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INTRODUCTION 

Beginning in 1945, the authors have 
carried out a series of experiments on 
hybridization of species of Theobrona 
which occur in the basin of the Amazon. 
The cultivated cacao tree (Theobronma 
cacao) has been used frequenitly in these 
experiments, the original purpose having 
been an attempt to transfer various desir- 
able characters of the wild species into 
the cultivated form, as suggested by Pos- 
nette (1945), who first succeeded in ob- 
taining some cross-pollinations between 
species of Theobroma. Experiments have 
also beeni miade onl reciprocal grafting be- 
tween the various species. These experi- 
ments have revealed an interesting paral- 
lelism betweeni the behavior of somiie spe- 
cies in hybrids and in grafts. The pur- 
pose of the present article is to present a 
summary of the results obtained in our 
Theobromna work to date. 

THE PARENTAL FORMS 

In his revision of the genus Theobromta, 
Ducke (1940) recognizes nine species 
which occuir in Amiazonia. Conisiderecl 
morphologically, these species fall into 
several groups. Thus, T. Mariae anid 
speciosum lhave flowers oln the trunks 
only, T. microcarpum, grandiflorums, sul)- 
incanumn, obovfatum, and bicolor produice 
flowers only on branches, while T. cacao 
and Spruceanuni produce them both on 
trunks and on branches. Seeds of T. 
Mariae germinate in 30 or more days, 
while those of other species take onily 15 
days to germinate. The branching of 
mllost species is trichotomous, but in T. 
Mariae it is muonopodial, alnd in T. cacao 
it is in fives. Axillary buds on the 

braniches are absent in T. speciosuml, 
Spruceanum, bicolor and cacao, and pres- 
ent in the other species. In T. speciosum, 
Spruceanum, bicolor and cacao, the stemii 
arises from buds below the branching 
points while in the other species it arises 
from axillary buids on the branches. T. 
cacao is somewhat variable with respect 
to the above trait, since some branches 
develop buds which give rise to a second- 
ary stem. Fturthermore, T. cacao is the 
only species wlhich is capable of base 
sprouting, even in adult trees. 

The leaves are digitate in T. Mar-iae, 
wlhile the leaves of the other species are 
entire. Young plants of T. bicolor have 
corcliform leaves. Younng leaves are green 
in T. Mariae, speciosumi, Spruceansou, bi- 
color- and iiticrocarpumn, and either green 
or purple in the other species. The lhy- 
bridization experiments have slhowni that 
the green color is a single recessive trait, 
ptrple being dominant. Accordingly, we 
have whenever possible used plants witlh 
greeni foliage as female parenits, and those 
with purple foliage as male parents. This 
permiiits ready detection of the possible 
contanminations. Leaves of T. Mfariae, 
sitbin canumn, o bovatum and grandiflorum 
are lhairy; the adult leaves of T. Mariae 
have the further characteristic of not los- 
ing their hairs when rubbed against hul- 
man hanids. 

The ml-orphological and gross physio- 
logical traits thus shed relatively little 
light on the relationships of the nine spe- 
cies considered. It is clear only that T. 
iMariae is a very distinct formii, and indeed 
it is placed in a separate subgenus or sec- 
tion Herrania (Ducke, 1940), which somlle 
authors consider to be a separate gentus 
(Shultes, 1945). 
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HYBRIDIZATION IN THEOBROMA 381 

THE SPECIES CROSSES 

The techniques used in the hybridiza- 
tion experiments have been described 
elsewhere (Addison and Tavares, 1952). 
Here it will be sufficient to note that dif- 
ferent individual trees of the same species 
may vary with respect to the ease with 
which they produce hybrids with other spe- 
cies when used as female parents in crosses. 
Thus one tree of T. cacao growing in the 
garden of the Museum Paraense "Emilio 
Goeldi," at Belem, proved most favorable 
for our purpose, and was subsequently 
used more than were other trees. 

The results of the cross-pollination of 
the species of Theobroma are summarized 
in table 1. In this table the name of the 
species used as the mother is always given 
first, that of the father second. It is clear 
at a glance that most combinations of spe- 

cies produce no offspring. It should be 
noted that this inability to produce hybrids 
is not due to failure of germination of the 
pollen or to failure of the pollen tube 
growth, as has been verified by special 
observations. An attempt to improve 
matters by application of 0.1% to 0.25% 
alfanaphtalene acetic acid lanoline at the 
point of abscission of the flowers gave no 
positive results. 

The only species which, when used as a 
female, is able to produce hybrid seeds 
with most of its congeners is the culti- 
vated T. cacao. Only the cross cacao X 
Spruceanum has consistently failed, and 
cacao X bicolor produced a single ripe 
fruit with few seeds. On theoretical 
grounds, it is perhaps suggestive that the 
isolating mechanisms which exclude inter- 
specific crosses should be weakest in the 

TABLE 1. Numbers of pollinations made, of fruits obtained, of seeds in the fruits, and the frequency of 
seeds which germinated in various interspecific crosses in the genus Theobroma 

Species Pollinations Frutits Seeds Germination- 

cacao X speciosum 375 24 224 0 
cacao X Mariae 397 52 191 0 
cacao X microcarpum 489 7 11 20% 
cacao X obovatum 674 45 few 0 
cacao X grandiflorum 999 285 548 40% 
cacao X subincanum 375 24 few 0 
cacao X bicolor 381 1 few 0 
cacao X Spruceanurm 2,239 0 0 0 

bicolor X speciosum 293 0 0 0 
bicolor X Spruceanumn 556 0 0 0 
bicolor X obovatum 520 0 0 0 
bicolor X subincanum 250 0 0 0 
bicolor X cacao 2,440 0 0 0 
bicolor X Mariae 641 0 0 0 

grandiflorurn X cacao 745 0 0 0 
grandiflorum X bicolor 462 0 0 0 
grandiflorum X Spruceanum 743 0 0 0 
grandiflorum X speciosum 541 0 0 0 
grandiflorum X microcarpum 654 0 0 0 
grandiflorurn X Mariae 531 0 0 0 
grandiflorum X obovatum 465 37 701 77% 
grandiflorum X subincanum 317 39 514 72% 

subincanum X microcarpum 259 0 0 0 
subincanum X Mariae 550 0 0 0 
subincanum X speciosum 690 0 0 0 
subincanum X Spruceanum 505 0 0 0 
subincanum X grandiflorum 189 42 756 65% 
subincanum X obovatum 515 136 1,632 High 
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382 GEORGE ADDISON AND ROSENDO TAVARES 

TABLE 1.-Continued. 

Species Pollinations Fruits Seeds Germination 

obovatum X cacao 246 0 0 0 
obovatum X Mariae 194 0 0 0 
obovatum X microcarpum 581 0 0 0 
obovatum X Spruceanum 527 0 0 0 
obovatum X grandiflorum 506 0 0 0 
obovatum X subincanum 539 0 0 0 

speciosum X cacao 1,011 0 0 0 
speciosum X bicolor 1.264 0 0 0 
speciosum X Mariae 1,896 0 0 0 
speciosum X grandiflorum 660 0 0 0 
speciosum X Spruceanumn 437 72 1,406 63% 
speciosum X obovatum 25 0 0 0 

Spruceanum X cacao 159 0 0 
Spruceanum X bicolor 97 0 0 0 
Spruceanum X microcarpum 102 0 0 0 
Spruceanum X grandiflorum 102 0 0 0 
Spruceanum X Mariae 13 0 0 0 
Spruceanurn X subincanum 101 0 0 0 
Spruceanum X obovatum 102 0 0 0 
Spruceanum X speciosunz 41 32 62 52% 

microcarpum X cacao 395 0 0 0 
microcarpum X bicolor 161 0 0 0 
microcarpum X grandiflorunm 500 0 0 0 
microcarpum X Mariae 490 0 0 0 
microcarpunz X obovatunz 500 0 0 0 
microcarpum X subincanum 187 0 0 0 
microcarpum X speciosum 176 0 0 0 
microcarpum X Spruceanmnu 1,786 0 0 0 

AMariae X microcarpunm 353 0 0 0 
fariae X Spruceanunm 426 0 0 0 

Mlariae X speciosum 235 0 0 0 
Mariae X obovaturm 1,214 0 0 0 

most extensively cultivated species. Hy- 
brid seeds are produced in the crosses 
subincanum X grandiflorum and the re- 
ciprocal, speciosum x Spruceanumn and the 
reciprocal, grandiflorum X obovatum, and 
subincanum X obovatum. Reciprocals of 
the two last named crosses have so far failed 
to give hybrid seeds. It must however be 
noted that obovatur is, in contrast to 
other species with the exception of some 
cacao strains, self-fertile, and this fact 
makes the hybridization work with this 
species especially difficult. T. bicolor, 
when pollinated by cacao, speciosumn, and 
Spruceanum, gives fruits which do not 
reach maturity but fall off after growing 
to about 10 cm. in length. It may be 

noted that the abscission of the fruits is a 
characteristic of the species bicolor, but in 
bicolor it takes place when the fruits are 
ripe. In the reciprocal crosses, the fruits 
attain no more than 3 cm. in size, and die 
off. 

Obtaining hybrid seeds does not insure 
production of hybrid plants because of the 
deficient germination of the seeds, as in- 
dicated in table 1. The seeds of the pure 
species give, in most cases, between 90% 
and 100% germination. 

THE F1 HYBRIDS 

As slhown above, only some of the maniy 
species combinations have produced viable 

This content downloaded from 72.253.70.31 on Sat, 7 Jun 2014 07:03:39 AM
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp


HYBRIDIZATION IN THEOBROMA 383 

hybrid seeds. The characteristics of the 
hybrids obtained are as follows. 

T. grandiflorum x T. obovatumn. In 
1949, several hundred hybrid seeds ger- 
minated in baskets with sandy soil. Many 
of the seedlings were transferred in a lath 
house. Of these, 7 died, 7 are at present 
(1952) dwarfs or semi-dwarfs, and 22 
grew normally. Other seedlings (328) 
were transplanted in the field; only 50 of 
them are alive at present. The slow grow- 
ing hybrids, and some of the normally 
growing ones, show a characteristic necro- 
sis of the tips of the leaves, and sometimes 
of as much as a half of the leaf blade. 
Only 14 hybrid plants appear to be normal 
both with respect to the growth and of the 
condition of the leaves. 

Seven pollinations were made using the 
F1 hybrids as mothers and T. obovatwum 
as father. No fruits were obtained. A 
total of 103 pollinations of the hybrids by 
the pollen of T. grandiflorum gave 63 
fruits, 20 of which matured and produced 
354 seeds, most of which germinated suc- 
cessfully. Of the 135 pollinations with hy- 
brid pollen on T. grandiflorum stigmas, 
only 8 gave fruits with a total of 161 seeds. 
These seeds also germinated successfully. 
The backcross to T. obovatum as mother 
has not matured yet. 

The fruits produced by the hybrid 
plants are, on the average, 78 mm. long 
and 44 mm. in diameter; in T. obovatum 
the corresponding dimensions are 51 X 34 
mm., and in grandiflorum 158 x 92 mm. 
A hybrid fruit contains, on the average, 
12 seeds, while the parents have respec- 
tively 6 and 38 seeds. The taste of the 
hybrid fruit is likewise intermediate be- 
tween the parents. So is the external ap- 
pearance of the surface of the fruits. A 
trait which is dominant rather than inter- 
mediate in the hybrids is the falling off of 
the mature fruits from the tree, which also 
occurs in grandiflorum. 

T. grandiflorum x T. subincanurm. This 
cross produces seeds which germinate well 
and give seedlings that are normally vi- 
able. In 1949, a total of 45 hybrid seed- 
lings were planted in a lath house. They 

grow quite normally, and do not show the 
necrosis of the leaves observed in the 
grandiflorum x obovatun hybrids (see 
above). The hybrids, like the subincanum 
parent, have the young stems flexible and 
nodding until hardened: the grandiftorum 
parent does not show this trait. These 
hybrids have flowered in 1952. The ap- 
pearance of the flowers in the hybrids is 
intermediate between the parental species. 

T. subincanum x T. grandiflorumt. 
These hybrids are not appreciably dif- 
ferent from the preceding ones. 

T. subicanum X T. obovatum. This cross 
also produces good seeds and viable seed- 
lings. In 1949, 56 seedlings were planted 
in the lath house. The hybrids are about 
as small as the obovatum parents of cor- 
responding age. Some of the hybrid 
flants show disturbances in the formation 
of the leaves but others appear to be per- 
fectly normal. Only three hybrid trees 
have flowered to date; their pollen grains 
appeared to be normal in the iodine solu- 
tions. Attempts to obtain a backcross 
progeny by pollinating the hybrids with 
subincanum pollen gave, so far, no fruits. 
Some fruits have nevertheless been ob- 
tained by using the pollen of a third spe- 
cies, grandiflorum. 

T. Spruceanum X T. speciosum. The 
35 seedlings which germinated in 1949 
were planted in a lath house and gave rise 
to apparently healthy trees. The parental 
species are rather similar in appearance 
of the leaves and in their general habitus; 
with respect to whatever differences can 
be noted between them, the characteristics 
of speciosum seem to be dominant in the 
hybrids. Thus far 5 hybrids have flow- 
ered; the flowers are intermediate between 
the parents. Pollination with Spruceanum 
pollen gave rise to many fruits which, 
however, failed to grow beyond about 2.5 
cm. in length. This may be due to the 
youth of the hybrids. It may be noted 
that Spruceanum flowers at the age of 
about 1?/2 years, while speciosumn reaches 
flowering when 5 or more years old. The 
early flowering trait is then, dominant in 
the hybrids. 
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384 GEORGE ADDISON AND ROSENDO TAVARES 

TABLE 2. The numbers of grafts made (the upper figures in each cell), of grafts that took (the lower 
figures), and development of the scions in species of Theobroma 

N-the scion grows normally; SN-subnormal growth of the scion; M-the scion becomes 
about 30 cm. long and then dies off; F-the scion develops some leaves and then dies; D-the scion 
dies soon after the beginning of growth. 

Scion grandi- speci- subin- Spruce- mnicro- obova- 
Stock cacao bicolor florsmnz osum canum anumn carpumiz Mariae turn 

cacao 20 20 34 50 34 20 30 20 34 
16 9 20 28 18 15 20 2 18 
N M F M F M SN D M 

bicolor 35 20 35 40 35 20 35 35 40 
19 11 22 20 15 15 4 

D N D SN D SN D D D 

grandiflorum 24 20 20 40 23 20 20 20 23 
4 4 8 10 8 9 6 9 
F F N SN N F D D N 

speciosum 35 20 35 40 35 20 35 35 39 
17 7 #31 3 19 9 

D N D N D N D D D 

subincanum 24 25 20 25 20 25 24 25 25 
24 23 17 22 15 16 13 13 11 
F D N M N M D D N 

Mariae 20 20 20 20 20 20 20 20 20 
3 3 15 20 13 10 20 18 
D F F F F F D N F 

obovatum 20 20 20 20 20 20 20 20 20 
18 16 17 6 19 13 10 2 13 
D F N F N M D D N 

T. speciosum x T. Spruceanum. These 
hybrids were planted in the field and de- 
veloped into trees which resemble those 
of the preceding cross which grow in the 
lath house. Thus far only a single tree 
has flowered. 

T. cacao x T. grandiflorum. As shown 
in table 1, this cross gives rise to many 
hybrid seeds, although the number of 
seeds per fruit is lower than that in pure 
cacao. The germination of the hybrid 
seeds is nevertheless poor, and few seed- 
lings reach as much as 15 cm. in height. 
Those hybrid seedlings which grow push 
the cotyledons out of the soil, resembling 
in this respect the cacao parent. No hy- 
brids have grown anywhere near the flow- 
ering stage. 

GRAFTING 

Experiments were made grafting the 
buds from the stem of one species to that 
of another individual of the same or of a 
different species. The results are sum- 
marized in table 2. 

It can be seen that all the intraspecific 
grafts that take develop normally. Among 
the interspecific grafts much variation is 
observed. The three species grandiflorum, 
obovattm, and subincanum can be grafted 
reciprocally with ease. The scion of 
grandifiorum and subincanum gave dwarf 
trees when grafted on obovatum stocks, 
since obovattunt is the smallest of the three 
species. Speciosum can also be grafted 
on grandiflorum; one of the grafts has at- 
tained 120 cm. in height, but died there- 
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after. Another well defined group are bi- 
color, speciosum, and Spruceanum, al- 
though bicolor is less closely related to the 
other two than the latter are to each 
other. When bicolor is used as scion and 
speciosum as stock, somie grafts develop 
a callosity at the locus of the graft, which 
has a tendency to sprout roots. Spruce- 
anum is a smaller plant than its two rela- 
tives, and when it is graftecl on speciosumlt, 
the scion grows more vigorously than it 
does on its own roots. The scions of 
i?crocarpum develop fairly normallv on 

cacao. 

DISCUSSION 

The data presented above demonstrate 
the existence, in Theobromac, of a far 
reaching, although by no means perfect, 
correlation between the outcomes of hy- 
bridization and of grafting experiments. 
In general, the species which produce hy- 
brid progenies, or at least hybrid seeds, 
can be grafted successfully onto each 
other. Vice versa, where the interspecific 
grafts die off hybridization is usually im- 
possible. Thus, the three species, T. 
subincanum't, grandiflorum, and obovatum, 
can exchange grafts freely, all nine pos- 
sible combinations of scions and stocks 
giving normal growth (table 2). Sub- 
incanum and grandiflorum also produce 
viable hybrids, the reciprocal crosses be- 
ing alike; obovatum crosses freely with the 
two other species when used as a male par- 
ent, but not as a female (table 1). Nor- 
mal or subnormal growth is also observed 
in reciprocal grafts of the three species 
speciosumn, Spruceanum and bicolor. Of 
these, Spruceanum and speciosurn can be 
crossed in either direction, but bicolor 
gives no hybrid seeds with either of the 
two other species. The scions of mticro- 
carpuln grow reasonably well on cacao, 
and the cross cacao X ricrocarpur does 
not give a viable progeny, as the reciprocal 
one. 

Whether the success of hybridization on 
the one hand, and the outcome of grafting 
on the other, have a common physiological 
basis is a matter of speculation. However 

that may be, the data at our disposal per- 
mit the following division of the nine 
Theobronma species into four groups: 

I II III IV 
subincantumn cacao speciosumn Mariae 
grandiflorumn microcarputmn Spruceanumn 
obovatum bicolor 

This classificationi, based on experi- 
mnental data, agrees with, or at least is not 
contradicted by, the mlorphology of the 
species concerned. 

In conclusion, it may be pointed out that 
the species of Theobromna are remarkable 
by the completeness of the reproductive 
isolation which prevents the gene ex- 
change between them. Hybridization of 
these species in their natural habitats is 
less probable than that of species of miiany 
other genera of plants. The rather exten- 
sive field work of the authors and of their 
colleagtues in different parts of Amazonia 
has thus far failed to detect any natural 
hybrids between species of Theobromta. 
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SUMMARY 

Experiments have been mzade inter- 
crossing the nine species of Theobromanc 
which occur in Amnazonia. Most cross 
pollination gives no normally maturing 
fruits, but some crosses result in produc- 
tion of hybrid seeds. Hybrid seeds ger- 
minate in some cases with difficulty, and 
the seedlings often show a lowered viabil- 
ity. Only some adult hybrids have been 
obtained, but these have proved at least 
partly fertile. Buds of some species when 
grafted onto others fail to develop, while 
in other combinations of species the scions 
grow normally. The degrees of success 
of interspecific hybridization and of graft- 
ing show a strong positive correlation. 
A classification of the nine species based 
on the experimental data is proposed. 

This content downloaded from 72.253.70.31 on Sat, 7 Jun 2014 07:03:39 AM
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp


386 GEORGE ADDISON AND ROSENDO TAVARES 

LITERATURE CITED 

ADDISON, G., AND R. TAVARES. 1952. Ob- 
servagoes s6bre as especies do genero Theo- 
broma que ocorrem na Amaz6nia. Bol. 
Tecii. Inst. Agron. Norte (in press). 

DUCKE, A. 1940. As especies brasileiras de 
cacau (genero Theobromna L.), na botanica 

sistematica e geografica. Rodriguesia, 4: 
265-276. 

POSNETTE, A. F. 1945. Iinterspecific pollina- 
tion in Theobronta. Trop. Agriculture, 22: 
188-190. 

SCHULTES, R. E. 1943. Plantae Austro-Ailieri- 
canae. I. Caldasia, 6: 11-26. 

This content downloaded from 72.253.70.31 on Sat, 7 Jun 2014 07:03:39 AM
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp

	Article Contents
	p. 380
	p. 381
	p. 382
	p. 383
	p. 384
	p. 385
	p. 386

	Issue Table of Contents
	Evolution, Vol. 6, No. 4 (Dec., 1952), pp. 347-455+i-vii
	Volume Information [pp. ]
	Front Matter [pp. ]
	A Hybrid Swarm in Juniperus [pp. 347-366]
	Introgression between Typha latifolia and T. angustifolia [pp. 367-379]
	Hybridization and Grafting in Species of Theobroma Which Occur in Amazonia [pp. 380-386]
	Ontogenetic and Evolutionary Allometry [pp. 387-392]
	Physiological Evidence for Natural Hybridization of Bufo americanus and Bufo fowleri [pp. 393-406]
	Competition between Drosophila melanogaster and Drosophila simulans. I. Population Cage Experiments [pp. 407-420]
	Physiological Properties of Gene Arrangement Carriers in Drosophila persimilis. II. Wing-Beat Frequency and Wing Dimensions [pp. 421-427]
	Genetics of Marginal Populations of Drosophila willistoni [pp. 428-442]
	Notes and Comments
	Sex Determination in the Honey Bee [pp. 443]
	Sex Determination in the Honey-Bee [pp. 444-445]
	The Evolution of Cultivated Plants and Weeds [pp. 445-448]
	Comments on Evolutionary Literature [pp. 449-454]
	Darwin's Journal and Other Publications [pp. 454-455]

	Back Matter [pp. ]



