2 6 1 5 3 9 .2 7 2 2 3 6 .6 6 4 5 6 * 6 6  2 6 9 2 .3 2 2 6 1 4 * 6 6  4 9 0 .3 3 32O S.O 0
2 5 6 8 398 2 9 6 6 2032 4 5 3 * 6 6  2 4 8 4 * 6 6 2 7 4 3 * 6 6  4 9 8 3 2 4 6 * 6 6
t2W 2 7 5 .3 3 2 4 9 3 * 3 3 .2262 . 3 0 7  ■ 2 6 4 3 .0 0 3 3 1 6  5 9 3 * 3 3 3 9 0 9 * 3 3

t 7^ sjp XSOS.33- 3 3 4 2 4 3 9 * 3 3 1 8 7 3 ,3 3 3 6 0  2233*33 ' 3 9 1 9 * 3 3 5 4 2 4 4 6 1 ,3 3
2 4 2 7 * 6 6 2 8 2 ,.1 6 2 7 0 9 .8 2 2 9 9 6 .6 6 461*  3 2  2458*00 . 4 6 3 2 8 8 6 .5 6 5 5 1 3 .6 6

T̂ mOSS9 25*35*33 255*3.3 2 7 6 0 ,6 0 2X 25*33 4 3 0 * 6 6  2 3 5 6 * 0 0 3 7 3 0 * 6 6  7 9 3 * 3 3 4 5 2 6 .0 0

r-miw
*?F*1 * 6 2 ^ t» S 5 ^ S 2 .3 4 * 1- r\r\2 .3 4 ^ * ■̂'2 ft-C*2*70^ 2 .4 3 3 * 6 2  * n>'2 * ,o r J“ 3 * 2 4 *

£ 3 ( 0 * 0 5 ) 3 4 7 .9 1 1 9 ,1 5 4 0 1 .0 1 4 3 0 * 4 1 -91, * 2  4 7 1 .7 9  1 0 9 7 ,5 5 2 5 2 .3 9 1 2 6 3 .8 0

Rttfc Ĉ;2l4:..;:l€SQRt* 
<&{p*i;:ieaofe at BS? XawJU 107
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higher tor t2 {5796*66 mg)* was on par with TQ* The 
lowest total dry weight wag obtained for Tj (3105 mg). 
Taking into account the effect of pod else only (Table 14b) 
the dry weight of the shoot was significantly higher for 
’medium* on the 60th day and for'small'on the 90th day 
while that'of the root was significantly higher for'small' 
only on the 90th day. The total dry weight did not show 
any significant variation -at any of the intervals*

Considering the effect of seed position alone 
(Table 14c) the dry weight of the shoot was significantly 
higher for ’'middle* on the 90th day only while that of 
the root v/afi significantly higher for ‘middle * on the 
60th day only. There was no significant difference in 
the total dry wight at any of the intervals of recording*

1*4*3 April sowing.

(i) Vegetative, growth.

The data on the height, girth and the number of 
leaves are presented in Table 15a*

There was no significant difference in the height# 
girth or number of leaves at any of the intervals* The 
mean height of the seedlings ranged from 13*74 cm (T̂ ) to 
16*43 cm (T̂ ) ©n the 15th day after germination* The girth 
at the same period varied from 1*36 cm (T̂ ) to 1*46 an 
(Tj, and T^) and the number of leaves produced ranged from 
3*70 (T2 to 4*33 (Tg), Tha maximum height recorded on the



f&M* t4Sstm odKsaa #eoftllng& at m g $ & m  Interval®-
gqksh in dlfs:*r&i*t isuifctid* S&af©?i sotting*

SJaye sister
«WMi

Treatments Ghost,
30th <?sjp

» « «

soot T«st©l
6Ct;tt dav 90th flav

^soot Soot 
frag 3. Ĉ 'j 3

Total Ghoot 
<p*rj) frcg)

iR'SOt
(da- 3

Total

Large 376*11 1604*00 1793*53 467*73 2261*33 3533*11 735*66 4375*77

1302*03 300*S 1683*53 SS7»*55 432*44 2600*00 28S3.*21 S27.22 3420*33.

Ssssli 1346*11 290*5 1636*61 1990*44 417*33 .24*5*77 4004*00- 741*33 '4033,33

M * m  0*2#® O*^#3 ' 5*25* 1.55^3*61* 7*94 *** 6*21 ♦» 5*3S**

a>(0:*05) 230*05 63*79 231*52 248*49 • 52*00 272*3 633*67 145*72 732.54
• * » «

4-xAi* Mo& slgnisil^aot*
41 significant at 57 level* 

sitcnificoBt at in. level*

109



7isM« 148* 'Bay tsjigltt. ©£ ©qob® &-fc 'varloa* StHMnrtfate
sswaf* la ̂ Af^rant lasmtla*. March $o»liag*

K S S *  30Mv««y 6«t*a*7 « M > * r
» ! ■ < «■  ! * ■ « » « ■  wim i mH i  mmrnm h h w W ’ ^ — h * * ^ * .  w w w « w — ■  mm'm* m * * » ■  « '■ !■ »  i  w > *  i n n m iw .  >i n .» *  m ' i b m t ih * — u w ' m a w h i * ■ n  i a i w 4 * ^ ni >i ^ » i r w » i» < i * r w m i ,M » N M  a w  f i i  a a ^ ' - m  ~ t i

Tfcemiettts stioafc Kiaot Total shoot '$km & Total sijeo't %c*fc. Total
im* im$ -(fas) fogi traco 'Cmofr tesJ («■«> fa©>

» w J i a e l  * n 8  1234 * t o -  275*34  1520.64  29& U S 5  418*22  2347*77  31 I S .22  582*77  3781*00

Jft<3dfc« 1437*55 314.OS 1771*61 2005.44 480.33 2485*77 4101.77 733*22 4054.00

txi.stal €2ia 1263*77 ' 277*21 16*8*88 2033*55 4X9*05 2452*55 3306*22 670*22 .3976*44

•M* ryr* *.;tn «t» *3*3swvaitw 2 *7 3 ®^ o*87^' sj&sr* O m M  4«m* «*»* a*®**' s*9$-»

CD (0,05) 200*05 60*75 231*52 248.49 52*90 272*38 633.67 143.72 733*5.4
W>*i> i m i » — »lmi «x a » o»w i ,  «pi —  uw ■ ■■■ m

MO Not olgnlSlo&nt.
* Siooic leant- at &% low!,

lie
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Table |5a* 8hoofc gzmMi parameters oB eadoa seedling* 
at various .intervals sc*s» In diSgeranfc 
months* April saving*

M i m i l i n i m i n i w %»*;rt»,rt--iiTr-. . r ' r 'T * -]■■“ "r ^ r — -f-.'—

Says
afterg«rmi« IGth day 30th clay 4Sth day
nation*
T r e a t * * *  H e i g h t  G i r t h  W o . o f  H a i g h t  a t r t h  f t b * o £  H e i g h t  G i r t h  $ f e > * o £
ta e n ts . t o )  (era ) l e a -  t o )  t o )  l e a -  • t o )  t o )  le a 

v e s *  VOS* V & 0 ,

14.32 1*40 4*23 16*23 1.49 5*63 19,57 l.Sl 7*33
13*99 1*46 3,73 £6*72 1*40 5 * 9 3 21,03 1*S6' 7*06

?>»LD3 1 6 * 4 3 1*42 4 17*03 1 ,4 4 S.53 19*06 1*6 6,6
T^-MP 13,82 1.46 4*13 17*01 1*49 5*73 17*64 1 .5 0 6,6

5 13,00 1.44 4.33 21*16 1 * 5 3 5*26 2 1 * 3 7 I .5 S 7,4

& 16*20 1,36 .3*03 16*84 1 .4 5 6.2 1 9 ,2 1,46 6,2
ty±®P 13*74 1*40 4*13 10*19 1*45 5*23 £9*33 1.61 5*76

£6,12 1*40 4 20,29 1 * 4 9 6*3 20,50 i,so 7*93
t9-sb' 13,24 1*41 4 * 2 . 17*23 1*47 6.56 17,84 1*48 7,4

».w* ■» *?—  ww t ^ awMCw*. m *m*i» *#*m w r t ' i i ’W W M w u W '

ro n«v̂O ]-;{n fîrT* *:}£* MO > fjf ..iM f e lu t  O f35*-^ l * i r b * 9 4 Uw 0 * 3 1  ‘'0 .2 9 * ^ 1 ,2 5 * ^  ^42 k30*m O^TT 
<3H 0*05)3*43 0*09 0.633 7*24 0*11 1*36 4*09 0 .1 2  2*49

ii$ Wot significant*
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T a b le  15a* C on tin u a l}

D ays
aOfcer
S i o n  6oth dey 75th day 9oth aay

trea ts  Height G irth  $©,©£ Height G irth  El©,©£ Height C irth  Ko.of
m sh ta*  (em f <ora) i® a~  (era) (am) la a »  (cm) (era) lea**

ve®* we* vc®.
W f 1  w us t i  i <jtt W ilB O W M  irtl —  W S llStlS W H S M I

*j«t* 22,83 1*57 8,06 23,3 2,02 0.8 28,49 2.12 10,66

?2~Ui 23,12 J.65 9,6 27*12 2.06 9,73 30*27 2,09 10.73
"7 ~ m  22.11 1*60 7*6 25,43 1*92 10.33 27,41 2,06 10*03

19,86 1,66 7,46 20,30 1,66 8,96 27*77 2.1 11,4
tr* m  21*51 1.60 8.26 24.7 1,93 10,06 27*49 2.04 11*46
T. *«D 20,68 1*57 6,66 22*49 1.6 9,36 26,72 2,ol 10*06
<*0P 19*79 1*59 7*51 21,85 1,75 9,76 27,57 2.07 10,4

TS-SH 22.48 2*86 3*93 25.96 1*91 10,46 26,55 2*04 lt,®3
T •883 22.56 1,62 8.06' 23,00 1,3 3*23 23,0$ 2,07 11,2

Mfi f%&, Mr) fftn »8*;> •**«** Va** Mr* ?7r*SWValus 0*49 0.30 0,27 9,42*"■ 0.60 1,34" 0,46*^0.09 -7>*16u-'
00(0,03? 3*73 0.24 2,31 7*56 0,29 2*00. S,84 0,23 2,41

K© t$at ®lorU£icant#
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30th day after germination was 21.16 cm <T& ) and the minimum 
16,42 cm (T^), The maximum girth produced for the cams 
period was 1*53 (?K) and the minimum 1,44 cm (?*,), ihe 
number of leaves produced varied from 5*23 (T^) to 6*8(Tg5,

On the 45th day after germination the hedght of the 
sect-’ling varied from 17.64 cm t 'f,,) to 21.37 cm (T^) while 
the girth ranged from 1,46 cm CTf-) to .1*6 cm {T„)* The

O  V

number of leaves yjrodecod at the same period varied from 
5.76 (?7 ) to 7,93 (TjU

dn the 60th clay after germination the maximum height 
produced was 23,12 cm (T2) and the minimum 19,79 cm (7^1*
Tl-o maximum girth obtained at the som?? period was 1 . 6 6  cm
(T ,,) and th e  minimum 1 ,5 6  cm ( f ,.)* 7ho number o f  le a v e s
produced, ranged from 7*46 {?„) to  9 ,6  (T 5#* *1

On th e 75th any a f t e r  germ ination  th e s e e d lin g
h e ig h t v a r ied  from 2 c . S cm <T ' to  2 6 .3  cm } wh.il© the
g ir th  v a r ied  from 1 .6  cm (7^) to  2 .0 6  cm (T ^). The number
o f le a v e s  produced f o r  th e scote r.xrviod ranged from 3*23(7^}
10.86 (fg>. The s e e d lin g  h e ig h t  on th e 9oth  day v a r ied
from 2 6 .55  can (O.1 ) t o  30,2.7 cm CbJ* The g ir th  fo r  the

u> c:

same period ranged from 2,01 cm (•?.,) to 2,12 cm (T } whileO X
the number o f  leaven  v a r ied  from 10*4 to  11 .93  { i y j .

C onsidering th e  e f f e c t  o f  pod s ic e -  a lo n e  (Table 15b) 
th ere  was no s ig n i f i c a n t  d ifferen c©  in  th e h e ig h t and 
number o f  lo a v e s  of any o f  the in t e r v a ls  o f  record in g  /b i l e  
th e  g ir th  was a ign iS lor  n t ly  h i-bier fo r  ' la r g e 5 on the 7th  
day.
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t a b l e  ISfc* s h o o t  j ^ r a m e t e f s  ofi coctoa © e e c llif ig e
at. various intervals @<3iv» in cU££erenfc 
months* April rowing.

©ays
after
gsrmi- tStft Hay 30th 6ay 45 th Hay
natioa.
t r e a t s  H e ig h t  c i r t h  H o*of H e ig h t  ■Girfch 8 o .o 5  H e ig h t  G ir t h  H o .o i
BistltB* t o )  t o )  l e a -  t o )  (ora) lea** t o )  Cora) lea**

V3S. V©** V*38.

large IS.S7 1*43 4*00 17.04 1*47 5.70 20.17 1.S8 7.00

maiura 15.04 1.42 4.13 10.00 1.49 5*73 19.40 1.50 $.73

toll 15*04 1.40 4.11 ia.S6 1.47 6 . 2 0  19.25 1*5© 7.03

frrifeto 0.4#S 0.44SGb.3lll£J 0.61t%.23|;|% . 0 # :: 0.3SW®U6ltK50*«P 
C£(9.05)l«98 0.0S 0.36 4.18 0.06 0.90 2.3S 0.07 1*43

«8»w »  ..Hi —  .. ee W  ■*>■■»."■■>

S'S Hht eî rUficanfe.*.
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Table 15b* Osntiriued.

aster
tu&vini«* 60th day 75th day 90th day
nation*
TT~firJ— :twf T**— f t*i *‘*i •‘**1 in'! i ll " T*1" •‘jTT-r-rtrT ■ ■ ■■•' T* "r ■•■ — 1 ■ " — »• ■ >■■■■,' ■ ■■■ ......... ■■■  "»<-■ " '■■ ' ̂     ■

Treat,** Jiolght Girth Ho.of: SSpight OLvth 0©. of Height Girth Kb.of
m onta* t o )  (c m ) le a v e d  Com) t o . )  le a v e s *  t o )  t o )  le a v e s *

Loroe '22.59 1.61 0*42 26*95 2.00 9.62 20.72 2*09 10*60

m $ k m  2 0.63 1*61 7*46 32*56 1*73 9*90 27*32 3*03 11,34

Small 21*61 1.39 0*1? 23*60 1,32. 9*43 27,65 3,06 11*31

I W oH m  1,06^ 0*OSUS1.21UQ 2,43^5.* 97* O*2o"3;:' 0«41tJ;0*24'"''' 0.69iJ''

S3?0,OS)2.tO 0.14 1*33 4*36 0,16 1*15 3.37 0*12 1.39
■»■-■»«*> «w w r m w a i Miiiiw i jpi w w w »»•«■«■»<*»>*» amen* * ■ — 'flaw «»i— at  <***»*<».» ww —  «n»*m*rn* m *** ■m*>»■#»w w w <»—

m g Hat significant 
* GitiRiiicant at S-* level*
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Taking into account the effect of seed position 
alone (Table lSc) there -«as no significant differences 
in any of the shoot characters at any of the intervals*

Cii) Root growth*

The data on the mean length ©£ the. tap root*- the 
longest lateral root and the number of lateral roots are 
presented in Table 16a#

There was no significant difference in the length, 
of the tap root and the number of lateral roots at any 
of the intervals# while there was significant variation 
in the length of the longest lateral .toot on the 90th day*

On the soth day after germination the'length of the 
tap root varied from il*S cm (T&) to 13*84 cm (T )̂* The 
longest lateral root varied in length at the satos period 
from 3*22 cm (T̂ > to 5*25 cm (T*,)* The largest mean 
nurfcer of lateral roots was produced in T? (33) and the 
smallest number in T^ (28*33)*

Cn the Goth day after germination the length of the 
tap root varied from 12#76 cm (Tg) to 14*71 cm (Tj) 
while tlie length of th® longest lateral root varied from 
4*45 cm (Tj) to 5*68 cm (T^)* The number of lateral roots 
for the sens period varied from 34 (Tr) to 40*66 (T9>*.

The length of the tap root ranged from 14*63 cm (T̂ > 
to 13*07 cm {Tg) on the 90th day after germination. The
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’table iSe* shoot srovth p-aratnstere oZ cnee seedlings a t various in te r v a le  tsm m  in. d l££eren t  
rsonifts* A^ril souing.

g e m L  tBth 3 9 th  d a y  4 S tb  d a y
n a t io n *
t r e a t -  H e ig h t  Oirfcl* $© ,© £ Haight G irth . H o.ofi H e ig h t  O to tft S to .o f  
stents* Com)' <cm> le a v e s .  <o»*) (cm) le a v e s *  (etn5 («n> leave®

godieel
end* 14*63 1*42 4*16 17.20 1.49 5*S3 10*84 1*31 6*36

mdaie 15*97 1*43 4*03 17.33 2.50 -6.00 21*01 1.54 7.46

SSsiste!
« « *  15,06 1*40 4.04 18*02 .1*45 6*10 18,06 1.S1 6,73

* 5 ©  t o r -  w n *  : M t 3  i v r -  t o r »  « w

E*Valti® 1,32 O* 75 ""0* 34 0,61 1,07^0,93^':' 2 . 344 0.41^0*97

df>CO*OS >1*98 O.05 0,36 4.18 0*08 0*90 2.36 ' 0,07 1,43

HS Hot significant
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Tablo IS©* Oeaiiifsiiei.
I'm#®
after
S3SL mm day 7sth m m  &a¥

TmB-%** ileight ̂ irtsh No*oi sieigfii 04*rti* fio*of Height <5irth &©*©£. 
-trripfef* <aa) to) to) to) leaves, to) to) leave#,

my/ai m m u g <mtwn.iitiuiju m i*, k > i #i<;i ■ ■ m nnm

■fmMml- ■ . . .m3* 30,03 M l %m 23*5$ 1*01 9,1? 27,941 2*09 ip*PS

mmi&: 23,37 1,60 0,93 25,92 1,97 10*35 20,10 2,06 11,37

Sistsl
eni, 21,70 1,60 7*44 23,64 1*77 9*47' 27,66- 2,05 10*05

p*v$$m u t e n% nitn% M m Q * m m  o*oal®3a« aa8®©*rf”

€$(0,05> 2*18 0*14 1*33 4,36 0*16 1,1$ 3*37 0*12 1*39

08 apt rigMCIeant*
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TaMa Hoot growth parasastfcra of eocsoa saddling®at varioua internals sown in differentmonths* . April sotftng*

■3 0th a*# 6 0 th  d ay 9 0 t i i  d a y
Bay*? 
after
Aareal** 
nation*
.Treat** length fcength «o#o£ tengtJs length *Jo*«wff length length 96«<£
aenta* of tap- of X©ii*4ata«* of tap of iort«*X&'ia** of tap &£ lan^lat-root* geat ral root* gnat rai jfroot* gaat oral

lateralroota* lateral rootit lateral root*
root* root* root.

te) (cm) (cm) to) t o ) t o )
•asNw»e»«e»WM *■« wrnimimmmnm%mt+im tm »» w » — « m i « i  wnwt«»»w»*»»»

1 3 * 4 3*22 3 5 * 6 6 1 4 * 2 2 4*4 5 4 5 ,6 6 2 6 ,7 0  4 ,5 4 3 6 * 3 3
1 3 * 3 7 4 * 3 0 38 1 4 * 2 0 5 ,6 3 4 0 * 6 6 2 5 .7 9  7 * 0 5 42

f 3*fc£> 1 3 * 4 4 * 4 8 3 4 * 6 6 2 4 * 3 4 5 *3 3 5 5 * 5 1 6 * 9 6  1 0 * 1 9  36 * 3 3
Tj-nm 1 3 * 4 2 4 * 0 3 34*66 2 4 * 7 1 5 .5 9 3 7 .3 8 2 4 ,7 6 6 * 6 9 39*66

TS#KS1 1 2 * 3 8 5 * 2 5 30*66 1 4 * 0 8 5 ,6 8 34 1 5 * 2 9 •6*98 36* 33
1 1* 6 4 * 5 8 33*46 22* 76 4 ,6 5 35 1 8 ,0 7 •4*93 3 5 ,6 6

2 y * s ? 12*81 4 * 6 9 2 8 * 3 3 2 4* 34 3 6 * 3 3 14*63 5 .2 2 3 7 ,3 3
?g«£M 1 8 * 0 8 4 * 3 4 34*66 1 4 * 5 8 5*2 2 36 * 6 6 1 7 * 5 6 6 ,3 2 37

7g**8D 1 3 * 8 4 4 * 1 8  . 36 14* 44 5 * 0 0 36 ,-33 2 6 * 2 $ 5 * 5 9 37
r X T O W * ! * *

d * a $ * *  2 . g 6 ^ 2 , 9 # ) 8 0 * 3 2 ^  0 , 6 3 ^ 1 *  1 8 ^ 0 * 8 4 ^ 3 * 6 :2 *  2 * o i y

0 3 (0 * 0 5 )4 * 8 7 1 .2 6 S*62 3*16 2 ,7 4 6 * i t 4*92 3 ,0 6 4*4 6

Ms jsot aigQificant 
* ' s i g n i f i c a n t  a t  s s  l e v e l *
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length of the longest lateral root wad significantly 
higher for T3(10*i9 cm), She minimum length was observed 
for f j  (4* $4 cm)* The- number of lateral roots for the 
same period varied from 35*66 <Tp) to 4J

Considering the main effects of pod else and seed 
position separately CTabie 16b and 16c) there was ho 
significant difference in any of the root characters
studied at any of the intervals*

(lii) Prv weight*

The moan dry weight of the shoot and t h e  root and the 
total .dry weight arc presented In Table 17a*

There was no significant'difference In the-dry weight 
of the shoot and the total dry weight at any of the 
intervals of recording* The dry weight of the root showed 
significant variation on the 60th day only.

On the 30-th day after germination the dry weight 
of the shoot varied from 640 mg (T ) to 955*33 
while that of the root ranged from 117*33 mg (?4) to 
223*33 mg <T«)* The total dry weight for the same period
varied from 772,66 mg (T$) to 1087 mg <T5>*

On the 90fch day after germination the dry weight- 
of the shoot varied from 1325,33 mg (T̂ ) to 2769*33 mg 
{Tg) while that of the root ranged from 221*33 mQ (T̂ J 
to 716 rag (T0), The total dry weight for the same period
varied from 1548 mg (Tj.) to 3426 rag (TQ)t
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f& bl©  %$h* Boot p o t a m t e t a  &S c o s o a  s e e d l in g ®at various intervals eefcm la  different 
m onths*. A p ril M6&no»

Oay*
germi-* 3Stb day ■ 60tb day Soth day
n a t io n ,

Twsfe* le n g th  Length f-io.ef ta n g th  le n o tli No » q € $©ngtt» Lancith Bo*
ftsnts# o f  ta p  o f  Xm*teiim*x>$  ta p  of i ® »  late** of ta p  -of lo n -o f

ro o t*  ®mt a l  .root* geafc ral root* $£$t lot'
la ta e a lr o o fe d  l a t e r a l  r o o ts * ' la te r a le - r s
ro o t*  ro o t*  root*. ro©

Com) t o >  (cm) |tm) (cot) (era)

l^rgc 13*39 4 ,0 0  36,11 14*22 6* IS ■' 37*27 1 6 ,4 8  7*26 37,®

mditiB 12*3© 4 ,03  33#©& !3 * iS  5*31 35*44 16*04 6*20 37*2:

aaa-U $2*94 4*40 33*60 .$4*45 5 ,03  36*44 16*1$ S.To 37 *i

IMJalue O*36!IS$*0#S2*7$S4S 0*2#S 0*.16WS 0*5tlle 0*06^1.78^0*2^

fc*0S )2#?0' 0*67 3*24 ' 1*M  1*00 ' 3*52 2 ,84  1*70 2*57

)

88 Hot -slonifioont*.
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- lie * . B o o t  g r o w th  p a r fc ite te r e  o f  «sx?a • e o d l i t io e  
at various Intervals sown in  different m on th s*  f t g r i l  so td n g *

30th day 60th day Doth daygermi- 
n a tio n

Treat- length length Ho*of length length &&,©£ length length i’lopi 
■ments* o f  tap  -of I o n -  l a t e r -o f  ta p  o f l a t e -  00 tap Of l o i i -  i s -root* gest at root* longest ral root*' gesfc tcrol

lateral roots* la t e r a l  roots# lateral roote*
ro o t*  root* roo t*

(cm) Com) tern) Con) Com? Con)

’'©ttfl, 12*tl 3*90 3S.8S 14*42 4.97 36.44 15,36 %,m 37.77

mddlt 13.78 4.63 34*44 14*23 B.S1 37*11 16*31 6*78 S9.ll

Bietal
end* *2»9S 4*41 34*77 1 3.94 5*01 35*61 17*06 6.90 36.33

F~V®1«# 0 . 1 # S 2 * 1 4 S& 0 * i § ^  0 * 2 2 W% .'77SS 0 . 4 # S 0 . 7 3 ^ 1 . 74a % * lr f  

GD{O«03}2*?D -0.67 3.34 1*32 1.00 3.B2 2*94 1*76 2.57

" ‘ * * 1 ^  rgViit#-||ii |i-'rir^ n i m T O iiTtttn^^.neiie ^ n‘̂ rYrfci# r#hrtfl|IWii iw#ii!i* ii* r* ijj m »»#w i  a ^ w w i — w >

MB Mot eignidloeiit*



27 a*. jScjr oigsgfet &£ ©ecoa metfttnga at irarioKH# intervals 
w & m  I® 4&££to&9afc April

■. W w n  iw iw i» r i ip .w i i  ftnna ii w r m i r  m f i t in M M *  W W  J H  nr in r " i i  w n w i iim iw  fi* in in « #  i m >»  ■>» iir i um w i f iw  ■ ■ ( i< r iir ir> iM iiii in « rr i » i i>  m r * | in ! i  n u  m i n il i '»  i i i t i i i i  j j p i iw i p w ' iw iw ' i i  iiiw o iM H ; p i  i t a t i i j i n n v r r i i r O - mm m i '111 m i T i l r  '•• "'i f  i t u iM W  w  ^

Cqj/© «£teuf
«f.eef3£aati,;OB: 3C?ib wig]? ,0O*kh <8ajf ' m m ®ay
fteatiasnfe# Shoot; Root Total ■Shoot Total snoot ttoot tbtal

im') im) C-8TJ-) im-% Csg) teg> 1*86) i

?£»$&' 727*33 ‘ 173*33 ' 389*66 ' 2285*33 •246*06 .2432*00 ■1072 « * 3 3 1072*33
T ^ m , 7S2 * m  ■ 157 • 909*60 1274*66 254 . 1S£3.*66 .1376*66 339*33 2716*00
t:g*m ■783,33 w m * m 972.00 912*66 251*33 1164,00 1360*66 337*66 1704*33
Tg*m 760 117*33 835*33 1236*66 1:99*33 1430*00 '1323*83 2:33*33 1350*66 ■
Tgmmi §55*33 131 *€6 2087,00 1294*60 268 1:560*06 1372*60 279 . 1650*60

640 132*06 772*60' 1250*06 210 1400*6© 1336*66 221*33 2540.00
67&*.6$ 171*00 347*66. 1133*33 ■318 1451*33 3047*33 470*60 2513*00

T^*m 757 223*33 980*33 1052*66 302 1354,56 2272 -710 2983*00
^9 ..................

713*33 210*66 924*00 917*33 218 1135*-33 2769*33 036*66 3426*00
i;t<v©,83l,° 1*24SS *frl0*94-^ ' 2*33'* 3*08^S

y~»s«
2;*36"̂ O#50?̂  0«36£3a> * *-?S ■0*43"

esHfo*®s) t m « m 40*33 299*75 172*10 39.42; 202*94 1136.04 329*79 2418*19
.#a^a^apraNM <>>L «ii!i< r » r t afflF ■■■ wpuf i"i>l jijia

a® Bst significant^
* Sigateseafit -mt S3 l&ml*.
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Taking in to  account the e f f e c t  of pod s i  so alone 
(Table l i b )  thore was s ig n if ic a n t  d ifferen ce  on the 60th  
day then the weight was s ig n if ic a n t ly  h igher fo r  'medium* 
and on the 90th day u h e n  the w eight fo r ’ small'was. 
s ig n if ic a n t ly  higher* The dry w eight o f  the roo t was 
s ig n if ic a n t ly  h igher fo r 'sm a ll'o n  the 30th# 60th and 90th  
days a f te r  germination* The to ta l  dry w eight showed 
s ig n if ic a n t  d iffere n c e  on the 60th day when the weight for  
'medium* was s ig n if ic a n t ly  h igher and on the 90fch day when 
the w eight £ & r  'sm ell'w as s ig n if ic a n t ly  higher*

Considering the e f f e c t  o f  seed p o s i t i o n  by i t s e l f  
(Table 17c) there was s ig n if ic a n t  d ifferen ce  in  the dry 
w eights on ly  oft- the 60th day when the dry w eight o f  the 
shoot and root# and the to ta l  dry weight was s ig n if ic a n t ly
higher for 'middle*.

1*5 size of Containers

A d e ta ile d  study o f the growth ch aracters upto 90 days 
under varying s iz e s  o f  polythene bags (30 x  2 0 , 2S x  19 
and. 23 x  15 cm) was carr ied  out b y  sowing seeds during 
December 78, February and Harsh 1979 and the r e s u lt s  of the  
in v e s t ig a t io n s  are presented below*. The a n a ly s is  of  
variance ta b les  fo r  d if fe r e n t  characters are given in  
Appendix.



l&M;# I7&* $ry mlgiftt 0£ -eoeaa «fc ya-r&jws
©sim la- djtfifereut fswssis®. ■ .April imztag* •

£®ys ®£|.«S*‘ 
^jeeMaatioft
Tspoatsacata Shoofe
-̂ r̂— ini tog)

larg# 7 5 1 .7 7
ffefjium 737*77

atrall 715*66
• j w  n  n m n t e W K n  * > »  h »  w m i i

.SWSfellMS 0*40
€Ztt&*05}' 167.78

3©4h- d a y «©fci» e m mtte day
tbh  — < »  «

Ss>a& y-
X&s>

sfest
Cr̂ l

► w * wriw a> wa a

&30®.
<ragJ

<»-fe
.IkJ*

fegl
Gfiofe
<s*g7

172*08 923*71 1124,22 2SG.6S 1374*88 1471 *77 323*44 I?§L1

127*22 ©XS#0£> 1269*66 22S,1I 14155*77 1341*55 244*22. XS&5,77

■ m u m  917*32 1034*44 279*33 13:13*77 23-62*83 614*44 2977,33
m H p i h wi jgy.̂ w; m »'#» ■# imw  w > ■» «

1S*.32«* o * i# s 2 5 *39** s*m* 4*89*
27*90 173*3© m m 34*30' 127*21

■6*34** 9*80** 7*4**
=655*89 194,63' 320*79

BS Hot algal 2X«Ja«t*
* aft0nl£jk&ttt at 555 lev*!#
** S&gnlllca&t afe *;> towl.

S2
T



T tffS4. osy saedliags at usurious interna*
®e«sj JLa «S2,f?fcress& nmtite* %rii ssuiag*

iâ fs #&mr
30th -sâ  

WSOtSWSftfce -Shoot Boot
e o t h  d a y 90 sh day

y:iifcMmpjg w» . v o w i  #frjS»»i

r®tal SlKlOt . BOOt
' Ciar? y trag>

iMiii;i— i»i-lim ix»-»rtinn n airr.ni,it aw ti— i ■; ai ;■ yw ^ ^ a w H w t  ***?*,

7otal . shoot . .ifcwt 3bM& 
<03? <09 > Issg) tot)

m i * m i  « n a  *mk*m 153*55 •374.121 i i 8 S . i i  254*6© t*m*n  s a s i . s s  3-34.44 zotum.

p̂ v&jtswr
m m * m )

m u m

112*sb

‘u i s P

&%ti>*66 972* 32 t % m am  2*M»m t4Sl*33 2673*77 444*44 2! 13.
376*66 ■ must. ■ z t m j m  2 2m m  ■ 3 3 5 3 * 3 3  2 3 .3 0 * 0 3 -<1 0 5 * 3 2

3 * 6 3
'2 7 .9 0

u s kT 4* «*«£** 4-*-s®*. 9.49*»
273*iS®: 99*40 ■ 34*30 2S?*t* 6SS.S9 ' 354*63 63&.TO

tt t at- ss
** si^lloaKt at ir- 'l&ml*
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1*5,1 Shoot characters.
13ata of the height, girth and number of leases of the 

seedlings are presented in Tables 18 a to e and Eigure 3#

U) Height.
a) December sowing.

There was significant variation at 1 per cent level 
betv?een treatments on the 15th *? 90th and at S per cent 
level on ,90th day after sowing While on the 30th, 45th and 
60th day there was no significant variation among treatments. 
At all these intervals maximum height was recorded for 
30 sc 20 an sis© bag*

On the 15th day was significantly superior to T̂

but was on par with T̂ , The maximum height was 13.5 cm in 
Tg and the minimum 5*14 on- in the ease of The'Tneaditiom 
height was 20.24 cm for and the minimum 14.38 cm for 
on the 30th day,*. On the 45th day the1 maximum height was 
01*16 cm for t3 and the minimum 16*64 cm for T^# The 
■maximum height was 21*52 cm for and the minimum 18*36 cm 
for on the 60th day.

Or the 75th day, was significantly superior to 
Tg and Tj i-hicn were on par.* The n©xiratsm height 29.9 am 
was recorded for (30 x 20 cm) while the minimum height 
18*82 cm was recorded for (23 x 15 cm)*

On the 90th day again was significantly superior 
t© Tg and Tj which were on par* Hie maximum height recorded
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Talsl# $3st  Shoot grciuth perametec® o£ cocsoa s e «a it « g s
.1® &MSe%mt else o$ baofettMMRfesff 

sowing*

Says' e f t » r  USth 6 a y  . 3®tfe d a y  4StH  d ay
germi*

T reat-* h e i g h t  Olarfch tki0o£ H e ig h t  O lr tb  ff©*a£ S l i g h t  s ir fe h  n&*o0
{mats# lea- lea* ■ Xg«~ v

foul tern) vm * tm )  <era> ws* (cm) im% ves* s

5*14 t # I S  2*40 1 4 * 3 0  1 *3 0  4 * 2 0  16*64 1 * 3 0  S * 0 0
tsaxis&n}
*?2 12.80 1.28 3*40 ld%94 1.40 5.40 18,33 1*44 6*80
{25xi3cni)

T3 13*S0 1,32 3*80 30*24 1*36 4*60 .21,16 1,56 7.0©
C'3Q9t2$3m)

V-Mmlm 0*90** l*18m 9*75** 3,4S^Si*78 2*4^^2*480S l*S3PS3*at'

CDCO.SS) • 4*79 0.20 0*71 ' 5*10 0,34 1*20 4,42 0*32 1*72

us- -Hat 4&g»H£i<s©ftt*_
** Olgnl̂ icfsat at iw 2 aval*
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TaM© Oentirwwi3«
Days
aster 6$$* ^q» 7StH tie? §Oth elaygerat* ■ ■ j

fr®»t~ • tteigM GJ,ir'tSa 23e*o£ Height Girth No*c£ Haight Girth tto*0£
mcnt©* tom) tern) lea-* lean5 (cm) lea-* Id s) (cm) lea-*

veg* v©«* vee*

|Q *36  1,3a 6 * 4  1 8 * 8 2  1 * 4 0  6*00 10*36 1*64 8 * 0 0
te&aseoo

^  14*98 t*4S 7*00 .20*86 1*72 9*60 21*02 1*06 10.20
|25kI8c?tO
T 21*52 1*66 8*2 29*9 1*92 10*80 30*34 2*18 11*00

<30x20cm>

F-Value U3®m  3*88^2*68®%*,is* 9*0S*n,49KS7*§2** 9*70**7*00*' 

<m(0*051 4*13 0*27 2*17 7*39 0*26 2*3* 6*47 0*26 1.63
f  n r w » i» ■* >»«■» i.ii»>w t o t* aiiar*. i aaw^iiiwi I**1'**. »» « * » *

IIS t-iot significant*
* O i@ n i£im m  a t  s «  l s v e l *
** Significant at its level*



130

T a b le  l&b* S h o o t g s w t h  p aram eter®  o £  o a e o a  s e e d l i n g s  
■ growf* 4a di&toxetit s i a e s  ©£ bag®*
tertiary sowing*

Pay®
after
nation* lSth day 30th clay 4Stfc «ay

Treat- Height G ir th  !to*©£ Height O ir th  tJ o .o f  H e ig h t  O lr th  I'OmOi
ra-nts* Xea~ lea*- lea-

Can) (crn) vea* (cm) Com) ves* (cm) vae,

14*10 1*28 3*80 14.44 1.30 4*40 '16*68 1.42 5.08
(£3xlScm)
*S2 ' 16*14 . 1.32 4.00 13*90- 1*46 4,40 20*40 1*48 6*80
(2534 Bern)

T3 17*26 1*36 4*00 20*50 1*50 3.20 21,00 ' U M  7*00
{33x2089) ■ • ■ ■ ■ ■

tor; Mr? far* Tlrj fu?
PrnV»lm 2*96u‘v O,?5Wv8fc*.Q0*'‘'4,?6* 4*42* 1.144 % S 2  l.0,60 "5,68*'

Vi.5(0*05) 2*78 0*14 0*3S 4.43 0*15 1,33 3,83 0*27 1.42

flo J3©t aig&Lficont*
* ^dgnifleant at Sw Xavel*
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Table 18b, Contirmea.

after
natSl* SOth day 73th day 90th day

Treat* Height earth Hc,©£ Hsight eirth 8o«o£ tfeioht ©irtb jso*o£
m n ts * (o s ) (on ) (cm) tom) (<sn) Cam)

4 » ^ l T ii— rt,nr,« , W i*» » « * > >■ n, M > —  *> » * «■ !>><* *>> m  WS »< —  »itW» — 1 M jW « W i * » — »'<»«» H i T*  T U g  ̂

T| 18,50 1*00 11,00 28,08 2,00- 13,40 31,06 2.02 13,40
(23xi5om)
T2 28,19 1,86 11,60 29.70 2,04 12,60 3S,S4 2,22 13,00
(asxite)

$3 36,32 2,14 12,40. 38,76 2,22 13,40 39,64 2,32 IS,40
(30x206m)

JMfcloe 13,26** 2,02SSl,12l?S 3,67*5S 1,42{% , 3 2 S3 2,66*^

C0(Q,©S5 7,11 0.30 3.04 9,25 0.30 2,33 7.94 0,30 2,30

i'l-s Hot ©icjai.i’icaftt,
** SiQ»i£loant, a t i% level*



1 3 2

T&hZe 18c*  shoot. grawfeh p a r a m e te r s  of cocos i«a$LAf*ga 
grow n i n  d i f f e r e n t  a i s e s  o f  h aga «  £torch

■-coding* •■• ............

JQay* - 
after ,

germi- 13th day 
mtic®*

,20th Say ■45th day
m>*i> ■» nn.i<a> aiiii. wiiw i i w i iwww f u m a m m m M m h

T r e a t *  H a ig h t G ir t h  W o .o f H e ig h t  G irth - tl©*o£ H e ig h t  G ir t h  Sb*ofi moafea, (cm) (cm) lea* (cm) (cm) lea-* (an) (cm) lea*
■ve®, vss. ' vee*

14* 30 1*20 2*60 14*38 1.20 4*40' 15,82 1.36 7*00
(23x15cm)
T> 16*34 • 1*30 3*40 18,24 1*40 4*40 20*34 1*S0 0.00
(ssxioem)
T, 17*20 1*32 3*00 10*0 1*56 4*30 21*4 U B O 9*60

(SOMSOan)

SWVfclU« 3*7ia01.31K%,OO** 1,9#° f*75**0*23n® 3*12WS 5,12* l*93rJ

*05 3 2*38 0,17 0*71 5*26 0,14 1*33 5,16 0*3 2*9

u s  H ot s i g n i f i c a n t .
* ' Significant. at 5% level*

ignis leant at VJ. level*«*- a



133

îsble. tdc* Continued*

Says 
■iifiter ■

n&SSn. m t h  de®  ?Sth day 90th day
 ... t io * o f

Com)' ' V€3,

mmmni* < > — ihm w  >i*  W »  « w m  j— ■■m a w  m i «M f

ceat*. Height Oirfh £*o*o£ Height Girth Ho,of Haight Oirth 
m %3* '(cm) to> vesZ ' t<3̂  ***** <c®>' <«?m)

24,6 ' 1,74 ;,#*60' 23*73 1,73 9.90' 26,30 1,30 13,40
<2'33£iSem) • ’
1*2 26*06 1,94 10,20 27*03 1*94 11,00 23.02 1*96 21.00
(S&tiUteni) ‘
f.5 ' 30,60 1,94 11*60 31*28 2,03 11.00 33.62 2*12 12,00
-{30x20c©) ‘

&*vzlw 0 * m m  0*&9m W ! ^ m  U$Bm  1,76^3*89* 6*80** 20O2Vi° O A & ^  
es<0,os>9t4o 0*37 3.67 6*91 0.34 1.57 7,68 0*34 2.27

MS Hot si0fti&i«ftnfc*
* significant at SCi level*
** S40Hi£io«r»t at %Ti level*
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wafi: 30.34 esri for while the minimum was 19.36 cm. for T̂ * 
Bigger else beg showed SB per cent height than the 1mmsb 
-sleet bag (23 ac 15 cm)*

b) February sowing.

Significant variation between treatments was noticed 
.on 30th and doth day while oil the 15th* 4Sfch* 7Sth and 
90th day there was no significant variation*. However the 
fnajEinmm height at all intervals was noticed for 
(30 sc 20 cm)*

on the 30th day was significantly superior to Tj

but was on par with T̂ *- * the maximum height recorded for

was 20*5 cm and the minimum was for (14*44 cm)* on the 
60th day T3 was again significantly superior t©T2 and lj*.
The maximum height recorded was 36*22 cm for t 3 and the 
minimum was 19*5 cm for T ^  Although there was no significant 
difference on. 90th day /the maximum mean height 39.64 cm 
was recorded in ease o£ which was about 26 per cent more 
than the height of T^*

c) March .sowing*,
Significant variation among treatment© was observed 

only on the 90th day*. At all other intervals the maximum, 
height was recorded for <30 x 20 cm)*

On the 90th day T^ was significantly superior to

and' which were on par* Under treatment T3 the mean height
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was 38*62 cm which was 46 par cent mors than that of 
which was the minimis?! (26,3 cm)*

Thus the results clearly indicates the superiority 
of Tj {30 x 20 cm ) with regard to the he ight of the seedling 
when they are 3 months old*

<11) fflrtti*
a) December.sowing*
significant variation at 1 per cent level between 

treatmants was observed on the 75th and 90 th day* At all 
other intervals the maximum girth was shown by seedlings 
under (30 x 20 cm) *,

on  t h e  7 5 t h  day* sh ow ed  s i g n i f i c a n t  s u p e r i o r i t y
o v e r  and w as oft- a  p a r  w it h  She maximum g i r t h  m s  
o b s e r v e d  f o r  ? 3 (1 * 3 2  cm ) and th e  minimum f o r  (1 * 4  cm )*  
A g a in  t 3 show ed  s i g n i f i c a n t  s u p e r i o r i t y  o v e r  on  D oth  
d a y  and w as on  a. p a r  w ifh -T g *  She maximum g i r t h  o b s e r v e d  
w as f o r  (2 * 1 8  era) and  t h e  -minimum f o r  T j (1 * 6 4  cm )*

b) February sowing*
At all 'the intervale' the maximum girth was noticed 

in ’?3 (30 x 20 cm)* significant variation was noticed 
only os? 30th day when was superior to and was on 
par with fg* the maximum girth observed was 1*5 cm for tr̂

and the minimum 1*3 cm for T̂,* On 30th day showed 
maximum girth (2.32 cm) in this case alone as against 2.02cm 
in Tj although the difference was not significant.̂
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g ) - March sowing*
■ The maximum girth was observed- for (30 x 20 cm) 

here also* significant variation.was noticed on 30th and 
45th cay*

on the 30th day the maximum girth- observed was l*56em 
for 5*3 and the rainltmsai 1.28 cm for The maximum girth 
observed was- i*8 cm for and the minimum 1*36 cm for . 
on 45th day* on 90th day showed maximum1 girth (2*12 cm)
in this case also as against 1*3 cm in T^*

The results showed that (30 x 20 cm) showed
superiority in respect of the girth of the seedling, The

- a n d  14

variation in girth w s  33 per cent.# 15tper cant higher in 
case of large size hags during December * February and 'March 
sowing,

till) Number of.leaves,

a) December sowing,,
The highest number of leaves was recorded for ,

(30 x 20 cm) and the minimum for <23 sc 15 cm) at all the 
intervals. Significant variation was observed on the iSth 
day and. on the 90fh dtey% ■

b) February: sowinote
•&t all the intervals the highest number of leaves 

was recorded for <30 x 20 cm)-,- significant variation was 
observed -only on the 45th day when was found superior to

and it was on par with Tg* The maximum mean number
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observed was ? for ?3 and the minimum 5 for T̂ , On 99 th 
day the mean ninber of leaves was 15,4 in ease 'of and 
13,4 in ease of T^„

c) March sowing, .
The highest number was noticed for (30 st 20 cm) 

at all the intervals.* There wan significant variation 
between treatments only on 15th day# when was found 
superior to and was on a par with T̂ , The highest mean 
number was 3*8 for ̂  and the lowest 2*6 for T^, on 90th 
day the shewed a mean number of 12 leaves as against 
11*4 in case of TI#

in case of height# girth and number of leaves the 
bigger sised .begs ( 30 st 2o 'em) was superior in all the 
three months (December* February and March), I'̂ mn compariht3 

the growth 'parataeter among the three months February was 
found to be the boat for sowing Cor-bettor height a;, girth 
and for more number of leaves* This is closely followed by 
March, the February sowing has got an advantage that the 
seedlings will .bo ready by the middle of May with a height 
o£ around 40 cm and this is the congenial period for 
planting cocoa under Kerala condition©,

1,5*2 Root.characters*
flie. length of the top root, length of the longest 

lateral root and the number of lateral roots are given in 
Table 19 a to- c*
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rabler !§&• Root growth parametera &s cocoa seedling®
QS®m in different else® o€ bago* 
se c em b e r  e o w ir ig .

Days
after
germi-
nation* 30th day 60th day 90th day

Treat— length Length £Jh*d Length Length tJ@*o£ Eaogth teî ai. tfo.e
igsnts* <t$ tap q£ ion- la ta - «t£ tap of Ion- late* of tap of Xen* late

root:*" gent ral root, ge.et raX root, geet raX
XatereX*r©©t9, i&teraX.rootss. lateral .root
root*. root*. root*

Com) t o ) to) Com) Com) (cm)

12.32 2.7S 17.20 13*76 4.38' 35*00 15*26 4.86 54.0C
C23X.15cm)
Ta 12*70 3.30 23.00 IS. 30 5*70 44*00 16*00 7.26 71*0t
(25xX8cm)

?3 13,52 3*10 33*60 16.10 4.36 55.0D 16.33 U.4@ 73*Oi
<30x20cm)

fit") f-JC Tift MC?M e l ^  0 .4 3  1 ,3 3  ' 24.03**1*  H T  0 , 7 T  " 3 .6 3 * *  0*11 $.11* 6.11'

€ 0 ( 0 * 0 5 ) 2 .3 9  1 .2 0  ' 2 .1 ?  3*36 2 ,3 3  10*06 7 ,5  4 * 5 0  1 3 .0 1

MS Hot significant,
* GigftifXcant at 55$ level,

^gniflcant at %% level*.A
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Table 19b* Root growth parameter® of cocoa steedling*grown la different sltrea of bags,rebroary sewing.

afterg e r m i-
nation,

Tammt*
mmtv*

30th day 60th day 93th day

length tenftth ita.of Zaangth length Mo.of imigbh Mngbfo CJo*o
of tap of ion* lata-- of tap of lon**lat«» ofi tap of i©n>-4.ate,
root* gesfc rat, toot* geat ral root* gcst m o t

lateral .roots* lateral.roots, lateral
root* root* root*

(cm) (dal (cm) Cc?n> (ora) Cats)

T% 11*32 2.73 16*80 11.94 3*42 33.00 10*66 6*46 44.0

(235&5cm)
Tg 12*94 3*32 23*00 14*64 6.16 39.00 19.12 7.36 47.0

(s&asea)
T3 13.30 3*76 23*60 IS.SO 7*28 39.00 19,46 X0.S2 49*0

I30a20cm)

j-jr* *!£'’
rvalue l.ST 1*8$ 18,48** 4*22* O*O4‘',o9.03 2*6'T,:'0*66',i

CD<0«QS) 2*62 2,21 2*69 4,99 3.01 8*IS 4.87 4*04 9*49

MS Hot oignificant*
* significant at Sfr. level*
** Olgnlflcaftt at J?i level*
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Says 
after 
garmi**- • 
nation#

'Table 19c# Root growth parameters of doeo® seedlingsgs&fes* in <$i£;teo»% aisea of bags*Ssrcli sowing*.
rs?

30th dfsjr 60th <3ay
Bii.wMiM »■ * «1'jmi -Ski •!£><>*#•*■"U# J M  ■■■ *H"l 1 !■ I .'"» in »»«TTIK» n. ■ I ■ -T «■; "■;? ,»t *'-. ̂  i».— — T7 "— I ~V ">'7-------------------------------------H-------------------------- -------------- ---------------..̂ ;. t.. — -_- .. -s.--— -• • - -  

frost*' length length sJo.of! teogth length &»«c£ length Length Ho*o£
m n t &4 of tap ©f Ion* late* os tap os iotwlate* of tap of ion* late*

r o o t *  goat ral root# gearts ral root*. geet m i
lateral roots# . latofal*f©oti*. lateral#*©©*,
root* root* root*,

(era) Can) Co mI to? Com) Com)

Tj 12.54 3*70 17*00 15#49 4*35 34*00 13.58 6*80 39*00

C23EI503)

7g . 12*70 2*99 23*93 17*10 7*34 $7*09 19*80 8*64 49*00

:{t§xl8cm5

13*33 3*58 23.30 10*32 8* SO 40*00 21*00 0,96 31,00
O skSOc m)

F«*Vali» 0*29^ 2*01 18,92**0,7#^ S,99* 0«Sr“ Q * W : Q-.U*"' 2#

00iO#05)2*55. 0,0 2*2S 5*42 8.79 12*09 7,29 6,42 ' 16*39

S0 ifefe significant*
* Significant at $% level*
•* SigniSlcajfit at J# leva!*



141

Length of tap root.
a) December sowing *

!?o significant variation between treatments was 
observed* the maximum value was however obtained for 
<30 x 20 cm) on 30th, 60th and 90th days* the mean length 
of tap root mean number of laterals and the length of 
longest lateral root were 16*38 cm# 73 - and 1.U4 cm 
respectively in case, of and on 90th day*

b) February sawing*
the ma&imumv value was obtained for T. (3d x 20 cm)3

at all intervals* But there was no significant difference 
between treatments at any of the intervals* The tap root* 
length* number of laterals and length of longest laterals 
were 19*46* 49 and XOf52 cm respectively on 90th day*

c> March .sowing*
Hi© longest tap root was noticed at all intervals for 

(30 x 20 cm)# No significant difference between treatments 
was however obtained*. On 90th day the tap root length was 
21 cm and the number of lateral© was SI and. the length of 
lateral was 8*96 cm in case of t3*

Hie results thus indicate that# though no significant, 
difference was observed between treatments* the length, of 
the tap' root was maximum in 30 sc So -cm sice bags* The raasimura 
root growth was observed in February end. March sowing which 
also' indicated the desirability of sowing seeds in February
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or in Marsh rather than In Eacenfccr.*
ill) Length. .of- the longest lateral roots*

a 5 December sowing*
The longest lateral root was obtained for ?3 at all 

intervals* However significant 'variation between treatments 
was noticed only on the 90th day, The maximum length 
11*4 era was for (30 sc 20 era) and the minimum 4*86 cm. 
for T, (23 x IS era)*

b) February.sowing.
Significant differsnee at 3 per cent level between 

treatments was observed on 60th day* was superior to 
m &  was on a par'with The length of the longest 

lateral' root was maximum for T3 (30 x 20 era ) which was ■ 
7,20 cm and nrinimum for (23 x 15 cm) which was 3*42 can*
However the longest lateral roots were observed for on 
the 3Gth (3*76 era) and 90th day (10*52) as well*

c) March sowing*
Here also significant difference at S per cent level 

between treatments was obtained on the 60th day when ?3 
(30 x 20 cm) was found superior to ^  and was on a par 
with TV* length 8*3' cm was maximum for 'I- and minimum44 ■ '" 3
for <4*36 cm)* M  other intervals also the longest 
length was observed for (30 :-c 20 am'),*- From the results
it can there be- said that the longest lateral roots arc 
seen in cocoa seedlings grown in 30 x 2o cm sited bags.*'
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(All) Mttfefoar of lateral .roots.
* « 1B > i i ih w jm ! iw » i iw h m i im i r t  **■ m im i i  *f in— i i i  im *** ^

a) Becembor sowing..
There was significant variation £>3tween treatments on

3 9th, 6oth and 90th.day* -At all these intervals the
maximum value was An and the minimum in T^0 On the
30th . day was significantly auparior .to and on a par
with Tu* The largest nmher of lateral roots (23*6) ware
produced in 30 .x 20 cm bag® and the smallest number (17*2)
i n  23 k  IB cm bags*' on the 60th day was superior to
1'0, and v&ich were on a par. The largest number was
noticed'for in (5S) and the smallest number in {36 >*
The same treatment was superior to and was on a par with
3*2# largest number of lateral roots were obtained in
TL (73) and the smallest for T (54),3 1

b) February .sawing*
significant variation between' treatments w as obtained 

only on 3 0 th  day whore was superior to T1 and was on  
a p a r  w it h  T * % e  number of l a t e r a l  roots w ere  h i g h e s t

<o

for <23*6)and lowest far (16*8)* an  the 60th and
SOth day also t h e  number- of lateral roots was highest i n  
the care of seedlings grow n i n  30 36 20 cm bags*

c) March sowing*; •
Here also significant variation was obtained between 

■treatments only at the- 30th day*: was found s u p e r io r  t o
and was on a par w it h  ?2* The highest nurnfeer of lateral 

roots were obtained in T^(23*2) and tho lowest number in 
ri\ (17*6).



T a b le  2 $ $ *  C £f! « £ # r t t  o £  e a s o *  se@824'»$SE •$&&#& JUa.
different sis®*' of bap** SecewB&ar eauto&fr

s®ya- after 
ges!o£fia&2o2>*
iieeataasnt®* Shoot

imy

30t'n 'flaf' 
8©Ot
(013 >

Total
(tag)

60feh €&$
Sheets;
(rag)

sssot
C-sri)

Total.
<m'}

sotb -any
fi&sQt
(ng) '

&©oft
(tag)

$0%$£
(ssq)

891 254 1145 158© "3S0 186© ■1610 2B4 1894

*4*2
f2Si:iI8era}

852 202 168© S54 2034 1680 371 20$1

722 ' 335 2 0 S ? iaso 8S? 2277 m m  4 m  z m ®

F**V&lUS J9 S :V^ v.»♦ 10 0*43 ©.40»**: yer* 3$** W
, k ' 0.72 -#w 3.13 J 1*31

U «  « MUM rniWl IWHIIIHH Tin lH r « »  « M «

eSC0*OS) 253*71 .183*70 224.34 S72.09 95*30 362.47 782*81 201*06- @01.18

85 Hat significant*
#* 8i^ai£least, at. 2*3 level,
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Tafe&e 20b*. Ssjry weight ©§ <soesa,. g r a m ia &t ££#rcmfc.
-slse csf bags* Fabrmajrf scrying*

Saps
g&rm£sa&tQO» 30 th dav d o th  day- 90th $av

N * M * «

i3Qx£0<2Bt)

€9(0*06 ?

£ft*)0'fc float T o ta l Sh©;?t StK?t T o t a l Shoot. 8qo& T o t a l
■fag) £*?*?> fags) tciSF? ■Cmejl ■ fa g ) (m  > faO > ■fag) .

*1 72D'

i t r O w

$80

P^WfcSP* *^SBW^V9SteCV*B 

1000

M t l W  ■*•. ■OMaMfcV Q>l>n* tVJ,s

1490. %m . n 7 9 1600: 346 X9SD '

■(2 3adC'Scsa)

043 35S 1205 1660 368 m m 188$ 36# 2220

(23axldem}

T , 8:76 376 1252 1362 470 .2232 1716 480 2396

l+*nm  6.28* 0*3S^S 4*41* 1*72 *
•144*86 m . 7 4  164*99 598*80 136*54 SS3*S4

#■70 Be rjT0*43'’~' 1*72 0*70
!5;*4i £70*76 005*94

H ©  ffest.

* O&gol&taant ©t S-0 Xs^eX*
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Table 200* ficy wight o£ cocoa, seedlings grow in. differentsis®s of bags* March sowing*
Bays after 
germination. 30th day 6 0 th day 9oth day
Treatments 

Ti
(23xl5ero)

T2
(25x18am)
T3
(30x20em)

Shoot Root 
(mg) (mg)

721 246

Total 
(mg) ■

967

Shoot
(rag)

Soot
(mg)

■848'

855

300

366

1156

1221

1275 292

1S24 334

1630 366

STW>Tt*

Total Shoot Hoot' ' Total
(mg) (rag) (mg) . (sag)

1567 1798 332 2130

1843 2046 370 2416

1996 2116 386 2502

F-Value 3#5W? 1 .1 4 s *  2*B 5WSS 0 .8 * '3 Q+,9BUS ' 1 .1 8 115 • Q.30S’? 0 .  .61M'W© .4 2 ME
CP(0*0S) 124.2 172.73 235.60 624.16 115.52 616.11 938.73 108.76 9X9.36

HS Hot significant*

CD
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On the soth and &©th day as well as fh- number of 
lateral roots were highest in the case o£ seedlings grown 
in 30 sc-'20 cm. bags* Thus the results show that seedlings 
grown in 30 k 20 «aa bags have the largest • number of lateral 
roots*..

1*5*3 Dry weight*

ory weight of the shoot* root and the total dry 
weight are. presented in Table 20 a*b,c* The analysis of 
variance tables are•given in Appendix.

<1) -Try weiohfc o£ shoot*
wirwrnmif^flma n*ii»iiiin>» i-|i »i.u.m# n »  '

Thebe was no significant difference between treatments 
in case of December, January end February sowing* The 
highest values were however obtained at all intervals in 
the case of (30 x 20 cm)* The values for- 90fch day • 
were 1960 mg in cecerribar* 1916 mg in.January end 2116 mg 
in February*. The highest values in all the three months 
were obtained for T^*

Thus from the tables it is clear that the dry weight 
Of shoot was highest for seedlings grown In 30 x 20 cm 
bags*

Cii) brv weight of root*;
a) Begemfeor sowing*
Significant variation between treatments was observed 

on 90th day* was superior to T, en^ T which 'were on •
a par* The- dry weight of the root for T^ was 480 rag and
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that for 2Q4 rag* On the 30th and' 60th day also the 
highest dry weight were obtained .tor seedlings grown in 
30 35 20 an! bags*

b) February sowing#
On 30th and 90fh day there was no significant 

variation between treatments though the highest weight* 
were obtained for

On the 60th day was found significantly superior 
to and on a par with The highest weight was obtained
for (470 nig) end the lowest weight for (285 rag)*

e) ftferoh sowing*
There was no significant variation between treatments 

though the highest weights were seen in T3 at ail the 
interval©*

Thus it can be clearly seen that the dry weight of 
root was highest for seedlings grown in 3Q>j st 20 cm bags* 
f;mong: the different periods of sowing the maximum dry 
weight of the root was observed in December and February 
(.480 mg) which was 386 mg in case of March sowing# when the 
seedlings ware 9G day a. old*

(ill5 Total dry weights
a) DpcsRiber .sowing*
The highest weights were obtained at all intervals 

for "?3 (30 x  20 cm ) though there was no significant 
difference.
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fe> February sowing*
There was significant variation, in total dry weight 

on 30th day, was superior and’ was on a par vdth T,, 
The highest total dry weight was obtained for T3(1252 mg) 
and the lowest for T^{1000 mg),

©n the 60th and 90th day also the highest total dry 
weight was obtained for though there was no significant 
difference,

e) March sowing*
The total-dry weight was highest for Tg on the 30th 

60th and 9oth days though there was no significant difference,

Thus the results Show that the total growth as 
measured by dry might of shoots and root® was maximum in , 
case of (30 x 20 cm) and among the months of sowing the 
maximum observed in March sowing <2302 mg)followed by 
December (2440 mg) and February (239,6 rag)* However maximum 
root growth by . way of dry weight was observed in ease of 
February and December sowing (430 mg each) as against 386 mg 
in March*

1*6 Potting Medium

The results of the detailed study of the growth 
characters of cocoa seedlings in different potting mixtures 
are presented below* The analysis of variance tables for ■ 
the different characters ©re given in Appendix.
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1.6*1 ahoot .characters*
The height, girth and number of leaves of the coeoa 

seedlings are given In the Table 21a to c^nd Figure 4.

(i) Height.
(a) December..sowing.

The maximum height was in T^ (ltl«2 mixture) at ail 
intervals. Significant difference between treatments was 
obtained at. 1 per cent level on the 30th day,, at S per cent 
level on 45th and 75th day. At these intervals was 
significantly superior to T (soil) and was on a par with

+* i
Tj, ‘ on 30th day, the maximum height was 19*16 cm in 
and the minimum 14*08 in On the 45th day again the
maximum height was 20*5 cm in and the minimum 17.02 cm 
in Tg. The maximum height on 75th day was 27*54 cm in 
and the minimum 18*54 cm in on the 90th day the
maximum height was 34.13 cm in Tg and the minimum 26*16 cm 
in 1'3*

b) February sowing*
The maximum height was obtained for at all the 

intervals* There was significant variation between the 
treatments at 5 per cent level on the 15th and at 1 per cent 
level on the 30th day. On the 15th day, T̂ . was significantly 
'superior to and T3 which were on par. The maximum
height was 18* 38 cm for T and the minimum 14.16 cm for T_.& 6
On the 30th day Tg was significantly superior to Tg and 
was on par with T̂ *. The height 19*36 cm for TV, was the
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Table 21a* Shoot groxtfth parameters of cocoa
seedlings grown in different media* 
December sowing*

Days
after
germi- 15th day 30th day 45th day
nation.

Treat- Height Girth No*of Height Girth No*of Height Girth No*of
ments. (cm) (cm) lea- (cm) (cm) lea- (cm) (cm) lea

ves. ves* ves.

Tj 14*30 1*24 4*20 18*90 1.34 4*20 19*16 1.62 7.00
(1:1*1)

T2 14*80 1*32 4,40 19.16 1*34 4.60 20.50 1.72 7*40
(l.sl:2)

T- 14,30 1.06 4.00 14.80 1.32 4.20 17,02 1.5 6*603
(Soil)

P-Value 0.06NS 1.05NS 1.20NS7,59** 0.06NS0.19NS4*50 * 1.59NS0*58Nf:' 

GD(0*05)3*39 0.40 0.56 3*19 0*11 1*53 2.54 0*26 1.61

NS Not significant.
* significant at 5% level.
** Significant at 1% level.
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Table 21a. Continued.

Days
after
germi
nation.

60th day 75th day 90th day

Treat
ments.

Height Girth 
(cm) (cm)

No.of Height
vS: <cm)

Girth No.of Height 
(cm) ^  (cm)

Girth
(cm)

No. of 
lea
ves.

ri
(lslsl)

23.22 2,06 7.20 25.36 2.06 8.20 32,98 2.08 12.60

T2
(1:1:2)

23.88 2.14 9,80 27.54 2.16 11,20 34.18 2.22 13.80

T3
(Soil)

19.86 1,76 7', 00 20>. 5 4 1.88 7.20 26.16 1.90 9.80

P-Value 1.96NS 5.05* 12,62 **6„8* 2,45NS a.49NS7,32**0.76NS2i.98NS
CD(0,05)4.74 0,27 1,36 554 0.27 3,43 4,92 0,56 3.66

NS Not significant.
* Significant at 5% level,
** Significant at 1% level.
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xobio Sib* Shoot porcnctcrr o' cocoa ocoulingo
<r?rcien i n  M U io r -m t  r^Gaia* F e b r u a r y  e v a l js y .

toyo
afterOorTii** iC>th c?3jf 30th Ooy 43ta Ooy
w&icn,
Trent-* Tfcloht. Girth JJs.oS Height Gfxth Dr,of 'Ic-Aihfc Girth lio.af
wenfco, Cars I lea.-* (as? (era) lea-* C«sr*3 <C3> lcu~

vna, vi-'s* v'arr*
W U jWW K f m  ***** tua aam-im —  — W m ■*» M» M M W  *»■!«* i>» os*

%  15.96 1.34 4.20 17*40 1 .4 0  4*20 19.1,6 1.62 6 .3 0
1U

Clttsl)

13 ,30  1 ,34  4 ,4 0  19 .26  2 ,44 4 ,4 0  2 0 .4 0  1,72 7.40
Q:ls2]

;b, 14,16 1.32 3*60 .15,3 3.33 4.20 3,7,10 1.5 G,:70
(Soil)

tMfeiuo 5 .73*  0*06'J,} 3 ,2 5 ‘" l3 ,Q & '^0,93 'J:0 .0 6 !j:':3 , l 9 n 'i 2 ,0 4 K':'0*-561'i 
CD( 0 ,0 5 J£ .72 0 .1 4  0 ,7 1  1 ,6 2  0 .0 9  1 ,4 2  2 ,6 ?  0 .2 3  1 ,42
« *  Mk UMte,*«ks* «••>« *»*«,.

IIG ilz-L e lc « ; : l f ic a s i fc ,
*' r.-it at-leant at 2 : level.

OiysU:. leaf it at f " level*
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Tabl© 21b, Continued,

iRsyi?
?er5L» <3sy 7Sth day 90th day
nation*

lisight tdrfch ĝ«Q-£ Cirfch Uo*bf height Girth !&>*o£
c j c n t a ,  ( c m )  ( o n )  t ^ T  ( c m )  i e a -  C e t n )  < c n v )  l e a *

vo5* ves, ves,

T. 26*03 1.64 11.20 20*22 2.02 13,20 40,S8 2.12 13,60%
UilJl)

2 S M  1*74 12,20 29,26 2,14 14,00 41,24 2.24 14,60
<3U1*2)

f3 - 22*00' 1*55 8*40 23*10 1.92 11.00 37.30- 1.9-4 12*20
(Coil)

m  ... „amb „ ««»ft«  ̂ j-30̂  , rtMo . „ jiamrvalue 0 ..S 1  ‘ 0,90 2 * 7 4  0 ,2 9 *  ’* 0,90!j,’'2*34 0*18 ' 1.64 1*15'

,:OS)10.18 0*26 3*66 12*29 .0*33 2 * 9 4  13,15 0,36 3,44

'Best ai<-'hi£lcant,,
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■Table 21c* Shoot growth parameters of cocoa soiling®grown its dl££erent media, March sot Jin.-;*
hays
at ter *sth  day 30th day 4S-th daygerm
ination.*

Trost** Height c ir th  No,of f-ieight G irth  i$o,o£ Height G irth  No.oG 
rsnnta, (cro) (raO lea- Cem) (on) !•*» (c«) (errs) lea**

ves, ves, • ves,

■ T 14,30. 1,24 4*20 17*46 1.34 4,20 IS *12 1,54 6,00
C l t l t U

T2 14,70 1,30 4,40 20,5 1*34 4,60 21*10 1.72 7,60'
Cl!ls2)

T3 14,30 1,09 4,00 14,13 1.32 4 . SO 16,03 1,50 S*30
(Soil)

tf-Vfclue 0,0SNl3 0,9^“ l,20l7610*8*^ 0,06M r i.6611̂  0,79Iir?0,£»K 

00(0.05)3,06 0,36 0,56 2,06 0,14 1,63 5,07 0,40 3,10

KG Hot rig»iCicsmt
** sign!leant at 1G level.
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Table 21c* <3ofitinuq<3,

Ra ye a £ te r  
gereii**nation* 60th day 75th day 90t.h day

T reat- Haight c-Irth lie*©£ Height O irth !to*o£ ffeigbt € ir th  i«o*o£
n c n tB * * « >  <«»> % t. <=*> (° m> « * :  < « *  <««*> v S :

1
<1*1*1)
TO .a
<1*1i2)

x3
(.toil)

23.70 1*56 3*20 26*42 1.38 10.-00 29*00 1,90 12.00

32*02 i.so 1 3 * 0 3

22.94 1.68 10.00

m m  .^>*si4g^<wr^»ip«?»4w^»»e*«wew*w «*«**$>*;

{T* r.T C?3*261'”
n^i

1*03*"*2*30W'

7 . 0 1 0 . 3 3 3.15
■^i#«^a»awwW>ra»ij»tfo»*>a»n»»gg|» ■»*■■»>» w s

m o  . *«ws « *^»s . ^ 0 0 * „.jo^ .-Nfi _ -3^- - ’’•r-*

MS Mot significant
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maximum and 1 5 * 3  cm obtained for w as the minimum* Th& 
maximum height was 41*24 cm in case of Tg with soil sand 
and FYH i n  the proportion of Is I s2*

c) March sowing*.
The height obtained for was the highest at all the 

intervals* significant variation at 1 .per cent level 
between the treatments v/m obtained only on the 30th day 
when T2 was significantly superior to T^ and T̂ * The 
maximum height was 20# 5 cm for T^ and the minimum 14.19 cm 
for T3* On the 90th day 34*04 cm height was recorded in 
T^ and it was only 24*66 on in and 29 cm in ease of T̂.*

Thus in all the three sowings the maximum height has 
been observed in  seedlings grown in soil* sand and dried 
form yard manure in the ratio of Is is2.

(li) GirtB.
a )  B scerober s o wing*.
The seedlings under (1*1*2 mixture) showed the 

maximum girth at all intervale.Significant variation at 
5 per cent level was obtained on the ‘60th day. Tg was 
significantly superior to T3 (sail) and was on a par w it h  
Tj ClslS'l)* The maximum girth was 2*14 cm for and the 
minimum 1*76 on for tv*.

Though no significant variation between treatments 
was obtained* the girth was found maximum for the seedlings 
in (1*1*2) and minimum for -those in (so±l)$,
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e> March sewing.
Here also no significant variation between the 

treatments was found* Bat had the maximum girth and 
T the minimum,

the results conclusively proove that the seedlings 
grown in lil'S 2 potting mixture had the maximum girth,

(ill) Humber of, leaves,
a) December sowing*
The number o£ leaves produeed were highest for 

Usls2) at all the intervals and the lowest for (soil). . 
Significant variation at I per cent level was obtained on 
6oth day,- Hie mean nuiifesr of leaves ,produced for wag
9,8 which was significantly superior to (7*2) and '*g(7), 

and were on a par,

b) February sowing,.
The highest number of leaves were produced for 

and the lowest for T^, Ho significant variation was 
however obtained*

c) March sowing, .
The number of leaves m s  highest for and lowest for 

at all the intervals* though there was no significant 
difference*.

From the results obtained it is quite evident that 
■the height* girth and the number of leaves .produced ware 
higher for the seed m % m  In the potting mixture of soil* 
sand and dried farm yard manure in the ratio of lsls2.»
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Araong the different months of sowing February 
recorded the mas&mum growth by height (41*24 cm ) girtl£'2*24) 
on and nua&er of ieavss (14* 6) when the seedlings are 90 days 
old*;

1*6*2 Root characters*
*111© mean values ofi the length of the-tap root* the 

length of the longest lateral root and the number of lateral 
roots are presented in T-able 22 a to e*

U) Length of the .tab .root*
a) December sowing*
T m  length was greatest for Tg (isls2) and shortest 

for’ (soil) on the 30th, 6oth and 90fch day* ‘There was no 
significant variation between the treatments*

b)
1*2 produced the majstmum length and the minimum at 

all the intervals* there teas m  significant variation at 
any of the intervals* 

e) March, .sowing*
the longest tap roots were produced in Tg (Isis2) and 

the shortest in T3 (soil)* However there was no significant 
variation*.

(ii) Length of the longest .lateral root*,
a) December scaling*
The longest lateral roots were produced for Tg (IslsS) 

find the shortest for l^Csoil)# There was no significant
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Table 22a* Root growth parameters of: cocoa seedlings
grown in different media, December sowing.

Days
after 30th day 6 0th day 90th day
nation
Treat-* Length Length No.of Length Length Mo*of Length .Length Mo.c
cnents, of tap of lon-lafcer-of tap of ion-late- of tap of Ion-late

root, gest ai root, geata ral root, gest ral
latera-Lroots, lateral, roots, lateralroot
root, root, root*

(cm) (cm) (cm) (cm) (era) (cm)

13,34 2,93 23*00 15*72 6,06 51.00 16,10 8,36 S6.QC
(liisi)

Tg 13,20 3.48 25,80 16,36 6*58 64,00 24.12 11.08 81,OZ
(IslsS)

T 10,70 2,76 20,00 12,78 5,42 49,00 15.72 6.08 S4.QC
(£*©il)

t j r ;  M  ^  ¥ - 1 ^  \7 C *  £' kF-Valne 1.43‘*‘J 1.44"'" 3.30 ' 2,71“' 0,54 0 . 1 . 0 3  3 , 4 0  1.15 "3.66'

CD<0,05)4,26 0 , 9 4  4,91 3,57 2.42 24.71 7*92 7,17 24,23

MS Mot significant.
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Bays 
after
g e r n s i -  3 0 th  d a y  60th d a y  9 0 t h
n a t i o n .

Treat- Length Length llo.of Langth length zio.of Length Length IJo.of
rants* of tap of lon^Ieter- of tap of Ion- lata- of tap of ion-late-

root. gest al. root, gest ral root, gest ral
lateral foota*, ' lateral root#* lateral root*
root. root.. root*

<csn) Com) (cm ) <em) (cm  ) Com)

Table 22b. Hoot growth parameters of eoeoa seedlings
g v & m  in different media. February solving*

T| 13.30 2.93 23.00 20.96 6.64 40.00 21*62 12.96 63,00
C l i l e l )

Ta 13.84 3 .4 3  3 6 .  80- 21*24 9 .3 6  41.00 25.72 13,80 5 3 .0 0
M l 1 * 2 )

T3 1 1 .2 9  2 .7 6  20.00 I S .  18 6 ,S 6  37.00 19.30 7 * 4 6  50.00
«Qoil)

f.iC' •>, 9  €**> M r *  M * ' -  fir-- f T < -

F-Valae 1 . 3 9 ^  1*49  3 * 3 9 ‘J,~ 2 .6 a s‘'' 1 * 4 5 ’ " 0.19“ 1 .3  Jr' 1 6 .0 3 * * 0 .3 2

CE>(0*0S)3*S6 0.93 .4 * 0 6  6*53 4*3 7  14*61 8 .7 3  2.67 9.41

11B ¥lot significant

** Significant at %% level.
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.Gays
gernd* 30th day 60tfl 90t^ ^
n a t io n *

Table 22c* Root growth parameters <s£ cocoa seedling*
gr&vn in different media* fiarch sen-jing*.

Treat- length Length llo.of Length, Length tSa.of length Length fig.
taents, of tap of lon« lata*. o£ tap of Ion*. JL&fce- of tap of left* of

root* geet ral root* gesfc ral root* gest lata
lateral root®* lateral roots* ' lateral a I
root* " root* root* root

(cm) (cm) (cm) (cm) to) ‘ (cm)

Tj 13*38 2,98 23*00 15*10' 5,80 37*00 i©*5 6.24 37,00
(Is 111)
V  13,98 3.48 25*00 20*76 7*44 44*00 21.28 8*09 52*00
(141*2)

Tg , • 11*22- 2*76 20.00 14.98 5*13 30*00 16,4 3*12 37*0:1)
toil.)

SWVaXue 1,59^® l*66n ® 4 ,91* 2 , 1 3 ^ 1 ,03M® 5*34'* 4 ,0S *  X*34“ ‘* 3*.02w

00(0*05)3*45 0*09 4 ,0 3  6*99 3,61 9.32 4,26 3*85 15,35

B8 Hot significant 
* Significant at 51" level.*
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differ once between the treatments either on 30 th# 60th 
or 90th day,

b) February sow ing.
It i h i— *•— r— *r*'

The s e e d lin g s  in  T0 had the lo n g e s t  la t e r a l  r o o ts  
and the s h o r te s t  in  T * S ig n if ic a n t  d if fe r e n c e  between  
the treatm en t a t  1 per c e n t l e v e l  was ob ta in ed  on 90th  day. 
ih e  len g th  o f  13 .88 cm ob ta in ed  fo r  was on par w ith  *£, 
(1 2 .9 6  cm) ant" s ig n i f i c a n t ly  su p erior to  T3 <7.46 cm ).

c ) March, sawing*
ihs longest lateral roots were produced in *f0(Is 1*2)

and the shortest in T_(soil). No significant variationi
between treatments was observed*

(Hi) Number of lateral roots.r .hi. *WII.H >»"U.» «HI.'|1|I Iiwn until.Ill J, *.iiim «iii.i n*n— ■»

a) December sowing.
The number of lateral roots "core highest in T„ and£■>

lo w e st in fn* flo significant difference between treatm en ts  
was however noted*

b ) February sowing.
In this sowing also the largest number of lateral 

roots were seen in (l*r*2) and the smallest number in T._a
(soil). Ko significant difference between treatments was 
noted*

c  5 -larch sow ing*
S ig n if ic a n t  variation between trcatmafc. was ob ta in ed  

on the 30th dnd 60 th  clays* O n  the 30th cay,, 'If (25.>-3) was
C.m

significantly higher than T., (20) and was on per with 7, (23)*«̂> 1
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1’ and T* were also on a par. On the doth day again, T«> 1 3
(44) was significantly highsr than T^(30) and was on a
par with T <37)., T and T tiers also on par,1 3

Fran tho results it can be s e e n  that the length of 
the tap root, number of laterals and the length of t h e  
longest laterals were highest in case of and closely 
followed by (Ijlsi), The least growth was recorded in

.(in soil)* Among the months of cowing February sowing 
recorded the maximum length of tap root (25,72 cm) and 
laterals (13,88 cm), But the maximum number of laterals 
were observed in fsecerafeer (81) when the seedlings weirs 90 
days old,

1*&,3 Dry weight.
The mean dry weight of the shoot, root and the total 

dry weight of cocoa seedlings grown in, the three potting 
mixtures are presented in fables 23a to c,

(i) Dry .wclnht of shoot,
a) bscember sowing,
The dry weight of the shoot was highest in (1:15 2) 

and lowest in (soil), significant difference b e tw e e n  
treatments was obtained on tho 6 0 th . day, Tg(1334 mg) was 
significantly superior to {1090 rag}* '

b) February sowing i-
The highest dry weight were obtained for and the 

lowest for T̂ , II© significant variation between treatments 
was however obtained.
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T a b le  2 3 a , C ry w e ig h t  o£ cocoa s e e d l i n g s  grmm 
in different media* Deeetstoe.r sowing*

cays
after
gerrrsi-*
n a t io n *

sofeh day CsOth day 90th day

Treaty aftnot Root T$tal fihacfc Root Total shoot Root Total
<n©> (tag) (rag) (mg) (mg) (mg> (mg) (mg) <mg>

724 23 5  9 5 9  . 109 0  2 4 9  1 3 3 9  2 7 5 0  380
(1*1*1)

892  2 4 3  1 1 3 5  1 3 3 4  304  1 6 3 8  2 9 0 0  S78 3470
(i-ti«a.)

7 1 4  171  8 0 S  10S6 2 4 8  1 3 0 4  2 0 0 0  362 2442
(Soil)

M O  M O -  y'.r>: t o p  * 7 ' ^SW7alue 1*53 2 ,0 4  2«24'; > 8,03 * 0 * 4 8 " ''S.O * 0.9i^2*0S,w 1 ,1 4 '

€©(0,,03)244,95 34*95 264*03 200.33 141*00 236*60 1405*50 25S.03 1517,
* ***«*»«* *•»*»-*»tmw* « * * * . m . « m « ■ w h w » * m »»«** i w »«w* «h » *

US f lo t  s i g n i f i c a n t  
* s i g n i f i c a n t  a t  50. l e v e l *
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T a b ic  23b# Jh?y w e ig h t  qS c o c o a  js o a d lin g s  grout*
in  d iffe re n t neaia* Fcbruasy sowlag*

Bays
Mtj&t
germi* 30th day
nation*

SOfcli d a y 90th day

Tra&fc* S h o o t  Ooofc ’T o ta l c h o o t  O oot T o t a l  s h o o t  tsoofc T o ta l
moat#*' (n*@> fog) <> )̂ (ftigl' (rag) (mg) Crag-) (ran) <iag)

710 240 950 1770 390 2160 2016 434 2450

@63 246 n m  2120 432 2552 2139 650 2796

"3
( s e i i )

707 180 @37 1500 330 1910 1836 390 2226

,510 « *,MO» tlr. -.-.NG - «* j?D w ^JJS ^ -.MS «; . ,rwSWtf&I-a« '1*79 1*74 2*29 l<"i*26"~ 1*01^ t,70iW 0*61^ 3*91'‘ 2*44-

01(0*05)205*97 65*06 232*77 749*98 157*06 763*84 595*67 223*84 566*25

5*8 H o t s i g n i f i c a n t #



16?

Tala!e £3s2# m y  wst^ht ©£ eoeoa seedling® grom iri, 
<9i£fer@at atdia. J-farch sm-?i:og*

Day « 
after 
gesrrai-* 
naticsv*

Tr®atw
manta*.

^lOOt ftoofe Total 8h&$t ftcofc Ttet&l stjaot tisafc Total
(m) Ccnal fog) fog) foj) (mg) (*>3 )

a'i
a* Is! 5

724 222 946 1204 240 1444 2133 325 2457

"2 • 
a«i*a>

902 246 II.48 334 2113 2566 37$ 2938'

T3 716 160 '334 1055 205 1253 2110 346 2 356
< Soli.)

£<*mzm U 4 $ m  2*nm  u m m %m-* ®*$%m  2*®®tH0*?4n

74*51 304*16 591*9 137.00 698*26 1103*97 131*46 1109.

M0 Ifefe siOQlfl<S6fSt
* oigaifieaat at Stf lav®!*
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o) Cferch sowlm,,
“The highest dry weights were obtained for T.,(IsIt2.) 

and ths latest for ^ (soil). Significant difference between 
treatments was obtained at the 60th day when (1779 rag) 
was significantly superior to (1055 rag) and was on a par 
with T*j (1204 rag)* and T* Were also on par*

( n )
a) December, sowing.
The dry weight of the roots was highest for (1*1*2) 

and lowest for T (soil)# Ho significant variation between
•5

treatments was obtained*

b) February sowim*.
Though no significant variation between treatments 

i*;as noted,, the root© In T0 had the highest and those in 
the lowest dry weights,

c) March sowing.
The dry weight xm s highest In T'2 and lowest in T̂ .

Ho significant variation was however* obtained*

(ill) Total dry weight*
a) December sowing.

all the intervals* the total dry weight was highest 
for (1*1*2) and lowest for (soil),; Significant 
difference between the treatments at 5 per cent level was 
obtained on 60th day. Tg> (1633 rag) was significantly 
superior to <1339 rag) and T.̂ (1304 rag) which ware on par*
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b) February sowing.
Hi© total dry weight was highest, for <lils2.| and. 

lowest for T^Csoil)# There was no significant difference 
either oh 30th# 60th or 90th day#

a) March sowinc#;i«u w m wi*— m *  i<ii<m -

The total dry weight was highest f o r ' and lowest 
for T»« Significant- variation between treatment© at3
5 per emit level was obtained on doth day, Tv, (211.3 mg) 
was sic,n.iy.leantly superior to Tv <1263 mg) avicl was on par 
with 7 <1444 mg). T, and i’ were also on par,

X  X  o

Thus it can be seen from the results that the dry 
weight of the shoot and the root and the total dry weight 
war© -higher in case of the 1 j!«2 medium and lowest in the 
soil medium,. Among the different periods the total dry 
weight <3478 mg) end the dry weight of shoot (2900 mg) 
were higher in December sowing while the dry weight of the 
roots was maximum <658 rag) in February sowing*,

The data on the percentage of germination for the 
various treatment© are presented in Table 24*

Pods kept as sueh in the room condition© showed the 
maximum germination* After three days the germination 
percentage was 78,02 and after 1.2 days 2 3,33 per cent* The 
seeds extracted and kept at room temperature, showed 
germination upto the 6th day of .storage though the percentage
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Table 24. termination oil cocoa aeccla under 
varicuo ccMioitlons of storage 
CMs&n percentage?)

Room temperature Refrigerated saromtloftg

Dayo after 
harvest.

»»»'«<■*

in the pcx3 £&$ract<3<9 In the pod Stt racist!

3 7S.02 44*44 m l m i

6 66.29 20.00 m i m i

9 •30*99 m i m i m x

12 23*33 m i m i m i

* <***» p i ** » » mmm*
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was very low <20) , The pods and the seeds kept under 
refrigerated conditions did not Show any gemination even 
on the 3rd day,

1,8 Hoot Growth studies
The data on the root characters studied are presented 

in Table 25 and the different stages of root growth in $late 
VII and VIII*

The root characters ©£ 15,30,60,90, 180 and 270 day 
old, seedlings were studied. The mean length of the tap 
root was 13*12 cm when the seedling® were IS day old and 
29,93 cm when 9 months old* The mean length of the longest 
lateral of 15 day old seedlings was 2,78 cm and that of 
270 day old seedlings 29,93 cm, The mean numbers of lateral 
roots o£ IS days and 270 days old seedlings were 34,5 and 
78,0 respectively. The mean dry weight of the root was 16.1 spg 
when the seedlings were 15 days old and 4,69 g when 270 days 
old. The same is presented graphically in Figure 5*

Thus from the Table it can be seen that the growth 
of the tap root and the laterals was at a faster rate upto 
15 days by which time the tap root grew 43,8 per cent of the 
grow/th upto 270 days end the. number of laterals was 44,2 per 
cent. By the time the seedlings are.30.days old, 57,2 per 
cent growth of the tap root was completed and the number of 
lateral© increased upto 70,7 per cant. The rate of tap 
root growth and the production of laterals were comparatively



7aMe 35*. scoots grm ith. o£ coco* seedlings ■ at various in t e r v a l© *  (rfean o f  2© s e e d l i n g s )

Age of Length Percantag® Length ^sreentage ^o.of ^rcentage Esey Pesoeatagfr ®3fy Pqreen-*
seedling®. of t a p  of i n c r e a s e  of of increase lateral of i n c r e a s e  wight increase wight tag®;

root in tap root- longest in length roots in miober of root in dry of increase
grairfch. lateral, of longest, of lateral wight, of shoot in dry

root. lateral roots root weigh*root of ©hoot
(css:) (era)1 (og.>

IS day® 13*12 4 3 * 9 0 2*78 1 5 .2 0 34*50 44.20 161*® 3*40 ■ 359*30 3 * 2 1
30 days 17*1| 13*30 3 * 1 8 2*20 S5.1S 26.50 161*25 0.01 655.56 2.64
60' days ia*os 3*10 '3*64 2* SO 61*00 8*50 3 5 2 * 0 0 4*10 1 7 3 0 .0 0 9.59
90 days ■ 1 8 *37 1*10 0.18 24*80 62*15 0.50 636*00 6.10 2 7 2 0 * 0 9 8*04
180 days 23*45 17*00 1 6 * 9 4 4.7*90 71*75 12* 30 3 3 1 4 ,5 0 57*09 , 10350,00 6 8 ,1 3
270 days 2-9*03 21*70 18*29 7*40' 73*00 8.00 4633*0.6 2 9 * 3 0 11200,00. 7.59

ffete* The p e reein.ta.ga increase I s  based on. the values' fo r  t h e  270th 4 q $

M
<1ro



PL&tb VIZ Different stages of root 
growth*





PLVi'B VTXI Soot growth o£ s e e d lin g s  
shewing coiling of roots...
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slow duringvfche period between 30 and 90 days of growth, 
thereafter it gradually increased upto 90 days* But the 
rate o£ increase in growth was faster between 90 and ISO days 
thane from ISO to 270 days# The same is presented in 
Figure 6*

Figure 6 also makes clear that the increase in the 
growth rate and the increase in dry weight of the shoot 
and root were alternated# In other words when the percentage 
©£ increase of tap root and number of laterals were higher, 
the percentage of accumulation o£ dry matter was .less and 
vice versa* The accumulation of dry matter was more in 
shoots than in roots and the percentage of increase in dry 
matter accumulation was also more in shoots till 180 days 
after germination* Thereafter the dry matter accumulation 
was at a faster rate in roots than in shoots upto 270 days* 
Since the root growth from 90 to 120 days is quite low it 
will be advisable that the plants are transplanted during 
this period for better establishment* The length of tap 
root and the number of lateral roots are also not too large 
during this time, so that it can be easily accommodated 
without coiling in a polythene bag of 30 x 20 cm*
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2* V33E W ritfB  Pr.OPAG/'.TIOH 

2*1 Rooting o£ Cuttings

Hie data on the percentage of rooting, average number 
o£ roots and the average length of the roots# 60 days 
after petting In the nursery are presented, in Table 26a 
anr3 26b#

2.1#1 Mist chamber method#

(i) Percentage of rooting#
statistical analysis showed that there was significant 

variation at 1 per cent level in 'the percentage of rooting# 
The percentage of rooting was significantly higher for

(96.3) followed by T24<94*9)# T (84*3) ,  ^(01.6)# ^(80), 
Tj2 and T^(70#8). The lowest percentage of rooting was 
obtained for (1*1) which was lower than the control(3.7)*

(ii) Humber of roots.

statistical analysis showed significant variation at 
1 per cent level# The mean number of roots was significantly 
higher for T25(10*76) followed by ?26<9*63) and ?30(7#64>.
The number of roots was lowest in Tg^(o*20) and T60<g #30)* 
The number of roots obtained for control was 0*30 »

(lil) length of roots*
The mean length of the roots was ma:dlmum for T2(S*7em) 

followed toy.{5*35 era)#^(2*34 cm)# TQ(S*06 cm) and 
T27 (4.25 cm}#
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t&bls 28a* Booting data of ©oees semi^hardwood 
e t i t t i a g a  t r e a t e d  w it h  d i f f e r e n t  p la n t ,  
growth regulators, f*iefc chawfcer method*

* w w w e w * » * * « a « f c w e

Treatments Percentage <a f-iean number Heon lett
o£ rooting O c r o o t s  ©(a gfch o f

roots (cm 3

.1 fAA 2000 p m 10 see 84*3 (66*63J 2,42 (1*3$) 3,.34
i, IAA 2300 p m 20 sec 36 46 <37.23} 2* 31 (1*323 5*7
3 I M 2000 pp^ 30 sec? 50,1 (45*03) 4,57 {2*36} Si 35
4 lAA 2000 p m 60 sec 36,6 (37.22) 3*49 (2*123 3* 33
S 1AA 4000 p m io sec 29*2 (32,70) 8*78 (2.793 3*53
8 1 M 4000 p m 20 Sed 60*6 (51*14) 2*09 (1*76) 3*60
7 TAA 4000 ppm 30 sec 60*6 (51*143 4*43 (2*34) 2; 60
a XAA 4000 p m 60 m e 33*3 (33*21) 4*19 (2*283 . 2*23
9. 5AA 6000 prm 10 m e 63*4 (52 * 77) 4,38 (2*323 S.06
JO thh 6000 p m 20 esc SS.*8 (48*933 3,34 (2.20) 4*21
li 26/3 6000 .ppm 30 sec 70*8 (57,29) 4,80 <2,413 3*72
12 XAA 6000 rocm 63 sec 96*3 (70,93) 4,06 (2,25) 3i 3?
2,3 I>A 8000 ppm 10 m e 70,3 (57*29) 3*50 (2.143 2* 31
14 0000 frm 20 esc 30,0 (63,44) 3*30 (2*513 1*53
is X ruV 3000 30 see 31.6 {64.633 3*81 (2,61) 2*3.7
3,6 X*A- 3000 m** 60 sec 66*7 (54*73) 5-13 (2*67) 3*35
27 t»VA 2000 ■pp03 10 see 58,7 (40,343 2* S3 <1.83) 3,10
13 SAA 2000 p m 20 sec 50, S (45,29-3 4.36 (2*423 3*21
15 BAA 2000 :<yt:m 30 sec 39,7 (39*063 3,00 (2.O0) 3*20
20 SiftA 2000' pr.z$ 60 sec 43*3 (41.IS 3 4,48 (2*343 2*1-3
21 RAA 40'OD p m 16 sec 36,4 (37*143 4*90 (2,43) 3* 41
as tm\ 4000 20 86© 30*0 (33*21) 5*00 <2*43) 2.21
23 SIM 4000 vjpm 30 see 50.0 (45,00) 3*62 (2*li?) 2,04
24 NAA G003 r>pm 60 see 94,9 (76*92) 5.71 (2*59) 2*32

**--*«-*i>,» ***..*, *#» M W n  »i«>tiiiiaa
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Table 26a. Continued*
Treatments Percentage 

o£ rooting
c-tean number Mean len- 
o£ roots gth of

roots(era)
•a ****** w » 4  i m i u l *

25 N A A 6000 ppm 10 sec 46.0(42.70) 10.76(3,43) 2*05
26 N A A 6000 ppm 20 •sec 39.3 33,855 9,63(8.26) 2.66
27 ' Nhh 6000 p m 30 sec 23.2 28,77) 3.04(2,01) 4,25
20 H A A 6000 ppm 60 sec 39.3 38*35) 2,61(1,98) 1,04
29 N A A SOOD ppm 10 sec 53. 3 46,925 2,30(1,955 2,54
30 N A A sooo ppm 20 see 26.5 30,99) 7.34(2.94) 2,25
31 NftA 9006 ppm 30 sec 43.3 41.15) 3,12(2.035 2*74
32 m A 8000 ppm 6 0 sec 30.0 33.21) 3.04(2.01) 2,50
33 IDA 2000 ppm 10 sec 36.4 37,14) 2,03(1,74) 1,99
34 ■ I D A 2000 .ppm 20 sec 53.3 46,92) 4.90(2.43) A

35 IDA 2000 ppm. 30 sec 66.7 54,78) 4.76(2.40) 3,40
36 I D A 2000 ppm 60 sec 43.2 41,075 6.02(2.65) 1,70
37 I S A 4000 ppm 10 sec 39.7 39.06) 2.20(1.81) 1,51
3a IDA 4000 ppm 20' sec 30*0 33.215 5*60(2*57) 2,17
39 2 BA 4000 ppm 30 sec 43.2 41,075 S.10<2,47) 2.46
40 IDA 4000 ppm 60 sec 56.8 48.93) 3.49(2.12) 1,31
41 I B  A 6000 ppm 10 sec 22.4 28.28) 3.12(2,03) 3,31
42 I S A ■6000 ppm 20 esc 26.2 30.73) 2,46(1,06) 1,95
43 I BA 6000 ppm SO sec 2-3.5 32.30) 3.54(2,13) 1,75
44 ISA 6000 ppm 60 sec 36.4 37,14) • 3*04(2,015 3,07
4S I B A 8000 ppm 20 see 15.7 23,36) 1*31(1.52) 0,87
46 I B A 8000 ppm '20 sec 26*2 30.78) 2,35(1.03) 2,30
47 I D A 8000 ppm 30 sec 23*2 23,77) 6,40(2,72) 2*66
48 2 B A 8000 ppm 60 sec 13.3 25,37) 4.02(2.24) 2,83



1 7 7

Table 26a* Continued*

Treatments Percentage ŝ san atunibsr Mean len-
of rooting of roots gth of 

roots(cm)
*•»«■«* aa»**-*«*»- if i'w ftw wiiiomwi■> m i ~ r* i riiii ~ ~i

49 NAA and ISA 2 0 0 0 ppm 10 sec 13,0 (21.14) 4*71(2.39) 2*40
50 naa and IDA 2000 m M 20 sec 26*2 (30*70) 5,71(2*59) 1,58
51 NAA and 111 A 2000 ppm 30 sec 18.0 (21.14) 2*24(1.80) 1.93
52 NAA and x m 2000 ppta 60 sec 21.0 (27,29) 1,22(1*49) 1,99
S3 NAA and IB A 4000 p-rm 10 sec 26*5 (30*99) 2.35(1*83) 1*67
54 NAA and I BA 4 0 0 0 ppm 20 sec 26*2 (30,73) 2,13(1*77) 2*50
S3 NAA and ISA 4000 ppm 30 sec 2*4 (0*85) 0*23(1.13) 0*37
56 T3AA and ISA 4000 ppm 60 sec 32.9 (35*00) 1.46(1,57) 1*47
57 NAA and IBA 6000 pp.fl 10 sec 2.4 (3,85) 0*69(1.20) o.so
58 NAA and ISA 6000 ppm 20 sec 10*0 (13*44) 2*13(1.77) 0*63
59 NAA and XBA 6000 pmm 30 sec 9.2 (17.70) 0*77(1*33) 1,83
60 haa and 23A 6000 Ppm 50 sec 1.1 (6*14) 0* 30 (1*1-4) 1*17
61 NAA and TT>»<̂V* *̂*0» 3000 ppm 10 sec 9*2 (17.* 70) 1.86(1*69) 0*71
62 NAA and tBh 3000 p m 20 sec 10*0 (18.44 6.56(2*75) 1 • 6 9
63 NAA and IDA 8000 Pl>m 36 see 5*3 (12.29) 1*22(1,49) 1*42
64 NAA and ISA 3 0 0 0 ppm 60 sec 9,2 (17,70) 1*80(1.53) 0*58

Control 3,7 (11*07) 0.30(1.14) 0,33

» W i ll '■'» «■•!'«

p-Vaiue 2*88** - 11*03**

CD(0*05) 15*36 0*33
ip p * M «v r  m.'mm < » w i i i i M i.* » M > w r » « » i < i i W ' i w w r * » W Mi i * < i» w n w w « i W i M m  *w.—

**- Sign.1 lic-ant at %7> level*
@ Hie values in parenthesis denote angular transformed ones*
@© The values .in parenthesis are expressed, as /x+IV

Not analysed statistically as there was no rooting in 
certain replications which resulted in incomplete data*



178

Table, 26b* Rooting data or cocoa seml-herdwood
cuttings treated: with different plant 
growth regulators, Polythene sheet 
method*

■ff»3w ftw(nw  m a1

Treatments Percentage (§ 
of' routing

Mean number 
of roots@@

i1i 
h SAA 2000 ppm

—» —  ■ ■!

10 sec
MMHHKtwMM

77*6
wmwwwww

(61*71)
2 'IM 2000 ppra 20 sec 33*3 (35.21)
3 I M 2000 ppm 30 sec 60.3 (50,93)
4 I M 2000 ppm 60 sec 33.3 (35.21)
5 XAA 4000 ppm 10 sec 53.0 (46.71)
6 XAA 4000 Ppm 20 see 70*8 (57.29)
7 XAA 4(300 PE*n 30 sec 76.2 (60*78)
8 XAA 4000 ppm 60 sec 43.2 (41*07)
9 XAA 6000 Ppm 10 sec 66.7 (54,78)
10 m h 600$ ppm 20 sec 43,2 (41.07)
11 XAA 6000 ppm 30 esc 60,6 (51,14)
12 XAA 6000 ppm 60 sec 05*8 (67*88)
13 xaa 8000 ppm 10 sec 60*6 (51,14)
14 i m 8000 PP* 20 sec 80.0 (63.44)
15 XAA 8000 ppm 30 sec 39*7 (39*06)
16 XAA 8000 ppm 60 sec- 63,4 (52,77)
17 K M 20-00- p m 10 sec 36*4 (37.14)
18 KAft 2000 pom 20 see 57*2 (49,14)
19 K M 2000 ppm 30 sec 43,2 (41*07)
20 NAA 2000 ppm 60 sec 46*6 (43*07)
21 • NAA 4000 ppm 10 see 43*2 (41.07)
22 BAA 4000 ppm 20 sec 30*0 (33.21)
23 K M 45300 ppm 30 see 30,0 (45*00)
24 BAA 4000 ppm SO sec 80*6 (63*84 5

__..-T.il ............... .

2 . S 3  
2*13 
4,29 
2*35 
4*15 
2*80 
3.84
3.24 
3*33 
4*06 
5*05 
3*03 
2*53 
3.04 
3*16 
3*80
2.24 
5*55 
3*84 
9*43 
7*00
5.15 
7*18
4.15

(1.08)
(1*77) 
(2*30) 
C1.83) 
(2*27) 
(1*95) 
(2,20) 
(2,06)
(2.03) 
(2.25) 
(2*46) 
(2.02) 
(1*83) 
(2,01) 
(2*04) 
(2,19) 
Cl.00) 
(2*56) 
(2*20) 
(3*23) 
(2,33) 
(2.48) 
(2.86) 
(2.27)

(■teen len
gth of 
roots(cm)
~ m  —
3,31 
4* 46 
6,39 
3.57 
5*72 
5*83 
3.41 
4.93 
5,62 
2*14 
3*07 
2*33 
3,00 
2,76 
2*37 
3*70 
4.24 
3,13 
3.80 
4*50 
3*07 
2*73 
3*28 
2*87
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T a b le  2 6 b . C o n t ln u a a ,
m Ht W6 ii w  .<■ n  —  ^ I\m ■»»<■«■ m m grssiiari w  p?tt Tji«T“r ri* n -pii.tr i— ■■. k, - ■ - ■ ■ ■ —

7r*atm®f*tfe ^erccntaga Meaft 'nurabir rlean lei*.o f  f o o t i n g  o f  r o o t *  9 t h  o-f
.soots (cm)

20 m& 6000 ppm 10 4*0 32,3 {34*63) 11*89(3*59) 4,-34

2-6 ■ HftA 6000'ppm 20 see 29,2 (32*70> 5,30(2*91) 6.15

£7 a?.A 6oco mm 30 gsc $3*0 (46*71> 4*15(2*27} 3.17
23 '• WAA 6000 pim 60 asc 23*2 (20*77) 6*29(2,70) 4*31

29 ■KAA 0030 ppm 10 see 46*6 (43*07)' 2*6S<1,91) 2.2S '
30 . 02 ft 3000 ppm 20 aae 13*7 (23*36) 3*00(2*00) 1,59

31 8AA 8OC0 ppm 30 sec 46*6 ■ (43*07) 4.29(2*303 2.51
«vsO1-̂. ■fjJAA ©030 ppm 60 sec IS* 7 (23*36) 3,00(2*00) ' 1*64

33, ISA -2050 ppm to see 43*2 (41,07) 5*40(2,53? 4*51

M xsa Soso pirn to 'CQ.C ' 39*7 (39*065 7,53(2*92) 3*77
33. ISA 2000 p^3 30 "me 50*1 (45*00) 5*35(2.52) 2*91
36. ISA 2000 pj.*n 60 see ' 39*8 (39*14) 6,34(2*71) 2.34
37. XSA 4ooo ppm 10 '§60 ’ 49*9 (44*91) 2*39(1.97} 3*34
30 xm 4ooo ppm So 30*0 (33*21) 6*40(2*72) 2,60
30. IDA 4030 ppm 30 «£<5. 36*4 (37*14) 3*49(2*12) 4*27

40 , I&A 4oco ppm 60 SCO ' 63*0 (62*36) 3*60(2*57) 5*90
'41 , IDA €*000 ppm 10 'see ' 15*7 (23.36) 1,13(1.46}
42 , IDA 6000 ppm 20 sso ' 32,9 (35*00) 4,76(2.40) S.31
43 , IPA 6000 ppm. 30 fsec 10*4 <25,37) 3*00(2*00} 4*20
4-3 152. 60-30 ppffi 60 ase 43*2 (41*07) 2*57(1,39) 4*23-
45 I SI. 3030 rpsit! 10 sec ' 26,5 (30*99) 3*28(2,07) 1.57
46 IDA $000 jwe 20 ESC ' 32*9 (35,00) 4.43<3,M)h 3,32
■4? . . If)!1, ?3000 p;m 30 m*a 26*5 (30*99) 6*04(2*90) 2*54
m .. ISA 3030 p :fti &o see ' 23*6 (32*305 6,70(2,70) 3*93

■ ■****' *»*»**» *f»m*
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Table 26b* Continued.
mm*ihBh w m *

Tree truants rerecntage 
o.C routing

Mean' number Mean Inn* 
oS roots Qth o:J 

roots1
al«MHIMa|> Wrt*
49 HAA end ISA 2000 p m 10 see 16*4(23*05} 3*49. (2*12) 3*70
S3 t?/y\ and IBA 2000 pptti to see 32*9(35,00} 7*00 C2.33) 3*64
SI M and XF3A 2000 p m 30 sec 16.4(23*83) 2*06 <1* 755 4,92
$2 WAft and sro 2000 porn 60 sec 34#S(26*14} 2.65 11.91) 3*6*
S3 Dirvv end ID. A 4000 ppn-io see ■23 #2 (23# 77) S.-3S (1*33) 2*57
S4 8AA end IDA 40d0 s m 20 sec 32*9(36*00) 4.02 (2*24 j P*. i*

ss KaA and IDA 4000 p m 30 sec ■9* 3117.. 70) 1*16 Cl *.47) a*,«

s$ «PA end ?;ba 4005 m m  60 see 26*2(30*73) 6*24 (2.69) . 6,16
87 NAA end SBft 600© pnm 10 see 9*3(17*70) i*29 Cl.SI) 2 #12
S;3 urn anc3 IDA ooao s m SO see 10*0(13#44) 2*72 (1*93) 1*27
m and rn;*.,vo «wf 6000 psm 30 sea 3*4(8.85} 0*42 (1*193 1*03
60 m o end 6000 pi>ra 60 see 0*0( 0 I Q*0 (1*00 0*00
61 msva and 3000 ppm 10 see 2*4(0*85} 0*28 (1*13) 0*47
62 H.-‘\A end i. *, >? '> 0000 ■•XVsW'S£*&*'* 20 .see 10.0(13*44) 0.9D (1,413 2*00
63 xtm end' ISA am o p?m 35 sec 1*15(6*14) 1*25 a* 45) 0*30
64 8?M ami S8^ Bo m prm 60 see 2.4 (3.G5} 0*61 (1*273 0*83

■Coiit:rol 0.3 (17.22)1*34 a* 53) 0*7.1

F*Value

eBCo*:a55

2*39**

16*26

6 # 0 4 * *  

0 * 4 0

#*. signifieertt; ot IP level*
4 »  T n «  v a l u e #  i n  p B ? e n « h e & l f t  < 3 t n o t c  a n g u l a r -  t r a i n g f o a n « a  o n e s *  
#5 flic valus* in pftrenetieaia are as^reaaea .a* A*&»
CCOtot wiaiiwd atatiatioaliy *« there %m* no rooting iO 

certain. replication* which resnltea in lr&gng&«t« data.
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2*1*2 Polythene sheet method.

Cl) Percental., of: rooting*
statistical analysis showed significant variation at 

1 per cant level* The percentage of rooting was significantly 
higher for T^CBS.S) followed by t24<80,6) and T^CSdl* The 
percentage of germination was lowest for where there was 
no rooting. The, control shored 8*0 per cent rating.

(11) dumber of roots*
Statistical analysis showed significant difference at 

1  per cent level*.. The mean number of roots was highest for 
(il*89) followed by (9*43)# ^ 3 (7,18)* T0  ̂and Tg^

(7*00)* T47 (6*04) and (6*73)*

(iii) Length of roots*- 
■ The average length of the roots was highest in Tg 

<6* 39 cm) followed by- Tm- (6*16 cm) and (6*15 cm)* The 
lowest average length was recorded for T63(o*30 cm) and 
TS4(o*33)» The control recorded 0*71 am*

totaoiig the two •methods £*•.©* the fmist chamber*' and5 the' 
‘polythene sheet* method* the highest percentage ims 
obtained with the mist chamber method. The rooting' 
percentage was X% per cent more* .However the average number 
of roots (11.89) was highest in the ‘polythene sheet* method 
compared to the ’mist chamber1 method (10,76)* Similarly 
the average length<nthe root was also more in ’polythene sheet*
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method (6*53 than the ‘mist chamber* method (5.7)*
Hoover# both methods can be adopted under our conditions 
departing upon the situations* In the cane of the polythene 
sheet method the percentage will be slightly low* but the 
number of roots par cuttings will loo higher* The question 
of, survival of the rooted cuttings have to be. ascertained 
before suggesting a single method*

/Among the treatments it won found that XAA at GOOD ppm 
concentration treated for 60 sec gave the maximum percentage 
rooting of 96*9, In certain replications the percentage of 
rooting was even 100 j-xsr cent £or this treatment* KAA at 
4000 ppm treated for 60 sec gave 94,9 per cent rooting with 
100 per cent in certain replicatiens*

However* when the number of roots and the average 
length of' roots were also taken into account tt&A et 4000 ppm 
treated for 60 see is eliglitly superior* Therefore 2AA at 
6000 ppra or naa at 4000 ppm for 60 see are suggested for 
rooting of cocoa cuttings (Plate IK), ifa* though in general 
is more effective for rooting, is not found producing the 
effect in this case, Though synergetic effect is expected 
by the combination of EWv and IDA the same '-qo not found very 
effective in the present investigation.



FyvrS3 ix Rooted cutting©*



CON





183

« The result# of the four methods of budding carried
out are presented in Table 27* 'The. *T*#•inverted-T*# 
patch and forJcert methods of budding were carried out on 
7 to 11 months old root stocks from January to fey 1979*

in January the percentage of success was 35 for the 
*T* and ‘inverted-T* methods and 30 for patch budding while 
the forkert method gave 50 per cent success*

in February the percentage of success increased to 
40 and 45 for the *T* and *invertecVT* methods respectively 
end 35 for patch budding* "ihe forkert method gave 60 per 
cent success*.

in March 45 per cent success was obtained for the #T* 
and *inverted-T# methods while for patch and' forkert the 
corresponding percentage of success were 40 and 60 
respectively*

In April 35 per cent success was obtained for *T* and 
patch budding while for the ’inverted-T* method it was 
30 per cent* The forkert method gave 5S per cent success* 

Thus among the four methods of budding carried out# 
the forkert method gave the maximum success while the 
*inverfe®d-*T* and patch methods ranged next*. The maxiimirai 
success was obtained in February and March when the budding 
was done on eight and nine months old reset stocks* Plate 
x shows a budded plant*

3*3



TSfol® 27*. Suaatog of cocoa seedling*.*

Trmt** rj*absr Ratiber tvraM tasfter !3ust«aef^ros«skrsii3er Itelscr J^stwwaur&gr m tiis& g  perce-^^ss- Kas» :oer-
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2*3 Green Budding
The d a t a  on  g r e e n  b u d d in g  i s  p r e s e n t e d  i n  T a b le  28*

The p e r c e n t a g e  o f  s u c c e s s  w as 4 0  i n  a l l  t h e  m eth o d s f o r  
tw o  m on th s o l d  re se t s t o c k  u s in g  g r e e n  b u d s*  sut w hen t h e  
feuds w ere  ta k e n  fro m  g r e e n i s h  brown c o lo u r e d  tw in g e *  t h e  
p e r c e n t a g e  o f  s u c c e s s  was. 6 0  i n  c a s e  o f  f o r k e r t  m ethod# . 
w h i l e  i t  w as o n ly  4 0 $  i n  o t h e r  m eth od s*

On t h r e e  m onth o l d  r o o t  s t o c k s  U se  o f  g r e e n  b u d s  
g a v e  4 o  p e r ' c e n t  s u c c e s s  f o r  *?• an d  * in v e r t e d - T ‘ m eth od s*  - 
20 p e r  c e n t  f o r  p a t c h  and' 6 0  p e r  c e n t  f o r  f o r k s  r t *  U s in g  

.b u d s fro m  g r e e n i s h  brown c o lo u r e d  t w in g e ,  1 0 0  p e r  c e n t  
s u c c e s s  w as o b t a in e d  i n  t h e  f o r k s r t  m ethod and 8 0  p e r  c e n t  
in .th® 'in v er ted * * ? *  method*. B u t t h e  s u c c e s s  w as o n l y  4 0  
p e r  c e n t  f o r  *T* and p a tc h  b u d d in g*

b h en  f o u r  m on th s o l d  r o o t  s t o c k s  w e re  u se d  2 0  p e r  
c e n t  s u c c e s s  w as o b t a in e d  i n  a l l  t h e  m e th o d s  u s in g  g r e e n  b u d s  
The s u c c e s s  w as 4 0  p e r  c e n t  f o r  *Y* and  p a t c h  b u d d in g  and  
8 0  p e r  c e n t  f o r  t h e  in v e r t e d * ?  and t h e  f o r k s r t  m eth o d s when  
t h e  feuds w ere  ta k e n  fro m  g r e e n i s h  brow n c o lo u r e d  t w ig s *

The d a ta *  t h e r e f o r e  i n d i c a t e s  t h a t  l o o  p e r  c e n t
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s u c c e s s  c s tt  b e  o b t a in e d  b y  t h e  f o r k e r t  m ethod  w hen t h r e e  
t o  f o u r  m on th s o l d  r o o t  s t o c k s  a r e  u se d  f o r  b u d d in g  
d u r in g  t h e  m on th s o f  March and A p r i l  w i t h  t h e  b u d s  ta k e n  
fro m  t h e  t w i g f  w h ic h  a r e  .g r e e n is h  brow n i n  c o l o u r .  M i s  
ta k e n  from  g r e e n  t w ig s  a r e  fo u n d  t o  foe l e s s  s u c c e s s f u l *  
6 0  p e r  c e n t  s u c c e s s  c a n  foe o b t a in e d  b y  t h e  f o r k e r t  m ethod  
e v e n  when t h e  r o o t  s t o c k s  a r e  tw o  m on th s o l d .



DISCUSSION
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la view &£ the popularisation of large ecals 
cultivation of cocoa la Kerala it has been necessitated 
to standardise the production of quality seedlings and 
ale© the 'vegetative propagation method® in order t© 
obtain quality* high yielding progenies* Therefore, a 
study on the above aspects was made and the result# of 
the present investigations on the various aspects of 
quality seedling production and vegetative propagation 
methods are discussed below*

1* seed p m p m m i m *

1*1 Pod character®«seed characters and Germination
The result of the present investigation indicated 

that the volume 'and weight of the pod' varied among the 
classes cyf pod# (large, medium ana small) and also within 
each cla«s in the different months*. The pods harvested 
in December and February had comparatively higher volume 
while the pods harvested in December and April recorded 
the highest weight in all the classes* The 'Volume and 
wight were highest -for large pods which i© quite natural 
foecauee of its sine*' The variation in volume end weight ■ 
in the different months 'may be due to the climatic; and 
the environmental factors prevalent during the critical 
period of growth of- the pod8|.
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T h e re  was not much variation in the number of seeds 
among the three classes? but variation was noticed in the 
number of seeds produced in the different months with 
maximum in February followed by March and April,

The average weight of the seed ha® highest for large 
pods end lowest for small pods* The average weight of the 
seed was also found'to' be highest in February followed by 
March and April* The fact that there was not much variation 
in the number of seeds produced in the different classes 
indicated that the pods of any else can be utilised for seed 
purposes? but the fact that the average weight of the seed 
was lowest in small pods, indicates that the small pods may 
be avoided to produce more vigorous seedlings* In general, 
number of seeds and the mean weight of sound seeds were' 
higher during February to April suggesting that the pods 
harvested during these rnontha. will be more desirable for 
raising the nursery*

The germination studies indicated clearly that neither 
the.else of the pod' nor the position of the seed within the 
pod (pedicel end, middle and distal end) had any influence 
on the germination percentage* Hence, pods of any size and 
ail sound seeds in a pod can foe selected, if germination alone 
is taken into consideration*

Among the different months,, without considering the 
classes o£ pods and tile position of seeds in the pods, the 
germination percentage was highest for March sowing (94*5)
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followed by February (G5.58) January (79.29), December 
(70*44) and April (77,46)* This indicates that the pods 
harvested in February and March will be better ?l.r 
obtaining higher germination than the pods harvested in 
December# January or April* I'-fere number of seed lings dan 
also be escpsqted from the podc harvested in February end 
March as the nunfcer of seeds and the mean weight per seed 
are found to be more in the pods harvested during these months. 
Therefore* the study indicates that for better germination 
and for more nunfcer of seedlings* the poda harvested in 
February and March will be desirable. This season will be 
suitable for raising the nursery for planting three to five 
month old seedlings from the middle <£ May to the end of JuMto 
which will be the best period for plantin':? cocoa under Kerala 
conditions*

The data on the above factors suggested that large 
and medium sized pods collected in February and March will 
be most suitable for producing more number of seedlings and 
also to produce the optimum aged plants for planting in May 
and June*

1,2 Vegetative Growth
During the December soaring significant difference in 

the height was observed on the 13th, 30th* 45th and 60th 
day after germination, The girth varied significantly only 
on the 60th clay after germination while the number of leaves 
differed significantly on the 45th anS360th day* There was 
no significant difference in hoicht, girth and the number of
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leaves on the 90th day after germination when the sise of 
the pods as well as the position or seeds within the pod 
were token into consideration*

In general there was no correlation between the height, 
oc the plant at 15 days after germination and different 
fruit characters eudh as length, girth, volume and weight of 
the pods* There was also no correlation between the volume 
and weight of the pods end number of sound seeds recorded 
per pod* however in February and March in the cose of 
large pods* the girth and the weight of the pod were round 
to be positively correlated with the height of the plant on 
90th day* In the case of pods harvester! in March, under 
’large! sice, the volume and weight of the? jxad was found to 
be positively correlated With the height of the plant on 90fch 
day. In the case of ’medium*• aised pocla harvested in April, 
the girth and volume was found to be negatively correlated 
with the height of the plant on 90th day, Tftcftefor© the 
results indicate no general correlation between the pod and 
seed characters end the height of the seedlings on IDth and 
90th day.

The seeds extracted from small pods produced shorter 
seedlings (28,1 cm) while thnliiight of seedlings was 33*40 -cm 
in the case of large pods and 30*24 cm in case of medium, 
pods, Although no significant differences in the height, 
girth and number of leaves produced were observed on tha 90th 
day, the readings were higher for large and medium size pede
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indicating the suitability of such pode for the production
o.€ seedlings than the small pods. The height, girth and 
number of leaves produced on the 90fh day were 33,48cm,
2,16 cm and 12*02 em respectively for large pods anr3 30,24 em4 
2,04 cm and 11,27 cm respectively for medium pods,.

Summing up,the grov?th parameters such aa the height, 
the girth and the number of leaves per plant are not found 
to vary significantly when the seeds are separated on the 
■basis of pod alee and position of seed within the pod* Thong! 
significant difference in height was observed on the 15th to 
60th day after germination the difference was not significant 
thereafter. Such variations were also found in other 
characters. However, it is pertinent to point out that ©n 
the 90th day after germination there was no significant 
difference in any of the characters studied including the rooi 
characters* The differences in these characters, when taking 
into account of the position t-d.thi.na a particular class of 
pod, was not found to vary much in all the five months of 
sowing indicating thereby that the position of seed© within 
.a fruit is not important in the production of quality 
seedlings,

1,3 Root Growth
The number of lateral roots of the seedlings obtained 

from different siaes of pods varied significantly on the 
60th day, the number being significantly higher for ’large1 
(76,66) and it was on par with ’medium' (75,55), However,
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there was no significant difference on the 75th day* On the 
90th day, the number of lateral roots again differed 
significantly with maximum An ‘medium* (124,80) which was on 
par with that of ‘large* (122,44),

Although no significant difference was noticed in the 
dry weight, the maximum total dry weight (3*37 g) was 
highest in ‘large* which was closely followed by 'medium1 
(3*20 g). The total dry weight was only 2*72 g in case of 
* small*« The above data clearly indicated the superiority1 
of seedlings produced from 'large* and * medium ‘ sisecl .pods 
over that of ‘small1.

The same trend as observed in the December sown seedlings 
was noticed in the growth parameters during January to April 
also, except that the height x̂ as more in r-tereh and lowest 
’in January, The length of tap root was higher in case of 
'large* in all the months studied. But in case of 'medium' ■ 
it was found:to be higher than ‘small* during the month of 
January alone. In all other months ‘small * produced longer 
tap root. But the number of lateral roots were always higher 
in ‘medium* compared to ‘small % The dry weigfht of root was 
also higher in general in the case of ‘large' and ‘medium* 
compared to the ‘small'.. Therefore, when taking into account 
of the growth parameters studied the seedlings produced from 
large and medium pods are found to be superior to those from 
small. This suggests that large and medium sised pods 
(weighing more than 350 g, with volume of not less than 400 ec) 
may be selected for propagation*
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Data also suggest sovdng in February and March for 
obtaining better seedlings* The earlier studies also indicated 
a better germination during this period* Additionally* the 
seedlings raised in February and March will be ready £©r 
planting in May and June which is the main planting season 
under Kerala conditions.

Prom the different grot/th parameters Studied a set of 
selection criteria based on the height and the number of loaves 
produced is suggested, The>seedlings should hove not lens than 
30 era height and not loss than 10 leaves when they are 90 days 
old* Those which are below this standard should be rejected. 
However* the above criteria can be proved only after the 
bearing performance of the plants of varied groups are studied 
for which the seedlings have been planted In the 'field,

‘Shis result agrees with that of Cardosa (1963) who hud 
studied the germination end growth of plants from the seeds 
taken from different position (ton, center and bottom) in the 
pod* He also observed no difference in germination or in 
development of the seedlings based on the position of the seed 
within the pod*.
1,4 Sise es£ Containers!,■*«■»> —  n> wi mpHBinwiw a —  mwii»f»»i»ftiiaa»m.

In the studies cond'-iCted in December* February and March 
with different clues of containers (polythene bags), the 
height, the girth and the number of leaves produced wore 
maximum for the seedlings -grown in 30 x 20 am bags and minimum 
for those grown in 23 x IB cm bags. The growth was higher in 
February an-3 March sowing*.



Analysis of the data on root growth revealed that the 
tap root growth and lateral root production were maximum in 
the cane of 30 20 cd bags and minimum in 23 x  15 cm bags,
The dry matter accumulation in the shoot and the root were 
highest for the seedlings grown in 30 x 20 cm bags and lowest 
in tbo.ee grown in 2 3 w 15 cm bags.

Thus it can bo clearly said that the largest ?>ag tried 
(30 x 20 cm lay flat) Ac most suitable for growing the 
seedlings in the nursery upto three- months, as maximum 
vegetative growth and root growth as well as the dry matter 
accumulation was observed in the case of seedlings grown In 
these begs. Thin is natural because of the larger area for 
the root growth In big bags. The. root extension growth data 
also reveal tlxnt the optimum sine is 30 x 20 cm* Higher sice 
naturally will be more expensive and hence not economical.

Several workers had investigated the op. Amum sine of 
polythene bags or pots in relation to the: growth of the plants, 
Capriles am) Wonnalo (1965) found that the growth of cocoa 
seedlings in plastic bags of 15 cm diameter holding 6.0 kg 
of potting mixture was slightly batter than that in smaller 
bags, Le Brown et al. (2967 3 reoomme-nded 12“ >: 7“ (30 x 17,5cm) 
siso polythene bags for raising cocoa seedlings. Leach et al,V  —  ^  w  .*«»*# irw — aw

(1971) found polythene bags of 30 ;-t 20 cm sice os optimum in 
Malaysia when the period in the nursery v;en four to five 
months. They also recommended smaller sice (23 x 13 cm or 
25 x 10 cm) when the period in the nursery was two to two and 
a half months. Shepherd (1976) bad oiven specific
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recommenegationc on the elrje of the bags to the need ctepenmlno 
noon the period to be retained in the nursery. .According to 
him the optimum sire foiil'? tu SO 20 cm with 30 perforations 
for fcur to five months in the nursery an-3 25 18 cm with
20 perforations for three to four months in the nursery* 
bood {197*3) suggested 25 x 12 cm Hit l.'OiT til'iO £*!0vSCj li ngs upto
five months in the nursery.

The present investigation agrees with, the findings of 
Lg Brown et aX,(19675, Jjeaeh et al,(1971) and Shepherd(1976) 
but records slight variation from that of Capriios and 
I’onsnlo (1.965) and the suggestion of hood (1978), In case of 
Capriles and Consalo (1965) the plastic br.g Is quite long as 
it has to hold 6,0 k g  mixture ttiidh will be uneconomical under 
■oar conditions, i’he present investigation has taken into - 
account not only the vegetative growth but also the root 
growth which is important in fisting the nine of the polythene, 
bags to bo used in the nursery,. If the polythene bag is 
smaller in size, the tap root will coil at the bottom, of the 
bag and there will not ho proper development of lateral roots 
which is quite evident from the Table 25, Under Kerala 
conditions, the seedlings are to be grown for a.period of 
three to five months depending upon the planting time -̂ .Therefor 
for the beet growth o£ plants an optimum polythene bag size 
of 30 x 20 cm is recommended.
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1,5 Pofctinn ['-fedium
"  faaiM— rtiHHii^iiii1ir»«ii>i«»'»i»iiillWJW<»l, Mil W l m l l i i i

The statistical analysis of the veg* tativc <jrov?th 
characters under different media singed that tit? height, 
girth and nuraber o’.“ .leaves :.re &igni "icantly higher in 
t-eeeraher mowing end the height alone significantly higher 
in March sowing in the seacj lings: grown in pot tine mixture 
Gammoned of noil eend end £erm yard t tenure in the proportion 
of 2s1:2, Though there m e  no significant difference In the 
cjrat,'th characters of the February so* dtin, the rcrnd.rrp.rn grotvth 
•was recorded in the cav; trontn-'nt.

The data on root growth in ;icated that the top root 
length and the lateral root production were rn:ad.mu?n for 
seedlings grown in the 1*1:2 potting mixture a .1 through it wac 
not statistically significant* The dry matter accuse.! afcion 
in the root and the shoot tac also highest for the seedlings 
gram in the game treatment

The hotter growth recorded in soil send and Iff! mixture 
in the proportion of 1:1:2 is natural because of the letter 
texture and resulting better drainage and aeration of die 
soil as well os the higher nutrient content in the medium*
In soil medium, perhaps lock of sufficient' nutrients,aeration 
and drainage limits the gr-uvth. But in case of the fnediym 
with low vta (is 1:1) the low nitrient content may bo 
responsible for comparatively low growth,

only few workers have attempted to formulate a suitable 
potting mixture for the cocoa nursery, Pyke (1535) obtained 
best germination in calcareous sand, 'hiteheed (1954)
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reposted that a mixture of seven parts of loam, three ports 
of dried farm yard manure and two parts of sand for fairly 
uniform growth of seedlings, tvessel (1966) found better 
germination in heavy soils? but the subsequent growth was 
better in light soils* Shepherd (1976) suggested a sandy-clay 
loam texture and a stable structure for the potting ntfbefcure 
to toe used for cocoa seed lings*. «-le also suggested ihcoruorav.ior 
of 20 par cent, coarse sand and well dec-oraposed ccrh ‘hood (1973) 
reported that in rest Africa top soil alone was used for 
filling the bags* The above findings clearly indicate that 
the proportion of soil/ sand and farm yard manure varied 
depending upon the soil typoc. but it rovaols tact c sandy 
loon texture with high percentage organic •.natter ’•’ill be moot 
siii table* llfte present study also, the re fere* agrees in 
principle with the above findings* Considering our soil types 
a normal mixture of coil/ sand and farm yard manure in the 
proportion of 1*1?2 is more suitable than the soil clone or 
a 1?1s1 mixture*
1*6 Viability of: seeds in . .storage

Cocoa seed is non~resting and then the pod is rl.pe the 
seeds ore also ready for germination* Cocoa seeds normally 
lose their viability after a comparitively short period 
of storage*

As against the normal germination in fresh sowing the 
present results showed that the seeds taken from the pods 
kept as such un<*er room conditions shovts.6 the manrimusti
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germination (78.02f') as compared to the normal germination 

when oov.ii on the clay of harvest after three cloys of storage.

'The germination v;as reduced to 6)6*29, 33*89 and 23*33 par 

cent 6, 9 end 12 days after harvest respectively.

The seeds extracted and then kept in polythene hags 
under roan conditions shooed 44*44 per cent germination 
after three days of storage and 20 por cent after six days.

The seeds extracted and stored in polythene bags did not 
germinate after 9 days of storage*

There was no germination under refrigerated Conditions 
even after three days vhen the poda were kept as such and 
also when the seeds were extracted and kept in polythene

oag s *
Few workers have stwlied the viability of cocoa seeds 

after storage* Fyke (1935) reported 95 per cent germination 
fourteen days after storage at an average temperature of 80 CT'. 
Hut storage at 50*F and 45°F destroyed1 viability even after 
two days, while a temperature of 6 0 gave normal percentage 

of germination even after twenty days, Ue also suggested 
that the deterioration of pods under nomal conditions are 
mainly due to desiccation, fungal attack and senescence*.
Sink ancl Rochelle (1964) obtained 72 par cent germination 

after 90 days when stored in ventilated glass containers with 
40 per cent relative humidity, while the beans stored at 50°C 

failed to germinate even after 15 days, foodstock et al.(1967) 

reported that the germinated seeds were killed  by chilling



at 2 to 4*C for 30 minutes, The non-germination of the 
seeds stored under refrigerated conditions may be due 
to chilling as suggested by ^yke (1934),. Pyfce ot a I* (1934) 
and toodstock efc (1967). 'iTss present study indicates 
that it in better to sow the seed on the same day of 
extraction for obtaining higher percentage of germination* 
but the- pod© can be stored under room conditions even upto
oi.u days with upto 66 per cent germination*

1,7 Root crowth studies
The root characters studied revealed that the growth 

of the tap root was at a faster rate upto IS days (43.8--') 
and thereafter the growth rate decreased at slow rate upto 
3Dfch day. The growth from 30th to 90 days was comparative!} 
very slow* Thereafter the growth was faster but at low 
rote than the first 15 days. The increase in the number of 
laterals also followed the same trend* Th© length of the 
lateral roots increased only gradually upto 60 days and 
thereafter at a much faster rate, The increase in dry matt; 
accumulation in the root wan at a slow rate upto 33 days arx 
thereafter the increase was at a much factor rate upto 100 
days. Then the rate of increase was reduced, Hie growth 
of roots and accumulation of dry natter in ©hoots end roots 
followed alternatively,

The alow root growth during the period between 90 and 
120 days suggest that it will be advisable to plant the 
seedlings' during this period for Letter and early growth in



th e f i e l d ,  *rne tap  r o o t growth and th e  number o f  la t e r a ls  
o t t h i s  sta g e  w i l l  be reason ab le  to  acccrmotlate In the  
polythen e bag or p ot o f  th e s iz e  30 x 20 cm. The stu d y  
a ls o  .in d icate th a t k eep ing the plant© in  th e nursery in 
sm all b a g s, i o  n ot a d v isa b le  as th ey  become ’p ot bound* 
by th a t tim e and i t  may lead  to  c a s u a l!  t i e s  in. th e main 
Held,

O ev a llo s (1363) compared the growth o£ th e  sh oot and 
r o o t in  the nursery and found th a t d urin g th e  four months 
in  th e nursery* the r e la t iv e  length o f sh o o t and ro o t  
remained the same thereafter the sh o ot grew more r a p id ly ,  
The p resen t study r e v e a ls  th a t the dry m atter accum ulation  
of the sh o ot was alm ost th ree  times than th a t  o f the r o o t ,  
The h e ig h t  o f  th e s e e d lin g s  wan always more than th e tap  
ro o t len g th  a t  l e a s t  by 2S° to  8 3 ,5  per c e n t ,
2, vmu'i'Kszw piUhV£/-.!7ic;-i

In order to standardise the methods o f  vegetative '

The h ig h e s t  percentage o f  r o o tin g  in  th e ‘mist, chamber* 
method (9 6 ,3 )  was ob ta ined  fo r  1AA 6030 ppm tr e a te d  for 60 s e c .

These two treatments though on par were sign! -vicantly 
su p er io r  to  the r e s t .  In the p olyth en e sh e e t  method a ls o  
the h ig h e s t  percentage o f  r o o t in g  was ob ta in ed  fo r  IAh 6000

c lo s e ly  fo llo w ed  by MAA 4000 ppm tr e a te d  fo r  60 s e c  (94,9').

ppm 60 se c  (8 5 ,St'} fo llo w ed  by !JAA 4000 ppra 60 s e c  (30,6:')
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which were also significantly higher. The mean number 
of roots were 3,3? am and 2*52 for IAA 6000 pum arid 
KAA 4000 ppm# respectively,

'.The number of roots was oignifleantly higher for 
6000 ppm MAh treated for 10 see, # but the percentage of 
rooting was very lew (46 ), The mean number of roots were 
also found to vary significantly among the treatments, The 
mean number of roots increased with the concentration of 
plant growth regulators treated# upto 30 seconds and 
decreased -thereafter except in' a few cases, ?he average 
length of root© was found to be more in case of low 
concentration ot abort period of treatments (10 sec,) and 
decreased as the concentration was increased and time of 
treatment was prolonged,

The concentrations and time of treatments were 
found to Toe optimum for higher rooting ot a particular 
level (6003- ppm IA.<\ for 60 seconds# 4000 ppm ?.TA .for ©0 
seconds) above which the percentage of rooting wan found 
to decease, This is natural because the plant growth 
regulators have specificity in this action with reference 
to concentration and conditions under viiich treated.

Several workers have tried different plant growth 
regulators for increasing the rooting of cocoa cutting©, 
fiichorda (1948) found that IBA and MAA were effective in 
increasing the percentage of roofing and moan root length* 
According to Garcia and Naundorf (1959) IDA markedly 
increased the percentage of rooting and the number cf roots.



(■SUrf

Evans (1951) suggested quick dip method to be more 
convenient* According to him* the mixture of equal parts 
of i-im and tba batsmen 8000 and 10000 ppm were found more 
effective# Alvlm and IXiarte (1954) recommended 0*7 or 0.0 
per cent XBA, while Hdiwards (1961) recorded best results 
with 8000 ppm I BA Cabato (1361) recommended *JAA at 3000 ppm 
in powder form# Souma and Rinnlihg (1962) obtained 
04 per cent rooting with 4000 ppm IDA while, Kailnrara efc aj, 
(1964) obtained best results with Q mixture: of TEA and 
maa at 5000 ppm*

The present investigation differs with those of t2f» 
above workers with regards to the concentration, and the 
type of plant growth regulator used. However, it agrees' 
with the findings of Cabato (1961) who found Raa at 8000 ppm 
more suitable* The variation can be eiqilainod by the fact 
that the plant growth regulators arc specific in their 
action at different concentrations? under different 
conditions* Taking into account the higher percentage of 
rooting, optimum number of roots produced and the average 
length of roots a ‘quick dip* method for 60 seconds in 
4000 ppm of £3aa or 6Q00 pptn of xaa is recommended#

Among the two methods tried the 'mist chamber * and
) > tho polythene sheet method ('■ hod) the

percentage of rooting was higher for the 'mist chamber*
method but the average number of roots and the average
length aS the roots were hi. her for the polythene sheet
method*.



The ’mist chamber* method requires spraying of 
water once a vme'te. virile in the ’polythene sheet method* 
the watering has to be clone once in three days* Thus 
though the initial investment in the mist chamber method 
is comparatively higher* the recurring expenditure will 
be less than in the polythene sheet method* Thus the 
’mist chamber * method is recommended although both the 
methods can be used*

2*2 Budding
Pour methods of budding* namely the *?*, the inverted 

*T*, the patch and the forkert methods were tried on 
seven to eleven month old root stocks, Among the methods 
tried# the forksrt method' gave the highest percentage of 
success (6 0,0 ) in February and in inarch when the budding 
was done on eight and nine month old root stocks followed 
by the inverted *T* (4S%) and the patch (40k),

R o s e n q u ia t  (1952) reported 56 to 82 per cent success 
with patch budding. T op p er  (1956) developed an inverted 
*T* budding and Liabeuf (1958), testing this method, 
obtained 50 to 80 per cent ’take* after top budding C hupohs 
growing from previously cut back eight year old trees* 
Urquhart (1961) reported the use of shield budding on four 
month old cocos seedlings* Ascenso (I960) obtained 50 to 
80 per cent success with patch budding and 77 per cent with 
inverted *T’ method in Sao Tome.* van dc Burg (1969) found 
that better results could be obtained by the forkert method 
if the flap was completely cut off from the stock. The
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present fin d in g  a lso  prove th e su p er io r ity  of formert 
method over the?, other method end the percentage of 
success can further be improved by experience#

2*3 Oreen budding

The four methods of budding ware also tried on 
younger root stocks of. two to .tour months old.

The highest per cent of success was obtained by 
using buds from greenish brown twigs then from green 
buds* The highest per centsge of success' oh budding done 
on -two month old root stocks in March was 60 tor fprhort 
method.* Hundred per cent success was obtained by forkert 
method on three month old root stocks end eighty oar cent 
for •inverted-*'?* in April while oh four month old root 
stocks the highest per cent of success (30) was obtained 
for forkerfc and 'inverted-T* methods in Hay, ■

Topper (1959) developed a technique of grocnbudding 
on three, to four months aid cocoa root stocks* This methoc 
was subsequently im;>rovod by Hurov (1961,1971) and used 
in Malaysia far burbling of two to eight month -old rubber 
seedlings, Thlrion (1939), Parades Cl9e9), Are (1963,1967) 
Van 6e Burg (1969) and Magethaes (1974) found that cocoa 
can be budded successfully on four to five months old 
seedlings, According to Gieabargar and. Coester (1976), 
forkert method is successful to the 02-:tent of 7-0 to loo 
per cent In Netherlands under glasshouse conditions on
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six weeks old root stocks* He 3 unvested that four to five 
months old seedlings can be used as root stocks under 
tropical conditions* The present investigation has clearly- 
proved that sorkert method can bn successfully adopted for 
grson budding on- three to four months old stocks during 
the- months of April and !4ay# the best period being April., 
The green budding has added advantage that the period In 
the nursery is considerably reduced,
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SUMMARY

A-detailed study was conducted during the period 
from fey 1973 to July 1979 at the College of Horticulture#

' V e U a f i i i H t o t a #  on different aspects of propagation of cocoa# 
the objectives of the investigations were (1) to 
standardise the criteria for selecting the pods# seeds 
and seedlings (ii) to find out the optimum edae of 
polythcna bags and to standardise the suitable potting 
medium for the nursery and (iii) to standardise the’b e a t  
vegetative propagation method# The results are, summarised 
below.

1. She.volume and weight of the pods varied among 
tbs three classes of pods namely* ’large*#
’medium* and ’small* and also among the months 
of harvest.

2. The pods collected In December and February had 
comparatively higher volume and the pods harvested 
in December and April the highest weight*

3. The volume and weight were highest for large pods 
followed by medium and small.

4* There ’was not much variation in the nunber of seeds 
among the three classes of pods. The mean number 
of seeds per pod varied between 30 and 42.

5. • The number of seeds were highest in pads harvested 
in February followed by ferch and April.
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6*. The weight of sound oeecis as well as the mean
weight or a, sound ooeci were highest for Marge* 
pads followed fcy ‘medium* and ‘email * pods.

7* The weight. of the sound seeds and the average
weight of a sound seed were highest In pods
harvested in Petoruety followed by March. and April*

8. The slwe of the pod one! the position of the seeds 
(pedicel end* middle anci distal end) had no 
significant influence on the germination percentage.

9. The germination percentage was highest in ’-larch 
followed by February, January, December and April.

10. There was nc'significant difference# in general, 
by the third .month in the vegetative gr-suth 
parameters, root growth parameters end the dry 
gutter accumulation when ccaislierinr; the sisc of 
pous and the position of the. seed in the pod.

There v/as, in general, no correlation between the 
height of the seedlings on 15th and 90th day after 
germination and the pod characters such as length, 
girth, volume and weight of the ryif, 
out the ' large * and '’medium1 nods showed 
cooperatively better shoot and root growth.Therefore 
large onf medium siced pod a weighing more th&n 35c 
each with not less than 400 cc volume should he 
selected for raining nursery during the months of 
February end March..
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It* Srom the d ifferent growth parameter# studied 

based cm the height and the number of leaves 

produced* a selection c rite rio n  is  suggested 

fo r selecting q u a lity  seedlings* The seedlings 

should haw  not less than 30cm height and not 

less than 10 leave® When they are three months 

old*

12* Polythene hags of 30cmx20cm lay f la t  size ore 

most suitable fo r growing the seedlings in  the 

nursery for three to  five  months compared to  

23 cm x  IS  cm and 25cm x  18 cm sizes as the 

seedling* grown in  these bags are superior in  

height* g irth  and the number of leaves produced*

These seedlings are also found to produce better 

root system*

13* A normal mixture of soil* sand and farm yard

manure in  the proportion of I t i t 2 is  reooorniended 

fo r growing seedlings in  the nursery*

14* 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 pod® can be stored upto six  

days under room conditions with 56 per cent 

germination*

15* 'The root growth studies conducted pe rio d ically  on 

seedlings upto nine months had indicated that the 

root growth is  maximumt during the f i r s t  fortnight
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after germination and thereafter the rate of 
growth Is comparatively decreased and the growth 
was very slow between 30 to 90 days* 'The possibility. 
of taking advantage of alow growth of roots 
between three to four months for planting was 
discussed#

16* Hie root growth and the dry matter accumulation vmM 

found to be alternated* that is* when high £hoofc 
growth rate was recorded* the accumulation of dry
matter was low and the same was increased considerably 
when the shoot growth was alow#

1?#. Taking into account of the higher percentage of 
•rooting* optimum number of roots produced and the 
average length of roots* a "quick dip* method for 
60 sec in 4000 ppm NAA or 6000 ppm lAh is recommended 
for producing rooted cuttings*

19* The merits and demerits of the two methods* that is* 
the "mist chamber * and "polythene sheet method * .
.were discussed and the "mist chamber"rnefchod is 
recommended,

19*. Among the different method of budding tried* 60 
per cent success was obtained in forkert method 
then budded on eight to nine joonih old root stocks*
She best time for Ludding was found to bo between 
February to April*:
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20* Green budding on three to four months old cocoa 
seedling stock was found, to give 80 to 100 per 
cent success with forkert method. A p r i l  and May 
were found to be the best time for green budding 
with 100 per cent success in April* Hence green 
budding in April and May on three to four months 
old seedlings is recommended*
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1 9 3 7 j 1 6 5 -1 6 8

Topper#s*F* (1956)* A new method of vegetative propagation 
for cbcoa*-|s»efi*ĵ pt* Agrig,*j^>»ice» 1*5
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A n a ly s i s  o f  v a r ia n c e  f o r  p e r c e n t a g e  o f  
g e r m in a t io n  i n  d i f f e r e n t  m onths*

source
Mean s q u a r e s

Month o f  so w in g

Decetiibe? J a n u a r y  F eb ru a ry  M arch A p r i l
»*»*•«

Pod s is se  2 1 2 0 * 9 3  1 6 4 .9 2  1 6 5 .7 1  4 7 * 8 4  2 3 8 ,6 4

Seed 2
p o s i t i o n

4 2 2 * 4 8 2 6 * 0 5  1 0 0 8 ,5 6  1 9 4 ,3 9  4 4 * 2 6

I n t e r a c t i o n  4 35*20  5 8 ,9 9 6 0 * 5 9  7 4 * 1 7  9 4 * 6 5

Error 18 1 1 4 ,4 3  3 3 7 ,0 6  2 1 2 .7 6  1 1 6 * 7 8  2 0 3 .1 9



h p m m i K  *  i t
A n a ly s i s  o £  v a r ia n c e  f o r  h e i g h t  o f  s e e d l i n g s  a t  
v a r io u s  i n t e r v a l s *

n iiin in w T U iu fw m mi I r ■mi 1>1 I | _1 ttrtn m M lwHMniiiwniin i im uni—itjiirri-ni— rr-T*—-r: i-""' —■

Mean squares
.Month s o u r c e  O f Days? a f t e r  g e r m in a t io n

IS 30 45 6 0 75 90
s is ® 2 1 2 ,3 3 * 1 6 * 1 3 * * 1 2 3 .2 7 * * 6 6 .0 8 * 131 *03 6 6 ,1 5

Decem ber P o s i t i o n
Inter**
a c t i o n

2

4

2 ,3 3

1 6 * 5 2 *

S .4 9

8 * 8 4 * *

9 .8 0 *

3 8 .9 9 *

7 * 8 0 *

3 2 ,5 0

1 0 8 ,0 1  1 0 1 ,6 0  

1 7 2 ,4 2 * *  8 6 .0 3
E rr o r  18 5 * 2 9 3*45 7 .  SO 1 ,3 8 9 4 ,0 3 96*03

S ir e 2 7 * 5 0 9 * 7 0 6 * 9 0 5 ,2 0 19*16 22*51
-P o s i t io n  2 0 * 9 0 0 .0 1 1 .6 3 0 .6 8 1 * 5 0 2 .6 5

J a n u a ry In ter -*
a c t i o n 4 3 * 9 8 1 * 3 0 1*2 6 1 3 .9 9 10* 37 8 .8 7
e r r o r  18 2 * 1 7 3*95 2 .6 4 2 1 ,0 7 16 * 9 7 8*62

s i z e 2 4 .3 4 1 0 * 7 3 1 6 * 0 3 0 * 9 4 2 ,6 3 2 2 * 4
• P o s i t i o n  2 0 * 5 8 2 * 3 3 1 ,4 7 1 5 .3 7 2 0 * 9 7 3 0 .8 4

F e b r u a r y I n t e r 
a c t i o n 4 0 ,4 5 1 * 4 7 1 .1 0 6 .2 0 1 1* 51 2 7 .8 3

•

E rr o r  jL0 2 .9 4 3 * 5 6 5 .5 3 7 * 4 2 1 4 .5 6 6 6 .0 1

S ic e 2 2 ,5 9 1 0 ,7 4 * 0 * 6 4  5 * 1 0 1 *4 8 1 4 7 .1 2
March

P o s i t i o n  2
i n t e r 
a c t i o n  4

2 * 5 7 .

1 * 6 9

: S a  .
• 'K
1 ,4 9

0 ,2 6

2 * 9 6

2 ,0 9

6 * 6 2

1 6 ,9 9

5 ,1 5

1 3 .7 3

9 .6 5
B r r o r  '218 1 * 8 9 2 ,3 0 7 ,1 9 8 * 5 7 1 4 ,5 1 2 2 .8 4
s i z e 2 ' 3 * 6 9 9 .5 4 3*19 9 ,0 3 4 7 .2 8 4 ,8 0
P o s i t i o n " 1*21 1 1 .0 1 1 3 * 3 5 5 .4 5 1 6 * 2 8 0 ,4 5

A p r i l I n t e r 
a c t i o n 4 1 * 7 4 S .6 9 2 .4 0 2 ,4 1 8 ,2 8 5 .3 3
E rror  1L8 4 .3 4 1 7 ,8 5 5 * 6 9 4 * 8 5 ' 1 9* 44 1 1 .5 8

* significant at S% level*
** Significant at 1% level.





KPPSmtK -  IV
A n a ly s i s  o f  v a r ia n c e  f o r  nurnber o f  I s a v e s  a t  
v a r io u s  i n t e r v a l s  i n  d i f f e r e n t  months*

Mean s q u a r e s  - "
rCflwTl
o f
so w in g

S ou rce  d£ Days a f t e r  g e r m in a t io n

1 5 ' ‘ '30 45 6 0 7 5 90

Pod' g
e l s e 1 , 2 0 .2 6 0 ,4 6 0 * 9 6 * * 2 ,3 2 * * 1 .4 1 3 .3 0

D ecem ber
S eed  2
p o s i t i o n

‘ In ter -*

0 * 4 9 0 .S 9 0 * 1 2 0 .6 3 0 ,1 3 ' 3 .9 6 *

a c t io n  4 0 * 2 4 Q .7S 1 .2 8 * * 3 .5 3 * * 1 ,0 2 0 * 2 9
E rr o r  18 0 .1 5 0 .4 9 0 ,1 3 0 * 4 0 0 * 9 7 0 * 9 4

wwsHi fw me mehs eesîeeeeeBteêMŝeeHMeM
Pod 2 
s lsse 0*0001* 0,40 0*21 1,27 0.15 2*58

January
.seed . 2 
p o s i t i o n 0 * 0 8 3 0 .7 5 0.85 1.13 0.40 3.95

In te r -*  4  
a c t i o n

0 * 0 5 1 0 .4 6 0*19 0 .4 7 2 * 4 8 5,16

Error IQ 0 .1 2 3 0 .2 6 0.21 1.23 2,67 3,96
Pod 2 0,093 1,44 1,25** 0..2O 1,85 5.00
sitsa
Seed  ̂ 2 0*031 1.12 0.33 - 6,46 1,61 ■ 1*41

February position ’ - -

Inter-, 4 0.024 0,04 0,77 1.04 1.30 0.52
action
Error 18 0.17 0*13 0.62- 1,90 1.58 1.50
rod •

else 2 0,16 0.61 0,28 0.27 0*30 0.63
Seed 2 . 0,13 1,$9* 0,07 0,33 0.82 4,13

March . position'
inter- 4 0,03 0,63 0,78 0*|6 0.04 2.80

• action
Error '18
w e se ys  ■a*'— >eew»ew» ■ m m *

0*24 0*45 1*22 1.30 2*38
wi m i w i

4.04
>jenr>» mm m  m>



APPENDIX - IV GOiTTimmDt

Month
ofsowing

April

Source d£

m a
size 2
seed 2
position

inter
action. 4
Jrrar 18

15

3*69
1*21

1*74
4*84

Mean squares
Pays after germination
30 45

» it* H  ■»«■!»»» ■»«» ■ » ■

0*70 0*24
0*32 2*06

1*05
0*83

1*64
2*11

60 75

2*20

5.76

0*49
1*82

2*52 
1* 36

90

0,39 1*38
3*37 0*75

0*3
1*9



m m m t x «. v

Analysis of variance for length of tap
root at various intervals in different
months*

Month
of
sowing

M*an square*
m m  tnjiw ■tuSju.Bifi* m+»*rn -»*■*  ■*•**» » J»—  '*»

source1 © ays a f t e r ■germination
6 9  ; -90

sit m**m mmm

December

s is ®  : 2 '  : 2*35

3.19
s.si*
t»7b

LOR , 2
Interaction 4  
Srror 18

24*49**

4 ,7 8 *
2 *4 1
1 .E 3

7 6 .7 7 *

1 3 .5 1
23*42
1 9 .2 9

position 2 
Interaction 4
Error 18 2*66 5 ,8 0

H** M ie* s*— -

// a
position 2
interaction 4  

• Error' 10

0*54
5 , 5 3  
o .  19  
4 ,5 1

0,07
3*16
2,35

1 0 * 7 5

6 ,4 1
2 .7 7
8*62
8.21

March

April

rod size1 2 0*38
Seed
position- 2 : 5*54
interaction 4 ; 3.40
Error 18 ■ 3,07

Pod size 2 ■ 2,71
position, ' 2 O.07
Interaction 4 : 1.75
Error 13 7*43

»— we — ■ y i m w g n w

0.75
9 *8 9  

1 1 * 9 9  
7 ,0 9

0,91
0 .7 7
1.11
•3*40 .

iNiii. in

; 31*55
: 0 .9 2
: 10.55 
■ 10* 64

5*1
6.43
5*2 8  
8,22

* Significant at 556 level,
** Significant at t% level*'



Analysis of; variance for length of the longeatlateral root at various intervals in differentmonths.
Monthof■iô ing Source df

W e W » MM — — w

December

January

Pod size 2
Seed
position 2
Interaction 4 
Error 19

Pod size 2
S eed
position 2
Interaction 4
■■Error IB

Mean s q u a r e a
Day® after germination

! . .30 . 60 90
0.16 1,62** 13*7
0.47 2.43** 3.6
0.90 3.09** 7.4
0*40 ■■ ■ 0.13 4.5

0.75
2*51
0.71
0.52

Pod size 2 3*02*
Seed

February position 2 ' 2*10
interaction 4■ 1.04
Error ’ IQ 0.87

0,49
2.15
0.992 .1 2

2.62
1*68
0.25
1.00

2*85
7.73
5*63
9* 38

13.71
1.12
9*20
4.32

March

April

size 2 l.io
Seed position 2 0*96
Interaction 4 0.68
JSrror 18 0*31

Pod size 2
Seed
position 2
Interaction. 4
Error 13

0.87
0.59
0*86
0.46

4.72 
S.69 
1,84 
7.66

0.17
0.80
0,71
1.03

14.12
11.33
3.62
20.48

5*68
5.55
11,54
3,18

* significant at 1% level, 
** Significant at 5% level*-





APPSKDXX -  V I I I
A n a ly s i s  o f  v a r ia n c e  
a t  v a r io u s  i n t e r v a l s

for dry weight of shoot
in different months.

Month
of
so w in g

December

S o u rce d£

Pod size %
S eed
p o s i t i o n  2I n t e r a c t i o n  4  
E rr o r  18

Mean s q u a r e s
D ays a f t e r  g e r m in a t io n  

30 6 0  90
iee*e»ftw

9 1 5 8 1 * 8 *  1 0 4 0 2 3 * 4 * *  7 1 6 8 4 5 ,4
1 5 1 5 4 9 ,8 * *  1 4 4 0 0 4 , 1 * *  2 0 7 5 0 G .9

2 2 4 5 9 ,6  5 6 2 0 4 * 1 * *  7 5 3 3 4  . 3
2 2 6 1 4 ,5  1 1 7 0 2 ,2  2 6 5 6 0 6 .5

Ja n u a ry

February'

Pod s iz e  2
Seedp o s i t i o n  2
i n t e r a c t i o n  4 
Error 18

Pod s i z e  2S eed
p o s i t i o n  2i n t e r a c t i o n  4 
E r r o r  1 8

• 7
9 0 6 9 7 * 7
3 6 5 0 5 ,91 5 0 6 3 ,8

*169559^8**
72603*5*
3 5 0 01*6
1 9 5 9 3 ,4

4 8 7 3 3 .6 8 9 2 2 4 ,8
1 2 6 2 4 * 2  3062 . 1

6 2 3 6 2 ,2  1 2 3 9 6 0 ,7
9 1 1 8 9 .6  1 4 9 5 3 7 ,1

2 2 5 2 3 2 .3 *  2 6 7 0 4 4 5 ,4 * 4
9 5 1 6 0 * 7

4 7 2 3 8 .2
5 1 5 6 8 ,4

1 6 8 8 0 9 ,6
5 3 4 2 0 4 .4

4 4 0 0 2 2 * 9

March

A p r i l

Pod s i z e  . v - . 2  
se e d
p o s i t i o n  2  I n t e r a c t i o n  4 
E rr o r  1 8
Pod s i z e  2  s e e dp o s i t i o n  2 
I n t e r a c t i o n  4
sr r o r ' 18

* 6 0 3 2 ,0  •
112675,46 6 6 0 8 .9

4 1 1 2 0 ,7
’llTOolo
3 3 1 4 1 ,1
2 5 3 1 8 * 7
2 8 7 0 0 * 4

3 3 0 5 3 0 ,0 *  3 2 5 1 0 2 7 .7 * *
2 6 0 4 8 ,0  78 1 4 6 * 5  
6 2 9 4 9 * 8

8 7 1 3 2 ,4 *  
2 9 0 2 0 .2  
1 0 0 7 2 ,9

2 4 5 3 4 5 1 * 3 *1 4 8 0 8 9 2 .8  
409345,: Q
*2731237^9*®

6 1 6 7 3 , 9
2 2 0 1 6 5 , O
4 3 8 5 5 8 .8

* Significant at 5% level.** significant «fc 1%' levels



APPI3M3X « m

Month
of
saving

Analysis of variance for dry weight of root at
various intervals in different months*

source df
Mean squares 

Days after germination

» » ■ « » »
30 60 

■ — w>aijniaw p imm 90

December

January

Pod size 2 792,5 1548.5 7629,2
Seed
position 2 4671,6 2318,8 2716*2
interaction 4 759*9 4424*4 7317.1
Error 18 3599,6 4687.4 8544*6

Pod size 2 . 16,7 14003,7* 6942*4
seed *

position 2 626*9 .300,,2 13290*5
interaction 4 1664*5 869*6 21983.7
Error 18 ' 3825,3 2720*6 28677,2

» n » a «a>sniM > w iWft ■ * «» » » — »

fod size 2 441*0
Seed

February ' position Z 1117*5
Interaction 4 525*9
Error 19 349*7

March

April

rod size 2
seed
position 2
interaction 4 
Error 19

w f r SBjei w — m il Bu i w i e e

' 2.352*7
4228*1
12496*9
4824*1

19276*3* 65858,8*
3298*6 4326,5
2103,2 14294.1
2098*2 13878.1

4449*9
12821*4*
4874*3
2852*9

149236*0**
73649.3
42290*7
21666*9

Pod' size 2
Seed
position 2
interaction 4
Error 18

i e i M Si m

12640,7**
1284.4
911.5793.6

6622.4* 340773,8**
5147.7*
3698.4
1200,0

27971*8
12695.9
34751*6

* Significant at S% level*
** significant at level*



Analysis of variance for total dry Height at 
various intervals in different months.

APP5MDIX • X

Month
of
sowing .source m

Mean'squares
Days after germination

30 60

December

January

Pod size 2 75412*3 103275,3*
seed
position 2 205818 *0* 141772*3**
Interact!en 4 30621, O 78768*1 *
Error 18 35023.3 22568*9

Pod size 2 3232*5 110884.1
seed
position 2 95704.8 14734. 4
Interaction 4 45706*5 69758. 8
Error 18 26482*7 106160, 3

90

966997*3
246283*2
120534*7
329890*7

73096,1
28185*6
194716.4
240383.5

"Pod- size 
seed

187002*4** 273236.1* 3470313,8*
February position 2 

Interaction 4 
Error 18

39492.9*
43419.8
21945.9

101945.6
44148.7
59296.7

207554 .2 
720742* 0 
577766.6

March
Pod. size 2 
Seed
position 2 
Interaction 2 
Error 4

14010*9
153229*4
73419.6
54645*1

273090.0*
46689,1
108517*8
75637*7

4570669,9*
3263073*6*
1774004.6
547051*7

April
Sod size 2 
seed
position 2 
Interaction 2 
Error 18

196*3
37270*3 
28809,«3 
30530*4

132703,6*
132703,6** 
33047.7 
13931* 3

5060696.8*
99354, 1 
298559.6 
683460* 7

* Significant at 5" level*
** Significant at 1?5 leveli;



Analysis' e»£ variance for height of seedlings- at
various Intervale in different siaee of bags

■i’-fenth, of ffean squares
sowing Source d£ Saya after germinations

IS 30 45 60 75 90

Decedber
Treatments 2 107.34** 47*35 25*54 12*43 177.52* 175*14*

Error 12 12*08 13*69 10.29 9*00 . 28.82 22*09

February-
Treatments 2 12.15 49.31 27*38 353*76** 165.64 83*60

Error 12 4.09 10.34 3.52 26*67 45.09 33*20

f-Sarch'
Treatment® 2 11*09 23*95 43.90 45*91 39*11 232*66*
Error 12 2*93: 14*59 14*05 46*60 25*19 36*22

* Significant at 5S levels
•* significant at 1 % level*-.



Analysis of variance- for girth of seedlings at various
intervals in- different, sices of bags.*

pJonth .o f  .. so w in g
ffean  s q u a r e s

S b u ree d f " P a y ® .a f te r  g e r m in a t io n
IS 30 45 60 75 90

D ecem ber T r e a tm e n ts 2 0.02 9*11 0.08 0.14 0.34** 0*36**

E r r o r 12 0*02 0*06 o * o s 0*04 0*03 ■ 0.03 ■■

■February
T r e a tm e n ts 2 0*001 0*05* 0*02 0*10 0*06 0.11
E r r o r 12 0*01 0*01 0*04 0.04 0.04 0.04

Inarch
T r e a tm e n tsS' 2 0*02 0*10** - 0*5 5 * ' 0*06 0.11 -0*12

E rro r 12 0*01 0*01 9*04 " 0*07 0*06 0*06

* Significant at 5* level.*,
** Significant at. 1^ level*..

i w i m



Analysis of' variance for number of leaves produced
in different sizes of 'bags.

Mantft
•of
sow ing.

Mean s q u a r e s
S o u r ce d f Day© a f t e r  g e m i n a t i o n

- 15 30 45 60 75 90

D ecem ber T r e a tm e n ts 2 2*60** 1.86 6.06 5.06 1.40 9.80
E rror 12 0*26 0.76 • 1.56 3.40 4*30 1.40

F eb ru a ry T reatm en t© 2 0*06 1.06 6.06* 2.46 1.40 6*06
E r r o r 12 0*06 0.93 • 1*06 2*20 4.30 2*90

T r e a tm e n ts 2 ’ 1.36** ' 0.26 3.60 5*60 3*60 0.46
•March

Error 12 0.26 0*93 4.43 1.53 4.43 2.50

* Significant, at 5?S level*.
** Significant at 1% level*.



h p p m m x  » xiv:

Analysis of variance fear length of tap root 
in different- sizes of begs.

Mbafch
of
sowing

DvoenftMir

■Source d£

* » —»<»» imiw nil» «<■«».

Treatments 2

Error 12

?*san squares
.Days after germination
30

i sa w  wig

1.88

4.41

60

7.07

5*94

90

3.29

29,62

mmm

February
Treatmsnt 2 

Error . 12

5.36

3,32

19,61

12.64

1.03

12,53

I. as  M t  »»i*w vm m »  *> w »

March
Treatments 2

srror 12

0,99

3.42

11,59

13,52 28,00



Analysis of variance for length of longest
lateral root in different sizes of bags#

ffcsnfehA# Mean squares
02#
sowing Source df Bays after germination

30 60 90

Treatmsnte 2 1,06 2.23 54.72*
Decsreber

Error 12 0,77 2.87 10,70

Treatments 2 1*20 19,71* 22*73
February

Error 12 0,64 4,78 8.59

March
Treatments 2 0,36 24,73* 6,79

* Error ' 12 0,4-3 4,12 21,70

* Significant at S?i leval*



'Month
of
sowing

Decerrfcer

APPENDIX V XVI

Analysis of variance for number of laterals
in different sises of bags*

Source af

Treatments 2 

Error 12

Mean squares
liw»j-*wtw e *e*ie'^s— e * * w i ie e » « » e ************

Days after gemination
■ ^ ■ s a w i e s ' i w e — t>»»,iiiu"tise — » i i e e » * w « n y e » ^ e »

30 "60 90

62.46** 455*00** 545*00

2*50 ■53,33 89,16

February
.Treatmsnts 2

Error 12

70,86**

3*83

1.66

35,00
s iie e e ae.«**» « * »*

31*66

47.50

March
Treatments 2

Error 12

30.46** 45.00

2.66 87*50

380.00

140*83

•* significant at Ui level*



APPENDXX - XVXI

Analysis of variance for dry weight of shoot
its different aises of bag a.

Month
of
sowing Source m

Mean squares 
Days after germination

30 60 90

Treatments 2 39621.7 125166,7 171500,0
December

Error 12' 12766,7 172333.3 • 321333*3

Treatment* 2 34536,7 169820.0 137040,0
February

Error 12 11050.00 188BOO.O 316596,7

March
Treatments 2 

Error 12

28445.0 166051,7 139606,7

3116,7 205126,7 464043,3



Month
of
sowing.

December

AFFCRDIX - XVXII
Analysis of variance for dry weight of root
in different sizes of baga*

Msan squares
Days after germination 

» ! > » < »

60
Source df

Treatments 2 

Error 12

30 50

8211.7 13011,7 48221,7**

10750,0 4791,7 3373.3

February

March

Treatment© 2 

Error 12

Treatments 2

Error 12

13020.0 43291.7* 26446.7

7550.0 9816,7 153S3.3

13006,7 6386,7

15710,0 7026.7

3046,7

6229,2

* Significant at 5% level,
** Significant at 1'X levol.



APPEJKSX - 33X

Month
ofsowing

Analysis of variance for total dry weight in
different sizes of bags*

Mean squares

Decem ber

so u r c e  <3£ B a y s a f t e r  g e r m in a t io n
- ei><W'e^.ess»p»e<SesiS|ee~MS»wiew>W ^ SSe*iW-# s eseiieie»e«faie»eiM|

g B W M i w a e S M i m i M i M r e i e M e

t r e a t m e n t s  ■ 2

Error

30 6 0 90
*««*rnmmm

13206*7 21934S#0O 395071,7

26500*8 166583*3 337986,7

’February
treatments 2

Error 12

§0046*7 337015,0 252326.7

14333,3 224096*7 342010,0

» » w  Sftnweses i i

March
tr e a tm e n t®  2 
E r r o r  1 2

S358S,*0 237421,7 189646*7
29226*7 199873.3 445045*8

* significant: at 31* level-,



APPENDIX * m.

Analysis of variance for height of seedlings
in different media*

Month
of
sowing s o u r c e  <3f

'Mean squares
m tmm

B a y s a f t e r  g e r m in a t io n
s» mvmtmmmm mmum mmt** sa—  mas tmm

15 30 4 5 6 0  75  9 0

December
T r e a tm e n ts  2 0 ,4 1  4 0 ,9 2 * *  1 5 .4 0  2 3 .2 3  1 1 0 * 2 2 *  9 3 .5 6
E rro r 1 2  6 .0 7  5 .3 8 3 ,4 1  1 1 .8 4  1 6 .1 9  1 2 ,7 "

T r e a tm e n ts  2 2 2 .4 2 *  2 0 ,6 4 * *  1 3 * 8 9  2 8 ,2 9  2 3 ,4 3  16,66
F eb ru ary

E rr o r 12 3 .9 0  1 ,4 8 4 ,3 4  5 4 ,5 9  7 9 ,5 9  9 1 ,0 ?

.T r e a tm e n ts  % 0 .2 6  4 9 ,9 5 * *  2 2 ,6 2  7 8 .3 0  1 0 4 ,9 3  1 1 0 , If
March

E rr o r 12 4 ,9 5  4 ,6 2 1 3 ,5 7  3 7 ,9 4  3 2 ,1 3  4 4 . 4(

.*  S i g n i f i c a n t  a t  5X l e v e l ,  
■** S i g n i f i c a n t  a t  1% l e v e l , .



APPENDIX «*■ XJCE
dialysis of variance for girth of seedling*
in different potting media*

Month
of
sowing Source af

Mean s q u a r e *
Days after germination

v m m  w* iMMttewisSfi ■s *s  wwi* *< nw w n w *—ji 1  * * * * * * * *  n  — *

15 30 45 60 75

Deceiver
■Error

90

Treatments 2 0 * 0 8 0*003 0*06 0,20* 0*08 0*12

12 0*09 0.01 0*03 0*03 0*03 0*16

i^sesww w usse

Fiafoiruary Treatments
Error 12

0*001 0*002 0*06 0.06 0.03 0*11
0,01 0*004 2.04 0*06 0*03 0*06

Treatments 2 0,06 0*002 0*06 0*16 0*07 0*01
March

Error 12 0*07 O.Ol 0.03 0*11 0*06 0.02

Wjwtn lie m  m  MS ne ■Win—is m w i . w i H i w m w isomsiMMiwwMi

* significant at 5% level*.



h p p m m x  ~
Analysis of variance for number of leaves
produced: in different media*.

M&nth d f
lie an  squares

o fso w in g B ays a f t e r  g e r m in a t io n

-L 13 M ..30 45 ■ 60 75 ' 90

T r e a tm e n ts 2 0*20 0 .2 6 0*80 12*20** 21*66 21.0€
Becam ber

E rror 12 0*16 1*40 1.36 0*96 3*49 7*0fi

t r e a t m e n t s 2 0*36 0*06 0 ,6 0 19*40 12*06 7.26
February

E r r o r  . 12 0*26 1*06 1*06 7,06 4*56 6.26

Treatments 2 0*20 0,26 4*0$ 14*06 12*06 2 0 * 2 6

March
Error ' ' 12 ' 0*16 - 1*40 S*06 3*73 5.23 6*03

** significant at t% level*.



AmNDXXwjQCEXS
Analysis of variance
in different, media*.

for length of tan root

Month
of
sowing Source d£

Treatments
December

error

Mean squares 
Bays after germination

•30

13*76

9*57

60

18*22

6*71

90

112*52

33*06

Treatments
February

12

ferch
Treatments 2

12

9*31

6*69

« «■ e w w p s e a

9*99

6*27

58*S0

22*45

55*54

2S*79

52*34

40*17

33*89*

9*58

* Significant at 5ss level*.;



m m v
Analysis of variance for the length of 
the longest lateral

********

Month
of
sowing

source d£

December
Treatments
t>.rror

2
12

Mean square*
Days after germination

30

0*68

0.47

60

1.68

3*10

90

31*33
27*11

Treatments 2
February

Error 12

0*68

0*45

14*61

10.05

60*26*

3*75

March
Treatments

"rror 12

0*68

0*40

7*11

6*89

10*53

7*81

* F4gniflcant at 5% level*





app endi x *> m m

Analysis of variance for dry weight of
©hoof in difference madia.

Month
■of
sowing Source d£

Mean squares

•Days after germination

■30 m 9 0

December
Treatments

Error 12

5 0 0 0 6 * 7

3 1 5 93*3

1 1 4 9 8 0 * 0 *  9 5 3 1 6 6 ,7

2 2 8 5 3 * 3  1 0 4 0 2 5 0 .0
m m m m  asien

February
Treatments

Error 12

3 9 7 95*0

2 2 3 3 8 ,3

3 7 5 1 6 6 * 7  1 1 5 4 3 6 ,7

2 9 6 1 6 6 * 7  1 8 6 9 2 6 .7

Mhrch
Treatments

Error 12
7 3 0 3 3 5 ,0 *

1 8 4 4 7 0 ,0

7 3 0 3 3 5 * 0  3 3 0 6 4 6 ,7

1 3 4 4 7 0 * 0  6 4 1 7 1 6 * 7

* Significant at S% level.



Analysis of variance for dry weight of
root in different media.

Month
o f
sowing

Mean squares
S o u rce M D ays a f t e r  g e r m in a t io n

m n m m i
30 60 90

s e s — »s » eei»si>S»Sm m . i

Treatments 2
December

Error 12

7786*7

3800,0

iO 7X820* <

10480,3 34463,

Treatments
■February

Error 12

6660,0

3910*0

13140,0 103200*'

12990*0 26333,3

March
Treatments

Error 12

7980,0

2923,3

21446,7 20271.7

9883,3 9100,0
rees S .i pragis as a iDu w  ■ mmtn ■Sire*ia>n w>n w  l i w  — w »«wwi»w



Ap&smtx - m m i x
Analysis ®£ variance for total dry weight
in different media*.

Month
of
so w in g

Mean s q u a r e *
s o u r c e d£ *feisNa*Rp4itMta ■ I W W illlll W W W W

D ays a f t e r  g e r m in a t io n

30

Treatments 2
Decem ber

Error 12

82460*0

3 6 7 05*8

60 90

160351*7* 1309786.7

2948*2 1212080*0

Treatments 2
February

E rror 12

March
treatments

E rror 12

65445*0

28529.2

523606*7 412326*7

307206*7 168953.3

95236,7* 1002351*7 483571,7

48710.0 256723,3 647740.0

* S i g n i f i c a n t  a t  5% l e v e l *



appbhdix - XSlX
Analysis of variance for percentage of rooting 
anti mean number of roots.
Mist Chamber Method,

Mean squares
Source m Percentage of 

rooting
Meen number 
of roots

Treatments 
(Orwoth regulators 
and concentration)

15 2222,05** 1,23**

Time 3 95,13 0,67**
interaction 45 260,43** 0,47**
Error 128 90,36 0,04

** Significant at 1% level.

APPSNBIX - X5GC
Analysis of variance for percentage of rooting 
and mean number of roots,
polythene Stxaet Method,

Source d£
Mean, squared

Percentage of 
rooting

nsw su p

Mean number 
of roots

Treatments 
(Grwoth regulators 
and concentrations)

1994,46** 1,99**

Time 19,45 0,42**

interaction
Error

45
128

242.42**
101,20

0.38** 
0.06

** Significant at 1% level*



Correlation coefficient of seedling and pod- 
characters of large pods*

math of sowing
Seedling
character®'

fed characters •

‘length = Girth Volume toight ■

December
Height on 15 th day 
Height on 90th day

+ o » is iKS
+ O*20iNS

40*493ns
-0*326NS

+ 0*307hs 
-0*4S3''1S

4 0*437‘,iS 
-  0.154^

January
Height on 15 th day 
Height on 90th day

❖ 0*020®® 
+ 0*024HS

4 QmtlOm  

~0,224m

-  0*364^ 
-0*371 m

-  0.028l3S 
-0.598**®

February Height on 15th day 
Height on 90th day

-O*204Wd
40*4-31^® -

• -0*239^ 
•40*633*

-0.311NS
-K3,:494HS

-0*170SS
40*641*

March 'Height on ISth day 
Height on 90th day

*0*48Q**S ' 
+0*512NS

40.G86*18'
40*301^®

40*S4Qns
40.753*

40*34#s'
40.669*

April
Height on 15th day 
Height on 90th day

*0*406
-i* RS' 40*019

40*28QNS
•0,370®®

40*059®®
-0*372?5S

*0*337t5S
-410NS

NS Not significant*,- 
* Significant at S*& level*



/

APPEERXfcX •  XXXII
. C o r r e la t i o n  c o e f f i c i e n t s  o f  s e e d l i n g  a n d  p o d  C h a r a c te r s  o f  m edium  p o d s*

Month
of
sowing

Seedling
characters

Pod characters

Length ■ Girth Vblurae Height

December
Height on 15th day 
Height on 90th day

+ 0*266NS 
-  0.004NS

A QNS— 0*318
-  0*042V . ,

—0*266HS•0.290
• 0*226^ 
• 0*019* '

January
Haight on 15th day 
Height on 90th day

-  o*osoKS
+ 0*124I5S

+ 0*4^1^S 
+ p*50lKS

_ JJS  •0*109
40.225SS

• 0.4S1HS
• 0*050

February
Haight on 15th day 
Height on 90th day

• 0*065^5
• 0*801**

+ 0*040
ks■ 4* 0*254

0*060MS 
+ 0*115KS

• O*240WS
• 0*133NS

March
Height on 15th day 
Height on 90th day

*  0.lO 2NS 
. 4> ©*-482IJS

+ 0.135?IS 
0m20im

4. 0.2'76NS 
4- 0 *151

0*.332?S 
• QmQ97US

£pril
Height on 15th day 
Height on 90thday

•*0*427
+0*073nS

,1*^5  4* 0*410
-0*632*

+ 0*320 
•0*742*

0*0110^l' 
• 0*599I?S

n s  Hot s i g n i f i c a n t ** s i g n i f i c a n t  a t  S% l e v e l *
* *  S i g n i f i c a n t  a t  1% le v e l .* ,



ftPPEHOnG-XXXXXI
Correlation coefficients oS 
characters of email pods.

seedlings and pod

f#>nth
of
sowing'

Seedling
characters

Pcx3 character®
Girth leight.

December

January

February

March

Height on 15th day 40.047
Height on 9Dth day -0.142

rMS
MS

-0.047
40*258

US
m

-0.377
’10.238

MS
MS

Height on 15th day —0.523
Height on 90th day 40*268

US 40*320ns —0*186'm
us —0.310MS 40*061.MS

Height on 15th day 40*313
Height on 90th day 40*435

...MS 40.014MS
MS 40.209.NS

Height on 15th day -0*515
Height on 90th day -0*198

NS
US

-0.294
-0*621

MS
MS

40.3O2WS 
40.181nS

-0.706*

-0.07,HS
40*002NS

40.002
—0.132

ns
MS

4G*290W:S
40.048?JS

-0.418*®
*113

April
Height on 15th day 40.120
Height on ogth day 40.349MS

40*169 
40*448

MS' 40il92
40*551

m
ns

NS Not significant*
* Significant at 595- level.'

40.195
-•«0*12S!

MS
NS
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A study on the different aspects o2 propagation csi* 
cocoa -was undertoHen at the College o£ Horticulture frcm 
May 1973 to July 1979 -to standardise the. criteria for 
selecting the pods# seeds and seedlings for raising the 
nursery., to find out the optimum size o£ polythene bags 
and the suitable medium for raising .the nursery and also to 
standardise the best vegetative propagation methods for 
cocoa*

The results had, indicated that the volume and weight 
of the pocis varied within the three classes of pods namely 
large, medium and small* There was not much variation in 
the number of seeds among the three classes of pods and 
the maan number varied between 30 to 42* The number of 
seeds were found to be highest la pods harvested in Februar 
and March followed by April* The highest percentage of 
germination was reeoJsseaded 1 n March followed by February, 
January, December and April*

The size or the pod and the position of seeds(pedicel 
end, middle and distal end) had no significant influence 
on tho germination and the growth of the scedlings*Hawever,
the large and medium sized pods are found to produce batter 
seedlings* Eased on the studies tho following

ABSTRACT

k.*



reco m m en d a tio n  a r e  made i )  L arg e  and  medium s l s e d  p o d s  
w e ig h in g  m ore th a n  359<g e a c h  w i t h  n o t  l e e s  th a n  4 0 0  o c  
v o lu m e sh o u ld  h e  s e l e c t e d  f o r  r a i s i n g  t h e  n u r s e r y  d u r in g  
t h e  m onth o f  F eb ru a ry  and  March* i i )  The s e e d  s h o u ld  b e  
sow n o n  t h e  sam e d a y  h a r v e s t  b u t  i t  c a n  b e  s t o r e d  u n d er  
room  c o n d i t i o n s  u p t o  s i x  d a y s .  The p e r c e n t a g e  o f  g e r m in a t io n  
w i l l  h e  d e c r e a s e d  t o  66  p e r  c e n t  fey t h e  s i x t h  d a y ,  i l l )  h 
s e l e c t i o n  c r i t e r i o n  f o r  s e l e c t i n g  t h e  s e e d l i n g s  w hen t h e y  
a r e  t h r e e  m on th s o l d  I s  recom m ended* The s e e d l i n g s  s h o u ld  
h a v e  a t l e a e t  30cm h e i g h t  an d  1 0  o r  m ore num ber o f  l e a v e s  
w hen t h e y  a r e  t h r e e  m on th s o ld *

F or r a i s i n g  t h r e e  t o  f i v e  m onth o l d  s e e d l in g s *  t h e  
optim um  s i z e  o f  b a g  i s  fo u n d  t o  b e  3 0  x  2 0  cm and  t h e  b e s t  
medium f o r  r a i s i n g  c o c o a  n u r s e r y  i s  a  m ix tu r e  s o i l #  sa n d  and  
fa rm  y a r d  manure i n  t h e  p r o p o r t io n  1?1*2*

C o n s id e r in g  t h e  p a t t e r n  and e x t e n t  o f  r o o t  and s h o o t  
g r o w th  o f  t h e  s e e d l in g ® , p l a n t i n g  t h e  s e e d l i n g  when th e y  
a r e  t h r e e  t o  f o u r  m on th s o l d  i s  s u g g e s te d ^

F or h ig h e r  p e r c e n t a g e  o f  r o o t in g  and optim um  num ber  
o f  r o o t s  an d  h ig h e r  r o o t  le n g t h *  a  * q u ic k  d ip *  m ethod  
f o r  6 0  s e c  i n  4 0 0 0  ppm n aa  o r  6 0 0 0  ppm l&A i s  recom m ended  
f o r  p r o d u c in g  r o o t e d  c u t t i n g s *  h * m is t  cham ber* .method  
i s  s u g g e s t e d  f o r  r o o t i n g  t h e  c u t t in g * ^



Rorlcert method of budding is recommitted for cocoa 
cither on eight to nine months old root«stoeks or by green 
budding on three to four months old root-.stock* The bast 
time for budding is February and Ciorch on older roofc-stocks 
and April and May for green budding*




