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1 October 2017 — 30 September 2018

1. BACKGROUND AND JUSTIFICATION

The recent 2015/2016 EI Nifo-induced drought has devastated agricultural production in southern Africa
(FAO, 2016). This was reported to be the worst drought in 23 years, with income losses exceeding R10
billion just for maize producers alone (City Press, 2015). An estimated 30 million people were left food
insecure, and the impacts of this phenomenon will have an economic impact for several years to come.
An estimated 30 million people are now food insecure, and the impacts of this phenomenon, com-
pounded by last year’s drought, will have an economic impact for several years to come. The impacts
of devastating droughts are not new to this region: in the past 50 years, the region experienced 24 El
Nino-related droughts, of which six were classified as severe. Droughts are recurrent features of agri-
culture in southern Africa and a major cause of yield variability and food insecurity (Cairns et al., 2013).
Climate projections suggest heat stress is going to become an increasing threat to maize production in
southern Africa, particularly within drought prone regions’

Drought not only affects annual production but accounts for large variability over time. Year to year
variability in maize production is extremely high in southern Africa compared to other regions of the
world (Smale et al., 2011). For example, in Zimbabwe the coefficient of variation in maize production
over the last five years was over 50% compared to approximately 10% in Kenya and Tanzania. Year to
year variability is similarly high in South Africa, Lesotho and Swaziland. While in the top four maize
producing countries of the world the coefficients of variation in production were in single digits.

Heat stress was previously not considered a major stress in maize production in southern Africa (Cairns
et al., 2012). However climate projections suggest heat stress will become an increasing constraint in
maize production in southern Africa by 2050, particularly in the drought prone lowlands (Cairns et al.,
2013a). Indeed, according to Challinor et al (2016), “the development of crop varieties that are better
suited to new climatic conditions is vital for future food production”. Increasing the climate resilience of
maize based systems in southern Africa will play an important component in reducing yield variability.
Improved germplasm will play a vital component of adaptation strategies.

Tolerance to combined drought and heat stress in maize was genetically distinct from tolerance to indi-
vidual stresses, and tolerance to either stress alone did not confer tolerance to combined drought and
heat stress (Cairns et al., 2013b). Many current drought donors and key inbreds used in widely grown
African hybrids were susceptible to drought stress at elevated temperatures (Cairns et al., 2013b). Heat
stress has been successfully incorporated into the CIMMYT eastern and southern African breeding



pipeline. New hybrids which yield over three-fold more than commercial checks under experimental
conditions have recently been developed.

To date, heat stress breeding has not explicitly been incorporated into breeding for smallholder farmers
in South Africa. Therefore, the main aim of this project is to mitigate the effects of climate change
(namely increased heat and erratic rainfall) on smallholder farmers in South Africa through the develop-
ment and deployment of high yielding drought and heat tolerant maize varieties.

2. PROGRESS AND RESULTS

2.1. PROJECT: MAIZE BREEDING FOR CLIMATE CHANGE (DROUGHT AND HEAT TOLER-

ANCE)
Research conducted by ARC-Grain Crops

21.1. Aim

Develop and deploy drought and heat tolerance maize cultivars in order to enable farmers to adapt to
and mitigate climate change in South Africa.

2.1.2. Specific objectives

¢ Develop maize inbred lines, doubled-haploid lines and conventional hybrids with resistance/tol-
erance to major biotic and abiotic stresses.

e Deploy climate-smart maize cultivars to both large-scale and smallholder farmers in South Africa.

e Train post-graduate students (MSc and PhD) in plant breeding.

2.1.3. Summary of activities

o Development of Stress Tolerant Three-way Hybrids

Two hundred and eighty-six (286) doubled-haploid (DH) lines developed from ARC germplasm were
planted, in December 2017, in a breeding nursery at ARC-GC Potchefstroom research station and
crossed with three single-cross hybrid testers obtained from CIMMYT-Zimbabwe (namely,
CML571/CML541; CML572/CML539; CZL1380/CZL99017), to develop multiple-stress tolerant three-
way hybrids. Hand pollinations were successfully done in February 2018, and the resultant three-way
hybrids will be evaluated in yield trials during the 2018/19 summer season and 2019 winter season.
Harvesting and processing are in progress.

o Development of new testers
A three-way hybrid is developed by crossing a single-cross hybrid (as the seed parent) with an in-
bred/DH line (as the pollen parent). Genetic gains from the use of new inbred/DH lines are currently
limited by the use of single-cross testers made up of old inbred lines (most commonly, CML442/CML312
and CML395/CML444). There is, therefore, an urgent need to develop new single-cross hybrid testers
using the most recent elite inbred/DH lines.



Two sets of new experimental single-cross hybrids EBSXTT17A and EBSXTT17B developed from CIM-
MYT’s new elite inbred/DH lines from the A and B heterotic groups, respectively, were planted in De-
cember 2017 for yield evaluation under optimum growing conditions at ARC-GC Potchefstroom and
ARC-GC Cedara research stations. The EBSXTT17A set was made up of 130 hybrids and EBSXTT17B
was made up of 105 hybrids. The trials were planted in an (0, 1) alpha lattice design with two replicates.
The highest yielding top ten hybrids of each set will be further evaluated for general combining ability to
identify the best testers.

e CIMMYT Regional Trials

The aim of planting CIMMYT regional trials is to identify high yielding adapted hybrids for release and
registration in South Africa. CIMMYT Regional trials made up of early (EHYB18), intermediate (IHYB18)
and late (LHYB18) maturing hybrids were obtained from CIMMYT-Zimbabwe and planted in December
2017. The trials were planted under optimum conditions (at Cedara and Potchefstroom), high leaf dis-
ease pressure (Cedara), random drought (Potchefstroom and Vaalharts) and low nitrogen conditions
(Potchefstroom and Vaalharts). The trials were planted in a (0, 1) alpha lattice design with three repli-
cates. The majority of the entries have multi-stress tolerant CIMMYT-Zimbabwe germplasm. The trials
were well managed and data were collected on male (anthesis) and female (silking) flowering dates,
plant and ear height, leaf senescence, leaf diseases, and root and shoot lodging. Trial harvesting, pro-
cessing and data collection (number of plants and ears harvested, husk cover, ear rots, field and grain
weight, grain moisture and grain quality) are in progress.

In addition, two high quality protein maize trials (ADVQPM17B) made up of 64 hybrids were planted at
Cedara and Potchefstroom under optimum and low N conditions, respectively. The objective is to iden-
tify high quality protein maize (QPM) hybrids that are high yielding and adapted to South Africa, for
possible release and registration. These would be suitable for niche markets such as school feeding
schemes. Three trials made up of 75 extra-early/early hybrids (EEHGG17) were planted at Cedara (op-
timum) and Potchefstroom (optimum and low N) to determine genetic gains and breeding progress. Trial
harvesting, processing and data collection are in progress.

2.1.4. Post-graduate training

Two PhD students were recruited for training in maize breeding.

e Ms Nare Ngoepe has an MSc in Molecular Biology. She joined the maize team on 1 May 2018
and is registered with the University of KwaZulu-Natal, and is currently working on her PhD pro-
posal in maize breeding.

e Ms Lucia Ndlala did her MSc thesis research work and one-year experiential training under the
mentorship of Dr Mashingaidze. She is registered with the University of KwaZulu-Natal for MSc
and will register for PhD with the same university as soon as she gets her MSc results, most
likely toward the end of 2018. In the meantime, she is already working on her PhD proposal in
maize breeding.



2.2. PROJECT: EXPANDING GENETIC VARIABILITY FOR HEAT AND DROUGHT STRESS AND

MULTI-LOCALITY HYBRID EVALUATION
Research conducted by Sensako Pty Ltd

22.1. Aim

Expand the genetic variability of South African maize material to breed for tolerance to heat and drought
stress.

2.2.2. Specific Objectives

e Increase genetic gain in adapted South African material by incorporating ARC and CIMMYT
drought and heat tolerant material (and low N material) into the Sensako breeding program,
increasing genetic variability. The result of the newly incorporated germplasm will be to develop
superior inbred material, via backcrossing followed by the release of adapted hybrids and OPV’s
under heat and drought stress for the different maize growing environments.

¢ Making use of Molecular markers to identify heterotic groups to shorten time required for field
experiments and determining combining ability. Molecular markers will also aid in identifying
candidate genes for complex traits and facilitate the understanding of the genetic basis of
drought and heat stress response in the available germplasm. Drought stress is a complex trait
controlled by many genes (Shinozaki, 2007), this emphasizes the need of making use of molec-
ular technology.

¢ Phenotypic scoring of inbred material under heat and drought stress will support the selection of
superior material for the South African agro-climatic conditions with the subsequent use of the
inbred material as components in adapted hybrids.

e Heat and drought screening sites will include drought and heat, heat, and well-watered localities
to identify tolerant material, elite inbred material as well as hybrids, by planting multi-locality
replicated statistical trials.

e Release of superior hybrids and OPV’s adapted to high temperature and low rainfall conditions
in South Africa.

2.2.3.  Summary of activities

e Selection of superior temperate and sub-tropical, drought resistant, white kernel breeding mate-
rial from Sensako programme and ARC, CIMMYT obtained, germplasm was performed.

¢ Inbred material (37 entries) was planted in Malelane, Mpumalanga (Feb 19, 2018) in a half diallel
mating design to produce 250-270 potential single cross test hybrids.

¢ Newly acquired inbred material was screened phenotypically for drought and heat tolerance at
Malelane where irrigation is the main source of water supply and average day time temperatures
are in excess of 25°C during the production season. Inbred lines showed acceptable to good
anthesis-silking intervals.

e Sensako inbred lines were subjected to molecular screening to determine genetic distances ac-
cording to heterotic groups at Diversity Technology Arrays in Canberra, Australia. The Dart
sequence protocol provided over 30 000 SNP markers and 60 000 SilicoDArt markers. DNA
extraction was done at the University of Stellenbosch — Plant breeding, Faculty of AgriSciences.



o Regional trials were obtained from CIMMYT and statistically evaluated over diverse environ-
ments. These trials contain hybrids developed for heat, low nitrogen and drought stress and is
not specifically developed or adapted to South African growing conditions. Evaluation of these
hybrids will be indicative of which inbred components are better adapted to local growing condi-
tions and to identify new testers to replace older germplasm used in the CIMMYT and ARC
breeding programmes.

e Hybrids was evaluated and selected on the following key agronomical criteria:

o Drought tolerance

Heat stress tolerance

Low Nitrogen tolerance

Cold Tolerance (No occurrence at testing sites)

Main leaf and Cob disease resistance

Maize Lethal Necrosis resistance (No occurrence at testing sites)

Fall armyworm (FAW) resistance/tolerance (No occurrence at testing sites)

Stalk borer resistance/tolerance

Striga resistance (No occurrence at testing sites)

Yield (Trials to be harvested)

O O 0O O O o0 O O O

Early, intermediate and late maturity group trials were received as well as two single cross tester eval-
uation trials, one extra-early maturity group trial and one high quality protein maize trial, the localities in
Table 1 were planted by Sensako (indicated in the “partner” field).



Table 1: Localities of trials during 2017/18

TRIAL # |TRIAL # ENTRIES|REPS PLOTS ENVIRONMENT SITE PLANTING DATE |PARTNER
1|/EHYB1849 45 3 135[OPTIMUM (OPT) CEDARA 15/12/2017 ARC
2|EHYB1850 45 3 135[OPT (unsprayed) CEDARA 15/12/2017 ARC
3|IHYB1851 42 3 126|OPT(unsprayed) CEDARA 20/12/2017 ARC
4{IHYB1850 42 3 126|0OPT CEDARA 13/12/2017 ARC
5(LHYB 1848 32 3 96|0OPT(unsprayed) CEDARA 20/12/2017 ARC
6|LHYB1847 32 3 96|0PT CEDARA 08/12/2017 ARC
7|ADVQPM17B54 64 3 192|0PT CEDARA 20/12/2017 ARC
8| EEHGG1761 72 32 225|0PT CEDARA 13/12/2017 ARC
9|EBSXTT17B3 105 2 210|0PT CEDARA 15/12/2017 ARC

10|EBSXTT17A4 130 2 260|0OPT CEDARA 08/12/2017 ARC
11|EEHGG1758 72 3 225[LOW N POTCH 11/12/2017 ARC
12|IHYB1849 42 3 126({LOW N POTCH 11/12/2017 ARC
13|ADVQPM17B53 64 3 192|LOW N POTCH 11/12/201 ARC
14|EHYB1848 45 3 135|LOW N POTCH 08/12/2017 ARC
15(LHYB1845 32 3 96/LOW N POTCH 08/12/2017 ARC
16|LHYB1844 32 3 96/RANDOM DROUGHT (RD) POTCH 10/12/2017 ARC
17|EEHGG 1758 75 3 225|0PT POTCH 15/12/2017 ARC
18|EHYB1847 45 3 135|RD POTCH 13/12/2017 ARC
19(IHYB1848 42 3 126|RD POTCH 13/12/2017 ARC
20|EEHGG 1759 75 3 225|RD POTCH 13/12/2017 ARC
21|EBSXTT17A3 130 2 260|0OPT POTCH 04/12/2017 ARC
22|EBSXTT17B4 105 2 210|0OPT POTCH 04/12/2017 ARC
23|LHYB1849 32 3 96(LOW N VAALHARTS |20/12/2017 ARC
24|IHYB1852 42 3 126|LOW N VAALHARTS |20/12/2017 ARC
25|EHYB1851 45 3 135|LOW N VAALHARTS (20/12/2017 ARC
26|LHYB1850 32 3 96|RD VAALHARTS |19/12/2017 ARC
27(IHYB1853 42 3 126(RD VAALHARTS |19/12/2017 ARC
28|EHYB1852 45 3 135|RD VAALHARTS |19/12/2017 ARC
29|EHYB1853 45 3 135|RANDOM DROUGHT (RD)and Heat stress |MALELANE 06/02/2018 SENSAKO
30|IHYB1851 42 3 126|RANDOM DROUGHT (RD)and Heat stress |MALELANE 06/02/2018 SENSAKO
31|LHYB1856 32 3 96/RANDOM DROUGHT (RD)and Heat stress |MALELANE 06/02/2018 SENSAKO
32|EHYB1852 45 3 135[RANDOM DROUGHT (RD) BAINSVLEI 28/12/2017 SENSAKO
33|IHYB1854 42 3 126|RANDOM DROUGHT (RD) BAINSVLEI 28/12/2017 SENSAKO
34|EHYB1855 45 3 135[RANDOM DROUGHT (RD) KROONSTAD [19/12/2017 SENSAKO
35|IHYB1855 42 3 126|RANDOM DROUGHT (RD) KROONSTAD [19/12/2017 SENSAKO
36|Breeding nursery 286 1 Crossing/breeding nursery POTCH ARC
37(Breeding nursery 37 1 1600|Crossing/breeding nursery MALELANE 19/02/2018 SENSAKO
2.2.4. Postgraduate training
¢ PhD (Sensako) — Development of heat and drought tolerant maize using chemical mutagenesis.
¢ One PhD candidate was identified for this project for a duration of three years. Maize lines will

be subjected to the alkylating agent ethyl methanesuphonate (EMS), which induces point muta-
tions. Induced lines will have to be screened phenotypically after crossing and the student will
gain practical breeding experience under supervision of Sensako breeders in addition to molec-
ular breeding.



2.2.5.

Project challenges

The ARC provided no agronomic information on the lines used in crossing nurseries, this resulted
in missed pollinations due to poor male/female synchronisation.

ARC, CIMMYT obtained material, were received too late in the season and a winter nursery had
to be planted in order to produce test crosses resulting in higher cost implications.

The Malelane locality provided an excellent heat-stress environment, however high rainfall el-
liminated the site as a drought-stress locality.



2.3. PROJECT: MAIZE DROUGHT RESPONSES UNDER FUTURE CLIMATIC CONDITIONS
Research conducted by Rhodes University

23.1. Aim

Determine the response of maize to chronic drought under future eCO5 conditions, screening both the

variation between cultivars, determining underlying mechanisms, and considering resultant yield and
economic consequences.

2.3.2. Specific objectives

o Investigate the potential of CO2 to mitigate drought

e Select CO2 responsive cultivars

¢ Quantify CO2 responsive and other desirable traits

e Improve locally relevant crop models

¢ Investigate economic implications of CO2 responses

e Develop Human Capacity

e Contribute to the building of a Climate Change Consortium

2.3.3.  Summary of activities:

e Cultivar response to interaction of eCO2 and drought under nutrient limiting conditions

Tebadi Bopape conducted a trial experiment comparing the drought responses of three maize cultivars
to elevated CO2 (eCO3) and drought under nutrient limiting conditions. This was a pot experiment in-
tended for Tebadi to trouble-shoot problems, and learn methods and statistical analyses. To this end
the experiment has been successful and Tebadi will present her findings and future proposed work at
the NRF-Climate Change Conference in December 2018. As Tebadi only started the project late in the
growing season there is limited application of the data for making actual selections between cultivars as
growth conditions were not representative of those prevailing during the maize growing season.

The imposed nutrient limitation removed cultivar differences in both watered and drought treatments
(Figure 2). This is likely to have been different had the experiment run a full growing season. However,
the interaction between drought, eCO2 and nutrients produced some results of fundamental interest to
the understanding of plant-nutrient relations.

Well-watered plants (all cultivars) had higher photosynthetic rates than drought-treated plants as would
be anticipated (x = 277, p< 0.0001). The photosynthesis of C4 grasses does not respond strongly to
eCO02 as the carbon concentrating mechanisms (CCM) saturates Rubisco with substrate even at current
ambient [CO2]. A bigger response would be anticipated under drought because of the effect of eCO2
on reducing stomatal conductance and hence decreasing plant water loss. Surprisingly, in this study we
observed no CO2 effect in the drought plants. This raises the possibility that high-CO2 reduced water-
loss, which limited the uptake of nutrients, and in-turn limited photosynthesis. We could show that CO2
decreased stomatal conductance and water-loss of experimental plants (x = 15, p< 0.0001). Plants
under nutrient limiting conditions rely on the mass-flow of water through the soil in order to access
nutrients and CO2-lowered water loss, might decrease this bulk-flow. This hypothesis will be further

10



tested by examining leaf nutrient contents to determine if they are in fact lower in the high CO2 plants
relative to those grown at ambient concentrations. These nutrient analyses are currently underway using
X-ray fluorescence (XRF) spectrometry. The result has important implications for the interactions of
nutrient supply under future atmospheric conditions, where growth may be stimulated by eCO2, but that
this will only occur with increased nutrient application.
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Figure 2 Photosynthetic rates of three maize cultivars grown in CO2 atmospheres of 400, 600 or 800

ppm, and well-watered or subject to drought. Data on other gas exchange parameters and plant growth
are available from this experiment.

e Comparison of effects of eCO2 on the acquisition of nutrients by C3 and C4 cereal crops
Kervin Prayag has been using maize and wheat to compare how eCO2 effects there acquisition of
nutrients via bulk flow. By growing plants in four different substrates at eCO2 and hence manipulating
nutrient supply, he has been able to show that eCO2 decreases plant water loss (in wheat and maize)
and increased photosynthesis in wheat, but not in maize (Figure 3). In maize the photosynthetic rate
was correlated to water loss, suggesting that the bulk flow of nutrients may underpin this relationship.
However, this was not the case in wheat where the effect of eCO2 on photorespiration and photosyn-
thesis, masked the relationship between water loss, nutrient acquisition and photosynthesis. To be more
conclusive will require an analysis of foliar nutrients, which is currently under way and will allow causal
links between reductions in photosynthesis and nutrient contents to be determined.

11
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Figure 3 Photosynthetic and transpiration rates of maize and wheat cultivars grown in soils varying in
nutrient availability and at CO2 atmospheres of 400 or 800 ppm. * represent significant differences be-
tween CO2 treatments. Data on biomass accumulation are available from this experiment.

The work has important consequences for fertiliser application under future climates. And although
plants may become more water use efficient, they may require greater levels of fertiliser application to
combat reduced soil mass flow.

2.3.4.

2.3.5.

Postgraduate training

Rhodes University, MSc, Tebadi Bopape (Bursary: Grain SA + ACCESS, running costs Grain
SA)

University of Cape Town, MSc, Kervin Prayag (Bursary: NRF + ACCESS, running costs AC-
CESS + Grain SA)

Future work

Cultivar Screening Experiment

In the spring growing season, Tebadi will begin an experiment comparing commercial Pannar
cultivar responses to eCO2 and drought. Permission has now been obtained to use Pannar
seed. The seeds will be planted in the soil (not pots) and the experiment conducted over the
entire season. Hence, results will be appropriate simulations of commercial cultivation condi-
tions and allow for cultivar selection.

Maize nutrient response to eCO2

PhD project “Mechanisms of ionome decreases in response to elevated CO2 and climate
change” is currently being advertised (ACCESS funding). The first-time this project was adver-
tised no suitable applicants applied and the project is about to be advertised for a second time.

12



o Responses of winter wheat to eCO2
Negotiations with Research and Technology Development Services (Western Cape Depart-
ment of Agriculture) continue with regard to assessing winter wheat cultivar response to eCO2.

e Economic implications of maize CO2 x drought response
Department of Economics at Rhodes University has appointed an MSc student to start in 2019,
investigating the effects of Climate Change on maize economics and this will incorporate as-
pects relating to the effect that eCO2 has on maize production. The student has applied for a
Grain SA bursary.

3. CONCLUSION

Sufficient progress was made in the 2017 season. Breeding and crossing nurseries will ensure a breed-
ing pipeline with a continuous supply of new inbred and test hybrid material. Pedigree breeding and DH
breeding will coincide with hybrid evaluation in the 2018 and 2019 season.

The initial programme activities included material from CIMMYT and regions north of South Africa. In
the following, season additional local material from the ARC and Sensako breeding programmes will be
included in the evaluation process (obtained from the 2018 breeding nurseries), in order to develop
locally adapted material. The CIMMYT/ARC material will be subjected to molecular screening. Future
crossing nurseries will include yellow breeding material.

Conditions for testing maize cultivars to future climatic conditions were optimised during the past maize
growing season and testing of commercially available cultivars under elevated CO; and drought condi-
tions can commence.

PROBLEMS THAT HAVE BEEN ENCOUNTERED

No specific problems have been encountered.

MILESTONES THAT HAVE NOT BEEN ACHIEVED AND THE REASONS
Not applicable
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