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Resuimen

Un mimero grande de hibridos de cacao fue closificado en dificil, intermedio y
facil, sepin su habilidad en enraizar Diferencias significantes (P = (.03 se observaron
en la produccion de raices de clases de cacao aparentemente similares. Los porceniajes
medios de ijertos enrgizados oscilan de 28.5 a 61.5 entre los hibridos de Amazonas
Fy;de 226 a 795 entre los lubridos del Amazonas Fy, yde 26 1 a 63 9 entre los i
bridos Elite de lu CRIN. Se descubrié que en muchos casos clones de w mismo geno-
tipo entre varios hibridos caveron en un mismo prontedio de enraizamiento. También
se lleve a cabo una investigacion sobre la produccion de raices de algunos de los hibri-
dos en relacion a algunas pricticas culturales Se descubrio que la presencia de sola-
mente una hoja por injerto redujo significativamente la produccion de raices (P=0.01)
comparado con un alto niimero de hojas por inferto. Se observo que dos hojas por in-
jerto fueron adecuadas para plintulas a envaizar. La reduccion en el tamaio de las
hiojas a la mitad no tiene efecto adverso en el enraizamiento ¥ la practica atin aunenta
la supervivencia de los injertos bajo las ldminas del polietileno usado pera la produc-
cion de rarces de los injertos

Sin embargo, reducir a un octavo del tmnaiio normel de lg hoja disminuye signi-
ficativamente la produccion de raices (P =0 001)

Los injertos enraizaron mejor de 7 a 8 semanas despuds de iniciado el crecimien-
to de nuevas hojas en un tallo cortado.

Introduction

seedlings raised in povernment nurseries from
pods of high yielding irees distributed by the
Cocoz Research Institute of Nigeria (CRIN} Freeman
(5} described the methods of raising seedlings in the
nursery. Everard {4) had earlier observed thatl sowing

I n Nigeria, cacao is still propagated mainly by
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seeds at permarent sites, which was the practice
before nurseries were introduced, was risky as rodents
dig up and eat the germinating seeds. However, the
propagation of cucao by rooted cuttings holds the
key to revolutionising cacao production in Nigeria,
as clsewhere

The propagation of cacao by cuttings started to
gain impetus in 1955 when Archibald (1) gave a full
description of the technique He showed that the
preservation  of desirable characteristics  through
propagalion by cuttings was accompanied by other
advantages when compared with propagation by seed-
lings The cacao plants derived from cuttings come
into bearing earlier than seediing trees; and due to the
short habit of growth, the pods are easier to harvest
The reduced height also [lacilitates total coverage
of the trees and pods with pesticides

in recenl years, the demand for vegetatively
propagated caczo planting material has been increas-
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ing. The fall in yiclds as a result of pests, diseases and
physiolagical decline has led to the desirability. or
even the necessity, of finding new areas for caczo
plantations in addition to an extensive rehabilitation
of existing cacso areas It is desirable that maxinium
area should be planted with high-yielding clonai
seiections rather than with seedlings of uncertain
performance New hybrids are being developed (2)
whose parents have to be multiplied vegetatively
The reoting potential and behaviour of selected
hybrids have to be thoroughly worked out before
they can be included in polyclonal hybrid seed
gardens for providing clonal materials for distribu-
tion to farmers for new plantings and for the rehabili-
tation of old unproductive plantatioas (10)

One major problem in the production of cacao
cuttings is the existence of difficult rooters among
the various selected hybrids and the seasonality of
cutting productivity and rooting response (9) The
studies reported here were undertaken to classify
some bmportant cacoo hybrids into rooting classes
in order to identify potentially geod oncs for propu-
gation by cutlings Some experiments uare also
reported on culturzl responses of some of the hybrids
during propagation by rooted cuttings

Materials and methods

Some cacao hybrids which had been selected for
high yvields and disease resistance, and others selected
for ease of establishment, were used These included
15 F, Amazen hybrids planted in 1949, 41 F,
Amazon hybrids planted in 1950 and 9 CRIN elite
casc-of-establishment hybrids planted in 1964 The
parental identification of the various hybrids is given
in Tables | te 3. The parentage defines the actual
parents in the original countries from which the
materials were introduced into Nigeria. Full details
about the origin of the various hybrids are described
by Odegbara (9)

The trees were planted at a spacing of 3m x 3 m
They were properly maintzined over the vears by
spraying regularly with insecticides and fungicides
and by carrying out routine maintepance pruning
The canopy was completely closed and weeding
requirements had been very minimal and mostly
limited to places where overhead shade trees had
fallen, damaging the continuity of the canopy The
trees were subjected to intensive yield recording
over the years, and a selection based on yield records
was being made for further breeding work

The standard procedure of rooting cuttings, which
has become routine for cutting production at CRIN,
with necessary experimental modifications, was

employed Cuttings were coilected between 0730
aud 0800 h, kept in polyethylene bags and brought
as soon as possible to the rooting shed for further
treatment before they were set for rooting. Generally,
cutlings were taken from semi-hardened. recently
matured flushes with green leaves In the rooting
shed. all but the upper four leaves of the cutting
were removed with a sharp knife, while a new stem
surface was exposed by cutting the jower end and
immediately dipping it in distilled water contained
in a large plastic bowl The stems were 15 to 20 ¢cm
long

Some of the cuttings were treated with indole-3-
butyric acid rooting hormone {1BA) The concentrat-
ed dip method was used, the concentrated solution
conlaining 0 50% of the hormoene in 50% ethanol.
The cuttings of ane treatment were tied together with
their bases Mush to the same level and were dipped to
within 1 1o 2 cm of their bases. After about 2
ninutes. the cuttings were removed {rom the solution
and the bundles loosened Excess solution was shaken
off and the cuttings were set in the rooting medium

The rooting medium was composed of sawdust
and top seil in black polyethylene bags The bags
were {illed in such a way as to contain sawdust in a
central core within the top soil and 1 5 cm laver at
the tep of the seil The cutting was set within the
sawdust core. The bags were arranged in 2 randomised
complete block, thoroughly watered and covered
with transparent polyethylene sheets as in the
method of McKelvie (8). The plants were watered
daily 1o keep the humidity under the polyethyiene
sheets as near 100% as possible. The cuttings were
scored for rooting after 30 days For the classifica-
tion of the various hybrids into rooting classes, 3 or
6 replicates of 20 cuttings each were randomly
selected  from all parts of the canopy and were set
in randomised complete blocks The experiment was
carried out 3 times and the overall mean values were
used for statistical analysis

Results
Classification of cacao hybrids into reoting classes

The 1BA freatment masked the division between
easy rooters and difficult rooters and therefore only
the results of cuttings treated with distilled water
were used to classify the hybrids into rooting classes.
Analysis of variance showed that veriations among
the hybrids were statisticatly significant (P = 0 001)
and therefore the Duncan’s Multiple Range Test
was used fo compare the means The results
are presented in Tables [ to 3
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In Table 1. the {irst four hybrids were classified as
easy rooters because they were significantly better
than the next six (intermediate). The last live were
significantly different from the rest and they were
classified as difficuit rooters

Amony the 41 Fy Amazon hybrids tested (Table
2y the first 14 scoring between 61 2% and
79 5% rooting were signilicantly better than the rest
and were grouped as easy rooters. The next 15,
scoring between 47 9% and 59 1%, . were grouped
as infermediste rooters The rest, scoring between
45 0% and 226%, . feel into the difficalt rooting
riange

Among the CRIN elite hybrids (Table 3) P47 was
significantly better than all others. The next best
were P49 and P39, which could be grouped with
P47 as easy rooters P78, P89, P59 and P77 were
the poorest and they fell among the difficult rooters
P53 and P68 were intermediate

A reference 1o the genotype and parentage ol the
liybrids in Tables | to 3 indicates that in muany cuses
hybrids of the same genotype fell into the same
rooting range ament the Fy and Fy Amazon hybrids

Table 1.

Classification of F, Amazon hybrids into rooting classes.

Rooting responses to cultural practices

ieafless cacao cuttings do notl normually produce
roots, even under treatment with root-inducing
hormones I is, however, the practice to reduce the
number of leaves and the leal area on a cutting with-
out adversely alfecting root formation To test the
effect of number of leaves per cutting on rooting
response, 480 cullings were (aken randomly from
trees in the F3 Amazon plot The first 240 were
treated with Indole-butyric acid {IBA), and the
remaining 240 were treated with distilled water.
Ten cuttings were set per replicate in six replicates
ol cuttings with four leaves, two leaves and one
leaf

The results of the rooting response after 30 days
are shown in Table 4 There was a significant dif-
ference in the mean percentage of cultings rooted
(P = 0.01) when more than one leal’ was lelt on each
cutting There were also significant differences in
the mean number of roots per cutiing and in root
length (P = 0.05) when more than one leaf was left
on each cutting Possession of more than three leaves,
however, did not confer any great advantage in root-
ing response

Hyhbrid identification Genotype Parentage Mean Y% rooting Statistical significance®
number

W4/407 T60/887 Pa35 x Na32 615 ab
W4/162 T36/763 Pa35 x Na32 573 be
W4/297 T65/283 Pa? x IMc47 871 be
W4/296 163/289 Pa? x IMc47 340 be
W4/127 T79/1139 Na32 x Pa7 46 9 cd
W47450 T12/1233 Sca 12 46.1 cd
Ww4/628 T79/50% Naj2 x Pa7 431 de
W4/630 179/50% Nad2 x Pa7 431 de
W4/e27 T79/501 Na32 x Pa7 430 de
W4/622 T79/501% Na32 x Pa7 420 ef
W4/624 179/501% Na32 x Pa7 329 gh
W4/687 165/336 Pa? x IMcd7 328 gh
Wd/692 T65/326 Pa7? x IMc47 320 ¢h
W4/633 179/501 Na32 x Pa7 292 hi
W4/681 T65/326 Pa7 x IMecd¥ 285 hi

* Means with the same letters are not significantly dificrent {rom one another Means with different letters are sipnificantly different

(P = 0 03). Each figure is the mean ol 3 replicates
KEY:
61.5% to 54 0% = Easy rooters

46 9% to 42 0% = Intermediate rooters
129% 10 28 5% = Difficult rooters
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To test how the cultural practice of recducing the
size of the leaves on the cuttings wouid aftect rooting
response. 480 cuttings were randomly selected [rom
a poputation ol Fy Amuzon trees and the number of
lezves on each cutling was reduced to three. the num-
ber found in the earlier trial to be optimum for rooting

The cuttings were divided into four groups; the first
group had the size of each leal reduced to about one-
eighth, the second group had it reduced to sbout one-
quarter., the third group to cne-half and the last group
was planted without leaf size reduction

Table 2 Classification of |, Amuazon hybrids into rooting classes,

Hybrid identification Genotype Parentage Mean % rooting Statistical significance
rumber

W5/689 I87/124% [Mc60 x Nad4 79 3 a
W5/681 187/1241 IMc60 x Nud4d 78 1 a
Ws/479 160/888 Pu7 x Na32 689 ab
W5/591 172/1436 Nu32 x IMc60 689 ab
W5/702 187/1244 IMu60 x Nu34 677 ab
Wi/676 187/1329 IMe60 x Nud4 650 ab
W3/366 1797414 Nud2 x Pa7 64 6 ab
W5/347 163/967 Pul5 x Nu32 642 uly
W5/581 173/1436 Na32 « IMe60 44 0 ab
W5/396 163/968 Pu3s x Na32 639 ab
Wa/461 T60/88 Pa7 x Na32 637 ub
W5/587 T73/1436 Na32 x IMe60 629 alb
W5/385 163/948 Pa3s x Na32 613 aly
W5/391 T63/968 Pads x Nuld2 612 ab
W5/184 163/733 Pads x Nu32 391 be
W5/37 T85/876 M6 5 Nadd 590 be
W5/392 163/968 Pads x Nud2 589 b
W5/403 T63/764 Puls x Nu32 389 be
W5/677 T187/1329 IMcBO x Na32 560 b
W5/405 F63/968 Pa3s x Nu3l 550 be
W5/23 T63/884 Pads x Nu32 528 be
W5/699 T87/1244 IMcg0 x Na34 521 be
W5/574 172/1436 Nuad2 x IMc60 St 4 be
W5/387 163/968 Pa335 x Nu32 510 be
W5/32 185/876 Mc60 x Nuld 509 be
W5/344 163/967 Puds x Na32 508 be
Ws/16 163/884 Pa35 x Na32 498 be
W5/253 163/967 Pa33 x Na32 498 be
W5/398 163/764 Puds x Nua32 479 ed
Wa/100 T87/1244 IMc60 x Na34 450 de
W5/165 163/884 Pa3s x Nulz 44 0 de
W5/213 165/327 Pa7 x IMca7 43 1 de
Ws/9 163/884 Pa35 x Na32 411 ef
W5/698 T87/1244 IMe60 x Nul4 402 uf
ws/47 185/876 IMc60 x Nald 382 fu
W5/202 T65/327 Pu? x IMc47 382 iz
W5/75 179/502 Na32 x Pa7 342 gh
W5/345 163/966 Pa35 x Nad2 3240 #h
W5/692 187/1244 IMc60 x Nal4d 272 hi
W5/15 T63/884 Pal5s x Nul? 36 4 ki
W5/3%0 163/968 Pa35 x Nui2 326 hi

Each figure is the mean of 3 replicatus
KLY:
79 5% to 61.2% = Lasy rooters

59.1% to 47.9% = Intermediate rooters
45 0% to 22 6% = Difficult rooters.
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The results presenied in Table 5 show that when
the leal size was reduced to one-gighth. there was o
significant adverse effect on both rooting response
(P = 0001} and reot length uand the number of roots
produced (P =0035)

Cuttings for cacao propagation are taken in relu.
tion to the growth of flushes. and it is commonly
stated that cuttings should be wken from recently
hardened flush. This statement indicated that the
exaet thme (o take cuttings lor rooting is not precisely
defined und the purpose of the following experiment
was 1o determine this

Branches of mature hardened flushes were tapged
and observed daily for the onset of bud bursting for
the initiation of flushing Shoot elongation wuas
measured from o mark made with India ink placed
10 em from the end of the shoot tip of each of 10
tagged branches  The length ol the shoot was
measured weekly from the Indis ink mark The
results are shown in Figure ! Because the growth
cycles of the shoots were asynchronous. the data
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were grouped  around  the initiation of flushing
marked by T in the figure. The experiment was done
four times with 10 branches tagged on esch occasion.

Those points to either side of the point F were
the means a1 weekly intervals before and after the
inttiation of growth

Growth was rapid for the first two to three weeks
from the initiation of lushing, after which the rate of
grawth slowed down. No more growth in length was
observed after the sixth week Cultings of new flushes
were taken for rooting weekly {rom the third week
after initiation of flushing At this time, the leaves
were fully expanded and the flushes were still pink
in ¢olour No cutting rooted at the third and fourth
weeks.

The cuttings died after a few days of setiing A
lew cuttings rooted at {ive weeks. The best rooting
veeurred after seven and eight weeks. At the ninth
week, the rooting percentage fell with the initiation
of new MNushes
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Shoeot elongation and rooting response at weekly intervals after initiation of flushing in 13 Amazon cacao.
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Table 3. Classification of CRIN elite hybrids into rooting classes.

Hybrid identification number Parentage Mean % rooting Statistical significance
P47 ICS1 x Naiz 639 a
P49 IC81 x Nu3z 533 b
P39 C77xCt4d 475 b
P53 T7/12 x Na32 38.1 c
P&8 T165/7 x Na32 358 ¢
P77 185/5 x Pu32 336 cd
P59 T3/ x Nu3z 292 cd
P89 Na32 x Nu32 281 od
P78 T85/45 x Na32 26 1 d

Each figure in the mean of 6 replicates
KEY:

63 9% 1047 5% = Lasy rooters.
38.1% 10 35 8% = Intermediste rooters
33 6% to 26 1% = Difficult rooters

Discussion

The preservation of desirable characteristics
through vegelative propagation and other advantages
makes cacao propagation by cuttings and important
tool in cacao rehabilitation, re-establishnent and new
plantings This calls for the most economic rooting
of the best cultivars for continuous nursery opera-
tion However, Evans {3) reported from the West
Indies that cacao clones differ in the ease with which
they are rooted, the slow rooting ones producing lew
or no roots under conditions which are satisfactory
for the easy rooting clones I thus appears that the
{irst step in cacao propagation by rooted cuttings is
to determine the rooting behaviour of the cacao
cultivars selected for various desirable characteristics

The datz in Tables | to 3 show that large differ-
ences occurred in the reoting response of apparently
similar cacao types. Among the F, Amazon hybrids,
rooting response ranged from 61 5% 1o 285%
Among the F3 Amazon, it ranged from 79 5% to
22 6% and ameng the CRIN elites from 63.9% to
26.1%  The effect of the hormones used was to
reduce these wide gaps and so mask the division into
easy and difficult rooters. Hartman and Kester {6)
reported that grest differences exist among species
and among clones in the rooting ability of cuttings
taken from then. In their opinion, it is often dif-
ficult 1o predict whether or not cuttings of # cerlain
clone will root easily; empirical trizls with each clone
were necessary With cacao, Archibeld (1) also report-
ed that considerable variation in rooting behaviour
was shown between cuttings from different clones,

different trees of the same clone, different parts of
the sume tree and different parts of the same shoot.
He ascribed the variation to internal factors

All processes occurring in plants are subject {o
the dual control of the genetic complement of the
plant and the environmental factors to which the
plant is subjected Whenever the same process is
studied for two different varieties of the same plant,
the effect of the genetic make-up on the physiology
of the plant comes under consideration The differ-
ences in physiology between varieties are as much a
reflection of their genetic differences as their more
immediate apparent differences in  morphology
Although in many respects, morphological manifes-
tations of penetic differences are more obvious
than physiological manifestations, the latter can be
much more important, e g varietics which may be
nearly indistinguishable morphologically may differ
markedly in their physiology

These physiological differences can also  be
exploited, in addition {o the genetic differences, for
improving the performance of the plant In the
studies reported here, when the various hybrids were
divided into their rooting classes, it was found that,
in muny cases, clones of the same genotype feil into
the same rooting classes (Tables 1 to 3) This
indicates that the genetic background ol clones can
be important in their rooting response and it could
therefore be possible to breed or select for high
rooting response in cacao.
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Unlike many temperate plants, leafless cacao
cuftings do not normally produce rools. In the
investigations reported, it was found that two leaves
per cutting were adequate for good rooting (Table
43, although up to four leaves my be retuined as insur-
ance against loss of leaves through physiclogical
hazards and/or pest attack When the feaf ares was
reduced to as little as one-eighth. there was highly
significant reduction in percentage of rooting (Table
5). This confirms the essentiality of the leaves for the
rooting process Hunter et @l (7) found that the
presenice of a leal i the absence of light was suf-
ficient for root initistion in cacao, but the survival
of the cutting depended on light. The latter sugpests
that continustion of photosynthesis in the rooting
bin is essential for the growth of roots Starch tests
on cuttings showed that starch disappeared from the
bases of the cutlings faisly rapidly In cuttings from
which the leaves were removed, only shight traces of
starch could be found, while those on which the
feaves were retained showed abundant starch 1t is
thus obvious that two very important factors
determining the rooting and the survival of the cacao
cuttings are the quantity of carbohydrates in the
cuttings at the time of striking and the efficiency
of the leafl in manufacturing carbohydrates This was
shown for chrysanthemum cutlings by Samunanda
el al (12) It remains to be seen if their suggestions
for combined spplications of hormones will improve
rooting further in cacao

The striking of cuttings in relation to flushing has
received very little attention from researchers. The
age of flush is important Swarbrick (13) oblained
the best rooting of Cola spp when he used three-

month old wood from fully hardened fiush. Pyke
(11) could obtain only callus formation {rom hard-
wood cuttings of cacao, and he concluded that cacao
cuttings should be taken from soft or semi-soft
materials from a recently matured flush There has
been o need to define more precisely the degree
of softness of wood and maturity of the {lush that
will produce rooting results. The data of Figure I
show that the precise time lies between seven and
cight weelks alter the initiation of flushing

Summary

A large number of cacao hybrids were classilied
into difficult, infermediate and easy rooters Signifi-
cant differences (P = 0.05) were found in the rooting
responses of apparently similar cacso types Mean
pereentage of cuttings rooted ranged from 28 5 o
61 5 among the 2 Amuzon hiybrids; from 226 to
79.5 among the Fy Amazon hybrids and from 26 1
to 639 among the CRIN elite hybrids It was found
that in many cases clones of the same genotype
among the various hybrids fell into the same root
Mg range

An investigation of rooting response of some of
the liybrids to some cuoltural practices was also
carried out. It was found that the presence of only
one leal per cutting significantly reduced rooting
(P =001} when compared with a higher number of
leaves per cutting. Two leaves per cutting were found
to be adequate for shoot rooting. Reduction in the
size of leaves by hall was found to have no adverse
effect on rooting and the practice even enhanced the
survival of the cuttings under the polyethylene sheets

Table 4. Effect of number of leaves per cutting on rooting response of randomly selected F, Amazon trees: mean percent rooting,
mean number of roots per cutting and mean root length 30 days after setting.

Number of leaves per cutting  Mean percent of cattings rooted

Mean root number per cutting Mean root length per cutting (cm)

DWw IBA DwW IBA Dw IBA

i 46 7% 58 gre 2% 3.9% 1 4% 3.0
2 653 86.7 449 54 27 37
3 669 826 4.3 56 29 338
4 64 5 795 49 59 31 35

Lach figure is the meun of 6 replicates

* o Significantly dilferent at P =0 05

*#* Significantly different at P = 0 01

DW = Cuttings treated with distilled water

1BA

i

Cuttings treated with Indole-butyric acid
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used for ruoting the cuttings. However, reducing the
size to one-eightl of the normal leaf size significantly

reduced rooting (P = 0.001). Cuttings rooted best
at seven to eight weeks after the initiation of flushing

Table 5. Effect of reduction in leaf size on rooting response of randomly selected F, Amazon hybrids,
Leaf size Mean percent of cuttings rooted  Mean root number per cutting Mean root length per cutting (cm)
Dw IBA DwW iBA DWW IBA
One-eighth G grwx {4 5%%* 1.2* 1.3%* 1.0* 1.5%
One~quarter 604 43 22 25 21 29
Half 61.5 723 28 27 26 34
Full 68.9 802 34 3.5 29 3.5
Each figure is the mean of 6 replicates
*  Significant at P=0.05.
*** Qignificant at P=0.001.
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