
GENETIC VARIABILITY AND CORRELATION 
STUDIES IN COCOA fU U  rema ear***

By

G R E G O R Y  Z A C H A R IA H

T H E S IS

Subm itted in partial fulfilm ent o f  

the requirem ents for the degree o f

ifflaster of I k i e n t e  in Agriculture
Faculty o f  A griculture 

Kerala A gricultural University

D epartm ent o f  A gricultural Botany

C O L L EG E  O F H O R T IC U L T U R E  

Vellanikkara -  T richur



I hereby deelara that this thesis entitled 
"Oenetio variability and correlation otudioa in ooooa 
(Iheobroaa oaoao L. )** ie a bonafIda raeord of roooareh 
work dona fcy no during tho oouree of roooaroh and that 
tha thesis has net previously formed tha baela for tho 
award to mo ony degree, diploma, aaaoeiataahip, fellow
ship or ether similar title af any ether University or 
Soelety.

Tellanikkara, 
a? -6-1985.

QESOORT ZACHAE1AH



CERTIFICATE

C a r t i f i a d  t h a t  t h i s  th a a ia  a n t i t i e d  "C e n a tio  

v a r i a b i l i t y  and o o r r a l a t i o n  a tu d ia a  i n  ooooa ( Thaobrona 

oaoao L . ) M i a  a  r a e e r d  o f  ro a o a re h  work dona in d a p a n - 

d an  t t y  bp S r i .  O ragorp Z ao h ariah  u n d ar my g u idanoa and 

a a p a rv ia io n  and t h a t  i t  h aa  n o t  p ro v io u a ty  fo ra s d  th a  

b a a ia  f o r  th a  award o f  onp d o g ro a , fe llo w s h ip  o r  a a a o - 

o ia to a h ip  to  him*

Y tlla n ik k a r a , 

<58" *^-1983.

D r. K. K unaran, 
P ro f a a a o r , K .A .D .P ., 

Chairm an, 
A dviaorp C o m ltto o .



CERTIFICATE

We, th a  u n d ersig n e d  members o f  th o  A dvisory 

Com m ittal o f  S r i .  O ragory Z a o h a ria h , a  c a n d id a te  f o r  

th a  d a g ra a  o f  M astar o f  S eien ee  i n  A g rie u ltu r o  a g re e  

t h a t  th o  th o o io  o n t i t l o d  "G e n e tic  v a r i a b i l i t y  aad 

o o r r o la t io n  o ta d io a  i n  ooooa ( Thoobrema oaoao L .) "  

nay ba aab m itto d  by S r i .  G regory Z a o h a ria h , i n  p a r t i a l  

f o l f i l a a n t  o f  th o  re q u ire m e n t f o r  th o  do g ro o .

D r. K. Kamaran, 
P r o f e s s o r ,  X .A .D .P ., 

Chairm an, 
^ A d v is o r y  C om m ittal.

>0'
Dr « ^ . & , S i v a r a « a r x a i r ,  D r. S .M .I .  XAmbeodiri,
D ir o o te r  o Y a a s a a r c h , P r o f e s s o r  and Road,
K e ra la  A g r io o ltu r a l  U n iv e r s i ty ,  D opartm oat o f  A g r io u ltu r a l  

/^Member J B o tan y ,7 O ollogo o f  H o r t io u l ta r o ,

riv

Mr.V.K.G.Unnithan
Professor of Statistics 

College of Horticulture 
Vellanikkara



I am greatly indebted to Dr. K. Kumaran, Chairman 
ef nr Advisor/ Committee for his valuable guidance and 
constant encouragement during tha oourse of tho present 
investigation*

X have groat pleasure in expressing nr deep sense 
ef gratitude to tho membere of nr Advisory Committee,
Dr. P.O. Sivaraman lair (Dlreetor of Heaterah, Kerala 
Agricultural University, Dr. K.M.I. Yamboodiri (Professor 
of Agricultural Botary) and Dr. K.Y. Pater (Profaaaor of 
Hortloulturo (Olericulture) for their valuable suggestions 
and advice during tha oourse of this studj.

X owe nr gratitude to Dr. K.C. George (Profaaaor of 
Agricultural Statistics) for hie valuable guidance, as a 
member of nr Advleorr Committee# in otutlstieml analysis 
and interpretation of tho data.

X wish to express nr thanks to nr friumde 
C.8. Jajaohandran lair and S. Krlahnan for their timely 
help during tho conduct of tho study.

X am grateful to Sri. B.U. Zaoharlah, Bdappara Houoo, 
Alpara for providing faeilitioo to carry hut tho reaearoh 
work in hie octets.



Thanks are also duo to tho Kerala Agrieulturol 
University for awarding as tha Research fellowship for 
tha post-graduate programme.

GRSGORT ZACHARIAH



Paw

I. IBTROD0CTIOI 1

II. REVIEW OP LITERATURE 4

III. MATERIALS ABD METHODS 12

IV. RESULTS 22

V. DISCUSSIOI 31

VI. STJMMART 42

RBPSREHCBS i-iT

APPEEDICBS
ABSTRACT



1. H u n ,  i m h  and standard arror for 10 troo oharaotora 
i n 135 ooooa trooa

2* Kongo. moan and standard arror of nina pod oharaotora 
in 155 ooooa traaa

5# Hangs, naan and standard arror of aaran baan oharaotsrs 
in 155 ooooa trass

4* Phono typio oooffioiant of rariation (P.C.Y.), ganotypio oooffioiant of rariation (O.C.Y.) and hsritobilitj for 
aaron salaotad pod and baan oharaotora in 155 traaa

5* Phono typio oorralation (r ) among tho aaran pod and 
boan oharaotora F

6* Ganotyplo oorralation (r ) among tha aaran pod and boan oharaotora •
7* Corrolation eooffioionts of wot baan piald with 17 oharaotora in 155 ooooa trooa

«v'>
8, Maltipla ragraaaien of Aaight salaotad oharaotora

(x1 to Xq)

9* AJTOYA for rogroooien analjrsis of tha salaotad oharaotora
10. Oorralation eoaffioianto of vat baan 7 is Id vith aaran 

oharaotora in 155 trooa
yieb L e*. ___

11. Mnltipla ragraaaion ofAaaran oharaotora (x1 to x.) ,

12. AHOYA for ragraaaion anajyaia of tho aolootad oharaotora



1a. A floriforoua ooooa troo 

b. A Poraotoro traa with goad oharalla sat

2a. A gonaral trand in tha variation of aiso and ahapa of poda in tha population
b. A ganoral trand in tha variation of aico and ahapa of boana in tha population



d)nttoduction



IITR0DUCTIOI

Ooooa (Thoohrona oaoao) la one of tho aoat popular 
beverage oropa extensively cultivated in tho tropleal situa
tions In Africa, South Aaarioa, West Indies and tha far last.
In India, this orop waa introduced into cultivation only 
recently. Paring tha latter half of tho 1970*8, thare vao 
aaaaiva axpanaion of ooooa cultivation in India aa a result 
of tha attraetlve prioa that prevailed during early part of 
1970*8 and the aaaaiva developaent prograaaea lapleaanted 
toy the State Department of Agriculture. Coooa hae heeoae 
popular in Kerala mainly aa an intercrop in coconut and 
areoaaat gardena.

It la estimated that out of the total area of 20,000 ha 
under ooooa in India, Kerala aooounte for ahout 15,000 ha 
followed toy Karnataka vith 4,400 ha and Tamil Kadu (600 ha). 
During 1980, India exported 1000 tonnea of ooooa produota worth 
Re.10 lakha (Anon., 1981). the production of rav ooooa in 
India during 1981*82 vaa ahout 5080 tonnea1 Kerala*a contri
bution being 2500 tonnes. India*a requirement of ooooa hae 
been estimated to be around 5000 tannea per year by 2000 AD 
(Ananthakrlahnan et al., 1979).

Feraetaro and Criollo are the two important varieties 
Experiences have ahovn that Forastero variety has better



adaptability and productivity undar Kerala Conditions. 
Porastero provides tha balk of tha commercial ooooa of tha 
world. In ordar to boost ooooa produotion in tha state, 
genetic iaprovaaant of tha crop through salaotion fron tha 
oxisting soxualty raproduoing population offara oonaidarabla 
aeopa. Crop iaprovaaant through salaotion daponda largely 
on tha ax tan t of gsnotie rariation. Seedling populations 
of ooooa generally axhibit a groat aaount of hataroganity 
ba causa of oroaa pollination which alao raaulta in tho aani- 
faatation of a high laral of variability in most of tho plant 
oharaotora. This variability oan bo attributed mainly to 
ganatio faotora or to a oartaln axtant to environmental 
faotora or to an in tar action of both, tha dsgroo of aaoh of 
thaaa, howovar variaa vith tha ganatio atruotura of tha parti
cular population undar consideration.

Attempts to gather information on tho extent ef ganatio 
variability in raapaot of tha soonoaio attributes inoludlng 
/laid, tha nature of association between yield and field con
tributing oharaotora in tho seedling population of Porastero 
under conditions prevailing in the state have not bean under
taken so far. Sueh information is essential to undertake 
identification and salaotion of superior genotypes in tha 
seedling population of ooooa, particularly the Porastero 
type, in order to achieve improvement in field and other 
oharaotora. Xhesa genotypes oan after evaluation, be utili
sed as clones and as parents in hybridisation programmes.



The pro oent atudjr ia a veil eatabliahed population of 
feraetero trooo, therefore, vao undertaken with tho 
objective* oft*

1* to etudjr tho oxtoat of goaotio variability 
oxiotiag in iaportaat plant, pod aad boon oharaotora of ooooa,

2. to find tho iatorrolatioaahip bo two on /ield and 
jriold contributing oharaotora, and

5. to identity ouporior goaotypoo vhioh oan bo deve
loped into oloaoe for future atudioa.
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S m i m  01 LITERATES*

In ooooa, bioaetrioal inf creation like rarlability, 
oorro lation oto. la aoanty, Available literature on tho 
variability and oorralation of different aorpho logical 
oharaotora inelading yield ia briefly reviewed below.

A .  J s s t e Z m f e

Variability for aoao of tha growth oharaotora haa 
boon reported oarliar. Greenwood and 7oanatto (1950) 
obaarrad that overhead ahado infltianooa tho growth of flu- 
ahaa of ooooa in Ghana. It waa found that unahadod aaturo 
ooooa fluahod aoro frequently and with groator intensity 
than ahadod ooooa and that thia difforonoo waa aero aarked 
during porioda of lew toaporature, Thor alao obaarrad that 
tho flaahing of aaturo ooooa waa aupproaaod whan tho weekly 
aoan of tho dally aaxiaua toaparatura waa bolow 83°7.
Sala (1967) reported that at continuous)/ high toaperaturea 
of 33°0 (88°F) tho horaono ayatea of tho troo waa apaot with 
tho roault that thoro ia a loae of apieal doainanoo and tho 
loaroa are aaallor at higher toaperaturea •

Ooooa trooa differ wide!/ in their abilitr to produce 
flovere and to act fruita. Hewleon and Ababio (1929) etated 
that only 0.2 to 1.5 por oont of tho opened flowera developed 
into aaturo fruit, Furaoglora (1974) aa well aa Cobley and 
Steele (1976) alao recorded that enlr one in 500 flowera 
(0.2 por oont) aaturod to a fruit, Murray (1975) reported



that out of about ton thouaand flovoro produced by a full 
grown plant In a /oar enl/ 10 to 50 developed aa naturo 
poda. Flavoring baa boon found influoneod b/ difforont 
voathor oonditiono. Alvlm (1966) roper tod that flowering 
vaa inhibited when the monthl/ moan temperature vent below 
23°C. Couprie (1972) reoordod that flowering vaa greateat 
when tho daily temperature variation vaa tho leaat. Murrey 
(1979) reported that ooeoa ia oauliflorua, the inflereaoeaee 
ariaea in a loaf axil and ia a very oeapreaaed diehaaial 
oyme. Toxopeua and Jaoob (1970) reported that Inadequate 
fertilisation of the ovule of tho ooooa flovera aoemod to bo 
tho main eauae of variabilitŷ  in the number of boana per pod.

Studiea oonduetod in Trinidad lay Found (1932) ahovod 
that tho thlekneee of the ridge aad depth of the furrow of 
ooeoa poda are very deeeriptive character®, but are partially
effected by environment. Be alao reported that trooo in 
Trinidad voro variable in tho number of poda the/ produoed 
aad the number of poda required to produee one pound of dr/ 
boana. Thie factor known aa *pod value* vaa found to very 
from 6 to 22 poda per pound of dry ooeoa. He aloe obaerved 
that Foraetero variety produoed 100 to 200 poda per /ear and 
the pod value vaa 10 to 12.

Found (1933) obaerved that also of ooooa boana expre- 
aaed in dry weight or vet weight vaa * variable oharaeter 
aad vaa quantitative in nature* Be alao reported that aeed



weight ranged froa 0.5 g to 2*9 g* He obaerved variabi
lity of boana within a single pod 1 tee If. Stookdale (1928) 
studied the variability in vldth» length and thlakaese of 
eeeds of 609 oaoao trees in a Foresters population pointing 
out great variability of those features. Faterson and 
Reed (1994) proposed a statistical method to elasslfy ooeoa 
boana by shape.

Enriques aad Soria (1968) made an assessment of varia
bility in vet weight* length* width* thickness of shell, 
pulp percentage and number of beans per pod in fresh samples 
from ooooa of different gonotlo origin* Interclonal diffe
rences in these oharaoters were highly aignifioant indicating 
that thqy are useful for oleaal olaaaifieation. The beat 
sample aise, aeoordlmg to those workers* was found to be 
three seeds of 20 pods per clone* They also opined that 
aaong other sample alsea* weighing five beans from each of 
20 poda of one elene would give an adequate sample to eva
luate its dr/ or vet weight*

lakes et §!• (1977) reported that dry bean production 
per pod vaa eloaely related to bean number than to average 
bean weight* They obaerved that in fruits vith a relatively 
high number of beans* the average bean weight ia of major 
importance.

Tollenaar (1958) reported a vide diversity of ineldaase 
of black pod infection from sore to 95 por cent* Inoidenee



of blaek pod diooaoo causing enormous lossos woro estimated 
)gr Padwiok (1959)# Bleneowe and Wharton (1961) found a 
significant posit Its oorralation between tho amber of blaek 
pods and tho total nuaber of pods par aors in Ghana. Hislop 
and Park (1952) reported that the number of black pods per 
tree varied directly vith the number ef total pods per tree 
based on their studios in ooooa populations in Vigaria.

Burton (1952) suggested the estimation of genetio 
coefficient of variation along with the heritability esti
mates to determine the apount of heritable variation.
Hanson e£ (1956) reported that heritability estimates 
are the true indications of the genetio potentiality of an 
individual which aot aa a tool in selection. According to 
Pans# (1957) the magnitude of heritable variability ia tha 
moat important aapoot of tho brooding material which has a 
olose bearing on its response to selection. Studies of 
Gupta (1972) and Rangaswany and Shanaughavelu (1980) showsd 
that the genctyple coefficient of variation generally helpe 
to moaouro tho extent of genetio variability# Soria a£» 
(1974) observed high heritability for yield in hybrids of 
Trinitane and Crlollo varieties. They alao found moderately 
high heritability for pod and baan oharaotere like pad 
length (55 per oent), pod dianetar (65 par oont) and pod 
weight (57 per oent). Kunaran and Praaannakamari (1981) 
obaarvod high heritability estimates for waight of been amd



wight of cotyledons and aediua heritahility for pod voight* 
pod length, pod disaster, pod hook thickness end weight of 
vot heaao por pod in a study involving eight pod and hoan 
oharaotora in a randan population of ooeoa* variety Toraotero.

B. Oorrolation
Found (1932) and Bartley (1965) suggested that produo* 

tion of ooeoa is hotter ootlaatod ty vot hoan voight.
0lendinning (1960) noted tho relationship between growth and 
yield in ooeoa vaa positively oorrolatod vith the rate of 
trunk disaster during early stages of growth. A difference 
of 1*2 eentinetre por annua in tho pre-bearing rate of trunk 
diaaotor ineroaoo seeaed to ho roughly equivalent to a diffe
rence in yielding oapaoity of 1,600 Iho. of dry ooeoa par 
annua.

Tandarknaap (1954) showed that the beans froa tho 
aiddle of tho pod were slightly heavier than those froa 
either and* There was no relationship between hoan weight 
and cotyledon colour. Alvardo and Ballard (1961) found a 
positive and aignifioant oorrolation between bean aise and 
fat eontent and a highly aignifioant negative correlation 
between total aise and shell percentage. 6lendinning (1965) 
found a aignifioant positive oorrolation between number of 
fruits produoed and total vot weight of their seeds shoving 
that in aoaa populations nuahar of fruits vao a good eeti- 
aate of yield. Ho also reported that aise of seeds was
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will be thus the one irtflai vigorous early growth which lo 
lotor relatively greatly redueed* In tho opinion of Pound 
(1935)# in ooooa# yield of a tree oan ho estimated fron tho 
produot of tho nuaber of podo ii produood ever a poriod of 
yeare and tho average wot woight of ooooa por pod* Tho 
oritoria for aolootion in Trinidad ia 7*5 podo to a pound of 
dry ooooa or 150 g of wot ooooa por pod* Sinoo high pod 
raluo and heavy hoaring have boon ahown to oxiat in ooabina- 
tion in aono trooa thoro la littlo dangor that aolooting 
for largo pod a will oliaiaato all tho heawy boar or a.

Relationship botvoon girth of troo trunk and yield waa 
oatabliehod in cropa liko coconut, ooffoo, mango, etc.
Patel (1938) reported that girth of tho atom in coconut waa 
influenoed by variety, fertility and noioturo condition of 
tho eoil and lta management* She girth of tho atom dooo not 
appreciably change with age, when onee it hae reached tho 
naxinan alaa*

Dhaliwal (1968) obaorvod that yield waa poaitivoly and 
aignifloantly oorrolatod with tho eireunfcranea of tha main 
atom at ground level in Coffee ahewed
pooitivo and significant oorralation with height of troo* 
Girth of tho trunk indleatod tho general vigour of tho troo 
and troo vigour io considered ao a oritoria for yield in many 
trees aa reported by Teotia £| a^. (1970) who oould correlate 
the tree vigour to yield in mango* Thamburaj (1973) reported



that pod voight vaa oigaifieantly and poaitiva 2y oorralatad 
vith yiald in ridga gourd* Ho aloo roportod that nuahor of 
ooodo por pod vaa aloe aignifioantly and pooitivoly oorro
latod vith yiold*



M atetiali ana MttkoJti



MATERIALS AIL METH0L8

The investigations vere undertaken In the Department 
of Agricultural Botany, College of Horticulture, Yellanikkara 
during tho period 1980-61 (July-August) on 10 /our old trooo 
available in tho E.Y.U. Batato, Alpara, Kannara in Triohur 
Lietriot. This garden is looatod at an altitude of $5*60 
notroo akon noan aoa level and la aituatod betveen 10*5 I 
latitudo and 76,17 1 Xongitudo, Tho meteorological data for 
tho aoaaon undor oxporlmontation aro proaontod in Appen
dix I aad II.

Tho latato la typical of tho ooooa gardona in tho state, 
ooeoa being intereroppod in a 20 /oar old arooanut garden*
In arooanut vhoro tho nornaX apaolng la 2*7 n x 2*7 a« ooooa 
la planted in tho eontro of four arooa paXna* Both ooooa and 
arooanut voro given eultural and manorial treatments aa por 
tho package of praotleoa of tho Kerala Agricultural University* 
Ooooa trees voro regularl/ pruned of oxooaa fan shoots and 
voro apra/od vith one por oont Bordeaux mixture, tvieo before 
aad after tho aeaseena* Tho land la proper 1/ torraeod and 
la highly fertile* The field la usual!/ flood Irrigated during 
Looonber to April when drought conditions set in.

Experimental matiriala
Tho experimental material consisted of 135 ten-year old 

ooeoa trees of tho variety /erastaro* The sample represented



about ton pan oont of tbo total population of ooooa trooa in 
tho gar don, Tho trooa voro originally ralaod fron ao loo tod 
aood ling a auppliod fegr tho Dopartaont of Agriculture, Kora la.
Tho trooa voro yield-stabilised at tho timo of tho atudloa 

and tho/ in general, poeaoaaod oharaotora typieal of tho 
variety Forastero. Thla variety la oharaotorlaod b/ poda 
vhltlah or groon riponing /allow, usually inoonapiououal/ 
rldgod and furrowed} aurfaoo smooth, onda rouadod or very 
bluntl/ pointod; and by relatively thick pod huak with a 
woody la/or inaldo whioh la difficult to out, flattonod, 
fro ah ootylodono dooply plgaontod and dark violet in oroaa 
aootlon, usually giving aatrlngont product. Trooa arc hardlor, 
aoro vigoroua and higher yielding than Criollo typos 
(Puraoglovo, 1974).

B. Experimental aothoda
Tho garden waa divided into four oontiguous blocks 

consisting of 268 trooa In Block X, 288 trooa in Block XX,
396 trooa in Block III and 400 trees in Block IT. Consulting 
random nuaber table 30 trooa frea Blook X, 30 trees from 
Block XX, 40 trooa froa Blook XIX and 39 trooa fron Blook XT 
wore so loo tod at randoa. All tho trees voro given number in 
tho aerial order. During selection, trooa of tho mom-Forastero 
type were eliminated baaed on their morphological features 
and appearance.



Observations on the fo Hewing vegetative oharaoters, 
pod aad boon oharaoters voro recorded froa each troo.
Charootor• like Jorquette hoight, girth of trank and num
ber of ouahlona por unit aroa voro observed oneo, vhilo 
for other oharaetoro, observations from representative 
aaaploo voro observed*

1* ▼•gotatlvo oharaotora
a. Jorouotto holuhtt Hoight of tho flrot Jorquette 

vaa aoaaorod in centime tree aa tho vertical dlatanoo froa 
ground level upto the flrat jorquetting point, ualng a aotor 
scale*

b. girth of tho trunki girth of the trunk at 15 cm 
above the ground level vaa aeaaured in centimetre a ualng a 
non-stretching oloth tape.

o. Inteneltr of fluahlagi V«v fluahoa foraod In tho 
four aapoeta nameljr, north, aoath, oaat and voat of each troo 
vere observed in an area of 0,25 sq*m. during the month of 
Ootober-Hovember. for thla a square shaped vooden frame of 
0,5 m vaa used. The number of fan branches vith and without 
new flush vaa counted and tho intensity of flushing vaa 
rooordod using tho following gradoai

0, Ho flushing
1, 25 par oent flushing
2, 50 per oent flushing



3, 75 per cent flashing
4, 100 par sent flashing

*» Intensity of flowering

i) Flowering in the trunks A Alstons* of 50 on 
starting fron tho first J or quo t to downward was narked nil 
around the trunk* Total nunbar of euahiens in thia area 
waa counted fron all trass* Tan cushions voro selected at 
random fron anong all ouahiona in tho 50 on apses and tho 
number of flowers par cushion vaa recorded.

ii) flowering la main branohi On* main branch on tho 
right aide fron north aapoot and emerging from the first 
Jorquetts of eaeh of the trees was solooted. A distance of 
50 on was narked on the branch 50 on away from the jorquette. 
lumber of cushions waa oounted and number of flowers per 
cushion fron 10 of the selected cushions were recorded as in 
item d.i. three grades for the intensity of flowering 
namely, profusely flowering or floriferous, medium flowering, 
and poor flowering were adopted to classify the trees* Mean 
number of flowers per cushion from a unit area in the trunk 
and in one main branch was also worked out.

e. Pollen fertility i Pollen fertility was found out 
using aeetooarmine staining technique (Zirkle, 1937). Mature 
flower buds were oolleoted in distilled water from the trees 
before the anther dehisoenee*



Piva flover bud* vsra collected froa each tree aad 
tvo anthers froa oaoh floverbud voro crushed and slides vara 
prepared In aoetooaraine-’glyoerine mixture. Tha alidaa vara 
kapt for about 50 ainutaa for propar staining bafora exaain~ 
ing undar tba microscope. Pollan fertility vaa ealoulatad 
in paroantaga of a total nuabar of about hundred pollan 
oountad froa fire to tan aioraaoapie fields.

2* Pod oharaotara
a. Pod aat oar cushion! lumber of poda (obarallaa) 

aat par cushion vaa oountad froa aaoh of tha tan randomly 
aalaotad ouahiona aad tha paroantaga of pod aat vaa vorkad 
out.

b. Poda par ouahioni Vuabar of poda developed in tha 
aalaotad tan ouahiona during tha pariad of study van raoordad 
and naan par cushion vaa vorkad out.

o. Poda par traa par reari Number of poda daralopad 
including diseased and otharvisa damaged poda in tvo oropping 
aaasona during July 1980-Auguat 1981 vaa oountad froa all 
tha trass. Counts of tha poda vara aada at monthly in terra la.

d. Potential yield oar traa oar raari Potential yield 
of vat beans par traa par year (kg) vaa vorkad out for aaoh 
traa aa tha product of the naan vat voight of tha beana par 
pod and tha number of poda por traa.



Proa each tree fir# uniformly ripe poda vara eeleoted 
at a tine and the following five oharaotera ware atudied 
and their average a worked out*

a. Length of podt Length of nature pad vaa aeaaured 
in on froa pedieel and to apex.

f• Weight of podi The freah weight of tha pod vaa 
recorded in gran.

8* Oirth of podi The girth at tha niddla portion of 
aaoh of tha pod vaa aeaaured in cantinatra.

h. Volnne of podt Voluae of pod waa recorded in oubio 
oentiaetre by tha water diaplaoenent nethod.

i. Huak thloknesai Huek thiokneaa vaa aeaaured in 
ailliaetre at tha niddla part of aaoh pod uaing a vernier 
caliper.

}• ?od value and oonvertlon ratio« Pod value oan ha 
defined aa the nuaber of poda required to produoa one pound 
of dry haana. f

Convertion ratio

Aa tha nuaber of ripe poda froa aaoh tree waa not 
auffioient for curing and for working out actual oonvertlon 
ratio* a general theoretical estimate of tha oonvertlon ratio 
of 40 aa derived froa prellalnary obeervations vaa uaed to 
eoapare pod valuea far all tha traaa in tha preeent etudy.



k. Blaek pad Bit tzttnt ef Bhrleiilitoora
palmlvora incidence during the period of studjr vaa obeerred 
for oaoh tree end peroentage of incidence in relation to 
the total nuaber of pods developed vaa ealoulated.

3. Bean oharaotera
A eaaple of five mature poda which were ueed for 

observing pod oharaotera were broken and the beans were 
observed for the following eight characters of all the 13$ 
trees,

»• kbt weight of beans oar oodt Total wet weight (g) 
ef all the beans in a pod was recorded per tree.

b* Beane per oodt Total number of fulljr developed beans 
in a pod was counted per tree.

«• germinated beans per oodi lumber of germinated 
beano in a pod was counted for five pods of oaoh tree.

d» flat beans per oodi Counts were made of the nuaber 
of flat beans in a pod per tree.

e. Wet weight of one bsani Weight of ten beans9 two 
oaoh taken from all the five pods was recorded in gram. Mean 
weight of a bean was worked out.

f. Volume of ono beam Volume of ten beans drawn from 
five pods was recorded in oubio centimetre bjr the water dis
placement method. Mean volume of one bean was then estimated.



f • S»ed indoxi This represents the mean weight of a 
dry boan, A sample of 20 boana from tbo fire eo loo tod podo 
of oaoh troo vaa eurod toy keeping then in ovoat boxoa con* 
taming balk boana under fermentation following tbo mini box 
method of fermentation (Kmaaran ojfc 1980). The moan 
weight of a boan vaa vorked out for all tbo trooa*

*• Mi. J B I e M W  *v«atr eared
boana voro pooled and tbo veight of obeli (testa) and ootf- 
ledone vaa taken. The poroentage aboil oontont and ootyledon 
eontont voro worked out for all tbo trooa.

<?• Statistical analytic
The mean, range and standard error value a for the 

various oharaotera under study were worked out from the data 
collected. Tbo dotails of tbo statistical analysis carried 
oat are presented bolowt

1* «*** kyltabill^r
Variability existing m  ylsld and yield oontributing 

oharaotera vaa eatinatod aa aaggaatad by Barton (1952)* Xhe 
formulae aood in tbo eetlmatien of variability at gonetypie 
and pbenotyple levole arei
a) Oenotypio eooffloiont of variation ■ (G.C.V.)

. <«Tl»U<m , 100
Moan of tbo character under study



b) Phono tjrpio oooffioiont of variation ( P . C . V , )

« gbonotrBlo atandard deviation x 100 
Moan of tho character under otudjr

e) Heritabilityi Heritabilitjr la tho broad aanao vaa eati- 
aated bjr tho foraula lay Barton aad Dovano (1955)*

2* H M m V m  m i

Oorrolationa botvoon yield aad ita eoapononte voro 
oaloalatod at gonotypio and phenetfpla lovoio following 
Soarlo (1961).

a) Gonotypio oorrolation botvoon oharaotora x and /

b )  Phono ijrpio o o r r o la t io n  botvoon o h a ra o to ra  x and j

(Var(x)pX Var(jr)p)*

Where, Oov(xf )g and CevCxjr), doneto genotypic and 
phenotypic eovariaaooa reapeotively botvoon oharaotora x and jr.
Var(x)g, ?ar(x)p and Var(/)^t Yar(jr)p donoto genotypic and 
phonotypio varianooa reapeotively for charaotor x and j, Tho 
phenotypic and genotypio oorrolation-oooffioionta voro toatod 
for oignifioanoo.

Oov(xy)g
(TwCx)^ Tir(j),)*

cov(xr)£



n c i H ' n  2 1

J. «»ltH>i« .n.lr.l.

Tho oharaotora having high diroot contribution toward a 
yield vara aolootad for tho foraulation of aolootien index 
aoeording to tho method glvan by Oeuldsn (1952), lay aeons 
of a multiple regression equations
/ • bQ+ b,*, ♦ »2l? ♦ b,*, ♦ b4*4 ♦ bjijt b6x6. b ^ *  ..ru.





HESULTS

Bata oo 11aotad froa tho ®xp®riaont® war® eubjoeted 
to ototlotlool scrutiny and tho rooulta aro pro eon tod in 
tho following aajor hoadat

A. T«ri«bmtr
1. troo oharaotora

Obaervationa mi 10 troo oharaotora war® aado and data 
on tho rango, aoan and atandard orror of tho oharaotora 
auoh aa jorquetting hoight, girth, naabor of fluahoa, nuabar 
of ouahiona on trunk, naabor of ouahiona on branehoa, nuabar 
of floworo, aaabor of ohorolloa por troo por /ear, naabor of 
poda por troo por /oar aad /laid por troo aro proaontod In 
7abio 1. Conaldorablo variation vaa netiood In all tho troo 
oharaotora oxaalnod in tho proaoat a todf. J or quo t ting hoight 
for all tho 135 trooa rangod froa 0.53 a In troo So*133 to 
2.90 a In troo So.79 with a 82 of 0*43* The aoan value vao 
vorkad out to b® 1,32 a* Girth of tho trunk at 15 oa a boro 
ground lorol rangod froa 14*1 oa to 49*3 oa with aoan of 
30*57 oa and 82 2*34* Thle attribute ahovod considerable 
variation} alnlaua In Troo So.76 and aaxlaua in Troo So. 13.

Suaber of fluahoa por plant froa a unit area of 
0*25 aq.a. varlod froa aero In Troo So.126 to 20 in Troo Mo.21



Tablo 1, Binge, moan and standard arror for 10 troo oharaotora 
in 135 ooooa traaa

81. Oharaotora do.
1 Jerquatte hoight (n)
2 Trank girth (an)
3 luabor of flaohoo por unit aroa
4 Vunbor of ouohiono on trunk
3 Vunbor of ouohiono on branoh
8 Vunbor of flowera por unit length on tho 

trunk
7 Pollen fertility
8 Vunbor of ohorolloo por unit length por 

year
9 Vunbor of podo por troo por year
10 Yield, nor troo per your (fg)

loan 8S

0*53 2.90 1.32 0.43
14.1 49.3 30.57 2.34
0 20 15.32 4.84
5 32 17.38 3.73
0 24 11.87 4.34

93 904 238.04 20.53
/

71 88 79.30 2.33

6 23 13.58 1.84

2 134 33*51 8.94
0.372 35*27 4.318 1.05



with s SS of 4.84. Tho aoaa value woo workod out to ho 
15.32. Aaong tho 135 trooo, tho rongo for naohor of ouohiono 
on trunk rariod froa 5 in Two Ho. 26 to 32 in Troo Ho. 108. 
Trooo oxhibitod variation for thio character with o aoon 
toXuo of 17.38 ond standard orror 3.73. Tho nnabor of 
euohiono on trank hod o oignifioont positive oorrolation 
with /ield • Tho naxinua naahor of onohiono rooordod in o 
longth of 50 oa on tho hronoh woo 24 in Troo Ho. 130 whilo 
tho ainiaaa nnahor of ouohiono woo soro in Troo Ho* 126.
Huobor of ouohiono on hronohoo toe aonifootod aodoroto 
variation oaong tho 135 trooo. It ranged froa 0 to 24 with 
o aoon of 11.87 and atandard orror 4.34.

Slower production per ouahien showed considerable 
variation aaong all tho aolootod trooo. A florlforouo ooeoa 
troo located froa tho experiaontol plot io ohown in Plato la. 
Tho nnahor of flowers por troo froa a longth of 50 oa varied 
froa 93 to 904 with a aoan value of 258*04 and standard orror 
20.53. Troo Ho.73 had tho lowest nnahor of flowers, whilo 
the highest nnahor was recorded in Tree Ho. 101. Pollen fer
tility rangod from 71 per oent (Troo Ho*95) to 88 por oent 
(Troo Ho*19) vith a aoan of 79.50 and standard orror of 2.33. 
Hnahor of eherelles por troo por /ear froa a unit longth 
rangod froa 6 to 23 in Troo Ho.26 aad in Troo Ho. 123 res
pective!/ with a aoan value of 13.58 and standard orror 1.84* 
Plate lb shows a ooooa tree with good eherelle set. Huaber



A florlXoroao oo©oa troo

A Isrtitm troo witt good ohorollo oot





of pods per tree per /ear during the period of stud/ ranged 
from 2 to 134 with a mean value of 33*51 and standard error 
8*94* Tree No*117 produoed maximum number of pode per /ear 
and Tree No*42 produoed minimum number of pods per /ear* The 
maximum /ield in terms of wet beans per tree per /ear was 
estimated to be 35*27 kg in Tree No*117 while the minimum 
/ield per tree was 0*372 kg in Tree No*26* The mean value 
for the population was 4*318 kg with a standard error of 
1*05 kg.

2. Pod oharaoters

Data on the range, mean and standard error of all the 
nine oharaoters such as weight of pod, length of pod, dia
meter of pod, thickness of pod husk, wet weight of beans per 
pod, pod value, volume of pod, number of beans per pod and 
percentage of black pod incidence are presented in Table 2*

Plate 2a shows the general trend in the variation of sise 
and shape of pods in the population studied. A great extent 
of variation in terms of range and SE were observed in almost 
all oharaoters studied. Mean weight of five pods per tree 
ranged from 162 g in Tree No.84 to 804 g in Tree No*110 with 
a mean value of 483 and SE 39.6. Length of pod varied from 
10*3 cm to 18.3 cm and the mean value was 14*3 cm with a SE 
of 0.6* Tree No*111 showed maximum length of pod and Tree 
No*27 showed minimum length of pod. Diameter of pod varied



Table 2. Range, mean and standard error of nine pod char ao ter a 
in 135 ooooa trees

81. Characters Range Mean SE
No.

1 Weight of pod (g) 162 804 483 39.6
2 Length of pod (cm) 10.3 18.3 14.3 0.6
3 Diameter of pod (oa) 5.2 10.1 7.65 0.2
4 Thickness of pod 

husk (oa) 0.3 1.86 1.08 0.14
5 Wet weight of beans 

per pod (g) 51.4 263.2 157.3 18.8

6 Number of beans 
per pod 31 51 41 4.34

7 Yolume of pod (oo) 171 768 469.5 35.66
8 Pod value 18 57 37,.5 3.57
9 Black pod inoidenoe($) 0 57.14 37.73 5.73



PLATE 2

A general trend in the variation of size 
npri shape of pods in the population

A general trend in the variation of eize 
and shape of beana in the population





fTO» A AiAlAttA 9.2 OA to I 00X1000 10.1 OA Vith A *000 
TAluo of 7.65 and 81 of 0.2. troo Vo .49 ahavad aaxlaua 
dioaotor of 906 vhllo fro# Io.97 ahovod alalaaa dlaaotor 
of pod. Thiokaooo of pod huok At the alddlo portion of 
tho pod ranged from 0.5 on to 1.86 oa vith a 81 of 0.14*
Bio noon t aIuo was worked out to be 1*08 cm. Sroo lo.1l9 
ahovod aaxlaaa look thloknaaa vhoroaa Sroo Vo.26 had tho 
B ia l m  hook thlokneoe.

Bio vot weight of boaaa por pod ranged from 51.4 f 
to 265.2 c with o aoaa TAluo of 157*5 l* the 81 wao worked 
out to to 18.8. Sroo Vo.117 exhibited highest taIuo and 
Sroo Vo.98 exhibited the lovoot. Bio pod taIuo ranged froa 
18 to 57 with a aean taIuo of 57*5 and 81 5*57. Sroo Vo.98 
exhibited highest pod taIuo and Sroo Vo.127 exhibited lovoot 
pod taIuo. Yoluae of pod rangod froa 171 00 to 768 oe with 
a 81 of 55*66. the aoaa valaa vaa vorkod out to bo 469*5 eo. 
Sroo Vo.110 axhlblted highest toIuao of pod and Sroo Vo.98 
exhibited lovoot toIuao of pod. tho highest nuaber of boaaa 
por pod rooerdod vao 51 in Sroo Vo.124 and lovoot aaabor of 
booao por pod rooordod vao 51 la Sroo Vo. 14 with a aoaa 
taIuo of 41.00 and 81 4.54* Zaoldoaoo of blaok pod dlaoaao 
Ao aaalfootod bjr tho peroentage of lafootod podo por troo 
raagod froa sore to 57.14 in tho eaoo of 155 trooo vith a 
aoaa taIuo of 57.75 and 81 5.75. Aaeag all tho trooo oboorrod 
87 trooo ohovod no iaoldonoo of tho dlaoaao vhilo troo Vo.85 
vaa tho aazlataa lafootod.



3* oharaatara
Saran oharaotara of tha baana v«r« otudiod in all tha 

135 traaa atudiad. Hit ranga, naan and standard arror of 
tho ralaoa of nunbar of flat bo ana par pod, nunbar of gar* 
ninatad boana par pod, voight of a boon, to Iona of a baan, 
ootyladon paroantaga, aha 11 paroantaga and oaad indax ara 
glran in fabla 3. Variation in baan alsa and ahapo ia ahovn 
in Plata 2b, Baan oharaotara alao ahovad laaaar oxtant of 
rariatlen in far oharaotara. Munbar of flat baana par pod 
Tariad fron a taro to fira with a naan Ttlua of 2,30 and 
88 0.8. Plat baana vara abaant in throo traaa. Traa Mo.19 
ahovad naxinan nuabar of flat baana par pod. Tha nuabor of 
gaminatad baana par pod rangad fron taro to 2 with a naan 
valut of 1.00 and SE 0.6. domino tad boana vara abaant in 
86 traaa. Traa Mo .43 axhibitad highaat nunbar of gaminatad 
baana par pod. Tha nunbar of gaminatad baana par pod ahovod 
aignifioant nagativa 0orralotion with /laid. Weight of a 
vat baan rangad fron 1.7 g in Traa Mo. 119 to 4.7 g in Traa 
Mo.119 to 4.7 g in Traa Mo.111 with a naan ralua of 2.35 g 
and 81 0.34. Yolaaa of a baan rangad fron 1.8 00 in Traa 
Mo.79 to 4.2 00 in Traa Mo.111 with a naan valua of 2.34 and 
EE 0.12. Cotyledon paroantaga of tha curad baana axhibitad 
Tar lotion in all tha 133 traaa. Xt rangad fron 73.71 to 
88.89 with a naan ralua of 82.67 and BE of 1.33. Traa Mo.31 
ahovad naxinan eetyladon paroantaga whila Traa Mo. 115 ahovad





low#si percentage of tho ootyledea* Sholl pereentage 
ranged froa 11.11 to 22.22 with a moan value of 17*06 and 
88 0.53. Troo to.91 oxhlbitod highoat value and Troo Ho.113 
exhibited lovoot value. Tho avsrags voight of a dr/ bean 
(good Index) ranged from 0.60 g to 2.00 g. Tho aoaa value 
vao 0.97 g vith a 88 of 0.53* Troo lo*111 ahovod highoat 
aood index ahllo Troo to .56 ahovod tho lovoot. Tho eood 
indox alee oxhlbitod eigaifleaat pool tiro correlation vith 
/lold.

Thus la toraa of range, aoaa and ataadard error, a 
groator oxtoat of variability vaa ovidaat ia all tho troo, 
pod and boaa oharaotora. Among tho 26 eharaotera atudiod 
la tho proaoat iavoatigatioaa, voight of pod oxhlbitod tho 
groatoat magnitude in variability, vith a rango botvoea 
162 and 804 g, a moan of 483 g and a 8X of 39*6. Similar 
trenda wore alao obaorvod ia tho oaao of volume of pod, 
number of flovers on tho trunk and vot voight of boaaa por 
pod. On tho ooatrar/, variability vaa not vex/ muoh eoa- 
apiououa in aoaa of tho oharaotora like jorquette height, 
pod diameter, thickness of pod husk and number of germinated 
boaaa por pod.
tatlmatlea of variability and horltablUty lnboan sad 
pod oharaotora

Tho oxtoat of variability proaoat ia a total of aovon 
oharaotora for vhioh obaarvatlona froa a aample of five voro



taken vaa aaaaurad at genotypic and phenotypic levels. 
Phenotjrpi® coefficient of variation, genetyple coefficient 
of variation and heritability for different characters aro 
presented in Table 4. Phenotypic oooffieiont of variation 
vaa found to ha tha highest for maihar of gaminatad haana 
(142*00) follovad by thieknaaa of huak (62*00) and weight 
of pod (23*00). the aaaa trand vaa observed in ganetypie 
oooffieiont of variation with valnoa 621 28 and 10 for 
nunbar of baana par pod, thickness of huak and weight of 
pod respeetively.

Anong tha seven oharaotora weight of pod, thioknaaa 
of pod huak and nunbar of gaminatad baana par pod ahovad 
moderately high heritabiiity (0*20)* Volume of baana ahovad 
the loveat heritability (r«0.G9) hanoa this oharaetor aan 
be avoided during selection.

B*

Aeaooiation of yield par plant with weight of pod, 
length of pod, diameter of pod, thieknaaa of pod huak, vet 
weight of baana par pod, nunbar of beans par pod, weight of 
one baan, nunbar of flat baana par pod, nunbar of gamina
tad baana par pod, voluae of pod, volume of bean, cotyledon 
paroantaga, tfiell paroantaga, pod value, nunbar of ouahiona 
on trunk, nunbar of ouahiona on branah and percentage of 
bleak pod inoidance vara examined and tha reaulte are pro- 
aented in Xabla 7* Of these only aorrelaticn of yield par



Table 4. Phenotypic coefficient of variation (P.C.Y.),ganetypie coefficient of variation (G.C.V.) and 
heritability for eevan aalaatad pod and baan eharaetare in 133 traaa

81. Charaotere P.C.Y. O.G.V. Herita-
lo. bilitr

1 Weight of pod 23.00 10.00 0,20
2 Diameter of pod 7.00 3.00 0.18
3 Thickness of pod husk 62.00 28.00 0.20
4 Wat weight of beans 3.00 1.00 0.14
5 Vanbar of baana par pod 2.00 2.00 0.19
6 lumbar of geminated beans par pod 142.00 62.00 0.20

7 Velma of vat baan 3.00 1.00 0.09



Oharaoters Weight of pod
Planeter
of pod

Thickness Wet weight Amber of of pod of beans beans per husk per pod pod
Amber of Yolnae of geminated beans beans perpod

Height of pod '

Planster of pod 0.04
Thickness of pod husk 0.01 0.06 ■
Vet weight of beans per pod 0.15 -0.15 0.01

Amber of beano per pod 0.19 0.11 0.06 **0.30

Amber of geminated beans por pod 0.00214 0.02 -0.00055 0.03 0.04
Yoluae of beans -0.04 0.02 0.03 **0.35 0.1?* 0.12



Characters

Weight of pad

Weight Dimeter Thioknaaa wet weight of pod of pod of pod of boaxtohack per pad
Smber of boonm par pod

Humber af germinated 
beams perpad

Valarna ef pad

Diameter af pad 0.04
Thioknaaa of pod husk 0.01 -0.04
wot might of booms par pod

„ • 0.18 0.26** -0.2
Mwbar of boamo par pad

#*0.20 -0.12 0.05 0.30
imbar af garmiamtad baana par pod 0.0007 0.02 -0.00099 0.04 0.04
Velmme ef beam -0.15 0.0017 -0.03 0.19* -0.10 0.16



plant vith diameter of pod (xp, vat voight of beans por 
pod (x^)* number of ho ana par pod (x )̂, number of garnlnatod 
beans par pod (x^)» roluna of pod (xj), toIubo of haan (xp, 
pod valua (xy) and number of euahloaa on trunk (Xg) vara 
significant. (hi tha othar hand, tha aaaooiatlon of two of 
tho traita naael/, nuabar of garnlnatod baana par pod and 
pod valua vith /laid vaa algalfleant!/ negative. Tha multiple 
regreeelen of naan /laid (/) vith Xj» Xg, x̂ , x̂ , Xy Xg,
Xy and Xg vaa oonputed and tha raaulta are preaented in 
Table 3. Of tha eight oharaotora, pod valua had tha aaxlaun 
oontributlon to /laid.

Correlation of naan /laid vith Jerquette height (x̂  ), 
trunk girth (xj), nuabar of poda par tree par /ear (x£), 
aaad Index (xp, nuabar of flovara (xp, nunbar of fluahea 
(x£) and number of oherellea par tree par /ear (xp vaa found 
out and presented in Table 10. lumber of poda par tree par 
/ear vaa found strong]/ aaeeeiated vith /laid. Seed Index 
and trunk girth alao vara poeitlvel/ and significant!/ 
oorralatad vith /laid* Multiple regression of those charac
ters (x{ to x p  on /laid vaa axanlnad (Sable 11). lumbar 
of poda par tree par /ear appeared to be a major contributing 
faetor for /laid.

Tha interrelationship between seven pod and bean 
characters for vhieh five readings could bo taken on all tha



Table 7. Correlation of wot boon jriold with
17 ahorootoro la 13$ ooooo trooo

81*
Ho. Charootoro Character 

••loo tod

1 Weight of pod (g) - 0.06596
2 Length of pod (oa) - -0.06935
3 Liaaotor of pod (oa) *1 0.19288*
4 Thleknosa of pod hook (oa) «r 0.03654
5 Wot weight of boons porpod (g) kg 0.424**
6 Huabor of boana por pod *3 0.21986*
7 Voight of ono boon (g) - 0,05491
8 Yoabor of flat boons por pod ■m 0.13238
9 Yoabor of gorainotod boons por pod *4 -0.25853**
10 Toloao of pod (ee) *5 0.41916**
11 Yoluno ef ono boon (oe) *g 0.34397**
12 Cotylodon content (5) m -0.10548
13 Shell eontont (£) - 0.07394
14 Pod value *r -0.5168**
15 Yoabor of ouahiona on trunk *8 0.35059**
16 Yoabor of ooableno on bronob - -0.05909
17 Blaok pod ineidoneo peroontage(£) -0.172

* Significant «t fire par eaat lorol
** Significant ot ono por eaat level



yuUd m
Tablo 8* Multipl* rt g l t U B  of Aolght aolootod oharaotora

(X, *e - '**=-- 1 *

81a GtMtfMtCF ^#af*i**aU0# oooffieiont

1 *1 387.1915* 188.8330
2 >2 191.0503* 18.1481
3 *5 •18.4187 81.8910
4 *4 -847.4894* 414.3188
5 *5 8.3038 3.7428
6 *8 -44.0975 75.3208
7 *r 939.4159* 194.0072
8 *8 133.3001* 38.1379

jr • 5.0$x1 ♦ 1.15x^0*02x,+0.14x;+0.62xr*4533<.7782384



trtta in tbo population was ostlaatod botb at pbonotrple 
sad gonotypio lorola.

Phonotypio (i*p) oorrolations among tbs i m &  oharao- 
tors woro prosoatod In Tablo 5. Wot woigbt of bosns por 
pod v&o positiroljr oorrolstod with nuabor of boons por pod 
(r*0.3) and to loss of boons (r«0.35) at ono por oont lorol. 
Vaabor of boano par pod was pooitiroljr oorrolstod with woigbt 
of pod (r«0.19) at fivo por eoat lorol. Tolaao of boons 
was positiroljr oorrolstod witb wot woigbt of boana por pod 
(r*0.35) at fiTO por oont lorol.

doaotypio (*g) oorrolation aaong tbo soron obaraotors 
aro prosontod in Tablo 6* Among tbo ebaraotora, woigbt of 
pod was found to bo pooitiroljr oorrolstod witb aaabor of 
boons par pod (r«0.20) at ono por oont lorol. Similarly 
wot woigbt of boano por pod was positiroljr oorrolstod witb 
diaaotor of pod (r«0.26) and aaabor of boons por pod (r«0.30) 
at ono por oont lorol. Tolaao of boaas was positiroljr 
oorrolstod with wot woigbt of boaas por pod (r«0.l9) at 
firs por oont lorol. Woigbt of pod was found to bo pooi
tiroljr oorrolstod witb wot woigbt of boons por pod (r*0.18) 
at firo por oont lorol.



Table 9. AHOVA for regreaeian analysis of tho aolootod 
oharaotora

Sooroe df 38 MS f

Begreoaion 8 1981791854.19 247725981.773 52.44*
Error 126 962143981.594 7636063.3458

Table 10, Correlation ooeffioiente of wot boon yield vith 
eeron oharaotora in 135 treea

81.lo. Oharaotora Charactor 
aolootod r

1 Jerquette height XT -0.00367
2 Trunk girth *2 0.35975**
3 limber of poda por troo por year *3

**0.89175
4 Seed indox *4 0.28945**
5 limber of flower a por unit length on the trunk *5 0.12807

6 limber of fluahoa por unit area H 0.18625
7 lunber of oherellee por unit length por year *7 0.01901



'jfitSA ov)
Tabl# 11, llalUpla f— rooaion oharaotora

to x7) ^

81.
Vo. Oharaotox ftogrooaioaoooffioia&t Standard arror

1 •
xi -15.4740 12.4915

2 *2 - 0.0158 21.0764
5 *

*5 164.8854 6.4548
4 •

*4 -52.5164 60.0550
5 •

*5 2.1569 2.5055
6 6

*6 -75.2478 28.9271
7 Xy -121.4128 17.7848

f- -0.04xJ-0.00159*^.99xJ-0.05xJ^.05*5-0.10j^.02506xL 4 
3674.8765504

Tatola 12* AHOYA for rogroealon aaa^tii of tho aoloetod 
oharaotora

Soturoo df 88

B«(r«»lan 7 *550950111.9* 5*4418587.**5 117.56*
krar * 121 599*87070.617 5099898.1989
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She prlao lapertaaoe la plant breeding is to pick 
up dooirablo genotypea. 8000000 0f oxy crop iaproveaont 
program* depanda largoljr on tho extent and availability of 
gonotlo variation in neat of tholr oharaotora. In ardor to 
booat tho ooeoa prodaotlon In oar oountrjr, gonotlo iaprov*- 
nant of tho crop through oolaotlon from tho oxiatlng popu
lation of fora oonaidorahlo aeopo.

tha developaent of bloaatrioal gonotlo a hao revealed 
that jrleld and neat othor aoananla oharaotora aro being oon- 
trollod b/ petygoxiaa. Tha noat inportont obj active of a 
plant braodar ia to ineraaaa /laid* In tha ganatio inprova- 
aont of or op i aaaooiatlen betveaa nod or oharaotora la of 
groat valua, Qnca tho ralationahip ia oatabliahod, it be- 
oanoa aagf for tho broodar to aolaot a trait vhloh invariable 
off00to a nuabar of othor aaaoelatod oharaotora.

Tho roanlta obtainad froa tho proaoat lnvaatigationa 
aro dlaouaaad haro in tha light of avaHabla litoraturo par- 
tiaont to ooeoa or ainilar parasnial aropa.

In a population of 138 0000a troea aaatyala of varianoo 
vao aado for aavon pod and bean oharaotora naaeljr, voight of 
pod, dlaaotar of pod, thiokneaa of pod husk, vat voight of 
boaaa, nuabar of boaaa par pod, aaabor of geminated boaaa



per pod and volume of wot beans for wliieli measurements 
from a sample of five woro taken. The oooffloiont of vu~ 
riation at gonotypio, phanetrple level* and heritability 
waro ostiaatod. Tho genotypic oooffioiant of variation 
(G.C.Y.), phenotypic oooffioiant of variation (P.C.V.) and 
heritability for tbo aovan oharaotora ora givan in Tablo 4*
In all tho aovan oharaotara studied tha phono ty Pie coeffi
cient of variation* (P.C.V.) were higher than the genetypie 
oooffioiant of variation (G.C.V.) indieating a poaitivo 
influence of osvironnant on thoao oharaotora. P.C.Y. vaa 
tho lowest in nsnber of boana par pod, medium for pod huak 
thioknaaa while it vaa highest in nuaber of garninatod boana 
par pod. Tha G.C.V. alao ahovad a similar trend, but the 
eatinates wore lover. Hunker of garninatod boana had tho 
higheat G.C.V. (62) followed hr pod huak thickness. Mode
rately high estimates of G.C.V. gives an indication that tho 
magnitude of variability vaa reasonably narked in tho popu
lation studied, Gupta (1972) and Bangasvaajr and fihannughavolu
(1980) reported that tho gemotypio oooffioiant of variation 
generally helps to measure the extant of gonotio variability 
and it alao provides a measure to compare tho ammo present 
in other oharaoters, thus helping in selection. Moderately 
high eatinates of G.C.V. gave an indieation that tho magnitude 
of variability vaa reasonably narked in tho population studied.



Burton (1952) suggested the* the estimation of gent- 
tie coefficient of w i t U o a  along with heritability coti- 
natea holp to determine tho amount of heritable variation* 
Horitabililgr satimatee aro tho true indicationa of genetle 
potentiality •* individual vhioh aot aa a tool in selec
tion (Hanson et ml.. 1956)* In tho present atudjr among tho 
aovon oharaotora, voight of pod, thleknese of pod husk and 
nunbor of germinated beans per pod ahovod moderate 1/ high 
heritabilitjr estimate in tho broad aonso (0*20). Thia vaa 
followed by number of beans per pod (0*19), diameter of pod 
(0*18) and vet voight of beans per pod (0.14). Volume of 
beans shoved the loveet heritabilitjr estimate (0,09)*

the above mentioned findings indicate that selection 
based on phenotfpio manifestation of the above eharaeters 
vould be effective* However, a very lev heritability (0*09) 
for volume of vet beans suggests that this character eannot 
be relied upon for selection. Soria et a^. (1974) reported 
high heritabilitjr (69 per oent) for yield in hybrids of 
Srinltario and Criollo varieties* They also found moderately 
high heritability tor pod and bean oharaotora like pod 
length (55 per oent), pod diameter (65 per oent) and pod 
voight (57 per oent). She relatively moderate and lov heri
tability estimates in the present study can be attributed to 
considerable influence of tho environment on tho traits 
studied vhioh in turn indicates that they aro not highly



transmissible characters, Similar results war# obtained 
ty Kuaaran and PraeannaJomari (1981) who observed relative!/ 
high herltability estimate tar veight at baan and veight at 
eotyledens and aadlaa herltability for pod weight, pod 
length, pod diameter, pod husk thickness and veight of wet 
boana par pod In ooeoa variety foresters,

A aanaidarabla aaoant at variability oa manifested b/ 
tha range, aaan and standard arrar (8S) was evident ter 
alaost all tho twenty six attrlbatas studied troa all tha 
135 ooeoa trees. Observations oa variability with rospoot 
to alao traa eharaetars Inoladlaj /laid clear!/ indloatod 
widel/ varying conditions in all tha trees* Among those 
characters, aaabar ot flowers par salt length on tho trank 
exhibited maximum variability with a range of 93 to 904, a 
aean of 238,04 sad a SB value of 20,53. Murray (1975) 
reported that a tall groan tree on an average produoed about 
10,000 flowers la a /ear and on!/ 10 to 50 of those final!/ 
developed into mature pods. Previous studios on the extant 
of variability of man/ of tha traa eharaetars are looking, 
henoo a oomperison is rather difficult. However, being a 
arose pollinated crop considerable variability can be nor- 
aall/ expected. lumber of pods par traa par /ear la the 
present study also exhibited greater variability which is In 
aeeordaaee with the observations mads ty Pound (1932) and 
Soria (1975),







that trunk disaster vaa positivelp correlated vith field In 
ooeoa. Pod value ranged from 18 to 57* Pod value had eig- 
nlfioant negative oorrolation vith field. A trot having 
leaser pod value ia alvapa auparior to othora having highor 
pod value. Thia footer nap ho givon duo oonaidaration vhila 
oalooting auparior treea. In tho prooont investigations, 
nunhor of hoano por pod vao positive!/ eorrolatod vith /ield. 
Bat in tho oooo of veight of ped no pooitivo oorrolation vith 
/laid oould ho ohaerved. Thamburaj (1975) reported that 
veight ef ped and nunhor of heana per pod vaa positivelp 
eorrolatod vith field in ridge gourd*

Soria (1975) auggeeted that four of the moat important 
field components in cocoa are nunhor of fruits per tree, 
number of beans per pod, vet or drf bean veight per pod per 
tree and veight of individual beano* Shue oorrolation 
etudiea have revealed that oharaetera ouoh ao pod value, 
oeed index, nunher of poda par tree per pear, vet veight of 
heana por pod and nunhor of beano per pod oould be oonoidered 
aa important field contributing oharaoters in ooeoa* Moll 
and Stubher (1975) auggeeted that oorrolation among traito 
enhanced tho rate of aeleetion response in priaarp traito.

Multiple regression anaipaio has been used in nanp 
crop a for femulating aeleetion index* Anand and Terrie 
(1965) reported multiple regression anaipaio method for 
predicting the field in eofaboan. Btanburaj (1975) made



multiple regression anal/sis in ridge gourd end reported 
that the pod weight end nunhor of seeds per pod hod s sig- 
mifioant positive effeet on /ield per plant.

Multiple regression anal/sis as suggested b/ Ooulden 
(1952) has been used In nanr erops. Zn the present stud/, 
this method was followed to examine tho effeot of 15 selec
ted oharaoters on /ield* fed value was found to have a 
greater and positive oontrihutlon to jleld followed bj dis
aster of pod, length of pod and nunhor of pods por tree por 
/oar. These eharaetars eon therefore bo relied upon while 
asking seleotion of trees for further utilisation. Vuaber 
of beans per pod, however# shoved negative effeot on /ield. 
Similar I/, number of ohorelles was found to have a negative 
effeet towards /ield. Chose findings should also be given 
eognisanee of in an/ selection programme in the population 
studied. Che multiple regression of mean /ield (/) with 
diameter of pod (x^), vet weight of beans per pod (xg), 
number of beano por pod (xj), number of germinated beans per 
ped (x )̂, volume of pod (x )̂, volume of bean (xg), pod value 
(x^) and number ef cushions on trunk (xg) have shown that of 
the eight characters studied, ped value had the maximum 
contribution to /ield. Che multiple regression of mean 
/laid (/) vith Jerquette height (x{), trunk girth (x̂ >, 
number of pods por tree por /oar (sj), seed index (x|),



number of flevers (xj), number of flushes (x^) and nuabar 
ef oherelleo par traa par /ear (x^) shoved that among these, 
nuabar of poda par traa par jraar appeared to be a major con
tributing footer for /laid*

Chaaaaan and Pound (1934) eonaidered aaad Index aa 
tha main constant for tha aalaetlon of individual treea*
She baaio methodology for aeleetion of ooeoa clones for /Ield 
vaa developed in Trinidad b/ than* Pound (1933) reported 
that in Trinidad pod value ia 7.5 vhieh ia fixed aa tha cri
teria for aeleotion ef auparior trees* Chessman and Pound 
(1934) ooneidered pod value or ped index aa a constant for 
aeleetion of superior trees* It ean be aeon that superior 
treea giving higher /ields ean be selected based on the 
following oharaoters! Trees vith pods having a greater pod 
diameter, higher vet veight ef beans per pod, higher voluae 
of pod, high volume of bean, greater trunk girth, lever pod 
value, lesa number of germinated beans por pod, higher seed 
index, greater number of pods por tree per /ear, higher num
ber of cushions on trunk and greater number of beans per pod*

Phonot/pio (rp) correlations among the different 
oharaetera ara presented in Table 3* bet vaight of beans per 
pod vae positive!/ oorralatod vith number of beans per pod 
(r*0.30) and volume of beans (r»0.35) at one per eent level* 
lumber of beans per ped was positive!/ correlated vith veight



of pod (r*0.19) at fir* par oant level. Yoluae of baana 
vaa positively oorralatod with vat veight of baana par pod 
(r*0.35) at fiva par oant level. A aora or Zaaa similar 
trand vaa evident fron tha aatiaataa of ganotypio oorrela- 
tiena (Table 6) indicating that environmental infZuanoa 
on thaaa attributaa vaa rathar uniform, but negligible.
Pod vaight vaa found to ba positively oorralatod vith nuabar 
of baana par pod (r*0.20). Wat vaight of baana par pod vaa 
positively oorraiatad vith diaaatar of pod (r*0.26) and 
nuabar of baana par pod (r»0.30) at ono par oant level.
Yoluae of baana vaa positively oorraiatad vith vat vaight 
of baana par pod (r»0.19) at fiva par oant level. Waight of 
pod vaa positively oorralatod vith vat vaight of baana par 
pod (r*0.18) at fiva par oant laval in tha praaant atudjr.
It oould ba auggaatad that traits auoh aa nuabar of baana par 
pod, and vat vaight of baana par pod ean be considered as 
tha meat important /isId contributing pod and baan oharaetara.

Correlation coefficients at ganotfpie and phanotypio 
Zavala vara worked out for tha seven pod and baan oharaoters 
(fable 9 and 6). In general, tha two sets of aatiaataa ara 
almost identical. There was significant oorrolation for tha 
eharaetars, nauely, vat waight of baana and nuabar of baana 
par pod. Wat weight of baana par pod showed significant 
association at genotypic level, whereas nuabar of beans par 
pod showed significant correlation at phenotypic level. Proa



these it oould be concluded that the abort mentioned charac
ters should bo given priority in selection. However, tha 
exlstenoe of tho nagatiro oorralation should not bo ignored.
An undarstanding of tha interrelationship among yield con
tributing oharaotora la useful to bring aboat ganotle improve- 
aant of any or op. Kumar an and Praaannalruaarl (1981) reported 
atreng aaaoelation between pod weight and pod length, pod 
diameter, waight of baana par pod, weight of baan and weight 
ef cotyledons* They aXao obaarrad highly aignifioant and 
pooltiro oorreXation batwaan pod diaaator with pod husk thiek
naaa, waight of baana par pod and number of developed boana 
and aiiggaeted that theae oharaotora ean bo relied upon in 
tha eeleetien programme aXthoagh thair heritability eatimatea 
wore low.

the atudiea eonduotad on ganatie variability and corre
lation studies in cocoa showed that eharaetara like diaaator 
of pod, wot weight of baana par pod, namber of baana par pod, 
number of germinated baana por pod, volume ef pod, volume of 
baan, pod value, number of ouahiona on trunk, trunk girth, 
number of poda por tree par /ear and aaod indax have a direot 
and marked influence on tho yield of ooooa* frees exhibiting 
euperlerlty in tha above mentioned traits ean thue bo oon- 
eidered to have high yield potential* These oharaotora eon 
bo utilised for locating potential mother treea for obtain
ing high yielding progenies*
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Investigations on the genetic variability and corre
lation studies in ooooa vara undertaken in tha Dapartaant 
of Agricultural Botany, Collage of Horticulture, Tellanikkara 
during the period from July 1980 to Auguat 1981 In a well 
established ooooa garden at Alpara In Irichur dlatrlot. The 
axperlaante were oonduoted to eluoidata information on the 
extent of 'variability and tha dagraa of aaaoolatlon axlatlng 
between important plant, pod and bean oharaoteriatioa of a 
total number of 195 treee of tha Foraataro variety ooooa.
Tha resuita obtained are briefly auamariaed belowt

In general, oonaidarabla variation waa noted among all 
tha 26 oharaotara atudiad in tha eample of ooooa treea atudiod. 
Subetantial amount of variability aa manifeoted by tha range, 
mean and atandard error waa evident in alao at all tha 10 tree 
oharaotara. Among thaaa, number of flowers par unit length 
on tha trunk exhibited maximum variability with a range of 
95 to 904 and a naan of 258,04*

Humber of poda par tree par year during tha study 
alao exhibited greater variability. It ranged between 2 and 
154 with an overall mean 4.518 and SB 1.05*

Among nine pod oharaotara studied, weight of pod 
showed maximum variability with a range of 162 g to 804 g and



a sean of 485 g* Thia was followed by volume of pod which 
rangad fron 171 oo to 763 oo. Tho moan value vaa worked out 
to be 469*5 oo. Vat vaight of baana par pod rangad from 
51*4 g to 265*2 g with a naan value of 157*5 g*

Seven oharaotora of tha be ana vara atudied in all tha 
155 treea. Oat of these, shell peraentage and aaad indax 
aanifeated eoneidarabla variability. The aaed indax rangad 
fTon 0*60 g to 2.00 g vith a naan value of 0.97 g*

Phenotypic oooffioiant of variation vaa found to ba 
tha highest for nunbar of garninatod beana (142*00) follovad 
by thioknaaa of huak (62*00) and vaight of pod (25*00). Tha 
aane trend vaa observed in genotyplo oooffioiant of variation 
vith values. 62. 28 and 10 for oharaotora nunbar of beana 
par pod. thioknaaa of huak and vaight of pod respectively. 
Among the seven oharaotora vaight of pod, thioknaaa of pod 
huak and number of germinated baana ahovad moderately high 
heritability (0*20). Volume of baana ahovad tha lowest 
heritability (0.09) henee this character need not be consi
dered for aeleotion of promising genotypes.

Tha yield par plant vaa positively correlated vith 
diameter of pod, vat vaight of baana par pod, volume of pod, 
volume of bean, nunbar of beana par pod and nunbar of cushions 
on trunk. On the other hand tha association of two of the 
traits nanely, number of garninatod baana par pod and pod



valao with. jiold v»a lifBlfiMit}/ nogativo* Of the tight 
oharaotara pod Taint had aovlaua contribution to jit Id*

Vaabor of pods par trot par jraar vaa found atrongljr 
aaaooiatad vith jit Id. Bttd index isd trunk girth alao vtrt 
positively and aigaifioantljr oorrolatod with /itId.

Phono trpio (rp) oorrolation aaong atrtn oharaotora 
indieattd that vat wtight of htana por pod vaa poaitivelj 
oorrolatod with nuahor of htana por pod and volune of htana. 
Huaber of htana par pod vaa poeitivalj oorrolatod with voight 
of pod. ToIuao of htana waa poaitiva 1/ oorrolatod with wot 
voight por pod.

donotypio (r ) oorrolation aaong tho aovon oharaotoraO
ahovod that voight of pod waa found to ho poeitiveljr oorro
latod vith nuahor of ho ana por pod. 8inilar2jr wot voight of 
htana por pod vaa poaitiva Ijr oorrolatod vith diaaotor of pod 
and nuahor of htana por pod. ToIuao of boana vaa poaitiva Ijr 
oorrolatod with wot voight of boana por pod. Weight of pod 
vaa found to ho poaitiva ly oorrolatod vith vat voight of 
boana por pod.

tha atudioa eonduotad on ganotio variability and 
oorrolation atudioa on ooooa, ahovod that oharaotara lika 
diaaatar of pod, vat vaight of boano por pod, nuahor of boons 
por pod, nuahor of garainatod haana par pod, voluao of pod,



▼oluae of bean, pod Talus, number of cushions on trunk, 
trank girth, number of pods par traa par year and aaad 
indax haye diraet and markad influence on tha yield of 
ooooa. Traaa exhibiting superiority in tha above nantionad 
traits oan thus ha eonaidarad to have high yield potential. 
8alootion of promising traaa for establishing aa clonea 
should therefore, he baaed on auoh oharaetara.
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Appendix X
Meteorolegioal data daring tha cropping pariod (1980)

tabor HainfallATOraga Anragt Taaparatura (°C) U.S.A. Pan eraporation
Month of 

rainy days1980

in aa
1980

naabor of rainy days for 
loot 5 jraaro

^ ^ i ^ i S b a a t
laat madmm 
5 yaara

lowest Highest aaxiaoa ainiaoa lowest
Minimum

Highest
(■a)

lewsst(as)

1
!

Jaaaiiy Mil Mil M U Mil 34.3 3 1 .0 20.0 16.5 7.0 4.5 6.1
February Mil Mil 1.2 9.9 36.8 32.5 21.5 17.8 7.3 5.3 6.2
March Mil M U 1.6 16.5 37.5 34.6 24.5 22.0 6.4 5.0 5.3
April 7 113.5 4.0 50.6 36.4 33.1 26.5 22.8 6.3 4*0 4.9
May 11 196.8 11.6 206.7 36.0 33.0 26.0 23.5 4.6 2.6 4.0
Jane 27 948.3 23.8 624.4 32.5 25.8 24.2 22.5 3.6 2.0 2.7
JtOjr 31 1231.1 28.0 741.8 31.0 25.1 23.1 21.8 4.0 2.2 3.1
Asgnst 28 554.6 21.6 491.0 32.0 26.0 23.6 21.5 4.0 2.2 2.9
Saptaabar 12 148.1 15.0 205.5 32.8 29.2 24.2 23.0 4.0 2.3 3.1
October 17 324.3 12.8 211.1 33.2 28.6 24.4 22.0 4.8 2.0 3.2
Meraabar 9 205.5 12.4 267.3 33.8 29.9 23.6 21.5 4.9 3.0 3.8
Meoeaber 1 2.5 0.6 17.0 33.6 30.0 23.6 21.2 6.0 2.0 4.1

Total 143 324.7 132.6 2841.8 - - - - - - -

Soaroat CPCHI, Kannara



Appendix XI
Ha teorologieal data daring tha cropping period (1981)

Month
Vanherof
rainydays

Rainfall Average Moan 
<•> ioai nuabar rainfall 1981 of for tho 

rainy last 
days 5 years for last
5 years

Teaperature (° c ) U.S.A. Pan Evaporation
Highoat Lowest o aaxiaan Highest LowestMinina* H& r

Lowest(as) Cm)

January 111 Mil 111 111 33.3 31.0 22.4 20.0 6.4 3.0 4.8
February Mil Mil 1.2 9.9 38.0 33.0 23.0 19 .8 6.3 4.0 5.2
March 111 111 1.0 9.8 39.0 35.5 24.8 22.5 8.1 4.1 5.7
April 2 57.1 4.2 60.4 38.5 34.5 26.2 23.5 6.1 4.4 5.3
)by 8 181.8 11.0 193.1 38.0 30.5 26.1 23.0 5.5 2.1 4.2
dans 28 1 1 1 3 .0 25.4 812.0 3 1 .2 26.3 23.2 21.3 3.0 0.5 1.7
July 18 536.5 26.2 846.1 32.5 25.5 23.5 21.0 4.0 0.9 2.4
August 25 580.9 22.8 521.0 3 1 .0 25.8 23.0 21.0 4.3 0.9 2.2
Saptasbar 19 540.1 13.6 234.4 32.5 26.0 26.0 22.5 7.0 0.2 2.3
October 10 136.6 12.6 222.8 33.5 26.0 28.0 23.0 4*0 0.2 2.5
lovaaber 3 99.8 10.6 239.7 34.0 29.0 27.0 20.0 6.0 0.6 2.8
Uaoaabar 111 111 0.8 17.5 35.0 50.0 25.0 18.5 7.0 2.3 4.6

Total 113 3245.8 129.4 3168.7 - - - - - mm -

Souroat CPCRI, Kannara
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Investigations on the genetic Tar lability and corre
lation stud its in ooooa wars undertaken in tbo Department 
of Agricultural Bo tan/, College of Horticulture t Vellanlkkara 
during tbo period from July 1930 to August 1981 in a wall 
ootabliohed ooooa garden at Alpara in Trlohur district, to 
sluoidste information on tbs extsnt of rarlability and tbo 
degree of sssooistion existing among tbo 26 important plant, 
pod end bean obarsotors, in a group of 135 ooooa trees,
Taristy Foraetaro.

Considerable Tar lability was noted among all tbs 
characters of the sexually reproduced population of ooooa 
trees. lumber of flowere per unit length on the trunk, 
number of pods per tree per year, weight of pod, Tolume of 
pod and wet weight of beans par pod shewed maximum Tar labi
lity. Shall paroantaga and seed index manifested conside
rable Tarlability among the bean character*.

Phenotypic coefficient of rariation (P.C.V.), geno
typic coefficient of rariation (G.C.V.) and heritability 
wars estimated for 7 pod and bean characters. Both (P.C.V.) 
and (G.C.V.) were highest for attributes such as thickness 
of pod huak, number of beana per pod and weight of pod. 
Moderately high heritability was obaarrad for weight of pod,



thieknooo of pod haak and aaabor of goraiaatod booao*
Yoluao of booao ahovod tho lovost bar liability*

Tiald from trooo vao foaad to bo peaitivolp oorro
latod with 6 of tho oharaotora otadiod, vhilo nuabar of 
goralaatod boano por pod aad pod raluo voro nogativoljr 
oorrolatod with jiold. dot of tho oight oharaotora, pod 
▼alao hod tho aaxiouo contribution to jiold. Vtaabar of 
podo por troo por poor woo fouad strongljr aooooiatod vith 
plaid* Sood indox aad troak girth aloo voro pooitlwlp 
oad oignifloantlp oorrolatod vith pit 14.

Phonotypio (r ) oorrolationa aaong aoron oharaotoraW
iadioatod that anabor of booao por pod vao poaitiwlp oorro
latod vith voight of pod* Pool tiro oorrolationa voro aloo 
ootabliahod botvoon roltaao of boaaa aad vot voight of boaaa 
por pod*

Aaong tho oovoa oharaotora oboorvod for gonotypio (r^) 
oorrolationa, vot voight of boano ahovod positive oorrola
tion vith diaaotor of tho pod aad pod voight*

Poaitivo phonotypie aa vail as gsnotypio oorrolationa 
vara aatabliahad ia tha oaao of vot voight of booao por pod 
vith aaabor of booao por pod aad volaao of booao* Maabor of 
booao por pod in torn, ahovod pooitivo oorrolation vith 
vaight of pod at both lorolo*






