HERITABILITY ANALYSIS OF DROUGHT ADAPTATION
TRAITS IN SWEETPOTATO

ANTHONY MWIJE
BSc. Agriculture (Crop Science) (Hons) MAK
Reg. No. 2009 / HDO02 / 14794U
Student No. 204001458

A THESIS SUBMITTED TO THE DIRECTORATE OF RESEARCH
AND GRADUATE TRAINING IN PARTIAL FULFILLMENT FOR THE
REQUIREMENTS OF THE AWARD OF MASTERS OF SCIENCE IN
CROP SCIENCE DEGREE OF MAKERERE UNIVERSITY.

AUGUST 2014



DECLARATION

I, Mwije Anthony hereby affirm that this thesis contains my original research and all

literature reviewed in this thesis has been correctly cited from the relevant sources.

| thus, submit this thesis for examination with the approval of the following as supervisors.

DR. Settumba B. MUKASA
School of Agricultural Sciences,
Makerere University

PROF. Samuel KYAMANYWA
School of Agricultural Sciences,

Makerere University



DEDICATION

| dedicate this piece of work to all persons working with sweetpotato for livelihood

improvement in Uganda.



ACKNOWLEDGEMENT

I would like to credit with pleasure my academic and research supervisors Dr. Settumba
Mukasa and Prof. Samuel Kyamanywa for their reliable guidance and resource

mobilization during this study period.

| am also grateful to my classmates in the 2009/2010 MSc Crop Science class, staff and
colleagues at the Makerere University Plant Tissue Culture Laboratory for availing the
time and efforts to discuss various aspects of my study. | particularly, recognize my
friends and former graduate students Edmore Gasura, Amayo Robert and Agnes Alajo as
well as Bagenda James, an experienced field technician, for their technical assistance in

sweetpotato breeding and establishing field experiments.

| further deeply appreciate the BIOEARN / BIOINNOVATE project for enabling the start
and funding of a better part of this study as well as the CARNEGIE project for Nurturing
the Next Generation of African Academics through the School of Graduate Studies
Makerere University for ably providing funds that ran the study to the much desired

completion.

My very deep gratitude goes to my immediate family, Joanita, Catherine and Giovanni for

the much support and company given to me throughout this study period.

It is my prayer that God rewards all of you abundantly.



ABSTRACT

Sweetpotato is a key food security crop in Uganda whose per capita consumption is third
to bananas and cassava. Drought is among the major constraints to sweetpotato
production in Uganda. Apart from decreasing tuber and vine yields, resulting into shortage
of food and planting material, drought stress also increases weevil attack as well as
limiting adoption of novel varieties. The increasing risk of drought occurrence due to
climate change phenomenon calls for development of drought tolerant sweetpotato
genotypes. This is highly pertinent since many farmers in Uganda cannot afford relevant
inputs like irrigation. However, the knowledge on selection and genetics of drought
tolerance traits in this crop is limited. Therefore, this study was carried out with the main
objective of generating knowledge on the genetic control and selection criterion for
drought adaptation traits for use in developing improved sweetpotato genotypes in
Uganda. Five cultivars (New Kawogo, Munyeera, Semanda, Tanzania and Beauregard)
were crossed following diallel method 4, model 1 of Griffing, 1956. Ten clones randomly
selected from each progeny family were evaluated in the field for tuber yield, crop vigor
and canopy cover. The same clones were also evaluated on two water regimes of 80%
field capacity watering and no watering at all for leaf senescence, leaf retention, leaf
rolling, chlorophyll levels and root pulling resistance traits under glasshouse conditions.
Combining ability analyses using data from these two experiments revealed that GCA
effects and additive gene action were most important. This was characterized by high
values of GCA to SCA ratios as well as high values of narrow sense heritability. Superior
combiners for respective drought adaptation traits were determined. In addition, four
genotypes (New Kawogo, Munyeera, KSP 1101 and Beauregard) were established in a
glasshouse on three water regimes of 80, 40 and 20% field capacity. Differential
expression of nine traits (leaf senescence, leaf rolling, leaf retention, chlorophyll levels,
leaf water potential, relative water content, number of branches and leaves) was studied.
Analysis of variance with orthogonal contrasts revealed significant interaction effects
between susceptible and tolerant genotypes with water regimes for traits, leaf rolling (P <
0.01) and senescence (P < 0.05) and number of branches (P < 0.05). Based on these three
traits and ANOVA contrasts, precise rapid drought screening is possible. However, if the
genotypes are too many, a principal component or cluster analysis platform can be used,

whereby all clones that cluster with a reference genotype are selected as drought tolerant.
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