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~ 
In Ghana, Upper Amazon X Amelonado hybrids (4, 5,6, 8) have been adopted

" 
for use in replanting sch emes in the belief that they a re superio r to Amelonado . 
In a study on trends in coco a pr oduction, the International C ocoa Organisation~ 

\!:• deduced that at maturity (15 -19 years), the ma ximum susta ined yield o f Amel­

onado was 443 kg jha whereas hyb rids would give 84 1 kg jh a a fter seven years.
 

ffi The latter figure was taken from the 1970 report on the Eastern Region C ocoa
o
 
r.) Project, prepared by the Int ernational Bank for Recon structi on and Develop­

.:1 
~	 

ment ; but the IBRD did not describe how the figure was derived. There is no 
published yield data from hybrids on farms and in tri al s yields var y by a factor 

~ of two or more depending o n:
 

ffi Season.
 
e 
~	 Site.
 

The assumption s made in ca lcula t ing the yields .
 
~ 
o The estimates of pod va lues used . 

The purpose of thi s a rt icle is to discu ss how best to a rr ive a t acc ura te yield 
figures in cocoa var iety trials a nd to a tt empt to quantify the yield adva ntage o f 

hybrids over Amelonad o . 

T rials w ith H ybrid V arieti es 
In the present article, "the hybrids" refers to the new va rieties developed in 
Ghan a during the fifties (6) . T he 8t h Progeny Trial Area (PT.A .) at Tafo (9) 
was planted in 1952 at 2-4 m squa re spacing with 36 tree plot s ; th e tri al included 
eight plots of Amelonad o, four of Amelonado X Amazon hybrids a nd eight o f 
local-Trinitario X Amazon hybrids. In the trial the better hybrids consisten tly 
outyielded Amelonad o, a lthough black pod losses were low er on the A melo nad 
Once th e trial was mature th e yields o f all the genetic types fluctu at ed toget her 
a nd there was no evid ence th at the yie lds of the hybrids reached a peak and 
then declined relative to Amelonado in the later yea rs . The 9th P.T.A ., also at 
Tafo, was planted in 1954 in thinned forest, the spacing was 3·05 m sq uare and 
there were five replicates. The Series III experiment (4) was planted at T afo in 
1963 in plot D13 on clea r felled land with ten replicat es o f fifteen Amazon 
hybrids in twenty tree plot s a nd a spacing of 3·05 m sq ua re . Over the last five 
years two Series II hybrids, which were included as control s, we re slig htb' 
lower in net yield than the average for the whole tri al. Three Series II trials wcre 
planted in 1?56, each included eight hybrid progenies an d 36 tree plots at 2·4 rn 
spacmgs, With four replicates a t Apedwa and Asikuma a nd three replicates at 
Pankese, but with no perimeter gua rd trees. During 1975 a la rge swo llen-shoot 
~~tb~ak dwas cut. out of the Apedwa trial , but ot herw ise th e tr ail s were intact. 

e IPe wa . Series II trial is adjacent to a 4·86 ha plot o f Amelon ado wh ich 
was panted in 1954 at 1.52 " 0and 1976 shad I I m spacrng and thinned o nce by eye . Between 197 
13th and 14th ~ .~v~ s o~~r the ~rial a?d ~he Amelonado were comp arablc. T he 
A pcdwa in 1974'u~d:r \hi~n~~lrI Y With mte.r-Amazon hybrids, were planted at 
carried scattered co coa Am I o~st shade in dense bush which ha d pr eviouslY 
simultaneous calibration, e ona 0 was planted throughout the tri al areas for 

·On secondment on technical assistance from UK Ministry of Overseas Development,_ 

Est ab li shm ent A bility 
A number o f experiments in Ghana have co m pared the performan ce of hybrids 
an d Amel on ado under experimenta l condition s. T he earliest o f these was the 
Trinida d Introductions plot a t T afo , where it was quickly a ppa re nt th at Pound 's 

pper Amazon selections were easi er to establish, faster growing and earlier 
into bearing than Amelonad o . Later tr ial s have consistently reproduced thi s 
res ult. For exa mple, the 13th and 14th P .T .A .s experienced two protracted dry 
seasons a nd mortality in the Amelon ad o was severa l tmes greater than in the 

hybrids wh ich were under test : 
%M ortality by M arch, 1976 

Am elonado Hybrids 
13th P.T.A . 27·9 8·9 
14th PTA 21·3 4 ·0 

W hen considering result s from ex periments with hybrids and Amelo na do it 
sho uld be borne in mind th at in one tri al a rea it is difficult to find a co m bina tio n 
of management methods whi ch perfectl y suit the two types. Normall y th e 
Amclo nado has been grown a t a closer spacing and shade levels have favoured 
the hy brids. More importa nt, th e tri al s were usu all y on o ld cocoa land, whi ch 
was clea r-felled in advance an d repl anted while the te mp or ary sha de remained 
sparse. U nder such conditions the hy brids have an even grea te r advanta ge, 
whereas if the plantings ha d foll o wed th e tr ad itional pr act ice o f thinning old 
forest land, the difference might have been less ma rked . From thi s it follows 
th at in o lder coc oa growing a reas o f Ghan a repl antings sho uld a lways be made 
with th e new vigorous types. After swo llen-s hoot control farms a re o fte n ex posed 
an d the so il degraded and under such condit ions Amelonad o ca n be ver y difficult 

to re -esta blish . 

Yield Est im at ion in Tri als 
Use of d iffe rent methods o f ca lcula ting yields from tri al s can lead to markedly 
divergent results, the main variabl es being : 

Esti mates of pod sizes.
 
A llowa nces for possible int er acti on bet wee n progenies.
 
Whether or not adjustments a re mad e for spo ilt pods.
 

It is not normall y the pr actice in trials to sepa ra tely ferment and dr y a ll the 
cocoa obta ined from ea ch tre atment a t eve ry harvest. Tnste ad , for each treatment 
estimates a re made of "pod va lues" (so met imes referred to as " po d indices" ) 
the numbers of pods required to yield a un it of dry cocoa . From th ese values 
an d the numbers of pods harvested from each treatment a n estimate o f dr y bean 
yield is obta ined . Bean sizes a nd bean nu mb ers va ry markedly bet ween progenies 
as w~lI as thro ugh the seaso n (Table I), suggesting that accurate yield estimat ion 
requires dete rmina tion of pod va lues for each progeny a t ever y harvest , which 
IS now the regular practice with co coa breedi ng tria ls o n the sta tio n at T afo (10). 

TABLE 1 

Pod and bean characters in the 8th P.T.A. 1974 /75 

a nge be tween progenies 
(mean over season) 
Ra nge within progenies 
th rough the season)
 

Amelonado
 
WAE 5
 
WEJ
 

Conversion Pod value Bean weight 
ratio in kg in g m 

35·8 1--44·97 17·93- 34 ·98 0·89- 1·43 

29 ·09--40·8 1 19-61-25,02 1,07-1 ,32 

32·39--43·42 19 ·98- 25·73 1'19- 1·26 
1n .;:;" ~ n. I '" 1 1 .""" . 1 0 . <; 1 (),R1- 0 ·QR 



--

--
--

----

--

-- -- -- --

H aving estimated the dr y weight o f cocoa , correc tions a re so me times mad e 
to all ow for possible encroachme nt o f o ne tr eat men t onto a no ther (7). H owever , 
most pr og en y tri al s with cocoa are concern ed with asses sm en t of th e progeni es 
for farmers' use as a mixtu re , so thi s consideration does no t necessar ily a pply 
(12) . But if an expe rim ent does no t ha ve per imeter gua rd rows, there is a stro nge r 
ca se for th e use of core plot da ta, because tre es adjacent to empt y areas exp loi t 
th e space and th us occ upy mo re land th an their nominal spa ci ng wou ld ind icat e. 
Som etimes add it iona l adjustments a re made fo r pods whic h a re los t to di sea se, 
sq uirr el damage, insect a tt ac k , et c., th ese lead to es t im ate s of " potent ia l" 
yield s. The effect of this a nd the use o f who le and co re plo ts o n t he Apedwa 
Ser ies II t rial , which has no gu ard trees, a re shown in Ta ble 2. 

TABLE 2 
~ Yields from the Series II Trial at Apedwa in kg dry cocoa /hectare 
m 

Wh ole p lots Core plots
 ill. potential net potential net
 
iAl. 1117 622 974 521 1971 /72 

1972 /73 917 6151038 712 
606 402 

553 337 480 266 
683 4651973/74
 

1974/75
 
1975/76
 828 680 938 776 

, t=GKA. 

It would seem prefera ble if net yield s fr om breed ing t ria ls we re most wide ly 
qu oted, since th e fanner is intereste d in th e ret urn from th e cocoa he actually 
sells a t the buyin g sta tio n an d not in wha t has been lost. Mo reover, th e d iffer ence 
between ac tua l and po te ntial yields is no t alwa ys clea rly und ers tood pa rti cularly 
by r ead ers who a re un fam ilia r with t he problems inheren t in est imation o f 
yields from pro geny tri als with coc o a bu t who may wis h to use publi sh ed da ta 
fo r o ther purposes. There is a natu ral ten de ncy to q uo te po ten tia l yields becau se 
the figure s a re often lar ge, but, as the Apedwa da ta sho ws , thi s can be mislea din g. 

Yields obtained from Variety Trials 

Yield s and levels of black pod losses in some o f the breeding expe rim ents ar e 
show n in Ta bles 3 an d 4. Blac k po d losses we re est im ated from th e d iseased 
pods wh ich were harvested whe n unr ipe as well as th ose fro m wh ich so me 
useable co coa was o bta ined . Pods which r ipened prema turely and co ntai ned no 
usea ble cocoa we re exc luded from the to ta l o f d iseased po ds, except at Asi kuma 
from 1970--74. The yields were ca lculated as above, excep t in the Serie s II t ria ls 
where th ey were derived from th e wet we igh ts of co coa recorded and th e weI 
to dry weight convers io n ra tios dete rmi ned a t T afo d uring the same sea son . In 
calcu lating the yields from th e Apedw a A me lonado plo t a pod va lue of 26i kg 
was assu med . All o f the da ta fro m the T a fo a nd As ikuma expe rim ents a nd the 
Apcdwa Series I I t rial were co llec ted by plant breed ing staff. Ove r t he las t five 
years th e Pa nk ese exper iment and th e Ap edw a Amel o nad o were visited regula rlY 
and th ere is no cause to dou bt th e relia bility of th e yield esti ma tes . 
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T he results fro m one year of a single progeny trial take no account of site ­

to -site and yea r-to-year fluctuations in black pod losse s a nd yield a nd thus 
cannot be equated to po ssible returns o n far ms. The fluctuations can be large, 

~ ,~ 
as can be sh own from the yield s of two o f our better hybrids grown a t fo ur sites 

a nd cornpar -d over four seas o ns (Table 3). ~ 
!J In the 8th P .T .A . (Ta ble 4) the better hy brid s ha ve co ntinued to heav ily 
b outyield the Amelo nado, thus the mea n yield o f the hybrids ov er the las t five 

~ years was 1114 kg /ha (wei ghted for the d ifferin g repli cation of the pr ogenies) 

':!J	 whi ch is 54 % higher than the Amelo nado me an o f 723 kg /h a . However, 1971/72 
was the only seaso n in the life of th e tria l when the losses f rom blackpod disease ill 

o have been higher on the Amelonado th an on the Amelonado X Amazo n hybrids (.) 
. ~ I and it may be significa nt th at the year was on e in which ea rly set tin g on self ­

com pa tible pr ogenies at Tafo and Apedwa was very hig h. The Amelonado 
trees cropped unu sually early during the blackpod epidem ic, whereas, the lar gely 
self-incom pat ible hybrid s cro pped lat er and thus avo ided infecti on . In more 
normal years Amelo nado has a consisten t ad vantage over hybrids for black pod 
losses a nd it seems cert ain that thi s differen ce would be sha rply accentua ted if 
far mers har vest hyb rid s as irregu larly as they do Amelonado. Supporting 
evid ence for thi s view comes from the Apedwa plots where blackpod losses o n 

the hyb rids were muc h higher th an on Ame lon ad o . 

A det ailed assessment of the Series III tri al (8) showed that net yields have 
been very low ; seven year s a fter plan ting onl y 442 kg /h a a nd from the eighth to 
thi rteenth year after planting an average of 513 kg/ha . In most year s a bo ut half 
the pods d id not yield fermentable cocoa, either becau se they were rotten 
follow ing fungal infectio n (mainly blackpods) o r the beans were ca ked . The 
latter is attributed to a tt ac k by Bathycoelia thalassina. Edwa rds (3), suggested 
th at th e low yields in th e Ser ies H I tr ial a nd other plant breed ing plo ts a t T afo 
were partially consequent upon exposure of the so il in the very early stages. As 
it is likely th at ma ny farm plant ings with hy brids will be under simil ar co nd it io ns 
and not in newly cleared fo rest, the Ser ies II I rather than 8th P .T .A . yield levels 
may be a more reliable gauge of poss ible far me rs' yields , under conditions 

co mpara ble to tho se on the sta tio n at Tafo . 

In the three Se ries 11 tri als, losses fro m pod d iseases have been serio us even 
in yea rs of normal rainfall a nd have been very high in wetter years (e.g. Pan kese 
in 1974/ 75). Only in exceptionally dry yea rs (A ped wa in 1975/76) , were pod 
disease losses accepta bly low . The marked increase in yield a t Asikuma in 
1975/76 is la rgely attributed to a lower level of infest ati on with B. thalassina . 

T he resu lts fro m the A pedwa Amelonado plot a re of particula r int erest 
beca use there are so few matur e tria ls in which hyb rids a nd A rnclo nado were 
co mpa red , bu t it must be stressed that the comparison between th is plot a nd 
the Ser ies II tr ia l has no sta tist ica l validi ty. The mean yield from the Amclo nadc 
over the last five years was 472 kgjha , clo se 10 the l CO ligure o f 443 kg/ha 
whereas in the Se ries Il tria l the mean yield was 582 kglha , 23 'X, higher tha n the 

, I • • • . I-I Q.,k",,.,r1 losses were also much higher . 

T he Yield Potential from Hybrids on Farms 

In a ll the tri als the management pra ct ices fo llowed those of loc al fa rmer s thus 
all the plots were grown under shade and except for a sing le dressing on the 8th 
P.T .A . no fertili zers were used . Har vesting was done at three week inter vals a nd 
ro utine cap sid sprays were appl ied ac cording to current recommendations and 
so the man age men t was nea rer to that of the best rather than the av erage 
farmer. A ll the tria ls were in good veget ati ve condition between 1970 and 1976 
yet the yield s mu st be j udged disappointing, except for the 8th P.T .A. and th e 
Pankese trial in some years . 

M uch th o ught has been given to the difficu lties of interpreting result s from 
formal progeny trials in terms o f farmer s' plan tings (e.g. I). It is generally 
accepted that fo r net yield and losses from black pod disease different types of 
planting material would tend to rank in the sam e order whe n growing in tri als 
or o n farm s under s imilar ecological co nd itions wit h simil ar management 
practices. Idea lly a ll new pr ogenie s sho uld be tested under a wide range of 
conditions by planting on coc oa sta tio ns and farms throughout the co coa 
growing a reas. The information gained would lead to reliable recommendations 
o f var ieties for pa rticular areas a nd knowledge of the yields to be exp ected . In 
practice this is not possible becau se of the a mo unt of work involved and new 
progen ies a re tested a t very few sites . Under simila r conditions it seems reason­
able to ex pect that a verage yie lds will be h igher in tri als than on farm s becau se 
ofte n the latter are less well managed . The tria ls rep orted her e a re very small 
areas among Ghan a 's huge acrea ge and even a llow ing for the difficulties of 
extrapolat ing from tria ls to farms any co nclusio ns must be tentati ve. Some 
early high yields fro m trial s with hybrids lead to th e hope that under far mers' 
ma nagement they wou ld be markedly higher yield ing than Am elonado and it is 

rhaps forgo tten that Amelonado can be extremely high yielding wit h the 
approp ria te management (2) . As illustrated ab ove there is now increasing 
recogniti on that black pod disease is like ly to be a mo re serious problem o n the 
present hybrids than on Amelonado, furthermore most new plant ings will be 
on old coc oa land under less than ideal co nditions . The hybrids ha ve a con­
clusive ad vantage over Amelonado in easier establishment a nd earlier bear ing 
and in add ition they a re like ly to prove to be higher yieldi ng. The lBRD yield 
estima te for hybrids is 90 % higher than the leO figure for Amelonado and 
would seem too high, because in well man agedtri als hybr ids a re not consistent ly 
yielding 841 kgjh a a nd even in the 8th P.T .A . the ad vant age of the hybrids o ver 
Amelonado is mu ch less than 90 %. The 8th P.T.A . a nd the dat a from Apedwa 
suggest that an ad vantage of 25-50 % is more likel y, whic h, if the ICO yield 
estimate for Amelonado is accep ted , lead s to projected yields from hybrids in 
the range of 550-650 kg jha, whi ch are regularly ach ieved in the tri als. This 
estimate can be more than a working hypothesis pendi ng co llectio n of yield 
d~t a from farms planted with hybrids becau se the result s from tr ials show that 
YIelds from hyb rid s vary widely both from site-to-site and from year -to-year and 
depend heavily on regula r har vesting to mi nimise black pod losses. 
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