Variation and correlations of some pod and bean values in

cacao (Theobroma cacac L.) with reference to the parental

effects on fruit setting and bean number™”
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RESUAO

Os frutos analisados foram obtidos e dois experimentos de polinizagio con-
trofada O origem do polem afeton significativaniente o pegamento, assim como o
nimero de sementes por frute Q dowe SCA 12 e mostron menos sensivel, que o5
demais clones, ao pica fisiologivo que ocorren 7 temanas apds ar polivizagoes

Foram estudadas neste tiabalho 7 caracteristicas ineventes avs frutos e sementes
e analisados o5 coeficientes de corvelagan, O vendiniento emr sementes secas por fruto
estara melhor relacionada conr o wimero do que com o peso médio das senentes, po
frute. Nos frutos com nnr niimero de sementes relativaniente alta, povém, o peso
médio assume maior bmpoitincia, estando mais ligado a owtros fatores tais como, o peso

fresre de fruta e o paso seco do pericar po

Intvodnction

NEORMATION from the literature indicates,
that the percentage of fruit setting might be
an important factor in determining yield of
certain cacao populations. Veilo (8) shows a significant
effect of the pollen source on the success of hand
pollinations, and the observed differences were also
related to the percentage of ripe fruits harvested
Opeke and Jacob (3) recorded a high correlation bet-
ween fruit set and the number of fruits harvested, and
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this latter character was also significantly affected Iy
either the male or female parent.

Correlation studies on  pod and bean values will
supply a better understanding of fruit growth and might
be of interest for selection work Esquivel and Seria
(1) demonstrated that during the first years of pro-
duction the cacao yield of individual trees in hybrid
progenics is directly related to the number of peds,
which permits to simplify selection for yield within
hybrid progenies. Ruinard (4) studied variation and
correlations within and between trees of 50 different
genotypes. The results provided also better criteria for
moather tree selection. Van der Knaap (2) studied 350
fruits of each of 3 different clones and established
interesting relations between fruit characters. Toxopeus
and Wessel (6) and Ruinard (5) showed a great
seasonal influence on pod characters and correlations
In the present work 7 different pod and bean values
were studied and correlations between the traits were
determined within 5 different clones.
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Marcrial and methods

The data presented in this paper are the result of
two pollination experiments carried out in 1970 in the
clonal garden of the Cacao Research Center CEPEC
in Itabuna, Bahia, Brazil. Eight clones were used as
parents in each experiment. They were intercrossed -
by 4 in two reciprocal schemes The crosses were ahways
made within & few weeks time to avoid the possible
cffect of the season on the characters. Pollinations werz
made by hand und to avoid insect visits glass tubes
were placed on the flowers bzfore and after pollination.
Fruits were barvested at the same phase of ripenins,
fe. when the yellow colour appears clearly on the
preater part of the fruit Misshapen fruits were ex-
cluded from the experiments.

Pollinations of experiment | were performed in
in September 1970, only from 5 clones a sufficient
July 1970, Bzcause of a heavy cherelle wilt, occurring
numbzr of fruits could be obtained (see Table 1) in
order to analyse the records on 7 different pod and
bean characters Dry weights of pod wall, bzans and
testa {seedeont without pulp) were taken after oven
drying for 48 hours at 103°C. Variation and correla-
tion studies were carried out using the data of all fruits
per female clone.

The pollinations of the second experiment were
made within twe wecks of constant dry weather in
December 1970 This permitted for a reliable deter-
mination of fruit sef, because pollinations use to bz
less successful on rainy days, like experienced in the

Table | —Number of pods (P) and beans (B) per
clone used for calculations of variation and
intercorrelation of fruit and bean characters.

‘ Fotal
i OS1AL STAL SIC $HC number
§ 104 169 A2 R of pods
i analysed
i
IMC67 P 15 135 6 I3 49
B 573 569 233 601
£CA12 P 13 15 15 I3 56
B 253 689 597 493
ICS1 P 2 0 9 1§ 25
B 60 { 283 176
UF677 T 6 1 1 0 7 27
B 117 428 0 216
Tatal
1M SCA Ics Ur numnber
67 12 H 677 iof pods
snatysed
e PETr———— ——— e o . i Y e - e—
SIAL10s P 13 A 1% 9 33
B 222 0 197 152
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Table 2 —Differences in 67 of surviving fruits due to
& heavy cherelle wilt, that cccurred 7 weeks
after the time of pollination of experiment 2

t

nymhar of e of
fruits 5 weeks suevivng fruts
after 8 weeks after
preflination poliination
" B . ¢ B
SIAL 161 364 i 0.0
SIC 83t 266 23
SCA2 261 L8
1CS 47 275 0.9
U 63 180 0.0
SIAL 98 38 B
INMC o7 244 n2
TSA 65 165 0

first experiment At least 100 pollinations were realized
per cross and each cross on various trees of the female
clone Fruit sct was recorded 10 days, 5 weeks and 8
weeks after the date of pollination. A heavy cherelle
wilt occurring in Febroary 1970 caused nearly all
fruits to die, even though before and after pollination
all naturally set fruits were regulary removed from
the experimental trecs.

Resnlts
Tncidence uf cherelle wilt

The heavy cherelle wilt occucring in February 1971,
caused the death of ncarly all Feuits of experiment 2.
However a remarkable tolerance was demonstrated by
the SCA 12 clone After 8 weeks still 41.8 per cent
of the fruits were alive, while the other clones showed
& nearly complete loss of their Fruits (Table 2). Since
no important differences in-growing conditions or age
were present between the clones, this tolerance appears
to have a genetical base.

Paremtal effect on fruit set and namber of beans per
fruit

During the pollination work of experiment 1 great
differences in success were noted depending on the
pollinator parent Specially the pollen of clope SIAL
105 caused very low fruitset percentages of - 2506,
The other male parents 'STAL 69°, "SIC 802" and "SIC
806 on the other hand showed about 60 per cent
fraitut  However, duce to the rainy wathzr no reliable
countings could bz made When harvesting the fruist
of experiment | the pollinator SIAL 105 also yiclded
many fruits with particulary low numbzes of bzans
(Fig. 1). Statistical analysis showed, that the effect
of she "SIAL 105 clone on bean number was significant
at the 5 per cent level
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Fig. 1 —Frequency distribution of the number of beans per fruit for
differeul crosses. 'SIAL 165" as w male paremt fx compared
ta the total resndt of 3 other pollimuger ('SIAL 169 'SIC
802 end 'SIC 806, whick we indicated as " rest’)  Bean-
wumber tlatzes qre 0 to 5. 6 te 10 beany o ¢

Experiment 2 permitted for accurate determinations
of fruit set percentages 10 days after pollination. For
both of the two reciprocal pollination schemes the
effect of the female parents was not significant How-
ever the pollinator parents showed highly significant
cffects on fruit set for one of the two crossing schemes
(Table 3). The pollen of 'ICS 47' caused average fruit
setting of 43 per cent while the other male parents
varied from 63 to 80 per cent.

Variation and coivelation of some pod and bean
characters

One of the characters measured of all bzans har-
vested of experiment 1 was their individual dry weight
after having been peeled off Frequency distributions
were drawn for weight classes of 0.05 gram The
curves of all crosses resembled normal frequency distri-
butions. No effect of the male parent on the average
dry peeled bean weight was observed, female clones
showing main effects Interesting differences in vari-
ation for bean weight between mother clones were

Table 3 ~~Percentage of fruits set ten days after polli-
nation Cross TSA 654 x SCA 12 appeared
to be incompatible, all fruits dropped with-
in 10 days Piguere "2" was estimated by
the missing plot technique

e as | || e
IMC 67 82 63 82 31 G3
UT 631 71 56 59 37 56
SIAL 98 72 73 56 51 71
TSA 654 96 53 a==84 51 72
average 80 63 78 43

Table 3-a—Analysis of variance for parental effects
on fruit set.

souree df ms F

male parents 3 1207.2 1214 P<0,003
female parents 3 221.8 2723 10.10<P<C025
rest 8 99.4

noted. Specially "ICS ' showed low coéfficients of
variation (C V) of about 8 per cent. The other clones
were more variable with C V., values of 12 to 19
per cent.

Furthermore the next 7 differeat pod and bzan
characters were determined:

1—fresh weight per pod (Pfu)

2--dry weight of pod wall 4+ central placenta
{(PWduw)

3—number of beans per pod (N)

4--fresh weight of ail beans 4 pulp per pod
{bdw)

5—dry weight of all peeled beans per pod
(Bdw)

G—average dry weight of peeled beans per pod
(Bduw)

7—percentage of testa per pod
dry weight testa

(= x 1009 = @%T)
dry weight testa + beans
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Table 4 —Correlation coefficients between some pod and bean characters. For explanation of the codes for

the traits see text. Levels of significance are indicated by one or two dots (1

and 059% levels

respectively)
! b b [ b

character N N N N : dw dw dw dw

X x x ® S X X b
chune B ANy B ] P P B el

fw dw dw E du fw dw dw
! \

IMC 67 3 73 0-i2 08z ~0.43 0.16 (50 013 021
SCA 12 (o4t 0.0 095 -0 6} [EITE 034 -0 33 {‘ (321
1S 1 -0 06 -0 L 0 83 -0 20 ¢ 56 06l 038 ; 16
UF a77 G7i 0 54 96 —(i7 0 A8 047 08 % (Hi9
SIAL 105 {16% 34 {183 05 65 0.56 0646 t =07

Vaviation of most characters was high. Character
I, 2, 3, 4 and 5 varied in their ¢ V. values from 15
to 41 per cent, but the average dry bean weight and
the percentage of testa showed considerable smaller
variation (C. V. from 9 to 1897 ). Interesting differen
ces between clones were noted. 'ICS 1° appeared Lo
regulate its characters more narrowly with €V values
being about half of the C V's of the ather clones
U.T 677, on the contraty, was the clone showing
the highest C V values, being nearly always over 35
per cent

Conrelation coefficients were calculated between all
tharacters measured They appeared to be positive and
significant for all possible combinations of characters
L to 5 This is to be expected since one trait is part
of the other However it is interesting to note, that
the number of beans is closely related o many fruit
characters. Table < shows eg a high correlation of

bean number (N) to the diy cacao production per
pod (Bduw) 1t appeated, that the average bean weight
{bdwy is less important in determining dray cacao pro-
duction pei pod, being a rather constant and indepen-
dent character. This 15 demonsteated by the low co-
rrefations of this trait with pod weight (Pfi) and
number of beans per pod (N) However, two clones
notably have significant negative correlations for bdu
x N Differences between clones existed zlso for other
correlations.

The number of beans appeared to be positively
related to the weight of the pod wall (N x PWdw)
However also the average bean weight showed positive
and often significant correlations with the dry weight
of the po dwali (bdw x PWdiw) This seems to indi-
cate that the average bean weight is partly dependent
on the same physiological conditions that regulate the
growth of the pod wall

Table 5 ~Correlation coefficients calculated for two groups of fruits: (a) the pods with less, and (b) the
pods with more beans than the average number per clone For explanation of the code for the
characters see text. The level of significance is indicated by one or two dots (L and 035% level

respectively).
L} TR, N . il b . # I . b h "W
Characters ® du dw ¥ dw )(I“ ® [ A dw
group of
fruts
o Jess mere less mre less Ay fess muore
clene
IMC 67 1 081 030 036 08l 0 063 - naf " 07
SCA 12 098 047" -0 1 n7l 033 072 0-I¢ 071
ICS 1 (+87 08 029 (IR 4] (39 7i- 37 079
Lt a7 G99 060 016 0T 026 ¢.82 _ 029 70.80 :
SIAL 105 066 058 0 48 187 050G 073 0 38 09
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Of further interest is the lack of correlation between
average bean weight and percentage of testa {bdw x
%T} A negative correlation was expected, since the
bean surface should increase less than the bean volume
with increasing bean weight

Inflwence of the bean wimber per pod on some
correlations

Some correlations between the traits have been
recaleulated for fruits with relatively few and fruits
with relatively many beans The fruits were divided
into two groups: (a) the ones with less beans and (b)
the ones with more beans than the average number
of the particutar clone By this way of recalcalation
some interesting changes in correlatinos appeared (Table
5). While table 4 shows, that the dry cco produe-
tion per pod is mainly dependent on th number of beans,
from Table $ it is clear that the averape bean weight
also plays an  important role. The corelation  of
Bdw x bdw is very positive and significant for the
group of fruits with more beans than the average
number

Furthermor cthe average bean weight (bdw) is
considerably closer related to Pfi and PWdir for the
group of fruits with many beans, than for the group
with low bean numbers

Disenssion and conclusions

Toxopeus and Jacob (7) sugpested that insufficient
natural pollination may account for low fruit set per-
centages and fruits with low number of beans as
shown by a skew frequency distribution of the bean
number per [ruit The Duits obtained by controlled
hand pollinations in our experiments showed o similay
shape of distribution Low number of beans in this
case might be refated to differences in pollination
success s affected by the weather conditions. From
field observations we concluded, that specially on rainy
days the success was very low. Secondly the male
parent appeared {o have w significant effect on the
frait setting, which is in accordance with the results
of Vello (8) Also the number of beans per pod
differed significantly between male parents, indicating
that genetical differences in pollen fertility might exist
In the study of Vello (9) the poilen tousce did not
affect the bean number; however he compared on'y
two clones in his experiment Since the yield of cacao
trees could be well affected by pollen fertility, research
in this direction might be valuable

In the correlation study special attention was paid
to the factors related to the production of dry cacao
per fruit. Vas der Knazp (2) and Ruinard (4) found,
that within clones both the average bean weight and
the number of beans will determine the dry cacso pro-
duction per pod In our experiment the number of
beans penerally showed to bz of major importance.
However we have seen, that in fruits containing refa

tively many beans the average bean weight becomes
the main factor

Average bean weight, according to many authors,
is a rather independent character (2,4 and 6) These
authors found e g non-significant correlations between
average bean weight and number of beans per pod
Present work indicates, however, that differences bet-
ween clones must be expected Two of the 5 clones
showed significant negative correlations. Also “highly
positive correlations were found between average bean
weight and pod weight for Fraits with relatively many
beans. The conclusion may be that the physiological
conditions cantrolling fruit growth may [imit growth
of individual beans, specially when many beans ake
present.

Of further interest is the observed tolerance of the
'SCA 12" clone to the physielogical phenomenen of
cherelle wilt. Maybe also due to this characters "SCA
12" appeared to be an important parent clone for the
productions of high yielding hybrids

Sanrmnenr y

Fruits obtained from two pollination experiments
were analysed for various characters. Differences in
fruit setting and bean number per pod were significant
between male parents, indicating genetical differences
in pollen fertility. When a heavy cherelle wilt occurred
7 weeks after poilination, the orly clone showing con-
siderable tolerance was 'SCA 12",

Correlations between 7 pod and bean characters
have been determined within 5 clones. Genesally dry
bean production per pod was closer related to bean
number, than to the average bean weight However, in
fruits with a relatively high number of beans the
average bean weight is of major importance. In this
group of fruits the average bean weight becomes a
less independent character, showing high correlations
with pod weight and dry weight of the pod wall
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Se analizaron vagios caracteres de fnatos de cacao
de dos experiemntos de polinizacién en Itabuna, Bra-
sil. Las diferencias en ¢l cugjado de frutos y nimero
de almendres por mazoren fueron - significativas entre
los progenitores masculinos, lo que indica diferencias
genéticas en fertilidad del pelen Cuando ocurrid una
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marchitez cherelle intensa, siete semanas después de
Ia polinizacion, el dnico clon que mostrd considerable
tolerancia fue 'SCA 12",

Se han determinado en cinco clones correlacionces
cntre sicte caracteres de mazorca y almendmas. Por lo
general, la produccion de almendras secas por mazor-
cas cstuvo mds estrechamente relacionada al ndmero
de almendras, que al peso promedio de la almendra.
Sin embargo, en frutos con un nimero relativaments
alto de almendras, el peso promedio de la almendra
¢s de la mayor importancia En este grupo de frutos,
el peso promedio de la almendrz se vuelve un caricter
menos independiente, y muestra altas correlaciones con
peso de la mazorca y con el peso seco de fa pared de
I mazorca
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