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Abstract: The probability that Cocoa genotypes may exhibit dferent physiological
variation when used as scion on the same clonal rstock of different ages had necessitated
the present investigation. Rootstocks were raiseddm open-pollinated pods of F3Amazon
for the ages of one, two and three months. Budwoodsom five genotypes were patch
budded on the common rootstock of different ages. I@wth and development of the budded
materials were monitored for four months. The seedihg length, girth and the number of
leaves per plant of the rootstock at the three agediffered significantly (P < 0.001). The
oldest seedling had the highest significant (R 0.05) mean of twelve leaves; 36cm seedling
length and 0.51cm stem girth. After budding, DAH, WV and LA exhibited significant (P <
0.01) genotypic variation. The three ages differedignificantly (P < 0.001) for FW. The only
variable with significant (P < 0.05) clone by age interaction was PDM. Broadsens
heritability was quite low (< 23%) in FW, DW and PDM; however, DAS, DAH and LA had
59, 71 and 85% respectively. With respect to PDMhe five clones performed differently in
response to the three ages of the root stock. SHakstability variance and Wricke
ecovalence agreed and uniformly identified CRINTc-20 be most stable genotype across the
three ages at budding. The PDM performance of othegenotypes is rootstock-age specific.
The understanding of the interaction of clones withdifferent rootstock ages in the patch
budding or grafting protocols may greatly enhance wiler production of cocoa clones.
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INTRODUCTION
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Cocoa Theobroma cacao L.) is a native of Amazon region of South Ameritaere are over 20 species of
the genusCacao is the most economic species and it is widelyivatied for its bean. It is considered one
of the most important perennial crops with an eatad world output of 3.5 million tons in 2006 (ICCO
2007). It is predominantly grown in the tropical aredsCentral and South America, Asia and Affica
The bulk of cocoa production comes from the tromfsNest Africa. Propagation in cocoa is either
through sexually generated or clonal seedlingsWest Africa for instance, majority of the cocoa
plantation were established from sexually generatailings, at least it is easier and cheaperevat.
Plantations established from clones attain pod ymtioh much earlief °. Budding and grafting on
seedling rootstocks is a common practise for cgtaatation establishment in smallholder cocoa sscto
of the Southeast AsiaReports from South America and Asia have provedetative propagation
technique for cocoa plantation establishment tdighly productive. The adoption of clonal seedlimys
cocoa plantation establishment in West Africa i$ yery poor. Cocoa plantation establishment by
vegetative rather than sexual propagation meansemiagnce youth attraction to cocoa farming and éneav
cocoa productivity per hectare in West Africa.

The choice of rootstock for vegetative propagatiomost horticultural crops is dependent among rothe
factors on: vigour, precocity and yield efficieficgenotype with large cocoa beans was recommengled b
Shepherdt al ’. Large bean size enhances vigorous seedling i$tataint for efficient patch budding and
top grafting. In addition to good phenotypic qualif the cocoa bean, the need for good resistahtteeo
genotype(s) to some diseases or pests had bendatmuraged. In Central America and the Caribpean
seeds from cocoa clone which are resista@emtocystis fimbriata are used to establish the rootstotks
EET-400 was the root stock choice of Irizarry andofag& because it was found to demonstrate
consistent yield capacity. The relative tolerantéC® 60 to heavy soil made it the choicest genetigy
rootstocks establishment by Murray and C8pE3 Amazon is the mostly preferred genotype faroeo
rootstock establishment in Nigeria, owing to itsiseance to swollen shoot disease.

Maintenance and reproducibility of any genetic matevith unaltered genetic constitution is achielea
through vegetative propagation. Losses of genetiterials have been prevented through vegetative
propagation of ageing and old genotypes. Patchibgdthd top grafting on cocoa rootstock had been at
much later ages of three, four and five months. plesent study was therefore proposed to identify a
probable lower rootstock age (with high efficiendgy patch budding and to understand differential
variability and stability of different cocoa genpgs (used as scion) to varied rootstock ages. &griv
information from this study would be essential flsogramme planning on germplasm conservation and
mass propagation of clones of different genotypes.

MATERIALS AND METHODS

An experiment was designed to understand how tliféerent ages of the cocoa rootstocks affects the
growth and development of five different genotypesd as scion. The experimental layout was a fattor
in completely randomized design (CRD) of three iogpés, containing two factors: the three ages of
rootstock development and five genotypes. Rootstoedre raised in pots from open pollinated pods3of
Amazon in May, 2011 on well sifted top soil. Theeagf the rootstocks were 1, 2 and 3 months after
planting. The five genotypes from which bud wood=zavobtained were of different genetic groups and
they include N38 (Amelonado), T65/7 (Amazonian),I8Rc-1 (T101/15 x N38 — Amazon-Amelonado),
CRINTc-2 (T65/7 x N38 - Amazon-Amelonado) and F34ma (a check).

The length, girth and the number of leaves on twstocks at the different ages before budding were
recorded. The scion of each genotype was patch doudoh the rootstocks of different ages. The
experimental unit of each treatment was ten bugrats per replicate. The experiment was monitéoed
four months. Data were obtained from the experiadembit on number of days to sprouting (DAS) and
days to hardening (DAH). The leaf area was obtaiaethree month using the leaf area meter. The
experiment was terminated with the destructive stialgmnf each experimental unit to obtain the fresil
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dry matter weight. Dry matter percentage was eséthas the percentage ratio of the dry matter ¢o th
fresh weight and then log transformed.

All the data were subjected to the statistical ysialusing the Statistical Analysis Software (SA&)ysion
9.2, (SAS, 2007). The analysis of variance (ANOW¥gs calculated using the PROC GLM procedure in
SAS. Broadsense heritability was estimated fromvidméance component of the ANOVA as the ratio of
the genotypic variance to the phenotypic variafawing Adewaleet al *°. Percentage dry matter which
had significant (P < 0.05) genotype by age int@pwactvas further investigated using two stability
statistical methods:

Wricke’s ecovalence (Wi) of Wricke (1962),

Wi= (Yij—Yi.—Y.j+Y.)*and

Stability varianced) of Shukla (1972),

o = 1/(g-1)(g-2)(e-2) [9(g-T) (Yij— Yi. = Y.j+ Y.)2-3 3 (Yij— Yi. = Y.j + Y.)7

Where; Wi = ecovalence of the i-th cultivas;? = Shukla stability variance of the i-th cultivar

Yij = the observed phenotypic value of the i-thtimar in the j-th environment, Yi. = mean of i-thltvar
across the entire environment, Y.j = mean of jaii®nment, Y. = grand mean, g = number of genaype
or cultivar and e = number of environments.

RESULTS

The component of variance and the means of thes thges of development of the rootstocks before
budding are presented Trable 1.

Table 1: The components of variance and Means of e developmental
Stages of the rootstocks before patch budding

Variance components

Leaf Count Seedling Height (cm)|  Stem Girth (cm)
Items Age Error, Age Error Age Error
DF 2 40 2 40 2 40
Mean squares 23.08**+0.82 | 144.21***| 9.17 0.014***| 0.0008
CV (%) 8.35 8.96 8.90
Mean Separation
Ages of root Mean Mean Mean
stocks
3 Months 12.27 35.85 0.51
2 Months 11.04 33.36 0.49
1 Month 10.24 28.46 0.44
LSD(0.05) 0.765 2.303 0.0263

The leaf count, seedling height and stem girthedél significantly (< 0.001) with respect to the three
ages of rootstock. Variation within the samplingtunr coefficient of variation for the three varlab is
very low, lesser than 10%dable-1). The differences between the means of the thre¢ntent revealed
that older rootstocks had significantly (P < 0.0Byher leaf count, seedling height and stem girth.
Generally, the ascending order of magnitude forttinee traits with respect to the three ages wasrith
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< 2 months < 3 month§able- 1). FromTable 2, significant (P< 0.01) variation occurred among the five
clones with respect to days to hardening (DAH)sHraveight (FW) and leaf area (LA). The five clones
reached hardening stage differently. T65/7 and ARHR reached hardening faster than other clones at
relative period of 90 days after budding. F3Amagonto hardening latest; about ten days behind 65/
and CRINTc-2(Table-2). CRINTc-1 had the highest leave area (93.43) amrghfrbiomass weight
(157.799g), N38 had the least for the two paraméiable-2).

Table 2: The components of variance, variability ad estimates of broadsense heritability for
Some growth and developmental traits of the buddesdcion

Source of DF | Mean Squares

Variation DAS DAH FW DW PDM LA
Clones 4 76.58 172.18* 12.37** 0.84 15.04 4800:49*
Age 2 9.75 21.80 39.41**| 2.66 28.74 77.05
Clone x Age 8 10.75 14.93 1.99 1.93 70.62* 324.54
Error 28 33.35 33.94 2.05 1.26 28.44 435.09
CV (%) 11.25 6.12 9.96 2231 15.26 38.84
HB (%) 58.71 70.89 22.16 12.56 10.53 85.16
Separation of means of the clones

Clones DAS DAH FW DW PDM LA
CRINTc-1 - 95.33 157.79 - - 93.43
T65/7 - 90.77 156.51 - - 52.04
F3_Amazon - 100.33 137.63 - - 45.68
CRINTc-2 - 90.88 136.59 - - 43.05
N38 - 98.66 133.36 - - 34.34
LSDg 05 8.00 13.08 20.14

*CV - Coefficient of variation, HB — Broadsense Hetability, Df — Degree of freedom, DAS — Days to
sprouting, DAH — Days to Hardening, FW — Fresh biorass weight (g), DW — Dry weight (g), PDM —
Percentage dry matter, LA — Leaf Area.

The age at budding significantly 0.001) influenced the FW of the five genotypesclEaf the five
clones that were budded on three months old rattsitocumulated higher FW. The interaction between
clones and the age at budding significantl(®.05) influenced the percentage dry matter contextept

for LA which had quite high (38.84%) coefficient wdriation (CV), the CV of the other five traits tinis
study was very low (< 23%). Among the six traitsdseéd, LA had the highest broad sense heritalility
85%, followed by DAH with broad sense heritabilitfy71%. There were inconsistencies in the respohse
the five clones to the three different ages at tiiedding was done with respect to percentage dityem
(PDM). For instance, the highest PDM occurred & budding age of 2, 1, 3, 2 and 1 month(s)
respectively for CRINTC-1, CRINTc-2, F3Amazon, N&&d T65/7 Fig.1).
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Fig. 1: The varied dry matter percentage of the fie clones in response to the three ages of patch
budding.

The stability of the inconsistent responses ofdifferent clones to the different ages of buddiogPDM
which was identified in Figure 1 was further expkd inTable 3. The stability variance of Shukla for the
five cocoa clones ranged between 0.62 (CRINTc-g)AR@5 (N38). However, the range was between 5.19
(CRINTc-2) and 58.37 (N38) for Wricke ecovalencetime. CRINTc-2 and N38 both had the lowest and
the highest values for both stability statisticheflefore, the order of stability rating (by Shuktability
variance and Wricke ecovalence) of the five codoaeas from the most stable to the least stable was:
CRINTc-2, CRINTc-1, F3Amazon, T65/7 then NBBable- 3). The mean PDM for CRINTc-2 (36.12%)
came very close behind F3Amazon which had the bigkielue of 36.44%. However, owing to the
magnitude of the two stability indices, CRINTc-2 smzery stable compared to the highly inconsistent
F3Amazon Table- 3.

Table- 3: The stability of the dry matter percentag of five cocoa clones to three different ages of
root stocks before patch budding.

Clones Mean across EnvironmentsStability variancedi”) | Wricke Ecovalence (W
(three rootstock ages)

CRINTc-1 34.28 1.03 16.39

CRINTc-2 | 36.12 -0.62 5.19

F3_Amazon| 36.44 6.34 52.23

N38 34.46 7.25 58.37

T65/7 33.39 6.92 56.13

DISCUSSION

The use of F3Amazon as the common rootstock wasrisonance with the recommendation of Eskes and
Lachenaudl According to them, the use of the same genotgpe motstock (common environment) for
the test of many genotypes as scion would leadgmificant genetic variation. The result in thisidy
seems to reveal the relative importance of agehisiplogical development of plants. Older rootssck
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guantitatively had higher leave number, longer Begand wider stem girth. It is equally noteworttoy
infer that the rate of budding success and subseguegressive development of the scion would among
other factors be influenced by the age of the tooksat budding. An investigation may be proposed t
identify other genotypes with better budding eéfitty than F3Amazon. Within the present germplasm, i
may not be impossible to identify genotype(s) viigtter budding receptivity and higher yield effiug"

Our result on genotypic variation observed amoregfitre clones in this study concors with the repam
variability in morphological and physiological tisiof cocod, clonal yield and pod indéxand bean
traits>. Hardening is a physiological stage in the develept of the budded scion when the plants are
assumed to have matured enough to be transplatéedening stage is characterized by full maturatibn
about 70% of the leaves on the developing clonemoGpes with lower number of days to reaching
hardening such as T65/7 and CRINTc-2 would be miestrable for early field establishment.

It was observed in this study that the leaf ared &aositive link with the fresh biomass yield. 8ho
biomass had been remarked by many autlidfsas a dependent variable on many physiologicatstrai
most especially the leaf area. The quantitativep@riion of genetic in the phenotypic expressior. (i.
broad sense heritability) of LA and DAH by the figlones is high and very informative for subsequent
selection programme. In subsequent breeding prageartherefore, the choice of CRINTc-1 at the
expense of others because of the higher leaf dteatadding may be justified. CRINTc-2 and T65/7
would equally have higher selection preference almifier clones owing to the attainment of hardening
relatively shorter number of days.

Our result further revealed that the five clonesehtheir most preferred rootstock age for the héghe
percentage dry matter. Except for F3Amazon (theclohén this study, budding success for high
percentage dry matter can be achieved when rokssare within the ages of one to two months. One to
two months are much earlier age for patch buddomgpared with the five months used by lIrizarry and
Geonagd. Our result identified the possibility of havingtph budding success on F3Amazon rootstocks
at a lower age of one to two months. Successfutlingdat earlier ages of root stocks would shorten t
time frame of raising clones at commercial scatepfantation establishment.

Negative value in the stability variance of Shuklansignificant in stability determination; the gratude

of the value is what courits Therefore, Shukla stability variance and Wrickewalence both identified
CRINTc-2 as the most stable clone for the threesagecause its value for both statistics was netoes
zero compare to the values obtained for other slombis implies that budding can be carried outwit
high efficiency at any of the three tested agesofstock development using CRINTc-2 as a scior Th
two statistics i.e. Shukla stability varianeg®( and Wricke’s Ecovalence (Whad a perfect agreement in
the order of classifying the five clones. Many augt® *” '® have also observed very high correlation
between the two methods of stability measuremente identified stability in the two hybrids (i.e.
CRINTc-1 and CRINTc-2) seems to unravel anothaniB@ant quality in them. They can be patch budded
with high efficiency on the rootstocks of F3Amazanthe age range of one to two months. This is a
physiological potentialin the hybrids. While we suggest a repeat of thisl lof investigation for many
other cocoa genotypes, we further recommend amsixte investigation of stock-scion combination for
many genotypes of cocoa for better yield efficieircgocoa.
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