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1.1 INCREASING CLIMATE RESILIENCE IN SOUTHERN AFRICAN MAIZE-BASED
SYSTEMS WITH SPECIFIC FOCUS ON SMALLHOLDER PRODUCERS IN
SOUTH AFRICA

EXPANDING GENETIC VARIABILITY FOR HEAT AND DROUGHT STRESS AND MULTI-
LOCALITY HYBRID EVALUATION
Research conducted by Sensako Pty Ltd
Project leader: Dr Francois Koekemoer and Mr Roean Wessels
Mr. Samuel Ndweni (Technical) & Mr. Leonard Sithole (Technical)

Note: The materials and methods and detailed results for this section are provided in Appendix
A. Please note that this includes all mentioned tables, figures and sites except where shown in
this report.

Introduction

The amount of variability in a breeding program is very important when plant breeding
populations are considered, ensuring that superior material is selected in the population
improvement process. Broadening variability within a breeding population is achieved by
introducing exotic germplasm. During drought stress, plants respond and adapt by the induction
of morphological, biochemical and physiological responses. Complex genetic responses are
responsible for activating a tolerant or resistant reaction and are greatly influenced by gene-
gene, gene-environment and gene-development stage interactions®. Heterosis and stress
tolerance can thus only be determined by making test-crosses and evaluating the F1 hybrid or
superior F2-material over localities by subjecting the population to the desired stress
characteristic and subsequent selection of tolerant and superior genotypes. Incorporating
historic and improved OPV’s, landraces and wild relatives containing the highest levels of
diversity into heat and drought tolerant nurseries is a long-term breeding effort requiring years
of backcrossing and selection of superior and adapted material and screening. Most maize
breeding programs prioritize their efforts toward developing high-potential hybrids for
commercial producers, planted under optimal growing conditions. The development of adapted
climate resilient varieties able to reach maximum vyielding potential under sub-optimal
smallholder conditions is usually neglected and will be prioritized in this project.

Aim

The project aims to release superior hybrids and OPV’s (open pollinated varieties) adapted to
high temperature and low rainfall conditions for the smallholder producers in South Africa by
increasing genetic gain and variability in adapted South African material. ARC and CIMMYT
drought and heat tolerant as well as low nitrogen efficient material will be incorporated into the
Sensako breeding program. Breeding objectives will be reached by making use of conventional,
mutagenic and molecular breeding tools.

! Banziger, M. and Araus, J.L., 2007. Recent advances in breeding maize for drought and salinity stress
tolerance. In Advances in molecular breeding toward drought and salt tolerant crops (pp. 587-601).
Springer, Dordrecht.



Objectives

(2017-2018) (Before project initiation)

Selection of superior temperate and sub-tropical white and yellow kernel breeding
material.

Phenotypic screening and multiplication of newly acquired inbred material for disease,
drought and heat tolerance — increasing genetic variability in adapted South African
material.

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.

2018-2019

Molecular screening and heterotic grouping of superior inbred material.

Identify climate resilient germplasm from CIMMYT regional trials containing early,
intermediate and late hybrids.

Test-hybrid development in a winter crossing nursery.

Test-hybrid (2018 phase 1) evaluation over localities in replicated statistical trials —
phenotypic and yield analysis.

2019-2020

Phenotypic screening of chemical mutagenesis inbred lines

Generation of new (2019) phasel test-hybrids.

New (2019) phase 1 material and advanced material (2018 phase2) evaluated over 4
localities in replicated statistical trials.

2020-2021

Advancement of phase 1 (2019) and 2 (2018) test hybrids.
Field evaluation and maintenance of chemical mutagenesis (CM) breeding lines

Parental seed increases of promising test-hybrids.

Small scale productions and production research of promising test-hybrids.

Subsequent release of superior hybrids and OPV'’s adapted to high temperature and low
rainfall conditions in South Africa.

2021-2022

Advancement of phase 2 (2019) and 3 (2018) test hybrids by means of evaluation in
replicated statistical field trials.

Development of Double haploid inbred lines from CM and conventional breeding
populations to speed up the breeding timeline (inbred lines within one year instead of 4
years).

Screening of F2 hybrid seed for quality and resistance to post-harvest insect damage.
Production of top 3 (2018) advanced hybrids from phase 3 test hybrids.

2022-2023

New crossing nurseries with DH inbred lines to develop new test hybrids (new phase 1
(2023) hybrids).



e Advancement of phase 3 (2019) hybrids by means of evaluation in replicated statistical
field trials.

o Field evaluation and maintenance of new CM breeding lines.

e Parental seed increases of promising Phase 3 (2019) test-hybrids.

e Screening of F2 hybrid seed for quality and resistance to post-harvest insect damage.

2023-2024
¢ New (2023) phase 1 material evaluated over 4 localities in replicated statistical trials.
e Production of top 3 advanced hybrids from phase 3 (2019) test hybrids

Progress
Research activities for Year 2 (2019-2020) included the following:

Development of heat and drought tolerant maize lines using chemical mutagenesis (CM).

A total of 123 inbred lines were multiplied at the Bethlehem research facility where after (400
seeds each) were submitted to the Cereals Genomics department of Stellenbosch University
(SV). Seeds were received 01 June 2020. These lines were subjected to chemical mutagenesis
to induce mutations for heat and drought tolerance.

Phenotypic screening of CM-lines.

Depending on progress and success rate of CM project, the mutant lines produced by
Stellenbosch University will be subjected to field screening in Malelane for heat and drought
tolerance. Maintenance of these lines will be conducted during the evaluation process. Four to
five inbred populations will be developed by means of doubled haploid (DH) technology. DH
technology offers the fastest and most cost-effective route to produce homozygous lines for
maize breeding programs.

Generation of new (2019) phase 1 test-hybrids.

Fifty (50) new Phase 1 hybrids were developed in Malelane Winter nursery 2019 (W19). These
test-hybrid entries were harvested September 2019 and are ready to be incorporated into the
2019-2020 planting season trials (referred to as SNK19CR01 and SNK19CRO02, tables 3 and 4).
Trial localities included Kroonstad, Clarens, Bothaville and Wesselsbron. A total of six entries
were selected based on yield and agronomic performance for advancement to 2019 phase 2
trials. (Refer to Appendix A for 2019 trial data).

New (2019) phase 1 material and advanced material (2018 phase2) evaluated over 4
localities in replicated statistical trials.

In addition to the new 2019 phase 1 test-hybrids, a total of 189 phase 2 test-hybrids from 2018
were evaluated in six (6) trials; namely SNK19CR03, SNK19CR04, SNK19CRO05, SNK19CRO06,
SNK19CRO07 and SNK19CRO08. Trial localities included Kroonstad, Wesselsbron, Bothaville and
Malelane. A total of 48 entries were selected based on yield and agronomic performance for
advancement to 2018 phase 3 trials. (Refer to Appendix A for 2019 trial data).



The phase 3 trials will be the final cycle of agronomic, yield and stability evaluation. The 2019
phase 2 and 2018 phase 3 test-hybrids will be evaluated under smallholder production practices
in the major areas where smallholder production takes place.

Additional progress.

New segregating nurseries were planted in Malelane W19. These lines will be planted in
Bethlehem nurseries S20 in November along with the first CM lines for screening and increasing.

Highlights

Test-hybrids showed good yielding capability under drought and heat conditions and are also
able to compete with commercial varieties under normal high potential conditions. The 2019-
2020 season offered the first opportunity to screen for Fall armyworm (Spodoptera frugiperda,
FAW) tolerance as severe infections were observed in trials in Malelane. Selected test-hybrids
showed good tolerance.

The first group of lines were subjected to in-house fingerprinting (not out-sourced as previously
done) for purity and will form part of the genetic study to determine heterotic grouping of material.

Trial Locations:

Clarens — 28°21'48.8"S 28°23'41.0"E https://maps.app.qoo.gl/eop7gGXLM79p1Kul6
Bothaville — 27°30'21.3"S 26°21'57.0"E https://maps.app.qoo.gl/mh8mmLk9SzLbRJ1h7
Kroonstad — 27°49'07.9"S 27°03'29.1"E https://maps.app.goo.gl/PuszzrLfzr39rUCo6
Wesselsbron — 27°59'33.8"S 26°20'46.2"E https://maps.app.goo.gl/SaF7KDPu4LKFEEiw5
Malelane — 25°30'06.5"S 31°28'26.6"E https://maps.app.qoo.gl/rCmBfUPfaP8E8gHD7

Table 1.2.1. Trial entries and localities:

Entries | Phase Trial Clarens Bothaville | Kroonstad | Wesselsbron | Malelane
Planting date: 22/11/2019 | 20/12/2019 | 11/12/2019 | 27/12/2019 04/02/2020

30 S18 Phase 1 | SNK19CRO1 X X X X

30 S18 Phase 1 | SNK19CR02 X X X X

36 W18 Phase 2 | SNK19CRO03 X X X X
36 W18 Phase 2 | SNK19CR04 X X X X
36 W18 Phase 2 | SNK19CR05 X X X X
36 W18 Phase 2 | SNK19CR06 X X X X
15 W18 Phase 2 | SNK19CRO07 X X X X
15 W18 Phase 2 | SNK19CRO08 X



https://maps.app.goo.gl/eop7gGXLM79p1Ku16
https://maps.app.goo.gl/mh8mmLk9SzLbRJ1h7
https://maps.app.goo.gl/PuszzrLfzr39rUCo6
https://maps.app.goo.gl/SaF7KDPu4LKFEEiw5
https://maps.app.goo.gl/rCmBfUPfaP8E8qHD7

Deliverables

Deliverables

Progress/ Achievement

Five new hybrids developed with increased
resilience to drought and heat stress with improved
nitrogen use efficiency

First cycle of testing completed, 138 (W18-phase2) and 50 (S18-phasel) hybrids will be
evaluated for yield and stability under drought and standard production conditions in the
2019 production season — trials to be harvested from June 2020

Production of five tonnes of certified seed of each
variety for sale

From 2021 — after at least two years of trial data and one year of increasing inbred
components. Inbred components of elite test hybrids were increased at Malelane winter
nursery 2019 and Bethlehem summer nursery 2019.

Facilitate the incorporation of heat stress screening
in South African maize breeding programs

Initial screening was done in 2018 and protocol adapted to SA conditions in 2019 based
on CIMMYT collaboration on work already completed. Tolerant material was selected in
Malelane and some inferior lines discarded. New lines will be incorporated in future
crossing nurseries.

Expand screening sites for heat and drought
testing to facilitate greater multi-location testing

Screening localities were identified with successful trial results obtained; however, trials
could not be extended to the North West and Eastern Cape regions due to drought
conditions.

Screened elite materials for tolerance to heat and
drought stress to allow susceptible material to be
eliminated from the breeding pipeline

In progress - Tolerant material was selected in Malelane 2018 winter nursery and some
inferior lines discarded. New lines were incorporated in crossing nurseries (Bethlehem
Summer nursery 2018 and Winter nursery 2019). These newly identified lines will be
incorporated in the breeding programme for improved line development. Due to late rains
in North West and the Eastern Cape, only Mpumalanga and Free State trials and
nurseries were planted

Increase genetic gains for heat and drought
tolerance within the Sensako maize breeding
programmes

In progress — Tolerant material was selected in Malelane and some inferior lines
discarded. New lines were incorporated in crossing nurseries. These newly identified
lines will be incorporated in the breeding programme for improved line development.
Mutant lines from the Stellenbosch University CM project will be incorporated in the 2020
field nursery in Bethlehem.

Development of a breeding skill set amongst
students and breeders for heat and drought
tolerance breeding

Student not identified. Although no students are associated with the project, a special
skill set is currently being developed by the Sensako breeders, technicians and
students working during holidays on the project.




Conclusion

Current breeding and crossing nurseries will ensure a breeding pipeline with a continuous supply
of new inbred and test-hybrid material. The diversity of germplasm in this program is expanding
and will continue to do so once the CM lines are in a homozygous state and ready for use in
crossing combinations.

Including more lines in the genetic study will result in a better understanding of heterotic groups
and genes available for heat and drought tolerance.

Statistical trials were harvested. Screening for drought resistance was difficult with pro-longed
and late rains after planting at Kroonstad and Clarens but Fall armyworm and disease readings
were possible. The Malelane (Mpumalanga) trial site allowed good screening opportunity under
high temperatures and lower rainfall. Maximum seed increase for superior test hybrids will
commence in the summer of 2020 along with preliminary production research of hybrid
producibility. Test-hybrids showed good yielding capability under drought and heat conditions
but are also able to compete with commercial varieties under normal high potential conditions.
The 2019 phase 2 and 2018 phase 3 test-hybrids will be evaluated in two trials, SNK20CR01
and SNK10CRO02, under small holder production practices in the major smallholder represented
maize areas in the coming season.



1.2 DEVELOPMENT OF NEW MAIZE LINES USING CHEMICAL MUTAGENESIS
Research conducted by Stellenbosch University
Project leader: Prof Anna-Maria Botha-Oberholster

Note: The materials and methods and results for this section are provided in Appendix B. This
includes all mentioning of figures and tables.

Introduction

Maize is an economically important crop in Southern Africa with approximately 8.0 million tons
of maize grain produced in South Africa annually on approximately 3.1 million ha of land. Half of
the production consists of white maize, for human food consumption, and although high yielding
commercial maize seed are available for planting, these are all hybrids making it less suitable
for the use/planting by smallholder producers as new seed must be bought yearly to make full
use of the high yielding attributes. As with many other domesticated crop species, maize also
experiences positive selection and genetic bottlenecks, limiting diversity in its genome. Chemical
mutagenesis, using certain chemicals such as ethyl methanesulfonate (EMS), allows for the
random conversion of single nucleotide bases. This results in increased genetic diversity but still
maintains most of the beneficial traits of commercial lines. Alternative strategies for the
development of inbred lines are therefore required to develop new lines, and thus, in the current
project the aim is to develop new inbred lines making use of chemical mutagenesis. In a
preliminary study, seed was treated with only buffer as well as buffer containing different
concentrations of EMS (i.e., 0.1%, 0.5%, 1.0% v/v) at different exposure times (i.e., 2h, 4h and
8h), respectively. It was found that treatments below 1% EMS (i.e., exposure to 0.1% or 0.5%
EMS for 2h, 4h or 8h, respectively), had no effect on germination or plant growth. Thus, another
set of experiments were then conducted with increased EMS concentrations (i.e., 1%, 2% or 5%
EMS for 2h, 4h or 8h, respectively), and it was found that EMS concentrations at 1% for 2h or
2% for 1h produced the best results, as measured on germination rate and plant growth. On 1
June 2020, 123 new maize lines were received from Sensako with roughly 46 000 seeds
available to us for mutagenesis treatment. Despite the negative impact COVID-19 lockdown had
on the progress of the project (because we were unable to work in the laboratory), we were able
to make some progress with the development of the M3 mutants in the greenhouse. The seed
from mutant maize line SNKCO Germplasm USB 2 produced viable seed. The seed was planted,
and the plants were allowed to grow to maturity. Currently we are awaiting the development of
the ears. In June, with the ease of lockdown, our laboratory activities were immediately initiated
with the development of six new mutant lines. They are currently growing in the greenhouse and
will be subjected to water stress whereafter selections will take place.

Aim

The aim of the research is to develop new genetic resources for maize inbred lines specifiacally
for use by smallholder producers. The maize germplasm (i.e. high yielding maize inbred lines)
will have improved resilience to climate variability.

Objectives

The objectives are as follows:



(i) Compare the efficacy of different chemical mutagens to induce mutations in Zea mays
seed.
(i)  Phenotyping of the M1 mutants in the greenhouse.
(i)  Phenotyping of the M2 mutants in the field.
(iv)  Functional characterisation of high yielding M3 mutants expressing enhanced resilience
to environmental stressors. This will be done using LC-MS/MS proteome analysis as well
as expression analysis.

Progress
Progress per technical objective:

(i) Compare the efficacy of different chemical mutagens to induce mutations in Zea
mays seed. (Completed)

In a preliminary study, seed was treated with buffer or buffer containing different concentrations
of EMS (i.e., 0.1%, 0.5%, 1.0% v/v) at different exposure times (i.e., 2h, 4h and 8h), respectively.
It was found that treatments below 1% EMS (i.e., exposure to 0.1% or 0.5% EMS for 2h, 4h or
8h, respectively), described in Appendix B, had no effect on germination or plant growth. Thus,
another set of experiments were then conducted with increased EMS concentrations (i.e., 1%,
2% or 5% EMS for 2h, 4h or 8h, respectively), and it was found that EMS concentrations at 1%
for 2h or 2% for 1h produced the best results, as measured on germination rate and plant growth.

(i)  Phenotyping of the M1 mutants in the greenhouse (in progress)

In June 2020, 123 new maize lines were received from Sensako with roughly 46 000 seeds
(Table S1) available for mutagenesis treatment. When the COVID-19 lockdown was eased,
research activities continued and on the 8" of June 2020, the first of the new Sensako maize
lines were treated. In all instances half of the seed were treated with 1 % EMS for 4 hours and
the other half are treated with 2 % EMS for 2 hours. All experiments included controls (non-EMS
treated). The treated plants were then planted and are currently growing in the greenhouse.
These included SNKCO Germplasm USB SU accessions 11, 28, 35, 44, 64, and 109 (Figure 2,
Table S1).

(i)  Phenotyping of the M2 mutants in the field (in progress)

From the previously developed M2 maize plants (SNKCO Germplasm USB 2), that were growing
in the greenhouse at the start of lockdown, only four viable seeds were harvested. The harvested
seed were planted and allowed to grow to maturity (Figure 3). Currently, we are awaiting the
development of the ears. Both M3 plants developed two ears. The resulting seed from these M3
plants will be multiplied after harvesting and tested in the greenhouse. If sufficient number of
seeds are available, some will then be delivered to Sensako for multiplication and field testing.

(iv)  Functional characterisation of high yielding M3 mutants expressing enhanced

resilience to environmental stressors. This will be done using LC-MS/MS proteome
analysis as well as expression analysis. (Not Started)
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This activity can only start once sufficient M2/M3 mutants are obtained after treatment with
chemical mutagens.

Deliverables
No Task Milestone Deliverable
1. | Compare the efficacy of Conduct/test several Best method for induction
different chemical chemical mutagens and of mutations in maize.
mutagens to induce treatment concentrations (completed)
mutations in Zea mays /exposure times
seed
2. | Phenotyping of the M1 Screening of M1 mutants Selected M1 mutants for
mutants in the greenhouse | for water stress tolerance multiplication and field
in the greenhouse under a | screening to establish their
controlled environment agro-ecological attributes
(in progress)
3 | Phenotyping of the M2 Screening of M2 mutants in | Selected M2 mutants and
mutants in the field the field under different a list of agro-ecological
agro-ecological climates data sets to describe high
yielding varieties
4 | Functional characterisation | LC-MS/MS proteome Identification of the best
of high yielding M3 analysis as well as “predictors” (single and/or
mutants expressing transcriptome/expression combination of variables)
enhanced resilience to analysis of mutants and for breeding to produce
environmental stressors. controls high yielding varieties in
future
Conclusion

Chemical mutagenesis provides a unique opportunity to introduce new agronomic attributes (e.g.
drought tolerance) through selection into breeding material within a relatively short timeframe
(i.e. 3 years). The method to induce chemical mutagenesis on seed has been optimised which
will allow faster induction of mutations than pollen derived chemical mutagenesis

Despite the negative impact COVID-19 lockdown had on the progress of the project (because
we were unable to work in the laboratory), we were able to make some progress with the
development of the M3 mutants. The seed from mutant maize line SNKCO Germplasm USB 2
produced viable seed. The seed was planted, and the plants were grown to maturity. Currently
we are awaiting the development of the ears (Figure 3). In June, with the ease of lockdown, our
laboratory activities were immediately initiated with the development of six new mutant lines.
They are currently allowed to grow in the greenhouse so that they can be water-stressed and
selected (Figure 2, Table S1).
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1.3 SUSTAINABLE MAIZE PRODUCTION UNDER FUTURE CLIMATES AND ELEVATED
ATMOSPHERIC CO, CONCENTRATIONS
Research conducted by Rhodes University
Project leader: Prof Brad Ripley
Prof MD Cramer (UCT), Prof Gavin Fraser (RU), Ms Tebadi Bopape (MSc, RU), Mr Peter Mavindidze,
(MSc, UFH), Mr Kervin Preyag (MSc, UCT), Mr Richard Johnson (MEcon, RU)

Introduction

Maize plays a central role as a staple food in Africa and the world’s top three maize-subsisting
countries are all in Southern Africa, with nearly 95% of harvests used for human consumption.
Water availability is the single most important factor in crop production in South Africa. However,
future climate predictions are for intensified drought which will trade-off against the beneficial
effects of elevated CO, (eCO;) on plant water-use. eCO; allows plants to operate at reduced
stomatal conductance and with decreased water-use combating the adverse effects of drought.
Decreased water-use, although beneficial against drought, may have important consequences
for plant nutrient uptake, presenting potentially antagonistic effects that will vary with soil and
atmospheric conditions.

The magnitude of this CO; effect remains unknown despite its important consequences for crop
yields and food security. The response to eCO: is unlikely to be consistent across cultivars and
needs to be quantified under climate and soil conditions appropriate to the maize growing
regions of southern Africa.

Another characteristic of growth at eCO; is a reduction in grain quality attributed to enhanced
carbohydrate production, down-regulation of photosynthesis, reduced root development and
decreased transpiration-driven mass flow delivery of nutrients. The effects of eCO, on mass flow
arise because eCO; decreases stomatal conductance, transpiration and the flux of water through
soils. The contribution of this effect to decreased plant and grain nutritional status remains
unknown

Aim

This project aims to determine the response of maize to chronic drought under future eCO;
conditions, screening both the variation between cultivars, determining underlying mechanisms,
and considering resultant yield and economic consequences. In addition, we aim to quantify the
effect that eCO; has on mass flow and plant nutrition status.

Objectives

Here we propose to test the hypothesis that eCO, will mitigate the effects of drought and that
the magnitude of the effect will vary between cultivars. Maize will be grown at various
atmospheric CO, concentrations and subjected to drought events to record plant responses and
resultant consequences on vyield. Productivity data will be used to inform crop and economic
models improving their predictive capabilities under future climatic conditions.

We also aim to investigate how eCO; and the resultant reduction in plant transpiration could limit
plant nutrient acquisition via mass flow. Decreased grain quality at elevated CO; is a major
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concern but little research has focused on how reduced nutrient acquisition contributes to this
phenomenon. Work will compare responses of C4 maize with C3 wheat.

Specific objectives are:

1. Investigate the potential of CO; to mitigate drought

2. Select CO; responsive cultivars

3. Quantify CO; responsive and other desirable traits

4. Quantify role of mass-flow to reductions in plant nutritional status

5. Improve locally relevant crop models

6. Investigate economic implications of CO, responses

7. Develop human capacity

8. Contribute to the building of a Climate Resilience Consortium
Progress

This project is in the final stages of completion and was not included in the accompanying
continuation application. Investigations into the biological impact of drought and eCO- have been
completed (objectives 1-5) while objective 6 is being finalised. Through completing objectives 1-
6 it will contribute to developing human capacity (objective 7) as well as contribute to building of
the Climate Resilience Consortium (objective 8).

Ms Bopape completed her MSc research, which investigated the response of six cultivars to
drought and eCO; (Objectives 1 — 3). The results showed that CO; levels of 800 ppm (which are
expected by 2100) mitigated the effects of drought as compared to ambient CO; levels (400
ppm). Although the magnitude of the response differed between cultivars, all responded in a
similar fashion (Fig 1.3.1)

w
o
=]

-Drought 400ppm

A

[k H
1 T Watered 400ppm
i” iTTIi iT i”i' e

20

Dry biomass (g)

10

=]

o

4B we 5A ye 5R ww 6B ww
Cultivars

BG we

D

B C
200 T 1 20 T T T T e T L

400 800
Treatments

Figure 1.3.1: Response of maize cultivars to treatments of growth CO2 and water supply. A — cultivar
responses, B — cultivars grouped by grain colour, C — cultivars grouped by growing region, D — All cultivars
combined. Values are averages and vertical bars represent the 95% confidence intervals. Letters on
panel D show results of Tukey post-hoc tests and indicate homogenous treatment responses.
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Many of the important biomass compartments (e.g. leaf mass, grain yield, cob mass), were
linearly related to plant size and hence drought by eCO, treatments that affected plant biomass
had proportionately sized effects on biomass compartments (Figure 1.3.2). Reduced leaf
conductance and lowered transpiration rates that conserved soil water underpinned these
responses and slowed the decline in photosynthesis as drought intensified.
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Figure 1.3.2 — Allometric responses of leaf biomass (A), grain yield (B) and cob biomass (C) to total plant
biomass. If standard major regression analyses (SMA) indicated differences between slopes then lines
were fitted to individual treatments, else a single regression was fitted across treatments. Shaded portions
represent the 95% prediction intervals.

Mr Prayag’s MSc (objective 4) showed that although elevated CO, reduced transpiration and
hence mass-flow of nutrients in both wheat and maize (e.g. N, Fig. 1.3.3), at the particular soil
nutrient levels supplied in the study, tissue nutrient levels were unaffected by the CO; treatments
(Fig. 1.3.4). The implications are that at these levels of nutrient supply and under well-watered
conditions, processes such as diffusion are sufficient to supply plants nutrient requirements even
when mass-flow is decreased.
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Figure 1.3.3: Variation in transpiration-driven mass flow delivery of N in maize (A) and wheat (B) plants,
grown in five soils with differing nutrient availabilities at two CO: levels, 400 and 800 ppm. The boxes and
horizontal lines represent the first and the third quartiles and the medians, respectively. The whiskers
represent 1.5 x the interquartile range and outliers above/below are shown as points. The diamonds
represent the mean values. The F- and p-values of the main effects and interaction (when significant) from
the analysis of variance done on the linear models fitted are displayed. Lower case letters indicate the
significant differences between treatments as determined by Tukey's post-hoc comparisons.
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Figure 1.3.4: Variation in tissue N in maize (A) and wheat (B) plants, grown in five soils with differing
nutrient availabilities at two CO: levels, 400 and 800 ppm. Stats as in Figure 1.3.3.

Mr Richard Johnson has been interviewing producers and interrogating maize production figures
to attempt to determine the economic impact of climate change on maize production in the Free
State Province (objective 6). Assessments show increase yields per hectare, but greater
production costs that scale detrimentally with decreasing farm size. Richard is also looking at
production values in response to rainfall and determining if the relationship has changed since
the industrial 1960’s, where (based on Ms Bopape’s results) we might predict that increasing
atmospheric CO; could increase production per unit rainfall relative to pre-1960 values.

Richard Johnson’s MSc study interviewed producers in the Free State to determine changes in
maize production and related changes in production costs and profits. Increased production cost
has meant that producers have needed to plant bigger land areas to make profit but have seen
increased yields per hectare. On average, producers interviewed showed a market efficiency of
58%. Changes have also been accompanied by a shortening of the growing season with a later
start than was historically practiced. The increased yields were attributed to cultivar improvement
but could also be because of the effects of elevated CO, and improved plant water use that
increased production of these rain-fed systems. A conclusion that would be supported by the
results from the Rhodes University elevated CO; Facility (RUECOF).

The project has developed significant human capacity (objective 7) and will graduate several
post-graduate students in the near future. It has also and fostered new collaboration with
researchers at Fort Hare (Prof Charles Mutengwa and Peter Mazivimba), with new students
registering in 2020 to continue work on the responses of wheat to drought and eCO.. This work
is led by Prof Mutengwa in collaboration with the ARC-Small Grains, Sensako, PANNAR and
the Wheat Breeding Platform, which contributes to the growth of the consortium (objective 8).

On completion of student theses and publication, copies will be made available to relevant
stakeholders.

Deliverables
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Partner Deliverable Progress

RU Determine the effects of drought and Completed.
eCO; on maize cultivars
Determine the economic consequences | Completed.
of climate change on maize yields

UCT Determine the effects of climate change | Completed.

acquisition.

on comparative wheat and maize nutrient

Publications | All student projects will produce

publishable outputs

Maize responses to drought and
elevated CO; in preparation.

Publication on eCO, and mass-
flow is in preparation.

Conclusion

This has been a successful project that has achieved many of its’ state objectives within a three-
year time frame. Some work remains to be completed and will come to fruition as students
complete degrees and data and findings become available for publication.

400 ppm
Drought

Figure 1.3.5. Tebadi Boape holding maize gron at the RUECOF under
treatments.

800 ppm
Water
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BUILDING RESILIENCE TO CLIMATE RISKS
Research conducted by University of Cape Town
Peter Johnston

Note: The materials and methods and results for this section are provided in Appendix C. This
includes all mentioned figures and tables.

Introduction

South Africa’s agricultural sector experiences multiple stressors, including (but not limited to)
variable rainfall, widespread poverty, environmental degradation, uncertainties surrounding land
transfer and transformation, limited access to capital and markets, inadequate infrastructure and
technology, and HIV/AIDS. Climate variability and change — superimposed on all these other
stressors — is already exacerbating these issues and is anticipated to aggravate them further in
future. With low adaptive capacity throughout the value chain, the South African agricultural
sector is highly vulnerable to the effects of climate and the anticipated increase in climate
variability.

Producers, both subsistence and commercial, have developed some strategies to cope with the
current climate variability in South Africa. When planning for resilience to climate variability, it is
important to understand and consider the longer-term climatic change possibilities, so that
adaptations and infrastructural investments are in line with longer term future conditions. The
current strategies, however, may not be sufficient to cope with climatic changes of the future. It
also appears likely that there will be yield reductions for wheat in the Western Cape due to
increased temperatures and decreased rainfall.

In the short- to medium term, it is the variability of conditions that are most concerning to
producers. The frequency and intensity of droughts, extreme temperature and episodes of dry
spells, shifting rainfall onsets and cessation are all threats to producers on an annual basis. The
uncertain impacts of El Nifio Southern Oscillation (ENSO) creates unreliable projections of future
seasons and producers need to negotiate more than just seasonal weather. Input costs, currency
exchange rates and world market conditions all provide variable risks that affect the profitability
of agriculture.

It is imperative to recognise vulnerability to these factors; climate risk vulnerability assessment
offers the opportunity for effective and meaningful responses to alleviate the risks. Existing
response strategies should be evaluated and where appropriate, more effective and sustainable
solutions applied.

Aim

Assist grain (maize and wheat) producers to manage imminent climate risks (such as anticipated
droughts) by identifying risks and proposing ways in which management practices can be
adapted to minimize the expected impacts. Central to this aim is to extend the investigation to
integrate existing commercial producers with developing producers to facilitate and promote the
building of resilience.
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Objectives

Stage 1

e To determine the impact of climate variability on the yields of maize and wheat crops
over the last +/- 20 years (Appendix C)

e To determine the main climate risks that impact on crop yield

e To determine the relationship between climate risk and the profitability of crops

e To scope climate risk mitigation in the different agricultural systems and their cost
effectiveness and success

e To analyse downscaled projections of climate change in terms of changes in rainfall and
extreme events to align responses to future impacts on crop production

o To develop guidelines on how producers can respond to decrease the impact of climate
risks

Stage 2

e To scope climate risk mitigation in the different agricultural systems and their cost
effectiveness and success, especially noting the differences between formal commercial
and developing commercial producers

e To codesign and develop guidelines on how producers (both developing and established
commercial) can respond to decrease the impact of climate risks including the possibility
of sharing resources, information, skills and technologies at national and local levels

Progress

The project follows a consultation, scoping and analysis pattern. This process looks to work with
the producers to develop a possible course of action to face current and future climate risks
within the context of their specific situations and other non-climatic risks. Producers from each
region were invited to attend meetings where the project is presented, and questions posed
regarding each objective.

The progress of this project was delayed due to the COVID-19 induced lockdown. The workshop
engagements with producers was set to take place at the end of March 2020 but was put on
hold. Despite the lockdown regulations easing over the following months, it remained a high risk
to bring people together within rural districts for the meetings. With the country now in alert level
1, the project is now able to continue (bearing in mind that the safety of each attendee is
prioritised). Meetings will take place between the 28" of September and the 9™ of October 2020.

Stage 1

e To determine the impact of climate variability on the yields of these crops over the
last +/- 20 years

While climate variability certainly has an impact on yield, it was evident that there was no direct
correlation between seasonal rainfall and yield. Having said that, it was evident that during a
drought year (i.e. the seasonal rainfall was consistently less than 60% of normal rainfall) there
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are significant decreases in yield. The converse is true as regards to price. When coefficient of
variation is high with some lower overall yields, the price increases.

e To determine the main climate risks that impact on crop yield

The main risks facing the producers are mainly a) timing of onset of rainfall, b) extreme events
such as heavy rain and high winds, c) heat waves in Jan/Feb — mid season drought affect crops
and livestock — and d) an increase in veld fires. If the onset of rainfall is normal or early
(September — early November), planting can take place well before December and the crop is
ready before the first frost (though late season rain can cause fungus problems). However, if the
rain onset is late (December — January) then the planted maize can be subjected to very high
temperatures during the early growth stage and cool temperatures during ripening, as well as
early frost in April/May when the drying is incomplete.

e To determine the relationship between climate risk and the profitability of the
crops.

A high temperature range is also detrimental to crop growth (and yield), and these have been
experienced more often (a T«/T» range of more than 10 degrees). If temperatures are too high,
especially over 40 °C, the soil gets too hot, and crops die. They can recover with rain and lower
temperatures, but with a lower yield.

Frost in March/April/May leads to reduced yields. Late rainfall, cloudy and cool weather during
summer causes diseases during pollination and reduced sunshine day length affects yield. Too
much rain which can lead to flooded fields, prevents activities such as spraying, weeding,
planting, and this reduces yields if pests and diseases take hold. Excessive wind causes erosion
of soils and may lead to lodging when seedlings are small.

e To scope climaterisk mitigation in the different agricultural systems and their cost
effectiveness and success

Reducing risk was a very contentious issue among the f producers. Some were in favour of the
conservation agricultural (CA) principles approach, while others believed that better seed and
other input availability would better prepare them to adapt to climate risk. Producers believed
that CA would require considerable losses in the conversion and were not sure of the long-term
financial benefits. It was also reported that the lack of finance and access to loans placed
producers at risk to climate variability as planting could not take place at the optimal timing, due
to the unavailability of inputs. When the rainfall onset was delayed beyond December the
common reaction was to plant an alternative, less sensitive crop such as sunflowers, soybeans,
dry beans or oats. These were almost guaranteed to provide some income if a dry season
persisted. However, it was reported that if the rain season (from January onwards) was normal
or wetter than normal, these crops may not produce the profits that a late planted maize crop
would have (assuming there was no frost before mid/end May).
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To analyse downscaled projections of climate change in terms of changes of
rainfall and extreme events to align responses to future impacts on crop
production

Downscaled projections for the regions are available and can be summarised as follows:

Average Temperatures are set to increase by between 1.8 — 4 °C, according to the
RCP8.5 scenario, by 2055.

The number of hot days with Tmax Over 32 degrees is set to increase by 3-13 more days
each month between October and March

The number of hot days with Tmax Over 36 degrees is set to increase by 0.5-7 more days
each month between October and March

In many cases, rainfall is projected to decrease in September and November, but
increase in January, with uncertainty in other months.

Days with frost are set to decrease by between 0.5 days per month in April and up to 3
days fewer per month in May — August

To develop guidelines on how producers can respond to decrease the impact of climate
risks

Stage 2

To scope climate risk mitigation in the different agricultural systems and their cost
effectiveness and success especially noting the differences between formal
commercial and developing commercial producers

A new set of meetings with commercial and developing commercial producers was scheduled
for the second half of March 2020, but only one was held due to COVID-19 concerns. The plan
is to open a conversation with the producers to share their experiences and practices so that
learning and cooperation could be facilitated among the different groups.

To codesigh and develop guidelines on how producers (both developing and
established commercial) can respond to decrease the impact of climate risks
including the possibility of sharing resources, information, skills and technologies
at national and local levels

Not started.

Deliverables

Deliverable Progress

Climate risk vulnerability assessment In progress
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Existing adaptation responses and their Collated for development producers — next
effectiveness step to interview established commercial
producers

An assessment of the co-designed Working with Grain SA Farmer Development
guidelines for producers Program coordinators to design this
Recommendations to all stakeholders on This is happening at all workshops and will
how to best increase resilience be collated in the final report

Conclusion

This project delivered value on two fronts: 1) increasing awareness of climate change and
associated risks among emerging commercial and commercial producers, and 2) creating
awareness among producers of possible adaptation strategies.

The analysis of climate data and yield shows that there is no direct correlation between seasonal
rainfall and yield, but as pointed out by all involved, it was the distribution of the rainfall that was
most significant. Further analysis on the identification of critical rainfall periods (in the historical
data) that have significantly impacted on the yields is being undertaken.

It is encouraging to notice two specific trends:

1. There is great enthusiasm towards investigating the benefits and advantages of
conservation agriculture, where the focus is on soil health and moisture preservation.
The many filed trials and research projects around this are filtering down to the
development producers and this bodes well for their sustainability in the future.

2. There is a positive sense of cooperation among many of the commercial producers that
have been interviewed both within this project and elsewhere, and this shows a huge
opportunity for information and skill sharing between and among the groups.

This project will not solve the problems facing the producers at each and every step, but it aims
to create a cooperative structure and willingness among different groups to share experiences
and practices to the benefit of all.

It is glaringly obvious that the climate risks that these producers faced were not always
considered the most serious risks. They faced severe threats of theft of equipment, inputs and
crops themselves, as well as limited access to seeds, inputs and machinery. In many cases,
these impacts are often of greater immediate financial consequence than climatic variation.
However, it remains critical that the producers are continually made aware of climate change
and associated impacts, as well as possible adaptation strategies.
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1.4 IMPORTANT AGRICULTURAL PESTS AND DISEASES UNDER A CHANGING
CLIMATE
Research conducted by University of Pretoria
Project leader: Prof Bernard Slippers
Prof Albe van der Merwe, Prof Brenda Wingfield, Prof Brett Hurley, Prof Cobus Visagie, Prof Emma
Steenkamp, Dr Nicky Creux, Dr Thabiso Motaung, Dr Markus Wilken

Introduction

Climate change predictions suggest increased temperature, more erratic rainfall patterns and
elevated atmospheric carbon dioxide levels will occur globally. These changing environmental
factors have negative effects for crop production. Firstly, it poses an immediate threat to
production. It creates unpredictable growing conditions, posing a threat to overall yield through
phenological development issues or losses due pest and disease damage. Secondly, climate
change will impact the occurrence of pests and diseases in the future. This will cause previously
controlled diseases to re-emerge, pests and pathogens to move into new areas and even cause
these organisms to adapt to changing climates. Recent studies have also highlighted the fact
that developing countries, particularly those in Sub-Saharan Africa, are extremely vulnerable to
pest and disease invasions and that climate change is substantially adding to this threat.

Pest and pathogen occurrence, re-emergence and spread are critical factors to support climate
resilience in agriculture. This vital information is lacking in South Africa and since it is ever
changing, human and infrastructural capacity needs to be developed to understand and address
the present and future effects of pests and diseases under a changing climate. In light of this,
Grain SA signed a Memorandum of Understanding (MOU) with the Forestry and Agricultural
Biotechnology Institute (FABI) of the University of Pretoria (UP) in June 2018. The aim of this
MOU is to establish a collaborative relationship pertaining to grain research (as it relates to
climate change), postgraduate training, field extension, pest and disease diagnostics and
possible policy engagements.

In order to be able to investigate the present and future effects of climate change on the
occurrence of economically important pests and diseases in South Africa, the appropriate
structures to support this research initiative firstly needs to be put in place. The research projects
will be conducted under the recently launched Grain Research Programme. Furthermore,
diagnostics and extension services also need to be put in place to determine the spread and
occurrence of pests and diseases affecting grain crops in South Africa. This information will
enable relevant research projects to be identified and conducted. Finally, limited capacity is
available on the African content, even in well-developed countries such as South Africa, to
proactively deal with plant health threats. The establishment of this platform will form a base
from which producer-relevant and scientifically sound research can be conducted. Co-funding
has already been obtained to include research topics outside of the scope of climate resilience.

Aim

Establish a research programme to conduct research into the threat of pests and diseases posed
by a changing climate.
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Objectives

e Establish a formal Grain Research Programme

o Establish a diagnostic facility to aid with timely and accurate diagnostics of established
pests and diseases that pose a significant risk to production

e |dentification and launch of research activities

Progress

The Grain Research Programme was formally launched on the 215 of August at the University
of Pretoria. However, as the aim of this programme is to foster multidisciplinary and multi-
institutional collaboration, discussions were held with the University of the Free State to foster
collaboration and engagements with other institutions will also continue.

A grain health component has been incorporated into FABI's existing Diagnostic Clinic where it
provides a disease/pest diagnostic service to all grain producers (irrelevant of association, see
https://www.fabinet.up.ac.za/index.php/hosted-sites/diagnostic-clinic). The Diagnostics Clinic is
administered by Dr De Vos, but for the grain related samples, Prof Visagie oversees the
diagnoses of diseases and fungal pathogens, and Prof Brett Hurley oversees the diagnoses of
insect pests. Drs Godfrey Kgatle and David Nsibo is responsible for diagnostics and extension
services in the grain health domain. The disease clinic is ready to receive and process samples.

It is envisaged that information accumulated through the diagnostic service is added to the FABI
database, thereby ensuring a long-term record of trends associated with pest and pathogen
occurrence. For this purpose, a smartphone app linked to dynamic databasing and analytical
systems for in-field use is under development via undergraduate Computer Science and
Information Technology projects at UP and co-supervised by Prof Slippers and Dr Santana. To
date, a web-app and the associated database backend has been developed. Furthermore, a
smartphone app has been developed and is currently in beta testing. The smartphone app is
linked to both the web app and database for sample submission and includes a pest and disease
monitoring form. For both the web- and smartphone app, a professional development company
will be used to further develop and test the beta versions of this software to ensure its scalability
and stability.

The web and mobile app are cable of capturing information such as host species, disease
symptoms, the severity of disease symptoms and geographic location. These data will be
integrated with the diagnostic results of each sample from the FABI Diagnostic Clinic. This
integration will allow for future data science analysis to determine the possible pest and disease
trends in South Africa.

Additionally, microbial isolates and specimens received via the Clinic and related extension work
of important disease and pest agents are being and will be stored using FABI’s state of the art
facilities and technologies. To this effect, FABI’'s live specimen collection has now been
positioned to also deal with culture originating from our activities in the grain health domain.
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Deliverables

Deliverables Progress

Establishment of a formal grain research programme In progress

Identification and launch of grain research activities In progress

Pest and pathogen diagnostics and extension In progress
Highlights

Launching of the Grain Research Programme (GRP) at FABI took place on 21 August 2020. The
online event was attended by industry and government stakeholders as well as the local and
international research community. Since the launch, we have had several media events to
advertise the GRP. This includes a session at the recent NAMPO virtual event that took place
on 9 September 2020. A Landbouweekblad piece is also being prepared.

Conclusion

Over the past year, good progress was made to develop and build the Grain Research
Programme. Drafts to establish a constitution and formalise rules of engagement has been
prepared and is in the process of being finalised. Several projects are ongoing and gaining good
momentum. The processes that will make the pest and disease diagnostic clinic a success in
serving the grain domain with high quality and reliable results have been streamlined and we are
ready to receive and process samples.
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1.5 THE EFFECTS OF A CHANGING ENVIRONMENT AND LATE-PLANTING DATES ON
MAIZE PLANT DEVELOPMENT AND YIELD IN SOUTH AFRICA
Research conducted by University of Pretoria, University of the Free State and the Agricultural Research
Council — Grain Crops

Note: The detailed results for this section, including all figures and tables mention, are provided
in Appendix D.

Introduction

Region specific planting dates are one of the major determinants of maize yields, and require
regular updates to keep track with new cultivars and a climate that is subject to change on a
range of time scales (and is already showing signs of significant change)?. Breeders have
addressed the planting date window effect by the additions of traits that confer resistance to
early or late frost in both early and late flowering/maturing cultivars. In lowa, USA, for example,
it has been found that the production of cultivars that can withstand adverse conditions early in
their development are more adapted to a shifting climate with early “last spring frost dates”. This
has led to a steady advance in the planting window over a 24-year period, resulting in 9.5 days
earlier planting dates®. In South Africa, a key issue is onset of frost which can come as early as
April in parts of the Free State, the major production region. An early frost event may lead to
significant losses due to frost exposure occurring before the crop reaches maturity*. Several
planting-date trials across continents have shown that late planting dates decrease grain yield
significantly and this has led to the production of short life cycle hybrids to counteract such
phenomena. While they may flower early, the plants are smaller and thinner resulting in lower
yields and increased potential for lodging which contributes significantly to yield loss?® With
planting dates significantly affecting yield, it is essential to investigate the effect of planting dates
and cultivar selection on plant development and yield in each growing region independently.

In South Africa, satellite data on maize crop phenology has provided insight into the effect of
climate on the different maize growing regions of South Africa. Maize production is highly specific
to each production region of South Africa with different factors playing a major role in yield. It
has been predicted that due to climate change and extreme weather events, maize yield will
decrease significantly if agricultural practices are not adapted and matched to the changing
climatic conditions®. Detailed studies of weather phenomena in the Free State Province of South
Africa indicate that the south eastern regions have relatively short growing seasons due to
temperature and length of rainy season. Additionally, the optimal growing region is further
restricted by short frost-free zones in the south eastern region of the province’#°. Adisa and co-
workers (2018%°) found that in the Free State and KwaZulu Natal, yield is most affected by the
timing of the end of measurable photosynthetic rate of the crop, while in Mpumalanga and the

2 Baum ME. 2019. MSc Thesis. lowa State University ProQuest Number: 13861236

3 Sacks WJ, Kucharik CJ. 2011. Agricultural and Forest Meteorology 151: 882-894

4 Moeletsi, M.E., Tongwane, M. and Tsubo, M., 2016. The study of frost occurrence in free state province of South Africa. Advances in
Meteorology, 2016.

5 Maresma A, Ballesta A, Santiveri F, Lloveras J. 2019. Agriculture 9, 67

6 Adisa OM, Botai JO, Adeola AM, Hassen A, Botai CM, Darkey D, Tesfamariam E. 2019. Sustainability 11: 1145

7 Moeletsi ME and Walker S. 2012. SA Water 38:775-782

8 Moeletsi ME, Tongwane M, Tsubo M. 2016. Advances in Meteorology

9 Moeletsi ME. 2017. Advances in Meteorology Article ID 7164068

10 Adisa OM, Botai JO, Hassen A, Darkey D, AdeolaAM, Tesfamariam E, Botai CM, Adisa AT. 2018. Sustainability 10: 3033
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North West Province the timing of the start of measurable photosynthesis rate is a strong
predictor of crop yield. A major factor complicating crop modelling and prediction systems is
extreme weather events, such as drought and high temperatures, that causes models to over
predict yields. Mangani and co-workers!! found that including these extreme weather events in
crop management systems enabled stronger correlations between predicted and measured
yields. The current studies suggest that understanding how environmental factors of different
growing regions might impact maize yield and how these factors will change under different
climate change scenario’s will be important for maintaining yields and managing future maize
production.

Aim

This study aims to investigate late maize plantings in South Africa and their association with late
rain, and other extreme weather events. The impact of late maize planting dates on the crop’s
growth, development, health and grain yield will be assessed using both tested and new

technologies. We hope to contribute to current predictive models based on planting date and
aim to highlight risk factors through this study.

Objectives

University of the Free State

1. To evaluate the phenological development of different genotypes in the warmer western
Free state (Bloemfontein) region.

2. To compare the difference in the water productivity of the selected maize genotypes over
different planting dates.

3. To compare and evaluate the grain yield and quality of maize at varying planting dates
in different agro-ecological regions.

4. To model water usage, soil moisture and planting date to project the effect on final yield.

Agricultural Research Council - Grain Crops and Biotechnology Platform

1. To compare growth traits between cultivars at different planting dates at Potchefstroom
using manual and multispectral 3D scanning.

2. To compare time to physiological maturity and days to 12.5% moisture of different
cultivars at different planting dates and to assess if these cultivars change their time to
physiological maturity at different planting dates.

3. To identify the risk factors associated with different planting dates and use these to
update current crop models.

University of Pretoria and Agricultural Research Council - Biotechnology Platform

1. To test the hypothesis that the rains in maize growing regions are in fact trending later,
and that this trend is correlated with later planting dates, using historical weather and
planting data.

1 Mangani R, Tesfamariam EH, Bellocchi G, Hassen A. 2018. Sustainability 10: 3492
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2. To catalogue the extreme weather events documented in historical weather data to
observe any trends or patterns in extreme weather events and how this is changing over
time in maize growing regions and its effect on maize yield.

3. Using first effective rain in a season as a proxy for planting date, estimation of heat units
and comparison to yearly yield data and current field trial data.

4. To measure fine-scale physiological changes at different growth stages under different
planting dates and correlate these with temperature, soil moisture, photoperiod and
genetic changes under both controlled and field conditions.

Progress

Trial plantings (UES and ARC)

Planting date trials were completed at all sites proposed with four planting dates at the three
major experimental farm sites (Potchefstroom, Bloemfontein and Bethlehem). The planting dates
were subject to weather conditions and accessibility of the field site, which meant planting date
may have shifted around the selected date to accommodate the field conditions. Table 1
provides a comparison of the dates selected for Rep 1 to 4 at each location and the actual dates
planting could be performed. In some cases (Potchefstroom Rep 4), the actual dates were
slightly altered to accommodate weather conditions, however, these plantings still represent
plantings in November, December, January and February as initially proposed (Table 1). These
sites were under irrigation to facilitate specific planting dates. An additional trial was planted at
Bloemfontein. This trial was included to accommodate detailed measurements in large enough
plots. Plants are sampled on a weekly basis to follow the growth and development of the different
cultivars planted on the selected planting dates. Additionally, the soil water content of each plot
is measured in an attempt to determine the water use efficiency of the different cultivars planted
on different planting dates.

The Ottosdal site is located on a working farm and the planting scheme was altered to conform
to the producer’'s requirements and no supplemental irrigation could be used. Due to the
irrigation restrictions, planting dates were constrained to the timing of the rains at this site and
only constituted 2 planting reps which were aligned with the rain onset (Table 1). This trial was
included to determine if the study can be expanded to producers’ farms to collect data in more
growing regions.

University of the Free State

All field trial samples were collected and data analysis of the results of the season is being done.
Delays were caused by the national lockdown resulting in not all data points being captured
throughout the season. Despite this, final harvests were completed, and data is being processed.

Data and accompanied descriptions will be used to indicate the response of six maize cultivars
[(DKC71-44BR, DKC72076BR, DKC74-26R — yellow maize) and (DKC75-65BR, DKC77-77BR,
DKC78-45BRGEN — white maize) to selected planting dates (20 December 2019, 17 November
2019, 15 January 2020 and 5 February 2020). The yield component and yield data of the fourth
planting (5 February 2020) will not be presented since this planting did not complete the
reproductive growth stage as a result of frost killing plants in April during the early grain filling
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stages. The results obtained at this point speak to two of the main objectives for the UFS
component of the research and are described in detail below.

Objective 1 Progress: To evaluate the phenological development of different genotypes
in the warmer western Free state (Bloemfontein) region.

In order to complete objective 1, several measurements were taken for all six cultivars and all
four planting dates. These measurements included leaf number and leaf area during the growing
period for the different cultivars and the results from these two measurements are described in
Appendix D.

Objective 3 Progress: To compare and evaluate the grain yield and quality of maize at
varying planting dates in different agro-ecological regions.

In order to complete objective 3, several yield components and parameters were taken for all six
cultivars and all planting dates. These measurements included number of tillers, number of ears
and grain mass for the different cultivars. Data for the first three planting dates (20" November
2019, 17" November 2019, 15™ January 2020) are only presented here because the plants of
the fourth planting date (5" February 2020) were killed by frost during the early grain filling
stages. Grain from plants material of this planting date was rendered completely unfit for
harvesting. Therefore, data of the first three planting will be discussed and presented (Table 2).

The remaining objectives 2 and 4 will be addressed once data collection and analyses are
concluded.

Adgricultural Research Council - Grain Crops and Biotechnology Platform

Objective 1 Progress: To compare growth and yield traits between cultivars at different
planting dates at different locations.

Measurements during the growth season took place from December 2019 — March 2020
whereafter the national lockdown impeded furth data capturing. Subsequently the trial has been
harvested and yield and yield component data shown using figures (Appendix D). Here, the
primarily focus was on the yield components and parameters across the different planting dates
and regions (Table 1). Table 3 provides a comprehensive catalog of all the yield parameters and
components assessed in this report while Figure 4 and Figure 5 provide comparative yield data
for the different cultivars, locations and planting date. The remaining objectives 2 and 3 will be
addressed once data collection and analyses are complete.

University of Pretoria and Agricultural Research Council - Biotechnology Platform

Objective 1, Objective 2 and Objective 3 Progress:

Objective 1, Objective 2 and Obijective 3 of this section of the research require historical data.
Objective 1 is to test the hypothesis that the rains in maize growing regions are in fact trending
later, and that this trend is correlated with later planting dates, using historical weather and
planting data. Objective 2 catalogues the extreme weather events, documented in historical
weather data, to observe any trends or patterns in extreme weather events and how this is
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changing over time in maize growing regions and its effect on maize yield. Objective 3
investigates first effective rain in a season as a proxy for planting date, estimation of heat units
and comparison to yearly yield data and current field trial data.

Data from the ARC Agro-climate Database has been obtained. The weather data spans 32 years
from 1986 to 2018 for nine different locations in the major maize growing regions including sites
in Mpumalanga, Free State and North West. The historical data and maize yield data from the
UP long-term maize trial has also been acquired. This data runs from 1925 — 2018 and the yield
data runs from 1939-2008 with the yield data from 2009-2019 still pending and are still in the
process of analysing this data.

Objective 4 Progress: To measure fine-scale physiological changes at different growth
stages under different planting dates and correlate these with temperature, soil moisture,
photoperiod and genetic changes under both controlled and field conditions.

FieldScan installment and optimization

The instalment of the Phenospex FieldScan system at the ARC Grains Crop Unit in
Potchefstroom has been completed. This system is the first of its kind in Africa and our planting
date project will be one of the first to use this system (Figure 1.5.1a). The FieldScan gantry runs
on tracks on either side of the field and holds four pairs of PlantEye 3D scanners, which can be
shifted from 1 m above the ground up to 2 m to accommodate tall crops such as maize and
sunflower (Figure 1.5.1b). Two scanners set at an angle will scan a single row one meter wide
and 3D images of the row or individual plants can be constructed. The FieldScan can scan every
row multiple times per day to collect detailed information, which can be used to calculate a
number of different readings including growth rate, disease prevalence, germination rate, Leaf
Area Index (LAI), chlorophyll measurements including NDVI (Normalized Difference Vegetation
Index) and NPCI (Normalized Pigment Chlorophyll Ratio Index). A full weather station was also
installed alongside the FieldScan field site so that environmental data can be captured for direct
correlation with field measurements. A test maize planting under the FieldScan was performed
at the end of last season and first scans for optimization were collected (Figure 1.5.1). We are
now preparing for a maize planting date trial with some of the same cultivars under the FieldScan
to monitor fine scale changes in growth development at different planting dates for season
2020/2021. This will be one of the first projects to run on a system like this in Africa.
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Figure 1.5.1. (a) Phenospex’s FieldScan gantry with PlantEye F500 multispectral scanners after
installation. The FieldScan system can scan up to 10 plant rows in 1 m scanning widths over the field
length (x 100 meters). The scanners are mounted at an angle and in pairs. (b) First test maize plot and
scans. Scans can be taken from several different angles such as the top and side view. These images
can be merged together to construct 3D images.

Highlights

There were several interesting highlights in this preliminary scan of the field data from 2019/2020
field season. The large-scale trial at Bloemfontein yielded some interesting growth findings with
plant development significantly slowed in the later two planting dates in both yellow and white
cultivars. The opposite was expected where the shorter season for the later planting dates would
have accelerated plant development. A likely explanation is that the later part of the season in
Bloemfontein had a higher number of cool, overcast days, which likely affected heat unit
accumulation and plant development (Figure 2). Leaf area measurements provided several
interesting results worth highlighting. Firstly, the later two planting dates did not show the
traditional sigmoidal curve expected for leaf expansion. The third planting date had a shorter leaf
expansion phase while the fourth planting date plants have a very slow leaf expansion that did
not quite reach the same size as the other planting dates (Figure 3). Secondly, this measurement
showed differences for yellow and white cultivars in the first planting date where yellow cultivar
leaves expanded quicker than that of white cultivars’ leaves but for a shorter period, while white
cultivar leaves expanded for longer and ultimately were larger (Figure 3). The larger leaf area
for the white maize on the first planting date may explain the greater yield observed for these
cultivars at harvest (Table 2). In terms of yield for this trial the grain mass was significantly
affected by planting date with each planting date producing lighter grain than the planting date
before it for both white and yellow maize. Interestingly, yellow maize produced one more row of
kernels per ear and more kernels per row, but this did not result in increased yield likely due to
the kernel weight of yellow maize being less than white.

The smaller-scale trials replicated in the four locations (Bloemfontein, Bethlehem, Potchefstroom
and Ottosdal) also provided insight into how yield was affected by planting date. Again, better

30



yields were observed for the first two planting dates in all locations while the later planting dates
yielded significantly less across all four sites and six cultivars (Figure 4 and Figure 5). Again,
grain mass per ear also decreased in the later planting dates similar to what was observed for
the large-scale trial in Bloemfontein (Table 3). In all trials the second planting date (December
2019) performed best at all trial sites except in Ottosdal where the first planting date produced
slightly more grain (Table 2 and Table 3). A likely explanation for this is that in every location
December/January had the highest rainfall (Figure 1) and this likely contributed to better plant
growth and development at the early growth stages. In general, the late planting dates
experienced significant damage from external biotic and abiotic factors. In Bethlehem and
Bloemfontein, the first frost events damaged the plants and caused major losses and in
Potchefstroom, bird damage caused complete loss of yield for the third and fourth planting dates.
This suggests that not only environmental and developmental factors are affected by later
plantings but the plants are also more vulnerable to biotic and abiotic factor later in the season.

A literature survey to assess the predicted effects of climate change on crop production in South
Africa revealed that of six studies, which specifically focused on maize using different models
and algorithms, all predicted significant losses for maize production given the current climate
change scenarios. The predictions by Englebrecht (2019) in the CSIR green book'? suggest that
southern Africa is expected to warm 1.5 — 2 times faster than the global average. These
predictions are a cause for concern which requires close monitoring and further research with
investment in developing crops of future climates and expanding crop choice to maintain food
security. This literature survey is currently in preparation for publication and is in the third draft
stage. The FieldScan system has now been fully installed and the first scans for optimization
were taken before COVID-19 national lockdown halted progress on optimization. 3D images of
individual plants where constructed from initial scans and with further optimization the system
will be ready for the 2020/2021 field season. The FieldScan is the first system of its kind in Africa
and this current project will be one of the first to utilize this phenotyping platform. The system
will enable us to reconstruct daily 3D images and assess plant growth at different planting dates
from germination to harvest.

Conclusion

The first field season of this project progressed well even in the face of major challenges posed
by the global COVID-19 pandemic. This report provides a first shallow scan of the data collected
over the season (2019/2020). These initial results confirm that late maize planting dates
significantly affect plant growth and development (Figure 2 and 3). Late planting dates also
affected vyield for all cultivars tested and the January and February planting dates produced a
significantly lower yield. In some cases, the February planting dates could not be assessed as
no yield was observed due to frost and bird damage. These findings suggest that for all cultivars
tested early November/December planting date produced the best yields in 2019/2020 season
(Table 2 and Table 3). The second planting date (December) out-performed the first planting
date and this is likely due to the timing of rain onset, suggesting that the alignment between
timing of rain and plant developmental stage are critical factors determining maize yield. To
assess rainfall, frost onset and other weather trends, which may affect maize production, we
have obtained historical weather data for several key maize production regions and will
interrogate these to identify key trends or patterns that might affect maize yield. To gain a better

12 www.greenbook.co.za
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understanding of the relationship between environment and specific maize developmental stage
we will use the FieldScan to assess planting dates in the 2020/2021 season. A literature survey
revealed that maize production in South Africa is likely under threat from climate change using
different prediction methods and this should be carefully monitored and studied in the future.
The data collected in this three-year project will be important for more accurately predicting
possible outcomes and mitigations strategies for future environments.
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1.6 NEW INITIATIVE: BUILDING RESILIENT PRODUCTION SYSTEMS

Introduction

Long-term crop rotation trials stand at the epicentre of building resilient production systems. We
need not look far to see one of the most successful examples of this in local and modern times;
the Western Cape Department of Agriculture has been running long-term demonstration trials
(since 1996) and has become a beacon of innovation and model of sustainability for the entire
region. Through these trials producers in the Western Cape have been able to weather much of
the impacts of climate change and variability within their own operations. The lack of scientific
demonstration trials in the summer grain production regions of South Africa has been a major
stumbling block for producers in those regions, squeezing the profitability of producers and
therefore threatening their sustainability. As climate change and variability becomes more
evident, this could devastate food security in South Africa. Therefore, this initiative aims to
develop long-term crop rotation trials in the summer grain production regions to enable building
of resilient production systems.

Two long-term crop rotation trials will be established. The first long-term trial will be established
as part of an Agronomy Hub at the University of the Free State. The target here is to develop a
hub for research and training at the University of the Free State. An investment was made to
develop students over the next 3 years and the next step is to now start new research initiatives.
Therefore, a crop rotation trial will be established at the Kenilworth Field Research Facility, north-
west of Bloemfontein. This initiative will investigate crop response to different crop sequences
(rotations) and tillage practices with and without a cover crop in a low-rainfall, high-risk region.
The trial layout will consist of different crop rotation systems and the inclusion of a cover crop
treatment. Crops will include grain and oilseed crops suitable to that region as well as
investigating cover crops. Special focus will be on evaluating soil water content, biological,
physical and chemical responses as well as the economic viability of sustainable cropping
systems. The Agronomy Hub aims to deliver research outputs and expertise that is targeted to
the industry.

The second trial is conducted in partnership with Potato SA, consisting of four five-year crop
rotation systems and was initiated in the Eastern Free State during the 2015/16 summer
cropping season. Crops within the rotation system include maize, potatoes, sugar beans,
soybean, sunflower and teff. This trial will form the basis of several sub-projects to investigate
the resilience of different rotation sequences.

Sub-project 1.7.1: Long-term crop rotation and tillage

Aim

This study aims to investigate crop response to different crop sequences (rotations) and tillage
practices with and without a cover crop in a low rainfall high risk region

Objectives

The sub-objectives include:
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e Evaluation of soil water content and risk management (improvement of SWAMP model).

¢ Evaluation of soil biological, chemical and physical response to the treatment
combinations.

e Evaluation of weed population dynamics of the different systems.

e Evaluation of disease and insect response.

o Evaluation of crop yield and quality response.

e Economic analysis of/and recommendation of economiccally sustainable systems.

Research approach

Trial site

A field experiment will be conducted at the Kenilworth Field Research Facility of the Department
of Soil, Crop and Climate Sciences, University of the Free State +15 km north west of
Bloemfontein (29001°00” S, 26008'50” E). The soil used is a red loam sandy Bainsvlei Amalia
soil according to the Soil Classification Working Group (1991). The topsoil has a clay content of
+8% and that of the subsoil £10%. Detailed soil samples will be collected and analysed to
establish the base biological, chemical and physical characteristics of the trial site per plot.

Trial layout
The trial layout will consist of three (3) tillage systems, six (6) crop systems and the inclusion of

a cover crop treatment (2) therefore: a randomised complete block design with a factorial
combination, replicated four (4) times and the cover crop will be included as a split plot. In total
72 plots that will be split in two.

Treatments

Soil tillage will include the three basic practices namely:
1 - Conventional tillage

2 - Stubble mulch

3 - No-tillage

Crop systems (4-5 years) will include monoculture as well as crop rotation practice in the region
and will include the following crops:

- Maize

- Wheat

- Sunflower

- Groundnuts

- Cover crops

Data collection

Data will be collected on soil physical and chemical characteristics, weather data, crop
physiological development, yield (and yield components), grain quality parameters, weed data
and other factors such as pests and diseases as well as economic analyses.
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Sub-project 1.7.2: Development of region-specific crop rotation programmes for the
Eastern Free State

The development of region-specific crop rotation programmes will ensure more environmentally
and financially sustainable crop production systems.

Aim
The long-term objective of the study is to optimise crop rotation systems in the Eastern Free
State.

Objectives:

o Evaluate crop rotation cycles while improving land use efficiency
e Improvement of general soil health
e Assess soil physical and chemical conditions

Research approach

A long-term trial consisting of four five-year crop rotation systems was initiated and consists of
four five-year crop rotation systems (see diagram below) that are each replicated 8 times, giving
a total of 32 plots (35 m x 21.91 m in size each). Potatoes were followed by maize on all plots in
2016/17 (Year 1), when the soil physical, chemical and microbial observations commenced.

Growing Rotation system number
Year season 1 2 3 4

0 2015/16 Potatoes Potatoes Potatoes Potatoes
1 2016/17 Maize Maize Maize Maize
2 2017/18 Maize Sugar beans Soybeans Sunflower
3 2018/19 Teff Maize Maize Maize

4 2019/20 Fallow Fallow Fallow Fallow

5 2020/21 Potatoes Potatoes Potatoes Potatoes
6 2021/22 Maize Maize Maize Maize
7 2022/23 Maize Sugar beans Soybeans Sunflower
8 2023/24 Teff Maize Maize Maize

9 2024/25 Fallow Fallow Fallow Fallow
10 2025/26 Potatoes Potatoes Potatoes Potatoes

Soil health research has traditionally mainly focused on soil physio-chemical properties such as
soil acidity (pH), carbon content, extractable phosphorus, potassium and magnesium, potentially
toxic elements or earthworm activity. Although these are important indicators of soil health, the
microbiological aspects of soil health have often been neglected in the past. At the root-soil
interface (i.e. the rhizosphere) plants are associated with a very high diversity of micro-
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organisms (i.e. the rhizosphere microbiome). It is now known that these organisms can have
profound effects on crop processes such as seed germination, seedling vigour, plant growth and
development, nutrition, disease development and plant productivity®®. Therefore, the present
study also considers microbial activity and composition as vitally important soil quality factors4.

Soil physical and chemical indicators are assessed yearly after the harvesting of each crop.
Standard equipment will be used to assess soil bulk density, penetration resistance and soil
water holding capacity, whilst soil organic matter content and soil nutrient status will be analysed
by an accredited laboratory.

For the next phase of the study, the following biological soil health indicators will be assessed
by specialised laboratories: Solvita CO, (soil respiration) test, Biolog EcoPlateTM analysis
(microbial diversity) and enzyme activity (microbial activity). For these analyses, representative
rhizosphere soil samples will be collected from each plot at three times during each crop growing
season, namely at pre-planting, mid-season (crop flowering) and post-harvest (mid-year /
winter).

Conclusion

Understanding what the environmental factors are as well as the risks and limitations involved
in crop cultivation of semi-arid regions are imperative to disentangle the biotic, abiotic and
economic disciplines. Information on the effects of crop response to crop rotation and soil tillage
is at hand but we do not yet fully understand these dynamics in low rainfall, high risk
environments. Having a detailed map of biological, chemical and physical soil changes in maize
and other grain crop plants associated with climate characteristics will enable the industry to
better select cropping practices that can withstand these environmental factors and lower risk to
the producer (small/commercial). Finally, understanding the current status of the climate and
financial considerations in these growing regions and what are the major factors impacting
decision-making yield will be important for crop management and risk assessment across all
sectors of the industry. Similarly, industry and policy makers will all benefit from refined models
that predict how crop production might be affected under low rainfall high risk environments

13 Mendes, R., Garbeva, P. and Raaijmakers, J.M., 2013. The rhizosphere microbiome: significance of plant
beneficial, plant pathogenic, and human pathogenic microorganisms. FEMS microbiology reviews, 37(5), pp.634-
663.

14 Schloter, M., Dilly, O. and Munch, J.C., 2003. Indicators for evaluating soil quality. Agriculture, Ecosystems &
Environment, 98(1-3), pp.255-262.
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1.7 FUNDING

A total amount of R5 500 000 is available for this consortium from two main funding institutions:
namely, the Maize Trust (R3 000 000) and the Department of Science and Innovation
(R2 500 000).

The table below shows an amount of R2 005 989 available from the Maize Trust (as on 31 Aug
2020). Grain SA made payments towards the projects listed below whereas other payments are
in the process of being finalized. Annually, contracts are signed between Grain SA and the various
research institutions and this year (due to the COVID-19 pandemic) extreme delays were
experienced. Grain SA will pay the shortfall of R77 869.

Maize Trust funding remaining (as on 31 Aug 2020) R2 005 989

Payments Sep/Oct 2020 (MT Funding) R2 083 858

Expanding genetic variability for heat and drought stress and multi-locality

hybrid evaluation (Year 3) R875 235

Development of new maize lines using chemical mutagenesis (Year 3) R181 474
R230 011

The effects of a changing environment and late-planting dates on maize

plants development and yield in South Africa (Year 2) R300 934
R496 204
Remaining (shortage) - R77 869
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