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Abstract

In South Africa the term Conservation Agriculture (CA) is often used to describe any soil and water
conservation action, rather than the narrow concept that CA encompasses a combination of three
management principles, i.e. minimum soil disturbance, using a diversity of crops in rotation or
association, and protecting the soil with an organic soil cover, that must all be implemented together.
In January 2019 a workshop was held during the annual Combined Congress of the four South African
crop related scientific societies, namely the Soil Science, Crop Science, Horticultural Science and Weed
Science Societies of South Africa, to share and exchange CA research experiences and lessons, and to
identify knowledge research gaps in the field of CA in South Africa. By collating the information from
the workshop, the aim of this paper was to aligh CA among the different crops related and to identify
the challenges with CA in South Africa. It was clear that CA management requirements are site- and
context-specific. No blanket CA practice can be recommended everywhere. Adaptation and
application of CA within different South African farming systems needs to be dealt with sensibly and
realistically in a way that is based on practical rather than purely theoretical considerations. It was
stressed that proponents of CA must not become unrealistic activists, but the all expressed views and

recommendations must be based on scientifically proven facts and data.
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Introduction

In January 2019, a workshop to discuss various matters related to conservation farming in crop
production was held in Bloemfontein during the Combined Congress of the Soil Science, Crop Science,
Horticultural Science and Weed Science Societies of South Africa. It addressed all types of conservation
farming with its three legs of minimum soil disturbance, mulching and crop rotation and not only no-

till based so-called “Conservation Agriculture” (CA).
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Prior to the workshop, the organising committee decided that the five key papers and the feedback
from the discussion groups had to be summarised into a paper that would ensure that information
would not be lost and that people interested in or involved with conservation farming could benefit
from them. After the workshop several people have expressed the importance of having this
information available in the form of a published paper. The purpose of this paper was thus to give
synoptic summaries of the main points in the PowerPoint presentations that were made by the invited
speakers at the workshop and of the feedback from the discussion groups. Unfortunately, the person
who was designated to compile this paper could in the end not do it. So, the author had to step in at
a very late stage. At that stage, he could find copies of the full feedback only for the discussion session
on CAin rainfed agriculture other than no-till and the session on irrigated agriculture. For the sessions
on no-till CA in annual rainfed cropping, CA in orchards and vineyards and soil fertility management in
CA only parts of the original feedback reports could be found. A few main points from the final

integrating session also receive some attention.

The paper does not contain any interpretations by the author, but is simply a recording of what was
discussed. Except for the reference to DWAF (2004) and the papers that elaborate on the topics
discussed, all references given in this paper are references extracted from the presentations that were

made at the workshop.

Approach

The workshop had an opening session in which the aims and objectives of the workshop were
explained. This was followed by eight introductory papers by invited speakers. Five breakaway
sessions related to Topics 2 to 6 (Table 1) were arranged. Delegates were free to choose to attend any
breakaway session. A rapporteur for each breakaway group had the responsibility to submit clear-cut

conclusions and recommendations to a final session of the workshop.

Table 1: Presentations, presenters and breakaway groups at conservation farming workshop

Topic Invited presenter  Breakaway session

1 Introduction to CA JA Strauss *

2 No-till conservation agriculture in rainfed H Smith Facilitator: PA Swanepoel
annual crop production in South Africa Rapporteur: JA Strauss

3 Conservation agriculture farming systems R van Antwerpen  Facilitator: L Lindeque
—other than no-till - in rainfed annual crop Rapporteur: C Botha

production
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4 CAin orchards and vineyards P Raath Facilitator: N Cook
Rapporteur: N Taylor

5 CAinirrigated agriculture W de Clerq Facilitator: J Annandale
Rapporteur: M van der Laan

6 Soil fertility management in CA G Nortjé Facilitator: A Mostert
Rapporteur: J van Biljon

7 Importance of detailed soil surveys in CA E Verster *

8 Responsible weed control in CA E Hugo *

*No breakaway session

Four of the five key presentations on different aspects of conservation agriculture are elaborated on

in the form of review papers in a special issue of the South African Journal of Plant and Soil.

Outcomes of key presentations and feedback from group discussions

No-till based Conservation Agriculture in rainfed annual field crop production in South Africa

This topic is elaborated in the article of Strauss et al. (In Press).

The presentation by H.). Smith stressed that introduction of no-till practices was needed to curb the
serious soil erosion (water an wind) that is taking place in South Africa’s rainfed annual crop
production areas. A map of the state of South Africa’s biodiversity shows that the grain producing
areas of the Western Cape are critically endangered. In the maize quadrangle, parts of Gauteng and
the far western part of Northwest province are also critically endangered. The areas just east of the
latter in Northwest province and the adjoining western part of Free State province are classified as
endangered. Due to cultivation 46% of the soil organic carbon has been lost from these soils
(Swanepoel et al., 2016). The areas in Northwest province and the western Free State are dominated
by sandy soils combined with low and unreliable rainfall, making them highly vulnerable to wind
erosion. The whole of the eastern part of the maize quadrangle on the Mpumalanga Highveld is
classified as vulnerable, but not endangered. This area has higher and more reliable rainfall and more
stable soils than the areas to the west. Some areas in the relatively high rainfall eastern Free State are

also classified as vulnerable, with the rest of the eastern Free State classified as “least threatened”.
The main principles of conservation agriculture were listed as:

e Minimum soil disturbance.
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e Diversity, including plants/crops and animals.
e Permanent organic soil cover — mulching

e Maximise living roots.
Further principles include:

e Integrated soil fertility and acidity management.
e Integrated weed management.
e Integrated pest and disease management.

e Integration of animals.

Intensive cultivation leads to a downward spiral of soil degradation and therefore minimal disturbance

of the soil is required.
Maintenance of a permanent grass cover is essential in order to

e Protect and improve the soil.

e Provide food for micro-organisms.
e Control soil temperature.

e Suppress weeds.

e Improve the soil water balance.

Diversified cropping is essential because it takes over the role of ploughing, fertilisers, pesticides and
herbicides. These include crop rotations (at least three crops), intercropping and cover crops, as well

as integration of the animal factor. The main functions of crop rotations and associations are

e Provide quantity and quality (diversity) of biomass for weed, pest and erosion control.
e Produce residual fertiliser for following cash crops.

e Provide food and shelter.

e Positive impact on biodiversity.

e Diversity of food sources for micro-organisms.

According to Blignaut et al. (2015) 80-90% of South Africa’s grain farmers practice conventional tillage,
minimum or reduced tillage, conventional no tillage or conventional zero tillage, all lacking adequate
soil cover. The remaining 10-20% practice CA with high external inputs, while none is practising CA

with low external inputs or organic CA.

Adoption of different CA practices differs a lot between different provinces (Findlater, 2015). Adoption

of two crops in rotation or two crops + no-till are relatively high in Gauteng=KwaZulu-
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Natal>Mpumalanga>Western Cape. Adoption of three crops in rotation or three crops + no-till is
significant only in the Western Cape (the winter rainfall area). Adoption of CA practices is low in the
Free State and Northwest province, which include substantial areas with very marginal rainfall (low)

and soils (sandy) with serious limitations for rainfed crop production.
Development and adoption of CA is driven by innovative farmers and groups.
The conclusion regarding no-till CA in South Africa is that there is limited research on

e Soil cover

e Cover crops

e Soil biology

e Integrated soil fertility management
e Soil water

e Livestock integration

e Economics

e GHG emissions (C footprint)

e Value adding with regenerative/CA certification
Research and development is needed to accelerate mainstreaming and adoption of no-till CA

e Invarious agro-ecological regions, which needs to

o focus on immediate impacts, but with a long term view of

e continuous adoption of CA principles

e inlocal farming conditions

e through systems research approaches

e either through on-farm, or on-station trials.

e Creating an enabling environment, i.e. policies and incentives.
e Sensitive for different farmer categories.

e Using innovative scaling out and scaling up/down approaches.

Important aspects were highlighted in the partial report-back from the Group discussion that could
be obtained. It was stressed that no-till based CA is important for rainfed cropping systems to survive.
It is believed that it can work on all soils and in all agro-ecological regions. Specific technologies are,
however, site/region specific and must be adapted to the requirements of different soils and regions
to succeed. For no-till CA to be implemented successfully it is important to introduce all three legs of
it (minimum soil disturbance, leaving a mulch cover and crop rotation) simultaneously and not only

one or two of these. It important to integrate a livestock factor into no-till CA systems where possible.
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The following research and development challenges were identified:

e Site/region specific research is needed.

e Research must concentrate on both large-scale mechanised commercial farming and small-
scale farming, because they have different scenarios and require different approaches.

e Research is needed on the impacts of crop rotations on soil-borne diseases, both positive and
negative.

e Research is needed on the impacts of no-till, mulching and crop rotations on insect diversity
— both harmful insects and beneficial insects.

e Research is needed on elevation of herbicide resistance in crops under no-till, because there
is concern about the trend to use more potent herbicides under no-till and at higher
concentrations.

e Research is needed on liming of acid soils under no-till since lime is not incorporated into soil
under the system and lime does not move in soil.

e More research is needed on the stratification of plant nutrients close to the soil surface under
no-till and how it affects nutrient element uptake. Studies should be made of how widespread
and serious the problem is.

e Research is needed on how soil analyses and fertiliser recommendations should be adapted

for no-till systems.
Other challenges include

o Thereis a need for more well-trained agronomists to do research on no-till systems and assist
with advisory services related to no-till.

e Improvement of dissemination of research findings and data obtained in no-till research.

Conservation agriculture farming systems — other than no-till - in rainfed annual crop production

This topic is further elaborated in the paper by Van Antwerpen et al. (In this issue).

The presentation by R. van Antwerpen stressed that the objective with conservation agriculture in

rainfed annual crop production is to avoid losses of arable land while regenerating degraded land.

Soil erosion caused by human actions is the main form of soil/land degradation, as was identified
already early in the 1900s (Cooper, 1996). The Soil Conservation Act No. 76 of 1969 was enacted to
control soil erosion in South Africa. It specified that contour bunds had to be applied to all cultivated

fields with slopes steeper than 2%, unless protected by perennial fodder crops (Cooper, 1996). These
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were solely erosion correction measures and were not always successfully implemented. It was in
1983 replaced by the Conservation of Agricultural Resources Act No. 43 of 1983 (CARA). CARA involved
government subsidies for varies types of soil conservation works. Its ability to curb soil erosion was
disappointing, due to only 14 officials being appointed for the whole country and lack of efficient
technical systems (Cook, 1996). In 2017 a new conservation act was drafted because CARA was

deemed to be outdated and did not address the complexities of small-holder farming.

Soil erosion in cropland is aggravated by (i) bare soil; (ii) soil crusting/compaction; (iii) steep and/or
long slopes. Bare soil areas can be reduced by keeping the soil surface permanently covered by a cover
crop or mulch. In some areas a cover crop cannot be recommended, because it competes with the
main crop for water. In annual cropping not enough material is produced for effective mulching.
Standing stubble is more effective, but not adequate. In the sugar industry mulching is effective. Even

where cane is burned about 7 tonnes of mulch is left per ha after harvesting, covering 70% of the area.
Soil crusting/compaction can be minimized by means of

e Reducing the mass (weight) of tractors and other vehicles that traverse fields.
e Controlled traffic.
e Reducing the number of tillage operations.

e Water harvesting.

The effects of steep and/or long slopes can be mitigated by means of water harvesting techniques and

flow reducers. Flow reducers include

e Contour banks that have the correct width, depth, shape and slope to discharge excess water
safely without causing erosion (Reinders et al., 2016).

e Strip cropping augments the efficiency of contour banks, for example on steep slopes in
sugarcane fields. It also curbs wind erosion.

e Mulching.

Adoption of “Conservation Agriculture” (CA), consisting of the combination of no-till, soil cover and

crop rotation is very poor in South Africa, with the following deemed to be the main reasons

e Insmall-scale farming areas there are competing uses for crop residues.
e large-scale commercial farmers find it difficult to accept that crop farming can be done

without cultivation.
Conclusions

e South Africa has the legislation and tools to combat soil erosion, but yet erosion is rife.
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e CA (combination of no-till, soil cover and crop rotation) has been adopted by only a small
number of farmers in South Africa. Do we understand what the problems are that prevent the

others from adopting it?
Recommendations

e Create an umbrella CA organisation to promote CA among farmers from all enterprises.
Maybe under umbrella of the Soil Science Society of South Africa.

e Publish CA outcomes in scientific papers and in popular media. Take also into consideration
that people are reading less and that other technologies, such as short video clips could be
very effective.

e Train people who interact with farmers in regard to all aspects of CA.

e Make it clear that CA is not simply no-till linked to other cropping systems.

e Make it clear that no-till is important, but that it can be substituted with reduced tillage and
rip on row.

e Take the circumstances and preferences of farmers into consideration when changes are

promoted.

Feedback from the discussion group concentrated on how to improve on the slow adoption of
conservation agriculture in South Africa, with special reference to CA (combination of no-till, soil cover
and crop rotation). Farmers stick to what they know best since they cannot afford to take chances,
because the risk is just too high. They will have to be convinced that it is economically viable to adopt
CA practices. The problem is that the impacts of different CA practices are area (climate) and site (soil)
specific and we do not know enough about their impacts in different agro-ecological regions of the
country. We must know what works for us under our circumstances. More experiments and
demonstrations are thus needed on different soils in different climatic areas to identify what works
best in each case. Different CA systems must be compared so as to develop guidelines. There must
then be knowledge flow to and exchange with farmers based on these area and site specific

guidelines. Further specific research recommendations are

e Research on runoff and erosion under no-till based CA practices and the need to combine it
with contouring, rain water harvesting, etc.

e Research on how to change systematically from a system like contouring to full CA.

e Research on how to get enough organic matter in semi-arid areas. Cover crops are
theoretically good sources, but how practical are they in such areas and how must they be

managed? Keep in mind that fallow periods are required in such areas.
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e Research on how to adapt existing farming implements to no-till practices in an inexpensive
and easy way, since new specialised no-till implements are expensive and their cost may be

prohibitive.

It is further recommended that so-called “permanent controlled traffic” should be implemented
together with no-till where the latter is used in areas with high vulnerability to soil compaction.
Attention should in all regards be given to both large-scale commercial farming and small-scale

farming.

Conservation Agriculture in orchards and vineyards

In the presentation by P. Raath it was shown that conservation agriculture in orchards and vineyards

in the Western Cape consists of the growing of winter cover crops.

The growing of a cover crop typically involves one mechanical cultivation for seedbed preparation in
March/April, before the onset of the winter rains. This seedbed preparation is essential because of
the thick mulch from the cover crop of the previous season. To maximise fibre production for the

build-up of soil organic matter and biological weed control:

e A small amount of P is applied just before seedbed preparation.

e Seedbed preparation is done by cutting in the mulch from the previous season with a disc
harrow. This is done about four weeks before the cover crop is sown, so as to avoid the
development of a N negative period after the cover crop is sown.

e The cover crop is then sown with a planter.

e Small grain species need a top dressing of 28 kg N per ha at the two to six leaf stages.

Depending on the climate and the primary crop, the cover crop is controlled with post-emergence
herbicides any time between late August and early October. Cover crops are rotated biennially to

avoid build-up of pathogens for any specific species.
Cover crops were found to have several benefits, such as

o Alarge reduction in runoff and erosion. Total soil loss due to erosion during severe rainstorms
from a Glenrosa soil at Nietvoorbij, Stellenbosch, was only 0.51 t.ha™ under a living cover crop
and 0.026 t.ha? under a 7.5 t.ha? mulch, as opposed to 3.77 t.ha from the control. It,
furthermore, prevented collapse of the topsoil structure.

e Alarge increase in the organic matter content of the top 30 cm of the soil. Under chemically

controlled rye and Burr medics it more than doubled over a 10 year period (increases of 125
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and 119% respectively). Under chemically controlled oats the increase was also high (65%). It
was much less under chemically controlled weeds (27%) and almost nothing under
mechanically controlled weeds (7%).

e Reduction in water consumption.

e Enhancing weed control. Five N-fixing broadleaf cover crops reduced the mass of winter
weeds produced by the end of winter (August) over 10 years on average from 1.88 t.ha* under
the control to between 0.73 and 0.91 t.ha*. Small grain crops were ven more efficient, with
rye reducing it to 0.45 t.ha and two types of oats to 0.06 and 0.13 t.ha* respectively. Rye and
oats with chemical control before bud break completely wiped out summer weeds in virtually
all seasons. Chemical control in November was less effective.

e Bringing about very large increases the N content in grapevines.

e Increasing the yield of grapes and the quality of table grapes, giving higher incomes.

It is concluded that conservation agriculture is applied successfully in orchards and vineyards in the
form of cover crops. Cover crops are most beneficial when grown as a full cover and controlled

chemically before bud break.

Only partial Feedback from the discussion group was available. The main aims of CA in orchards and

vineyards are

e To improve water use efficiency by preventing surface ponding of water subsurface
waterlogging under irrigation. Emphasis on this was driven by the recent severe prolonged
drought in the Western Cape.

e Toimprove weed control through cover crops.

e Toincrease the soil organic carbon content and improve soil quality through cover crops and

thus increase profitability by increasing yields and improving fruit quality.

The question is whether minimum tillage should be part of the CA package or just cover crops, to some
extent perhaps supported with mulching. Several aspects received attention around discussions on

cover crops, including

e Should a cover crop be established as a full surface cover or just between the rows and not
under the canopies also?

e In case of the latter, should crop residues or other organic materials, like wood chips, be
brought in as mulch to cover the soil surface beneath the canopies?

e Should single species or multi-species cover crops be used? Which are the best species?
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e Concern was expressed about the possibility that cover crops may produce too high soil
organic matter contents that would lead to excessive nitrogen contents in the soil and that
the latter could impact negatively on fruit quality. This would have to be studied.

e Disease and pest complexes in orchards under cover crops need to be studied. To what extent
can cover crops help to combat certain pests or diseases and/or to what extent could cover
crops enhance certain pests and / or diseases in fruit trees?

e It was noted that in some regions permanent perennial cover crops are grown in orchards or

vineyards.

Attention was given to the role and impact of ridging in orchards and vineyards in relation to CA.

Aspects that were highlighted, include

e Should ridging be done or not?

e (Can ridging be matched with CA or does it counter CA?

e Concern was expressed about increased soil crusting, runoff and erosion due to ridging. The
opinion was expressed that ridging makes it difficult to establish cover crops and that it makes
mechanisation difficult.

e |t was recommended that more integrated research regarding the interactions between

ridging and CA should be conducted.

Conservation Agriculture in irrigated farming systems

This topic is further elaborated on in the article by De Clercq et al. (In Press).

The presentation by W. de Clercq highlighted the main problems confronting irrigated agriculture in
South Africa. In most river catchments the largest problem is that the water demand is exceeding the
water supply/availability. Thus, there is a need for improved water budgeting. The supply-demand

imbalance is amplified by wasteful systems and lack of proper farm planning.

Deteriorating water quality is a concern. On the one hand, it is about the impact of poor quality
irrigation water on crop productivity. On the other hand, it is about upstream pollution with human
disease organisms and/or heavy metals, which impact negatively on the acceptability of export fruit
on lucrative export markets. The latter is due to poor adherence to and enforcement of environmental

and water laws.

The economic viability of irrigated agriculture is coming under increased pressure due to various

reasons. High electricity costs are escalating pumping costs of irrigation water. Farm unrest is
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enforcing introduction of expensive mechanised systems. It also escalates unemployment and

consequential social and socio-economic problems.

Irrigated agriculture involves complex farming systems that are presently in stage of transition, iner
alia due to government’s small farmer development programmes. The question is whether the

country has leaders who understand the total scope of the problems.

Understanding of conservation in irrigated agriculture requires understanding of the total system at
farm, catchment and regional level. At farm level there is a need to match soil, slope and climate (the
terroir concept in viticulture) and water with each crop. There is a need to match an irrigation system
and soil in order to minimize soil degradation in the form of soil erosion and physical soil degradation
(mainly crusting) in irrigated agriculture. Both these are increasing problems, especially in high value
permanent crops. Over-irrigation and consequential waterlogging and salinization of soils are major
problems. Pollution of soil from external sources is becoming an increasing serious problem in

irrigated agriculture.

A strategy decision has to be made between a larger wetted soil volume or a smaller one (De Clercq
et al.,, 2001). The former amounts to wetting the soil to greater depth with infrequent heavy
irrigations. The latter involves wetting the soil to shallower depths with high frequency light
irrigations. The former has the advantage of better (deeper) root development, which give better tree
performance and survival during abnormally hot, dry spells, water restrictions or break down of
irrigations systems. It is also easier to manage. It has the disadvantage of larger amounts of salts
brought into the soil, less control over the salt load and bigger volumes of water needed during winter
to leach out the salts. The latter has the advantage of less over-irrigation, smaller amounts of salts
brought into the soil and better control over the salt load in the soil. It has the disadvantage of poor
(shallow) roots systems, which make trees very vulnerable during abnormally hot, dry spells, water
restrictions or break down of irrigation systems. It is especially a problem in the case of young trees,
which have never developed decent root systems before such system was introduced and is especially
a problem in mega-farms, where quick returns are needed. It requires more management inputs and
is difficult to manage. A case study in the Breede River catchment showed that in precision irrigation
there is heavy dependence on probes and that farmers are only interested in adopting a new

technology if it is linked to a probe and not time-consuming.
Water quality guidelines are required for a large range of water quality factors (De Clercq et al., 2001).
Concluding remarks:

e Farmers are needed who will produce more with less water.
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o Theirrigation community will have to adapt or die.
e Soil scientists need to enhance the decision base for farmers — closing the gap between
measurement and application.

e Systems with lower environmental impact have to be designed.

The feedback report from the group discussion showed that a wider field was covered during the

deliberations than in the presentation.

Irrigated farms and irrigation farming are not cheap. Irrigation provides better opportunities to
manage a farm than under rainfed conditions. Thus the economics of applying the CA concept in

irrigated agriculture need to be considered relative to other systems.

Crop diversification and crop rotation is one of the three legs of CA. Irrigation provides opportunities
for more crop diversification, because a wider variety of crops, such as onions, potatoes and
groundnuts, can be grown. Quick rotations are often possible. Rotation of a cash crop with a cover
crop is also possible. In the Western Cape three years of potatoes rotated with 3-4 years under a
perennial pasture cover crop utilised for dairy production was found to be very profitable. However
rotation of potatoes with other crops was limited by water restrictions that made it possible to utilise
only one out of four fields, for example, at a time. In the Northern Cape 3-4 years under Lucerne was

found to be a very good cover crop.

A residue cover is the second leg of CA. Irrigated agriculture is a very productive system that produces
a large amount of crop residues under CA. The residues reduce non-beneficial water loss through
evaporation form the surface soil. This could mean a reduction in the amount of water used for
irrigation. The feedback asked the question: “If irrigation used 60% of our blue water and we could
reduce it by 20% it could have major implications?” (Note by the author: The statement that
agriculture uses 60% of the country’s blue water is a commonly made misrepresentation of the
statistics in the National Water Resource Strategy (DWAF, 2004). In NWRS it is stated that in 2000 all
sectors together used 12 000 million m? of South Africa’s 20 000 million m3 blue water. Agriculture
used 78 000 million m3 of this, in other words 61% of the water that was used by all sectors in 2000,
or 39.5% of the available blue water. Of course, a big saving in the amount of water used by agriculture
would be highly beneficial to the country. Reduction in the amount of water used, will also mean a
reduction in the use of electricity for pumping, which is a form of conservation. It will also mean lower

input costs for the farmer.

On the other hand, the wetter topsoil conditions under a thick mulch can have negative impacts on

the nitrogen balances in the soil through:
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e Higher denitrification due to anaerobic conditions.
e Higher N volatilization from urea due to higher urease activity.

e Higher leaching losses of N due to more deep drainage of water.

Reduced tillage (no-till) is the third leg of CA. Soil compaction is one of the main problems under no-
till, the severity of which depends on the soil type. Even under no-till there is a lot of in-field traffic.
Some crops in a rotation may need intensive tillage. Movement towards precision agriculture, for

example through controlled traffic, could be advantageous. Deep rip before no-till is essential.

Irrigation scheduling needs to be adapted where there is a big residue cover. In the sugar industry
over-irrigation occurred where models were used. In the Northern Cape, infiltration was increased
where maize was planted directly into wheat stubble. Satellite imagery could be used to improve

irrigation.

The design and planning of irrigation systems depend on soil type, water quality and whether drainage
is needed or not. In sugarcane the selected irrigation system interacts with farming systems and
equipment used. It may require a big change in equipment, which can have huge capital input
implications. It can interfere with controlled traffic. Furrow irrigation limits traffic mobility. Drip
irrigation has implications for sugarcane transport rigs, which have wide turning circles. It has
interactions with problems like weeds in the wetted zone and termites in the dry zone. In citrus drip

irrigation allows fertigation and precision application of nutrients.
The following knowledge and research gaps regarding CA in irrigated agriculture were identified:

e What can the irrigator do to bring in CA? Taking into consideration that bringing in crop
rotation could mean disturbing the soil more often. How to handle the large amount of infield
traffic.

e Is CAinirrigated agriculture sustainable? Is intensification sustainable? Keep in mind that CA
is one component of intensification.

e The uncertainties on how to better manage the CA system should be addressed.

e The problem of increased disease pressure, especially in wetter systems, should be addressed.

e Reducing the environmental footprint through increasing production should receive
attention.

e The management of solutes should receive attention.

e Use of remote sensing and linking up of technologies should receive attention.

o The fact that there was no agricultural economist present was identified as a weakness, since

the economics of CA in irrigated agriculture should receive attention.
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o The extent of adoption of CA in irrigated agriculture in South Africa should be determined

e A good review of CA in irrigated agriculture is urgently needed.

Soil fertility management in Conservation Agriculture

This topic is further elaborated in the paper by Nortjé & Laker (In Press).

The presentation by G. Nortjé pointed out that in South Africa grain production systems based on
continuous intensive soil tillage has caused extreme soil degradation, leading to a decline in soil
fertility. This has led to excessive fertiliser applications that are biologically unnecessary, economically
non-viable and environmentally harmful. One of the “Good Agricultural Practices” (GAP) associated
with conservation agriculture (CA) is “integrated soil fertility management”, which essentially depends
on locally adapted CA principles and practices to improve soil health, allowing producers to reduce

the use of fertilisers, while sustaining good and stable yields and increasing profitability.

The basic objective of CA should be to prevent and resolve all forms of soil degradation, including
degradation of soils’ fertility status due to unsustainable management practices. It is important to
bring the soil into an optimum chemical/fertility state and maintaining it. Determination of the
optimum status for specific fertility factors should be based on experimental data obtained from field
experiments ad backed up by science. Unfortunately there is not much experimental data under CA

systems in South Africa.

According to GrainSA (2016) the focus of CA is soil biology, which drives soil chemistry and soil physics.
Once soil biology functions properly, it positively influences and restores soil chemistry and soil physics
over the medium to long term. Healthier soils release more nutrients and fertiliser applications could
be reduced. In the short term, an integrated biological-chemical soil fertility strategy should be used.
Beukes et al. (2011) found that CA practices increased soil organic C and N by 164% and 108%

respectively, compared with conventional tillage.

On the other hand there is serious concern about the strong stratification of plant nutrients very close
to the soil surface under no-till based CA, even as shallow as the top 2-3 cm (Thibaud, 2000). It has
especially been found that P does not move in soils, not even in sandy soils (e.g. Laker, 1964). Since
shallow soil layers dry out quickly uptake of nutrients from them is poor. This may mean that higher

fertiliser applications may actually be needed under such system.
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Cognizance should be taken of various perceptions versus actual facts, experiences and trends, as well

as concerns regarding soil fertility in South Africa, so as to take these into consideration when CA

practices are introduced. Main points regarding the three primary macronutrients include:

There are concerns about possible excessive N recommendations, combined with too high
planting densities, in marginal maize cropping areas. There are concerns that the N guidelines
in the latest fertilizer guidelines of FERTASA (2016) are possibly too high, especially for maize.
Thibaud found in KwaZulu-Natal and experiments in the USA that maize under no-till requires
much higher N applications than are required for optimum yields under conventional tillage,
reaching the same yield as under conventional tillage only at an N application of 180 kg.ha™.
There seems to be a perception that P levels in South African croplands have generally been
built up to adequate levels and that excessive P applications are done widespread. Surveys
have shown that the latter is partially true, but does not represent the complete picture
(Laker, 2008). In two areas in Northwest province quite high proportions of maize fields had
Bray-1 P levels in the excessive (30-49 mg.kg!) and harmful (>50 mg.kg?) ranges, the
combined proportions for the two being 17-18% in one region and 28% in the other. These
remained the same after an 18 year period but there were significant shifts towards more
samples in the harmful range. This indicates that farmers who were over fertilizing with P
continued to do so, creating more problems, since it has been proven that yield reductions
can be expected at Bray-1 P levels >50 mg.kg. On the other hand, alarmingly high
proportions of the maize fields had deficient Bray-1 P levels and these increased over the 18-
year period — from 26% to 33% in one region and from 24% to 32% in the other. The increase
was due to more samples dropping out of the adequate range (10-29 mg.kg™). This could be
related to

The finding that there was a general decline in fertilizer applications during that period due to

a lack of cash to invest in soil as a result of a persistent drought (Van der Merwe et al., 2001).

High soil P levels and/or heavy P applications, have serious negative impacts on the micro-
nutrient nutrition of crops. This was in the early 1960s identified as one of the two main causes
of the severe zinc deficiencies in maize in the Highveld, especially on the sandy soils of the
northwestern Free State (Laker, 1964, 2008). More recently extremely high soil P levels and
highly excessive P applications were identified as the main cause of the devastating iron
deficiencies in macadamia nut orchards in Limpopo and Mpumalanga provinces. Whereas
Bray-1 P levels of >50 mg.kg* have been found to be harmful, the problem orchards have Bray-
1 P levels of >100 mg.kg™* and up to as high as 400 mg.kg™. These high P levels are not caused

by heavy application of chemical fertilisers, but by high applications of dairy manure or
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compost with 50-70% of such manure in it. This was also proven in a field experiment where
such compost was applied to improve the soil health of the soil, but the trees virtually died of
Fe deficiencies where it was applied. This was also found to cause serious Fe deficiencies in
avocados in the same provinces. Like dairy manure, chicken manure also contains high P
levels. Serious problems due to highly excessive soil P levels as a result of heavy applications

of chicken manure have been found in vegetables, e.g. in KwaZulu-Natal.

There is still uncertainty about what the best extraction procedure is for the determination of
plant-available soil P. There are very big controversies regarding what the optimum soil P
levels are for crops, especially maize. The latter has to be sorted out very urgently.

e Potassium (K) has received much less attention than N and P. It should receive more attention

and the K levels in cropped soils should be monitored carefully (Laker, 2008).

Among the other macro-nutrients (Ca, Mg, S), there is concern about the increasing incidence in S

deficiencies, especially in a crop like avocado.

Deficiencies of various micro-nutrients are found in various crops on various soils in different parts of
South Africa, as reviewed by Van der Waals & Laker (2008). Most widespread of these is zinc
deficiencies. Globally Zn is the plant nutrient with the second most widespread occurrence in virgin
soils, after P. This is also the case in South Africa. It is in South Africa most widespread and serious (i)
in maize, a crop that is very sensitive to zinc deficiencies, (ii) on sandy soils, (iii) in soils with high P
levels or where high P applications are made and (iv) in soils with relatively high pH, both naturally or
due to injudicious liming. Observations in maize fields on sandy soils in the north-western Free State
revealed that Zn deficiencies are found where the pH (H20) is higher than 5.5, i.e. at pH (KCl) higher
than 4.5. This was then confirmed in experiments (Laker, 1964). Zinc deficiency is also a problem in

avocados, especially in calcareous and sandy soils (Crowley et al., 1994).

The very high sensitivity of macadamias to Fe deficiencies has been mentioned, as well as the impact
of high soil P levels on it. pH is also an important factor in Fe deficiencies n macadamias. The pH (H20)
of the soil should not be higher than 5.5-6.0, i.e. the pH (KCl) not higher than 4.5-5.0. It is commonly
found that the problem orchards have been limed to a pH (KCl) of about 6.5, which is far too high.
Serious Fe deficiencies have also been found in macadamia orchards in Mpumalanga where these
have been established on soils with serious compaction that have been cropped to tobacco before. Fe

deficiency problems in avocado, associated with high soil P levels, have been mentioned.

Soil pH is the most dominant factor in soil fertility, since it controls the plant-availability of nutrients,

as seen in the previous discussions. It also controls other factors. Strongly acidic (low pH) soils have
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problems like Al toxicity and low levels of basic cation nutrients (Ca, Mg, K). Al is toxic to plant roots,
reducing their growth, activity and health, thus leading to poor nutrient and water uptake (Raath et al
2018). Accurate calculation of the lime requirement before and orchard is established, is for three

reasons important:

e Healthy roots can develop only in a soil with optimum pH.
e Soil cannot be limed after an orchard has been established.

e The optimum pH for nutrient availability has a very narrow range.
Concluding remarks

e (Clarity is needed regarding trends in soil P levels in different soils under different crops and
farming systems and the reasons for these trends.

e C(Clarity is needed on soil P norms for different crops on different soils.

e (Clear recommendations are needed regarding N fertilization guidelines.

e Kshould receive attention.

e (Clarity is needed regarding the reasons for the increased incidence of S deficiencies, especially
in avocado.

e A better understanding of Zn deficiencies and the factors controlling them is needed. The
strong Zn-Cu antagonism that was identified long ago should receive renewed attention.

e The impacts of physical soil degradation (Crusting, compaction) should be determined for
more nutrients.

e More clarity is required regarding the impacts of high soil acidity (low pH) and the reasons for
the inadequate lime applications made in South Africa. Clarity is needed regarding the

optimum pH, especially pH (KCl), for nutrient availability and uptake.

In this case, the full feedback document was also not available, only partial feedback. It was
emphasized that the main objective is to prevent and solve all forms of soil degradation. These include

degradation of soil fertility due to poor soil fertility management.

Soil organic matter builds up under CA and this makes contributions towards improving soil fertility.
Increased soil microbial activity also enhances plant-availability of nutrients in the soil. These promote

recycling of nutrients in the soil.

On the other hand, strong stratification of plant nutrients very close to the soil surface under no-till is
a concern. Information on movement of plant nutrients in soils under no-till is required, especially for
relatively clayey soils. Likewise, information on the movement of lime in soils under no-till is required,

especially on how to apply lime to overcome subsoil acidity.
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Fertilizer guidelines were developed under conventional tillage situations. Different guidelines and
new norms may be required for no-till based CA. Where (on the row or between rows) and at what
depths should soil samples be taken under no-till? Maybe new extraction methods are required.

Analyses should include analyses of soil biology and not only chemical analyses.

Attention should be given to possible “toxicities” of certain nutrients at excessive levels. Problems of
excessive soil P levels, leading to induced deficiencies of various micro-nutrients, are a concern. The P

guidelines that were used were questioned. Micro-nutrient deficiencies and toxicities need attention.

Clear guidelines are required regarding which pH levels are considered to be too low or too high,

especially for pH (KCI) values.

Concluding remarks from final plenary discussion session
Three very strong statements formed the concluding remarks for the workshop:

e People promoting Ca should not become activists that advocate things for which there is no
ground. All expressed views and recommendations must be based on sound scientific
principles and data obtained by good research.

e Blanket recommendations cannot work. CA is site/area/region specific and recommendations
must be tailored to the requirements of a specific site.

e Good observation is good science. Good observation provides the background on which to

plan good, useful research.
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