Exploiting the Cocoa genetic variation for flowering time and pod
development period for climate adaptation: genetic variation and
relationship to selected yield components
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Importance of
Theobroma cacao L.

Contributes to a 130 billion USD chocolate
and confectionary industries, worldwide

Other products such as cocoa based
beverages, alcohol, cosmetic and
nutraceuticals

Cocoa pulp and husk are also used as
animal feed or fertilizer
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Origin of cocoa in the Bt /“jg}}mum
South American Tropics e A

Cocoa a neotropical tree species
indigenous to the Upper Amazon region
of South America.

Motomayor et al (2008) identified

e 10 genetic groups cocoa dispersed in tropical Central and South America.
e Two hybrid populations, Trinitario (from Trinidad) and Refractario (from Ecuador)

The geographical diversity allows local adaptation to different environments
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Strategies for drought tolerance/ resilience
In cocoa

- Root architecture, fine roots - Polyamine synthesis (general stress
- Canopy characteristics - Leaf avoidance mechanism)

morphology, size, stomatal

density,

- Osmotic adjustments (P & K accumulation - Agroforestry and shade management -
in leaf) species dependent

- Stomatal Conductance (stomatal - Mineral nutrition particularly potassium
sensitivity, leaf rolling, turgor) - Water retention within fields

Flushing behaviour

Interaction between drought & CO2
enrichment; drought & temp
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AVOIDANCE
OF CLIMATE
CHANGE

There is an opportunity to select for avoidance
mechanisms as a means of developing climate
tolerant cocoa genotypes

In this study we investigated two such
mechanisms

- Time of flowering following the dry
season

- Pod development period
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Objectives

1. To determine the genetic diversity that exist within a representative
subset of the germplasm held at the International Cocoa Genebank
(core collection) for flowering time and pod development period

2. To correlate the selected traits for three consecutive years

3. To identify the interrelationships among the selected traits like flowering
time, pod development period on yield related traits such as pod size,
number of beans per pod, bean size and bean weight
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97 accessions or genotypes were
evaluated for

W 2 s
In the year spell of 2016/2017, 2017/2018 ’l/ W K
and 2018/2019. The period begins from 3

Flowering time

Pod development period
Pod size

Pod growth rate

Bean number

Bean weight (wet)

Bean weight (dry)

April to March of the next year.




Materials and Method:

» The flowering time has been noted during
the first flowering after first rain following
the dry spell for each tree for each
accession

» The pods were individually tagged after
pod sets and measurements (length and
width) were taken in every 15 days upto
maturity for each accession
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Results — Flowering time

» Significant differences among accessions were noted.
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Flowering time

Early Flowering SIC,MO,CL,ICS
Late Flowering ICA,AGU
Intermediate flowering GU,AMELONADO,SIAL,NA,PA,IJA,SIC,

LV,LCTEEN,RED AMELONADO,EET
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Results — Pod development period

2016/2017 (n = 48)

2017/2018 (n = 81)
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Results — Pod Length and Width
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Results - Correlation between phenotypic traits

FT | PDP Pod Pod Pod L/W APGR Bean# | Bean ABW
Len Wid Size Siz

FT 1 | 0.15 0.22 | 0.11 0.17 0.16 0.11 0.01 0.32* | 0.32*
PDP 1 -0.17 | 0.07 -0.06 -0.25* | -0.35* | -0.07 0.13 0.13
Pod Len 1 0.49* 0.83* 0.74* 0.82* 0.34* 0.39* | 0.39*
Pod Wid 1 0.88* | -0.23* 0.81* 0.40* 0.50* | 0.50*
Pod Size 1 0.24* 0.95* 0.42* 0.53* | 0.53*
L/W 1 0.29* 0.08 0.05 0.05
APGR 1 0.42* 0.45* | 0.45*
Bean# 1 -0.05 | -0.05
BeanSiz 1 0.99*
ABW 1
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2017/2018(n=81

m Mean Range cv Mean Range cv
80 16 - 144 0.28 79 11 -208 0.49
143 97 - 210 0.15 149 115 - 206 0.10
16.3 13.1-21.0 0.11 16.1 10.4 - 22.9 0.15
77 57-9.8 0.13 8.5 6.3-11.1 0.10
4.17 2.00 -7.45 0.33 5.02 20-11.0 0.31
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- - L s 094196 014
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The genetic variation for 8 mopho-physiological characteristics of 48 accessions (2016/2017) and 81
accessions (2017/2018) of Theobroma cacao evaluated at the International Cocoa Genebank,
Trinidad situated in Centeno, Trinidad.
FT = Flowering time; PDP = pod development period; PL = pod length; PW = pod width; PS = pod size; BN = bean number;
BS = bean size and ABW = average bean weight
* data was not collected for BN, BS and ABW during 2016/2017
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Conclusion

* Significant differences with respect to flowering time and pod development
period were observed

* Despite large year-to-year variation in climatic conditions PDP and FT showed
remarkable consistency across accessions over the three years of study,
suggesting a strong genetic influence

* There was evidence of genetic differences in PDP and FT across genetic groups
from different geographical origins indicating that this variation could be an
evolutionary adaptive response
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Conclusion

* No correlation was seen between pod development period and yield
components; bean number, bean size and bean weight whereas no/weak
correlation was seen between FT and yield components, indicating that these
traits can be selected , independent of yield

* Finally, the study shows tremendous opportunity to use flowering time and
pod development period to select for local adaptability and drought avoidance

* We are pursuing Genome Wide Association study to further understand the
genetic basis for flowering time and pod development period

UWI :.'.:’..: %entre h . g 22
T 2022 International Symposium on Cocoa Research (ISCR),

NMoantnallinr Erancmcrn



References
Aivim, P. De T., 1957. Conferencia Interamericana Do Cacau, Brazil, 117-125.
Anita-Sari, 1., Susilo, A. W., 2015. Phenology of Flowering and Pod Maturity on Some Cocoa (Theobroma cacao L.)
Clones. Pelita Perkebunan 3: 73-80. https://doi.org/10.22302/iccri.jur.pelitaperkebunan.v31i2.79
Anitasari, S., Mu’ti, A., & Hutahaean, Y. (2018). Effect of drying on the porosity of the hydroxyapatite and cellulose
nata de coco compositeas bone graft candidate. IOP Conference Series: Earth and Environmental Science, 144,
012043. https://doi.org/10.1088/1755-1315/144/1/012043
Babin, Y. R., Djieto-Lordon, C., Cilas, C., Dibog, L., Mahob, R., Bilong Bilong, C. F., 2012.True Bug (Heteroptera) Impact
on Cocoa Fruit Mortality and Productivity, Journal of Economic Entomology, 105:1285-1292.
http://dx.doi.org/10.1603/EC12022
Bekele, F.L., Bekele, I., Butler, D.R. et al. Patterns of Morphological Variation in a Sample of Cacao (Theobroma
Cacao L.) Germplasm from the International Cocoa Genebank, Trinidad. Genet Resour Crop Evol 53, 933—948 (2006).
https://doi.org/10.1007/s10722-004-6692-x
Bos, M. M., Steffan-Dewenter,l., Tscharntke, T., 2007, Shade tree management affects fruit abortion, insect pests and
pathogens of cacao. 120: 201-205. https://doi.org/10.1016/j.agee.2006.09.004
Cilas C, Machado R, Motamayor JC (2010) Relations between several traits linked to sexual plant reproduction in
Theobroma cacao L.: number of ovules per ovary, number of seeds per pod, and seed weight, Tree Genetics &
Genomes, 6:219-226
Cilas, C., Duchemin, C., Lotode, R., 1989. CAMELIORATION GENETIQUE DE LA QUALITE DU CACAO : ETUDE DE LA
GRANULOMETRIE. Cafe Cacao TM, vol. XXXIII, no 1, janv.-mars.

A

'f,;j\h, :

: 4 i Cocoa

8= (X Research
UWI ’ Centre O 5 23
g 2022 International Symposium on Cocoa Research (ISCR),

NMoantnallinr Eranmcrno


https://doi.org/10.22302/iccri.jur.pelitaperkebunan.v31i2.79
https://doi.org/10.1088/1755-1315/144/1/012043
http://dx.doi.org/10.1603/EC12022
https://doi.org/10.1007/s10722-004-6692-x
https://doi.org/10.1016/j.agee.2006.09.004

Daymond, A.J., Hadley, P., 2008, Differential effects of temperature on fruit development and bean quality of
contrasting genotypes of cacao (Theobroma cacao), Annals of Applied Biology, 153: 175-185.
https://doi.org/10.1111/j.1744-7348.2008.00246.x

Dewi, V. S., Asman, A., Josua K., Hamdayanty H., 2020. Resistance test of five cocoa (Theobromae cacao L.) clones in
South Sulawesi against Phytophthora palmivora, IOP Conf. Series: Earth and Environmental Science 486, 012173.
https://doi.org/10.1088/1755-1315/486/1/012173

Falque, M., Vincent, A., Vaissiere, B., Eskes, A., 1995. Effect of pollination intensity on fruit and seed set in cacao
(Theobroma cacao L.). Sexual Plant Reproduction, 8: 354-360. https://doi.org/10.1007/bf00243203

Forrest, J. & Thomson, J. D. 2010 Consequences of variation in flowering time within and among individuals of
Mertensia fusiformis (Boraginaceae), an early spring wildflower. Am. J. Bot. 97, 38—48.
https://doi.org/10.3732/ajb.0900083

Greenwood, M., Posnette, A. F., 1950. The growth flushes of cacao. J. hort. Sci. 25: 164-174.
Humphries, E. C., 1944. Annu. Rep. Cocoa Research, ICTA Trinidad, 28.

Koornneef, M., Alonso-Blanco, C., Vreugdenhil, D., 2004. Naturally occurring variation in Arabidopsis thaliana Ann.
Rev. Plant Biol., 55:141-172.

Macdonald, J. A., 1932. Annu. Rep. Cocoa Research ICTA Trinidad, 29.

McKelvie, A. D., 1956. Cherelle wilt of cacao. |. Pod development and its relation to wilt. Journal of Experimental
& Botanv 7:252-263.
= ’ g,
UWI .:_‘.: Centre . . 24
e 2022 International Symposium on Cocoa Research (ISCR),

NMoantnallinr Eranmcrno


https://doi.org/10.1111/j.1744-7348.2008.00246.x
https://doi.org/10.1088/1755-1315/486/1/012173
https://doi.org/10.1007/bf00243203
https://doi.org/10.3732/ajb.0900083

Medina, V., Laliberte, B., 2017 A review of research on the effects of drought and temperature stress and increased CO2 on
Theobroma cacao L., and the role of genetic diversity to address climate change. Costa Rica: Bioversity International, 51 p.
ISBN: 978-92-9255-074-5.

Molau, U., Nordenhall, U., Eriksen, B., 2005. Onset of flowering and climate variability in an alpine landscape: A 10-year
study from Swedish Lapland Am. J. Bot., 92: 422-431. https://www.jstor.org/stable/4123889

Motamayor J. C., Risterucci A. M., Heath M., Lanaud C., 2003. Cacao domestication II: progenitor germplasm of the Trinitario
cacao cultivar. Heredity 91: 322-330. https://doi.org/10.1371/journal.pone.0003311

Motamayor JC, Lachenaud P, da Silva e Mota JW, Loor R, Kuhn DN, et al., 2008. Geographic and Genetic Population
Differentiation of the Amazonian Chocolate Tree (Theobroma cacao L). PLoS ONE 3(10): e3311.
https://doi.org/10.1371/journal.pone.0003311

Nemoto, Y., Kisaka, M., Fuse, T., Yano, M., Ogihara, Y., 2003. Characterization and functional analysis of three wheat genes
with homology to the CONSTANS flowering time gene in transgenic rice Plant J., 36: 82-93.

Nichols, R., 1961. Xylem Occlusions in the Fruit of Cacao (Theobroma cacao) in Relation to Cherelle Wilt. Ann. Bot., N. S. 25:
463-475.

Nichols, R., Walmsley, D., 1965. Translocation of phosphorus-32 into wilting and healthy fruits of cacao (Theobroma
cacao). Plant Soil 23: 149-160.

Niemenak, N., Cilas, C., Rohsius, C., Bleiholder, H., Meier, U., Lieberei R., 2010. Phenological growth stages of cacao plants
(Theobroma sp.): codification and description according to the BBCH scale, Ann Appl Biol, 156: 13-24.
https://doi.org/10.1111/j.1744-7348.2009.00356.x

3 / ’ gggggrch
UWI Centre O 5 25
g 2022 International Symposium on Cocoa Research (ISCR),

NMoantnallinr Eranmcrno


https://doi.org/10.1371/journal.pone.0003311
https://doi.org/10.1371/journal.pone.0003311
https://doi.org/10.1111/j.1744-7348.2009.00356.x

Sandring S, Riihimaki MA, Savolainen O, Agren J (2007). Selection on flowering time and floral display in an alpine and a
lowland population of Arabidopsis lyrata. J. Evol. Biol., 20: 558-567.

Suarez Salazar, J. C., Ngo Bieng, M. A., Melgarejo, L. M., Di Rienzo, J. A., & Casanoves, F. (2018). First typology of cacao
(Theobroma cacao L.) systems in Colombian Amazonia, based on tree species richness, canopy structure and light
availability. PLOS ONE, 13(2), e0191003. https://doi.org/10.1371/journal.pone.0191003

Wilczek, A. M., Burghardt, L. T., Cobb, A. R., Cooper, M. D., Welch, S. M., & Schmitt, J. (2010). Genetic and physiological
bases for phenological responses to current and predicted climates. Philosophical Transactions of the Royal Society B:
Biological Sciences, 365(1555), 3129-3147. https://doi.org/10.1098/rstb.2010.0128

Zhang, D. Boccara, M., Motilal, L., Butler, D. R., Umaharan, P., Mischke, S., Meinhardt, L., 2007. Microsatellite variation
and population structure in the “Refractario” cacao of Ecuador. Conservation Genetics 9: 327-337.
https://doi.org/10.1007/s10592-007-9345-8

3 / ’ gggggrch
UWI Centre O 5 26
g 2022 International Symposium on Cocoa Research (ISCR),

NMoantnallinr Eranmcrno


https://doi.org/10.1371/journal.pone.0191003
https://doi.org/10.1098/rstb.2010.0128
https://doi.org/10.1007/s10592-007-9345-8

o<
=
—
—]

Grac

Thank you



