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Introduction 

The norma l practice when rai s ing seed lings fo r co mmercia l coco a is to use beans 
collected from mature ri pe po ds (6) . The ra tion ale beh ind this pr acti ce is not very 
clear as th e re is very l ittle experimen ta l eviden ce in literat ur e to sup po r t it. 
Howe ve r, it m igh t not be unr elat ed to the trad itio nal p racti ce o f se lec ting only 
mature ripe po ds to supply bea ns fo r pr oc essin g into co mm ercia l co coa . It m ight 
therefore h ave been a m att er o f pr ac t ical co nve nience fo r gr ower s to sim ulta ­
neo us ly selec t bea ns fo r rai sing seed lings from th e sa me pod s. The bean quality 
requi re me nts for rais ing seed lings are how eve r no t necessa r ily iden ti cal to th ose 
requi red for good ferme nta tio n a nd pr ocessin g q uali ty. Wh ile for the latter it is 
only esse ntial th at the bean s deve lo p up to a stage that would , a fter fermentat io n 
and d ry ing, produce a we ll fo rmed nib with ce r ta in acce p table qualities (7 , 8), 
the main req uireme nt fo r th e former is tha t bea ns shou ld be m ature e no ug h to 
be viable a nd be ca pable of pr od uc ing adequat ely vig oro us seedlings. The practice 
of se lecti ng ma t ur e ri pe po ds fo r ra ising see d lings ma y also have been based o n 
the assu m ptio n th at o n ly suc h po ds ca n sup ply beans tha t wo uld pr oduce the 
most vigoro us seed lings. In this respect, th ere wa s a n ind ica tion from a n ea r lier 
study th at the matur ity of th e po d affec ts t he vigo ur o f seed ling s pr od uced (1) 
but there was no ev idence to co nclu sively suppo rt suc h assum ptio ns. 

O bse rva t ion s m ad e o n A melo na do co co a in 196 6 (I) a nd subseq uen t ly o n F 3 

Amazon ha ve sho wn th at visua l est imati on of pod m atu r ity using pod size a nd 
colou r co uld be m islea ding because o f the var iat ion in s ize (P late I ) and pod 
colour tha t occ u rs within pods o f th e sa me age even wh en they a re fro m tr ees 
of the sa me pare ntage grow ing in c lose pro xim ity in t he fie ld (2 , 4 ). Pod ag e 
calcu la ted fro m th e l ime a fte r polli nati on has therefore been conside red a bet ter 
est imate of maturi ty. C on seq uent ly , ha nd po llinated pod s were used in m o re 
recen t studie s. Po ds were ha rvested a t 2 week int erval s a nd beans were sown in 
25A x 12·7 x 5·l em, 0 ·005 ern ga uge black pol yt hen e po ts. 

Pod s or the fo llo w ing cross es we re used in 3 recent experime nts a lso re ported 
here : 

Experiment I : C" x C 23 

Experiment 2 : C O' x C " 

Experiment 3 : C " >< C 2J , C 67 X C" a nd C " x C iJ mi xture . 

Clones C O' , C " an d C" a re up per Amaz o n se lectio ns whi le C " , a nd C iJ a re 
loca l Trinit a rio se lec t io ns re fer red to earlier by T o xo peu s in h is rep o rt s o n 
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es ta blishm en t a bility of coco a c lo nes (10 , II ). Th ree c rosses we re necessary In 

Experi ment 3 to pr ovide adequ ate mat er ials fo r th a t pa rt o f the study . 

O bse rva tions were made on m ucilage co ntent , bea n develo pmellt a nd via ­
b ility while records o f lea f num ber, seed ling he ight a nd lea f area were ta ken a t the 

end of 22 week s' nu rsery pe riod . 

This pape r discusses the un reported results obtai ned fro m the ab ove experi­
ments and a lso sum ma rises result s previousl y o bta ined on the sa me subject at the 
G am bari Exper iment Sta tion of the Cocoa Resea rch Inst itut e o f Ni ge ria , 

OfJ (,J/ poi!» uf	 / 10/(/:cJlI ca ca » \-/ 1( )I ~ in); 
L OIIRi l lidillal selec l io/l.l o] 119 ilu v ol d beuns . ,', '1'\ ' dist inct OI/(l onl v 100." '/ 1' 
inun a turc pods of Arnazoll cacuo vurict v hound tog(:, /H'r hy nuuiku;« at 100 dll.\:fj
obtaincd [rom the .1'0/11" In ',' , sl,,"r i llg o ld ( 1,,/1J , IWIIIIS I" " distin ct IIlId s til! 
varia tions in pod si: « and bean» " ('('own /ed " lig !? r /l ' bo uru! IOg el ll('/" III 152 do 1".\ " id 
l og el !? ('/" by th « pulp , 

( /~ ,j,h { ) . 

Mucilage and	 bean development 
O bservati o ns made ove r the yea rs ha ve ind icat ed so me gene ra l t rends in the 
develo pme nt of th e cocoa bean a nd t ra ns fm mation o r t he su nound ing pu lp 
into mu cilage (T a ble I) Un t il a cocoa pod att a ins a cert ai n stage of ma turi ty. it 
co nta ins o nly a compact white pulpy non- m ucilagino us mass, withi n which the 
o utlines o f th e fut ure bean s a rc st ill dilli cult to de tect. in fac t, up to abo ut lOS 
days fro m pollin at ion the pu lpy mat e r ia l surroun d ing th e bean s rem a ins in Ihis 
co nd it ion which ther ef o re ma kes indi vidual " bea ns" imposs ible to C\ t ract 
ma nua lly, These beans lat er till up hut a re st ill dilTicu lt 10 separa te \'1'0 111 the 
ce menting pull' (P lat e 1). As the r od mat u res, t he pulp becomes muc ilaginoUS 
a nd the bea ns becll me lk,t inet a nd ea sie r to cx t ract (Plate 21. A t \ h is st age the 

mature po d may va ry in ag e from 147-1 75 days a fte r poll in at ion , th e rate of 
deve lo p men t depen d ing on t he prevail ing climat ic cond it ions , the culti va r , the 
so il a nd o th er facto rs , 

Table l.
 
Pod bean and mucilage development at different stages aft er pollinat ion
 

Time after 
pollination 

(days) O bservations 

r. IDS-lID P ods ligh t green; beans flat with very little co tyledo n develo p ­
men t, a ll tightl y packed to gether in a pulpy mass and d ifficult 
to se parate or extract from the pods. 

2.	 119- 124 Pods still green but bigg er ; bea ns w i.th only moderate cot yledon 
devel o pmen t, in jelly-like for m; beans tigh tly packed together 
and di fficul t to sepa ra te. 

3, 133- 138	 Pods deeper gr een and bigger ; be an s a little plumper, but with 
onl y pa rti all y develo ped cot y led on s, less tightl y pa cked 
together as sur round ing pulp becomes m ucilagin ou s. 

4.	 147-1 52 Pods va ry ing in co lo ur from deep gre en to ligh t yellow; bea ns 
plu m p with fu lly develo ped purple coty ledons, loosely pa cked 
in m uc ilagin o us pu lp an d easie r to sepa ra te , 

5, 161- 166	 Pods a ll va ry fr om fa ir ly to fully ripe yellow in co lo ur ; beans 
are p lu mp, wit h thick purp le cot yled on s a nd ea sily sepa ra ted 
man ua lly. 

V iabi l i t y o f the coco a b eans 

Beans generally do not become viable u nt il aft er a certa in stage of maturit y. In 
the agro nomic sense, th is me ans the bea ns will not ge rmi na te w hen sown in the 
nursery a nd so ca nno t be used to rai se seed lings un t il a fte r a bo ut 105 days (or 
15 v.eck s) from th e t im e of pollina tion; th is per iod va ry ing a ccording to cl ima tic 
and o ther fact o rs sla ted earlier. The a verag e maturi ty pe r iod for ripe co coa pods 
at G a rnba ri is a bo ut 16 1 days (o r 23 weeks) fro m th e time of pollinat ion . Obser­
\'(lIions made so far in N igeria have ind ica ted that once cocoa pods ha ve matured 
beYond abou t 140 days (a bo ut 20 wee ks) from pollinat ion, it sh o uld be possible to 
Obta in a nyth ing betwee n 75· 100 % germina tion . H owev er, it is possible to ra ise 
~e:d l ll1 gs from the develo ping em bryo at stages before 105 days (1 5 wee ks) by 

Si ng t issue cult lire techniques. 
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One practical inference to be drawn fro m th ese o bse rvat io ns is that mature 
green pods can supply via ble bea ns tha t ca n be used to ra ise seedlings (2, 4). It is 
therefore not necessa ry to se lec t on ly r ipe pod s fo r thi s p urpose. Between 105 
an d 140 da ys from t ime o f pollinati o n , po ds can supply a small pro po r t ion of 
via ble beans. S imi lar o bse rva tions on th e v ia b ility o f part iall y (no t fu lly) mature 
co co a beans have been mad e in ot he r places (9) . 

Bean weight 

Observat ions on t he in tac t fre sh bean s made in an exper imen t ca r ried o u t in 1975 
showed tha t fres h bea n wei ght tends to inc rease with increase in maturity up to a 
s tage before declinin g, whi le th e dry matte r co nte nt increa ses a ll the wa y. In the 
study , fresh be an we ight increased to a peak o f 3·6 g a t 138 da ys a fte r pollina t io 
before declining while dr y m at ter increased to 77·1% a t 166 da ys (T a ble 2) . II 
became a ppa rent from th is par t icu la r st udy th a t the de velop ing coc oa bea n 
con tai ns pract ica lly no dry mat te r w ith in the test a othe r tha n a t ra nslucen t. 
a lm os t colourless, je lly- like embryo nic m at e r ia l un ti l a fter a bo u t 105 da ys fro m 
pollination . Th is wo uld expla in why it was d ifficult to sepa ra te beans from t he 

p ulp at	 this sta ge. 

Table 2 
T he influ ence of pod matur ity on bea n fresh weig ht (g) a nd dry matter conte nt. 

Age of pods M ean bea n weight % dry matter 

(g) 

-
110 da ys 2A 12·8 

2 124 d a ys 2·5 23 ·3 

3 138 d a ys 3-6 29 ·3 

4 152 d a ys 2·9 44 -4 

5 166 da ys 2-6 77 ·1 

Foliage production 

R esul ts so fa r hav e sho wn that o n ly seed lings rai sed from bea ns that were ,;till 
very im m a t ure (i .e. those o bt a ined a t 105 an d 110 da ys a fter pol l ination ) pro­
duced fewer lea ves tha n the m o re matu re beans (T a ble 3) . W he n the very imma­
ture tr eatment in Expe r ime nt I , was excl uded from subseq uent exper imen ts the 
va r ia t io ns obse rved ea rlie r in fo liage produ ct ion we re therefo re considerablY 

red uced (Table 3) . 

In T able 3, whe re the treatments covered a wide range of bean maturit y th e 
relatio nship o bserved between fol iage production a nd bean maturit y wa s mo re 
curv ilinear than linear. T his showed that there was nothing to be ga ine d by 
r ai sin g seed lings with bea ns o b ta ined from ei the r ver y im ma ture pod s (a bo u t 
105 da ys o ld) o r fu lly ripe a nd ov err ipe pod s (about 175 a nd 189 da ys o ld 
re specti ve ly). A de ta iled a na lys is o f the rel ation sh ips be tween seed ling growth 
para me ters a nd bean maturity has bee n reported earlier (3 ). 

Ta ble 3. 
T he effects of bean matur ity on leaf number per seedling a t th e end of th e nur ser y 
peri od 

Exp t. I	 D a ys from po llina tio n 105 119 113 147 161 175 189 
Le a f number 14·5 23· 5 18·6 20 ·0 23-5 I N 18·2 

Ex p t. 2	 D a ys from po llina t ion 110 124 138 152 166 
Lea f number 12·5 13-8 14 ·2 14 ·6 14·8 

LS D (P = 0 '05 ) N 

Exp t. 3	 D a ys from po llina t io n 120 134 148 162 
Lea f numbe r 16· 1 16'7 16·2 15-4 

LS D (P = 0 '05) 1·8 

S eed li n g height 

T he influence o f bean ma tur ity o n seed ling he igh t was sim ila r to th at on fol iage 
o nly to th e exte nt th at t he very immatu re bea ns a lso prod uced the shortest 
seed lings (Ta ble 4) . Othe rw ise seed ling hei ght tended to increase with inc rease in 
bean maturity . It is no t ho we ver desirable that seed lings g row too tall a t the e nd 
o f th e nursery pe r iod as ro bus t seed lings w it h fa ir ly good a ll ro und a t tr ibu tes 
sho uld be prefera b le a nd ea sier to tr a nsport to t he field . 

Table 4.
 
The effects o f bean ma turi ty on seedling height (cm) a t th e end of the nur ser y period
 

Exp t . I Bean matu r ity 105 119 133 147 16 1 175 189 
H e igh t (e rn) 33 ·7 51 2 56·9 58-4 63-4 56·0 65·9 

LSD (P = 0,05) = 15·3 

Expi. 2 Bean ma tur ity 110 124 138 152 166 
He ight (e rn) 25 '3 29 ·5 30 ·6 34 · 1 32-8 

LSD (P = 0 '05 ) = 8·3 

E xp t. 3 Bea n mat ur ity 120 134 148 162 
Height (e rn) 27·3 3 J -4 37 '3 39 ·8 

LSD (P = 0 ,05) = 5·6 
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Leaf area and overall seedling vigo ur 

T he influ ence of bea n maturity on leaf ar ea per see d ling was a lso simi lar to that 
of foli age pr oduction wi th the least mature bean s produci ng seed lings wi th th e 
lowest leaf area whi le the most mature bea ns produced no further increase in 
leaf area (T a ble 5). Consid ering the importance of leaf area in overall seedling 
vigour and the relat ionship which ha s been reco rded between ability to de velop 
leaf surface a nd productivity of the mature cocoa trees (5), seed lings ra ised from 
beans co llected from immature unripe o r pa r t ia lly ripe pod s harves ted a t period s 
varying from 119-147 days from pollination shou ld therefore cons t itute th e 
be st seedlings. This suppor ts the earl ier o bserva tions th at fully r ipe pods do no t 
produce the most via ble beans or the most vigo rous seedlings. 

Conclusion 

Ev idence obta ined fr om these experiments has sh own that the stag e of maturity 
of cocoa pods has a measurable influenc e on the develo pment and via bi lity o f 
th e be an s as well as o n the gr owth of seed lings . Abou t 105 days from pollinat io n 
pods can supply via ble bea ns . Beans from mature green pods or po ds th at a rc 
only partially ripe can produce seed ling s which are as vigorous or more vigorous 
th an those ra ised from ripe pods. 

Table 5.
 
The effects of bean maturity on leaf area per seedling (cm-) at the end of the
 
nursery period - (Adenikinju, 1972)
 

Bean maturity (days) 105 119 133 147 161 175 189 

Leaf a rea (ern") 761 1,561 1,402 1,469 1,241 1,226 1,246 

LSD (P = 0 ,05) = 753·0 
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