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Thesis Abstract

............ e e e

Sorghum (Sorghum bicolor) is an important cereal crop in sub-Saharan Africa. The
parasitic weed Striga hermonthica is a major biotic constraint to sorghum production. A
novel technology where planting seeds are coated with herbicide to kill Striga that attach
to the roots of the host has been shown to be effective in protecting the cereal crop from
Striga damage. However, the host plant must have herbicide tolerance. This technology
has not been tested in sorghum because there are no herbicide tolerant sorghum
varieties available in Kenya and is, therefore, unavailable for subsistence farmers. One
of the ways in which genetic variation can be enhanced and herbicide resistance
developed is through chemical mutagenesis with ethyl methane sulfonate (EMS). The
objectives of this project, therefore, were to: 1) identify sorghum production constraints
through farmer PRA in order to determine breeding priorities.in two Striga endemic
districts in western Kenya; 2) develop an EMS mutagenesis protocol for sorghum and to
enhance the genetic variability of the crop using chemical mutagenesis; 3) evaluate
EMS-derived sorghum mutants for improved agronomic performance; 4) develop
acetolactate synthase (ALS) herbicide resistance in sorghum and to characterize the
mode of inheritance of the trait; 5) determine the effect of herbicide coating of seed of
herbicide tolerant sorghum on Striga infestation.

In order to determine breeding priorities and constraints in sorghum production and the
likelihood of adoption of herbicide seed coating technology, a survey involving 213
farmers was conducted in two Striga endemic rural districts of Nyanza province in
Kenya. Results indicated that local landraces like Ochuti, and Nyakabala were grown by
more farmers (> 60%) than the improved varieties like Seredo and Serena (48%).
Popularity of the landraces was linked to Striga tolerance, resistance to drought, bird
damage and storage pests, yield stability and high satiety value. Major constraints to
sorghum production were drought, Striga weed, storage pests, bird damage and poverty
among the rural farmers. Important characteristics farmers wanted in new varieties were
Striga and drought resistance, earliness, resistance to bird and weevil damage and good
taste. Striga infestations in sorghum fields were > 70%. Cultural Striga control options
were considered inadequate while inorganic fertilization and chemical control were
considered effective but unaffordable. Farmers’ willingness to pay a premium of over
30% for a Striga solution gave indication that herbicide seed coating if effective could be
adopted by farmers.

As a prerequisite to development of herbicide resistance, a comparative study was
carried out to determine optimum conditions for mutagenesis and to induce genetic
variation in the sorghum. Two sorghum varieties were mutagenized using varying
concentrations (0.1 to 1.5% v/v) of EMS and two exposure times (6h and 12h). In
laboratory and greenhouse experiments, severe reduction of sorghum root and shoot
lengths indicated effective mutagenesis. The LDs, based on shoot length reduction was
0.35% and 0.4% EMS for 6h for Seredo and Kari/mtama-1, respectively. The highest
mutation frequency based on chlorophyll abnormalities was 56% for 0.3% EMS for 6h. In
the M, generation, phenotypic variances for panicle characteristics were increased on
treatment with EMS. However, significant effects of exposure time and variety indicated
the necessity of genotype optimization for some traits.

In order to determine the significance of mutation breeding in sorghum, 78 mutant lines
derived from EMS mutagenesis, their wild type progenitor (Seredo) and two local checks
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(Kari/mtama-1 and Serena) were evaluated for agronomic performance in two locations
in Kenya. There were significant (P = 0.05) effects among entries for grain yield, 1000-
seed weight and visual scores for height uniformity, head exertion, head architecture and
overall desirability. The highest yielding entry-mutant line “SB2M13” had a yield of 160%
and 152% relative to the wild type (Seredo) and the best check Kariimtama-1,
respectively. Mutant line “tag27” had the highest 1000-seed weight which was 133%
relative to the wild type. Seven mutant lines were rated superior to the wild type for
panicle characteristics, head exertion and overall desirability. However, the majority of
mutants were inferior to the wild type for most characteristics. Superior mutant lines may
be developed into direct mutant varieties after multi-location trials or used as breeding
material for sorghum improvement.

In order to develop acetolactate synthase (ALS) herbicide resistance in sorghum, over
50,000 seeds of Seredo were mutagenized with 0.3% EMS. Over four million M, plants
were screened using 20g ha™' of the ALS herbicide, sulfosulfuron. Five mutants (hb46
hb12, hb462, hb56 and hb8) survived the herbicide treatment and were confirmed to be
tolerant. Mutant lines displayed differential herbicide tolerance, and the general order of
tolerance after spray or seed coat application was hb46 > hb12 > hb462 ~ hb56 > hb8.
The LDsq values for herbicide application as a spray, or seed coat, showed mutant lines
to be up to 20 and 170 fold, respectively, more resistant than the wild type. Chi square
analysis of data from herbicide screening of F, generation of mutant X wild type crosses
indicated no difference from the Mendelian segregation of 1:2:1 indicating the herbicide
tolerance was inherited as a single semi-dominant gene. Mutant X mutant crosses did
not show allelism indicating that the tolerance in all five mutants could be a result of the
same gene mutation.

To determine effect of herbicide seed coating on Striga infestation, the five herbicide
tolerant mutant lines, hb46, hb12, hb462, hb56 and hb8 and the wild type progenitor
Seredo were coated with varying concentrations (0.5-1.5% g ha) of sulfosulfuron and
planted in a Striga endemic field. There were significant (P=0.05) effects of herbicide
concentration on Striga density, Striga flowering and seed set, and sorghum plant stand
and biomass. All treatments with herbicide coated on sorghum seeds had lower Striga
emergence. Coating sorghum seed with 1g ha™ sulfosulfuron reduced Striga infestation,
Striga flowering and Striga seed set by 47%, 52% and 77%, respectively, and was
considered the most effective rate as it did not result in sorghum biomass reduction.
Mutants displayed differential herbicide tolerance and Striga resistance. Combining seed
coating with high herbicide tolerance and inherent Striga resistance would be most
effective for Striga control.

Overall, the study showed that EMS mutagenesis is effective in inducing variation in
sorghum for several traits including herbicide resistance. The mutants developed in this
study will be important for sorghum breeding and for protection of sorghum against the
Striga weed.
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