
PRELIMINARY OBSERVATIONS ON 106 CROSSES FROM A DIALLEL 
CROSSING PROGRAMME IN THEOBROMA CACAO L. 

Separala do li vro 

MEM6RIAS DA SEGUNDA 
CONFERENCIA INTERNACIONAL 
DE PESQUISAS EM CACAU 



OPEKE, L.K. & J il.COB , V.J. :FreliJJllli'XY ObS0:cvdiol1s on ~106 Cr O[)8GS from ~:. clio..llol 
crossing progrrl.U11e in ~rheob OD2. S;;;:.s;,l-";'o.. L. ~lli COl1f urol1ci c. L1turncbnc.l do Fos­
quisc.s Or.l Cc.c c.u, 2,, _ 3c.lv.. dor, 0 It ~'.bunc. , B.:-..hiq Brr..sil , 19 26 GO novcnbro , 
1967. HCT.1~rir..s. It;c,bun!~ , Contr a <.10 Pcs q~lisc.s do C. . c.u; 1969. pp . 94-97. 



PRELIMINARY OBSERVATIONS 0 N 
CROSSING PROGRAMME IN 

The tecnique of diallel crossing is of immense im­
portance in the breeding of tree crops. By this method 
as with other methods, it is possible to investigate the 
direct genetic control of various quantitative characters, as 
well as detecting reciDrocal differences. Credit goes to 
JINKS (1954) and HAYMAN (1954) for developing the 
diallel cross analysis as a technique for studying quanti­
!::ltive inheritance. This techniques is of particular value 
for assessing the potenti alities of a large number of CUI­

tivars within a short period. This paper reports observa­
tions on 106 crosses from a diallel crossing programme 
in volving W.A.C.R.l. 'C' clones and I.C.S. clones. Some 
of these clones are vigorolls and others are less vigorous, 
but are included in this programme in order to study their 
combining ability and performance in vurious combina­
tions. The diallel hybrids will serve as a source of germ­
plasm for future selection and at the same time provide 
llseful information on the genetic basis of establishment 
ability, growth, jourquetting and fruiting. It is proposed 
to select the promising progenies from these crosses for 
clonal trials. The diallel crossing programme which in­
cludes the 106 combinations reported below was started in 
1964 at the Cocoa Research Insti tute of Nigeria, Ibad an. 
It is est imated that all the cross combinations will be 
in the field by 1970. 

MA TERlALS A D METHODS 

Twenty-nine W.A.C.R.!. 'C' and seven I.C.S. clones 

were selected for this programme. Crosses in all pos­

sible combinations including the reciprocals are being car­

ried ou at Moor Plantation and at Gambari Experimental 

Stations of the Cocou Research Institute of Nigeria. The 

clones are C6, .C13, C14, C18, C20, C22, C23, C24, C25, 

C26, C27, C40, C42, C43, C57, C62, C64, C65, C67. 

C68; C69, C70, C71, cn, C73. C74, C75, C77. C85, 

I.C.S.,I, I.C.S.6, I.C.S.S, I.C.S.40, I.C.S.45, I.C.S.60, 

and 1. C.S.95. 


All control pollinations are being carried ou by the 

method described by RUINARD (1963). Fourteen days 

aftar pollination, the percen tages of flower setting are 

scored and all the developi(lg cherelles are labelled indi­

cating the male and female parents and the data of pol­

lination. 


Sixty combinations each with 100 pollinations or mo­
re, have been analysed for the correlation studies of flower 
setting and fruit harvest. Success of pollinations, on the 
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basis of pod harvest have been analysed using 45 crosses 
involving five female and nine male parents. All hybrid 
progenies were grown in the nursery for about six months 
before they were planted in the field in June 1965 at a 
spacing of 10' X 10'. Progenies were grown in 15 plant 
rows. Records on growth, percentage survival, jourquetting, 
Howering and fruiting were taken on the first set of 106 
combinations planted in tbe field. Height and girth measu­
rements were taken at an interval of six months starting 
from December, 1965. Correlation studies were made be­
tween the mean gi rth of the progeny in June 1967, 24 
months after field planting, and the mean percentages of 
plants flowering. 

RESULTS 

The results of pollinations in 45 crosses involving five 
fem ale parents and nine male parents. are presented in 
TABLE 1. A pollinat ion was considered successful only 
if it gave rise to a ripe pod. Since the proportions of suc­
cessful pollinations in each combination was based on total 
number of pollinations, which varied considerable from 
combination to combination, the table of results was of 
non-orthogonal nature. The analysis was carried out as 
outlined by VAN EIJNATTEN (1967). The parenta l 
variance and variances due to male and female parents, 
corrected for the alternative parents, were tested both 
against the theoretical estimate of error variance (Fe) and 
against the variance due to interactions (fi). The ana lysis 
of variance is presented in TABLE 2. The variance due 
to influence of the parents was greater than both the 
error variance and interactions variance (P < .001). The 
influence of both male and fem ale parents, corrected for 
the alternative parents, on the success of pollinations was 
significant when tested against both the theoretical est i­
mate of error variance (P < .001) and interaction va­
riance (P < .01) . The interaction between male and fe­
male parents was highly significant (P < .001). The ave· 
rage percentage success for male and female parents is gi­
ven in TABLES 3(a) and 3(b) respectively, and the de­
viations in the performances of combinations from the ex­
pected proportions are presented in TABLE 4. 

The correlation studies between the percentage flower 
setting and the number of fru its harvested per 100 pollina­
tions in 60 crosses revealed that there is significant corre­
lation between these two variables (r == 0,67 + + + ). 

Correlation studies between mean girth of the proge­
nies, twenty four months after field plan ting, and the per­
cent age of plnnts flowering at the time in 103 combinations 
revealed that there is no significant correlation between 
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TABLE 1 - Number of Pollinations (n) , Number of Set rents are C25 (15.3 per cent) and C43 (11.4. per cent) 
(s) and Pods Harvested (h) in Forty Five respectively. Since the influences of male and female pa­
Crosses Involving Five Female and Nine rents and their interactions were highly significant, the com­
Male Parents. binations deviated considerably from the theoretically e, ­

pected proportions. The crosses. C42 X C68 (+ 14.68), 
C73 )( CI4 ( + 12.39), C43 >< C69 ( + 1l.24) and C42 )(

CI4 C23 U5 C67 eG8 C69 C74 C75 e77 C67 (-11.69), C68 )( C14 (-11.43) and C68 >~ C25 
(-10.70) were least successful. This shows that some cros· 

("26 n 120 20 70 121 166 25 25 117 70 ses are more successful than others. Pattern of production 
s 50 7 40 48 74 12 19 69 48 can on Iv be constructed when alI the cross combinations are 
h 9 o 2 9 0 o o 8 0 analysed. 

("42 n 207 209 120 156 120 176 141 44 130 Highly significant correlation (r - - 0.67+++ ) was ob­
s 124 H5 103 5 84 5 66 19 24 served between percentage flower setting and thc numberh 28 22 21 () 27 2 11 5 6 

of fruits harvested per 100 pollinations, being an increase 
("43 n 9J 28 40 liE 41 LOa 122 65 3()3 of 0.35 per cent for everyone percent increase in setting. 

:; 42 2:') 36 47 ;1(, (,5 70 44 ;45 indicating that yield can be predicted (b = 0.35+++ and h 7 2 12 11 4 22 () 2 35 
y - 3.41 + 0.35 X). The mean girth of the progenies, 24 

("(is n 97 37 132 71 Jon 123 190 104 months ;Ifter field planting, and the percentage of plant. 
S 39 9 64 30 42 19 44 41 flowering were not significantly corrclated.h 6 1 20 0 2 11 (, 

The progeny C42 X C68, which scored 100 per cent 
Ci3 n 200 129 100 48 100 106 IOC, 0, 7 survival, 12 months after field planting, was the best com­s .5 125 120 54 45 24 45 21 J(; 


h I 21 2S 2 1 7 I 2 I bination for establishment ability. However, it scored the 

lowest percentage for flowering (8 per cent). In combina-

TABLE 2 --- Analys is of Variance of Successful PolIinalions in 45 Combinations Involving Fi ve Female Parcnts and 
Nine ivlale Parents. 

Son rce. DF Variance Fe F i 

Total 
Parents 
(a) Males ignoring fCI11:1ics 

Females allowin g fl)r maks 

44 
[2 
8 
4 

2980 
(,690 
5752 
K566 

X.1486-H+ 
7.0060 

10.4336 +++ 

4 . 0818-1-++ 

5.226 

( b) Females ignorin g males 
Malc~ allowing (or fe males 

Tn teract ion 
E rror 

4 
B 

3t 

R200 
S935 
1639 

821 

9.9878 
7.22891--1-+ 
1.9963+++ 

3.61 t1--!-++ 

TABLE 3 (a) - The Average Percentage Success for Male 
Parents. 

Rank Male Parents Percentage Success i\nglc 

C25 15.3 23.04 
2 C 23 9.9 1S.30 

C14 9.7 18. 17 
4 C67 5.:-; 13 .90 

C6S 5 .4 13.44 
6 cn 5.0 12.94 
7 C74 5.0 12.93 

C69 4.9 12.83 
<) C75 4.5 12.25 

A venlgc 6 .7 IS .011 

these two variables (r = 0.16) . The mean girth and the 
mean height" of 106 combinations at 6, 12 and 18 months 
after field planting is presented in TABLE 5. 
Results of the studies on percentage survival, jourquetting 
and flowering are given in TABLE 6. 

DISCliSSION 

The analysis of the pollination data of fourthy five 
combinations revealed that the best male and female pa-

TABLE 3(b) - The Average Percentage SlIcess for F e· 
male Parents. 

Rank FC!11 :11l: Parents Perce ntage SLl CCCS~ Angle 

C43 11.4 19.7[) 

2 C42 7.1 15.42 

C6X 6 .0 t4.13 
4 C73 5.S 13 .94 

C26 3.2 10.35 
i\ vt.:ragc 6 .7 15 .00 

tion C6 X C24, C 14 )< C14 and C42 )( C26 all the plants 
died bctween 18 and 24 months after field planting. As aU 
the progenies were grown under identical nursery and field 
conditions at the same time, the death of all the progenies 
from combinations C6 X C24, C14 >~ C14 and C42 X 
C26 could not be environmental. These (;fOSSCS are being 
repeated for the purpose of investigating the probable ge­
netic factors resulting in the early death. Sixty-two com ­
binations jourquetled within six months after field planting. 
Precocious jourquelting before six months after planting 
was observed in C40 )( C64, C42 X C43 and C42 X C8S, 
Mature pods were harvested from C85X C26 and ICSl X 
C64, twcnl.y Iwo months after field planting. This is a 
ncw record in precocity in eacao in West Africa. The old 
Amelonado variety produces first mature pods about 60 



TABLE .:j - The Performances of Combinations Above ( ..;- ) and Below (-) the Expected Percentages. 

CI4 C23 	 CG7 e68 C69 04 C75 C77 

('2(, ..J­ 3.54 5.02 5.41 + 6.45 -I­ 1i.74 1. 88 I. 95 -+ 6.80 - 4 .94 

C42 2.99 + 0.19 -1­ '-21 11.69 -1­ 14.68 6.39 3.11 1. 3y - 0 .50 
C43 7.5 1 4.03 + 3.24 1.24 + I. 25 + 11.24 3.n 5.19 + 1 .22 
('68 11.43 2.44 10.70 -+ 10.01 8.15 3.18 + 5.52 1.04 + 2. 11 
en .,­ 12.39 2.00 _I­ 4.89 4.01 2.tO ~!- 3. n 5.46 2.86 - 0 .92 

TABLE 5 	 ;Vlean Girth and Mean H eight of 106 Com­ ,11'C highly significant unlike that in kola. Generally in kola 
binations at 6. 12 and 18 Months After the effect of the female parents is more pronounced than 
Field Planting.' Ihat of the m ale parents on the success of pollinations (VAN 

ElJNATTEM, 1967). 
~Je(\ll height Mean girth 
(in inches) (in em) 

6 month" :d'lL'r field plan t ing 35.1 ± 0.59 I. 25 ± 0.21 	 LITERATURE CITED 

12 41.15 ± 0.87 1.64 ± 0.03 
HAYMAN, n . .!. (1954). The theory and analysis of di"lIel 

18 	 63.27 ± 1. 07 2.65 0.04± crosses. Genetics, 39. 789-809. 
JINKS, J.L. (1954) . The analysis of heritable variation on II 

diallcl crass of Nicolilla ruslica varieties. Genetics, 39_ 
767-788. 

months while 	 Ihe F3 Am azon produces first m ature pods RUINARD, J. (1963). A contribution to the technique of hand 
about 36 months after planting. The earliness of these two pollination in cacao. Trap. Agric. Trin. 40: 285-6. 
combinations are being studied. In cacao the effects of VAN EIJANTTEN, C.L.M. (1967). Controlled pollination in 
both male Gnd female parents on the success of pollinations kola. CRIN Memo. No. 15, pp. 1-23. 

TABLE 6 - Percentage Survival, Jourquctting and Flowering. 

Jourqucting Percentage survival Flowering 
(one year after fie ld planting) 

Time 
1- 6 montlh 
7- 12 ,. 

No, of progenies 
62 
33 

Range 
1- 25 Per cent 

26- 50 .. " 

No. o f progcnic,", 
9 

40 

Time 
13-15 months 
16-1 8 " 

No. of progenie:'i 
1 
5 

13-1 R <) 51- 75 " 38 19-21 10 
19-24 () 76-100 " 19 22-24 62 
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Sao apresentados os resultados de estudos de 106 
Cfllzamentos com dialelos, que envolviam 29 clones WA­
CRI "c" e 7 clones rcs. A porcentagem de lanc;amento 
de flares manifestava uma correlac;ao significativa com 0 
numero de frut os colhidos a cada 100 polinizac;5es 
(r = 0,67+++). Por outro lado, nao havia correlac;ao 
significativa entre 0 diametro da progenie e a porcenta­
gem das plantas que produziam f1ores. Em 45 combina­
c;5es obtidas com cinco ascendentes femeas e nove ascen­
dentes machos, os efeitos transmitidos pelos genitores eram 
significativos, ao serem avaliados a. luz da estimativa tea­
rica da variac;ao devida ao erro e da variac;ao causada 
pela interac;:ao. Os referidos resultados foram corrigidos 
para compensar os efeitos do parentesco alternado e das 
interac;6es, em relac;ao ao Sllcesso das polinizac;6es. 0 clo­
ne C25 provou ser 0 melhor progenitor (J 5,3 por cento) 
enquanto que 0 C43 era a melhor progenitora (11,4 por 
cento) . Dentre as combinac;:6es a unica progenie para a 
qual foi registrada uma sobrevivencia de 100 % ~ doze 
meses apos 0 plantio em campo - foi a de C42 X C68. 

Results of the studies on 106 crosses forming part of 
a diallel crossing programme involving 29 W.A.C.R.I. 'C' 
clones and seven ICS clones are presented. The percen­
tage flower setting was significantly correlated to the num­
ber of pods harvested per 100 pollinations (r = 0.67+++) 
while there was no significant correlation between the mean 
girth of the progeny and the percentages of plants flo­
wering. In 45 combinations involving five female parents 
and nine male parents, tQ~ effects of the parents, male 
and female parents - corrected for the alternative pa­
rents and their interactions on the success of pollinations 
were significant when tested, both against the theoretical 
estimate of error variance and against the variance due 
to interaction. Clone C25 came out as the best male pa­
rent (15.3 per cent) and C43 was the best female parent 
(11.4 per cent). Among the combinations studied, the only 
progeny which scored 100 per cent survival, 12 months 
after field planting was C42 X C68. 


