
Selection of our books indexed in the Book Citation Index 

in Web of Science™ Core Collection (BKCI)

Interested in publishing with us? 
Contact book.department@intechopen.com

Numbers displayed above are based on latest data collected. 

For more information visit www.intechopen.com

Open access books available

Countries delivered to Contributors from top 500 universities

International  authors and editors

Our authors are among the

most cited scientists

Downloads

We are IntechOpen,
the world’s leading publisher of

Open Access books
Built by scientists, for scientists

12.2%

186,000 200M

TOP 1%154

6,900



1

Chapter

Value Chain-Induced Constraints 
Limiting Scale of Conservation 
Agriculture in South Africa
Wolfgang Johann von Loeper, Scott Drimie  

and James Blignaut

Abstract

The potential of scaling conservation agriculture (CA), for long-term food 
security, remains under-investigated within the context of agricultural food value 
chains in South Africa. To scale the use of CA an understanding of the current 
agricultural value chains, their functioning, regulatory framework and constraints, 
is essential and this raises a key question: What are the main shortfalls and deter-
rents in agricultural value chains and why might CA be faced with challenges to feed 
into these existing structures, through which it could, the hopes are, create a more 
inclusive and sustainable farming system for long-term food security? The empirical 
data from an ethnographic qualitative participant research showed that interviewed 
value chain participants (VCP) are limited in acting on account of their economic 
constraints. None of them had products that supported CA, while financial insti-
tutions argued that such products would not be necessary, as any risk mitigating 
farming system would, in any event, result in financial benefits to the farmer.

Keywords: agricultural value chains, sustainable agriculture, agricultural  
economics, agricultural finance, farm ecology & policy

1. Introduction

Biodiversity is the planet’s greatest asset [1]. Anthropocene-induced species 
loss is estimated at up to 10,000 times the rate of natural extinction, in which Hui 
et al. [1] argue agriculture, next to overfishing, industrialisation and urbanisation, 
plays a considerable role. Humans rely heavily on ecosystem services, which include 
cleaning air and water, stabilising weather, maintaining soil fertility, dissipating 
waste, controlling pests, pollinating crops, generating power and discovering new 
antibodies, and providing food, timber, cloth, medicine, minerals and industrial 
materials such as coal, oil, gas, rubber, plastics, and chemicals [1]. Humans have 
never contributed to such flows, but have always made use of them, today at a rate, 
where such ecosystem services are less likely to be available indefinitely.

Planetary boundaries, a concept developed by Rockström et al. [2], which 
identifies safe operating spaces within earth systems, such as climate stability, fresh 
water, land system change, ocean acidification, phosphate and nitrogen biochemi-
cal flows and biosphere integrity, are integral parts of the ecosystem services and 
represent our planet’s limits in supplying such services within the principles of our 
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planet’s carrying capacity. To sustain humanity, we need to manage its biosphere 
within that carrying capacity, to maintain such services, and avoid regime shifts, 
mass extinction or repeating boom-bust patterns of earlier civilisations which were 
unable to manage their natural resources and regional carrying capacities [1].

1.1 Problem statement

Of Rockström’s et al. [2] and Steffen’s et al. [3] eight planetary boundaries, 
agriculture is by far the biggest contributor to defined limits of five of the boundar-
ies; fresh water use, climate change, change in nitrogen and phosphate bio-chemical 
flows, land-use change as well as biodiversity loss. Agriculture also contributes up 
to 30% of CO2 emissions to climate change [4, 5] and is, due to feedback loops from 
nitrogen and phosphate bio-chemical flows and deforestation, also a great contribu-
tor to biodiversity loss [2, 3].

Nelson et al. [6] suggest that due to climate change, global agricultural output 
is likely to decline between 10 and 15% in the next 60–70 years and even up to 50% 
in drier regions of Africa. Compared to the rest of the continent, arguably, much of 
South African (SA) agricultural land is located within such dry regions. With pre-
dicted changes, SA might need to consider whether its conventional farming (CvF) 
systems are appropriate going forward, while on the other hand evidence shows 
that alternatives, more sustainable farming systems such as CA, are comparably 
more climate resilient [7–9]. Arguments that farmers should adapt to such produc-
tion systems in order to mitigate an output reducing impact due to climate change 
are weighing in more and more.

Low tillage, a form of CA regularly practiced in KwaZulu-Natal (~60%) and 
the Western Cape (>70%), indicates that in two provinces good headway has been 
made in favour of CA; yet finds little to no adoption in other provinces [10]. CA is 
based on three principles, no-till, crop rotation, and cover crops (residue retention) 
to increase both soil organic matter, aggregate stability and water holding capacity, 
while reducing soil bulk density, erosion, carbon emission and exposure to drought 
and ultimately increased yield [11]. With rain-fed crops in dry climates, CA can 
significantly increases productivity [12]. Pittelkow et al. [12] also argue that this 
indicates that CA will play an important role in mitigating the impacts of climate 
change. Therefore, CA is one of many farming practices farmers can adopt to farm 
with less environmental impact, while preparing for climate change.

Midgley et al. [13] argue that while South Africa’s National Development Plan 
has identified agriculture as a primary economic objective, although not explicit, 
it is biased towards large scale, commercial and CvF practices, such as tillage and 
monoculture. South Africa’s Integrated Growth and Development Plan [14], as well 
as the Agricultural Policy Action Plan [15], on the other hand, promote equitable 
growth and sustainable use of resources.

Food security is defined as having access to food of nutritional value at all times 
[16]. In this article we argued that CvF in a world of climate change poses a risk to 
food security, while a focus on more sustainable farming practices such as CA uses 
less water, requires less nitrogen and phosphate, sequesters CO2 and diversifies the 
ecosystems of farmland, with the ability to decrease soil erosion, increase soil life 
and fertility and other ecosystem services to the benefits of a farmer’s long-term 
profitability [11, 13, 17, 18]. Its uptake, however, remains low in SA. We argue that 
CA has an important role to play in a transition and show why, from evidence of our 
research, CA does not find support from SA food value chains.

This leads to questions such as: why CA adoption rate remains low; what role 
agricultural VCPs can play to promote CA; and what institutions, policies, and VCPs 
are responsible for hindrances to adoption? What limitations do VCPs themselves 
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experience in potentially supporting CA, and how do feedback loops in existing 
business models of VCP block a transition to CA?

1.2 Research approach and design

Our study was undertaken as an ethnographic based research exploring business 
cultures and morals using qualitative semi-structured interviews. The questions for 
the research participants (VCPs) were not directed at any commodity in particular; 
however, because we also questioned silo owners and millers of maize, answers of 
some VCP often hinged around maize, also a main crop type in South Africa [19]. 
The choice of businesses interviewed was based on their involvement in the food 
value chain and their general size and importance they played and impact they had 
in their respective industries. Because of the sensitivity of the topic the interviewer 
needed to let go of any presumptions and assumed a less critical and more support-
ive attitude to attain more unbiased responses from the participant.

The interviews were then transcribed to attain primary qualitative data. For the 
coding and categorising, we used grounded theory as an inductive systematic method-
ology typically used in social sciences to analyse qualitative data and give it conceptual 
structure through categorisation of general themes emerging from the data [20–23].

Preceding the analysis and results of the research data, we reviewed literature 
to assess existing knowledge around the challenges facing existing economic and 
ecological farming systems and relate it back to CA.

2. Literature review

Conventional agricultural systems, particularly practiced in the developed 
world, produce vast amounts of food, yet they come at a significant cost to the envi-
ronment. While the situation is complex, the details are often not acknowledged; in 
the following we outline high level important aspects that challenge the long term 
economic, social, and ecological sustainability of CvF and then show what alterna-
tives exist that could replace CvF practices.

2.1 Problems of conventional agricultural systems

Covering 1/3rd of the planet’s surface [24] agriculture has resulted in disturbed 
ecosystems [25–27], land degradation [28], loss of biodiversity [29–31], leach-
ing fertiliser, nitrification of groundwater, eutrophication of above groundwater 
ecosystems, coastal dead zones [26, 32], small organism mortality [33, 34], and 
biological resistance build-up against agrochemicals [35–37]. Modern industrialised 
agriculture and overgrazing are blamed for destroying a third of the planet’s topsoil 
within 40 years, adding 10 million hectares every year to the toll of soil erosion [38] 
which is 100 times faster than naturally occurs [39].

We deploy 2½ million tons of pesticides and fungicides annually and neverthe-
less lose 40% of crops globally to pests, diseases and weeds [40], while its use is 
also responsible for over 40,000 human deaths and 3–5 million cases of pesticide 
poisoning every year [41]. At no time in history has agriculture had such a high 
impact on the environment than in the last 100 years [25, 42–44].

2.2 Resource hungry agriculture’s impact on planetary boundaries

Agriculture globally occupies 13 times more land than any other Anthropocene 
land use [24] and is arguably the biggest contributor to biodiversity loss and 
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altogether the greatest human impact on our “planetary boundaries” [2]. Seventy per-
cent of all freshwater globally is used for agriculture [41], while in SA it is estimated 
to be 63% [45] with no surplus for future development [46]. Agriculture is energy-
hungry, emitting up to 25% of global CO2 [5, 47–49], while the USA uses 17% of all its 
energy to get food through the value chains onto its tables [50]: that is 1000–1500% 
more energy than what the food itself contains in the form of energy [48, 49].

Food-related health issues, like diabetes in industrialised countries [25], keep 
growing, as the nutritional value of fruits and vegetables dwindle [51–53] and 
are less present in conventional farmed produce than in organic produce [54]. 
Nutritional losses continue to occur during processing and storage, typical for 
industrialised food systems [55–57].

“The roots of this crisis lie in the preceding decades of excess…” says the global 
financier George Soros and “…for 25 years the West has been consuming more than 
we have been producing…living beyond our means” Australian Prime Minister in 
the Sydney Morning Herald July 25th 2009 [58]. Consumption and growth cannot 
continue ad infinitum on a finite planet [59]. However, our entire economic model 
is based on growth funded by debt [60, 61], and as unlikely as economic growth can 
continue indefinitely, growing debt by civil society, businesses, and government, 
will also find its limits. A bubble is likely to burst once planetary boundaries and 
ecosystem services [62, 63], needed to fuel the growth, reach their limits.

2.3 Benefits of agroecology, organic farming and conservation agriculture

CA practiced with LEI, in combination with cover crops, has the ability to har-
vest atmospheric nutrients, build soil organic matter, increase soil life, loosen soil, 
increase water holding capacity and aggregate stability, reduce soil compaction, 
reduce erosion, recharge the water reservoir, improve water quality, reduce nutri-
ent leaching, and increase pest, disease, drought resilience, and CO2 sequestration 
[64–71]. A favourable argument in using cover crops as part of CA is the financial 
viability with increased crop yields and decrease input costs [65, 72, 73].

The yield gap between CvF and organic farming (as another sustainable pro-
duction system with many parallels to CA), especially with proper diversification 
practices, is 8–9% smaller than originally estimated [74]. Using 1 ton less synthetic 
nitrogen fertiliser in organic farming saves the equivalent of 5.2–7.6 tons of carbon 
emissions [75]. Organic fertiliser in Ethiopia have increased yield by 2–3 times, 
outperforming inorganic fertilisers [76]. In the US, organic farming achieves 
comparable yields, but are 28–34% better during droughts [7–9].

Conventional tillage increases soil-based CO2 respiration and has almost 14 
times the carbon emission than no-till [77]; additionally exacerbated by warming 
global temperatures [78, 79], adding up to 50Pg of soil carbon emissions for the 
Anthropocene, due to tillage [80]. Organic agriculture uses 2–7 times less energy 
than conventional agriculture [81, 82] and sequesters 5–15% of greenhouse gas 
emissions [83, 84]. Tropical agro-forestry systems can sequester between 4 and 
6 ton/ha of carbon annually [85–87]. Coghlan [88] even argues that trees planted by 
local farmers in the Sahel can push back the desert.

A study in Europe has shown that organic farms support more birds, butterflies, 
beetles, bats and wild flowers than conventional farms, while biodynamic farms 
have higher levels of soil fertility than organic farms and considerably higher than 
conventional farms [89, 90].

While we see clear benefits to more sustainable farming practices, such as CA, 
penetration in South Africa remains low and highly variable between provinces 
[11], the question remains, why are we not seeing CA products in retail shelves more 
regularly, or why, when CA poses less risk, do financial institutions not promote CA?
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3. Value chain research findings

The findings of this research are concluded from data collected through inter-
views with some of the largest agricultural VCPs in South Africa, trying to assess 
if there are blockages inhibiting CA produce from penetrating the market on a 
broader scale, and if there is potential scalability of CA produce through these value 
chains. The following narrative details the results of our interviews.

3.1 Banks

The benefits for banks to promote CA to farmers is to end up being less exposed 
to risk themselves; a capital exposure risk due to drought, potentially exacerbated 
by climate change. We interviewed four of the largest banks in South Africa, all of 
whom have been supplying credit to commercial farmers for decades. We asked 
them whether they had CA tailored products with reduced premiums for farmers 
because of less perceived risk. Almost all interviewed banks responded in one way 
or another, saying that they fundamentally did not get involved with production-
based decisions around farm practices, such as CA. Three banks argued that these 
were decisions farmers needed to make for themselves, and as one bank put it, 
banks would otherwise be in conflict with lender’s liability principles.

All of the four banks argued that good production practices for a farmer auto-
matically showed up in production output benefits and a better balance sheet, 
which in turn would result in a lower risk profile for a farm and in turn, result in a 
cheaper credit with better premiums. The argument that this might take years for 
farmers to achieve was generally responded to that that was the nature of farming. 
One bank confirmed their view that a production method changeover, specifically 
to CA, would more likely result in an initial increase in cost and reduction in yield, 
before any yield increases could be observed and benefits would reflect on the bal-
ance sheet for farmers to attain better premiums.

Subsequently none of the banks supplied a product that would give farmer 
credits with reduced premiums should a farmer convert to CA. Only one of the 
interviewed banks was aware of research that evidenced that CA was a less risky 
production method, especially in times of drought. Two of the banks stated they 
would not plan for a specific product for farmers that would entice them to do CA if 
research were to evidence CA was actually a less risky production method. In con-
trast the other two banks indicated that they would think about making CA part of 
the funding application decision or create a product that would have less ‘hurdles’ 
during credit approval process, if research showed CA did reduce risk.

All four banks, however, agreed that if CA mitigated risk, it would in any event 
ultimately reflect on the financial track record and performance over time and 
subsequently reduce their risk profile, in turn again reducing the premiums these 
farmers would have to pay. However, a credit offer always remains a decision based 
on analysing every farm’s risk profile, individually.

3.2 Insurers

Insurers are first and foremost exposed to hail and then to drought. Insurers’ 
willingness to take on climate risk on behalf of the farmers makes them also sus-
ceptible to the farming practices of the farmer, particularly where new machinery 
and farming principles such as CA have the ability to reduce drought risk and risk 
of exposure for insurances. The benefits for insurers to promote CA to farmers is 
not only about reducing risk of capital exposure to drought, but also other climate 
change risks and the impact of pests and diseases. With a lower risk premiums 
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insurers charge could be less, which would add economic benefit to the farmers and 
speed up adoption of CA and a transition to more sustainable farming practices.

We interviewed three of the largest insurers, who together cover around 
80–90% of the market in South Africa. None of them had a product tailored to 
accommodate farmers that farmed with CA practices, or a product that supported 
the adoption of CA, and none of them indicated that they were thinking of having 
such a product in future.

When confronted with the questions whether they knew about research that evi-
denced that CA resulted in more climate resilience and less water stress the insurers 
argued, similar to banks, that their business model with the way the calculations 
were done for pricing policy premiums, would automatically benefit those farmers 
who chose good farming practices that gave consistent yield and had the ability to 
decrease risk of crop loss at the same time. For example, a farmer that could con-
sistently show stable historic yields, even during draught or ‘environmental shocks’ 
would automatically get a cost benefit on the premium of the policy, than a farmer 
that had bumper yields in good years, but suffered great losses during droughts.

One insurer said, the principle of insurance hinges around good practice, no 
matter if you use CvF practices or CA practices. Good practice reflects in the historic 
records, which they would use to price the premium. However, to attain such benefit 
the track record and historic proof needed to be in place and that would take a few 
years before reflecting as a better guarantee against crop loss or as a better price on 
the policy, or both. Farmers who made use of a lot of fertiliser, yet did not look after 
their soils, this insurer said, might well be likely to show more yield than CA farmers 
in bumper years, but were also much more likely to suffer greater losses during 
challenging years. Another insurer said that a well-developed underwriting process 
would pick up such fluctuation risks and subsequently price more expensively.

When asked whether they as insurer would think about developing products to 
entice the farmer to take the route of CA and get a better premium without needing 
to wait many years to benefit, all three interviewed insurers were not thinking of 
developing such products, nor seemed in favour of it. It would not work with their 
underwriting principles one insurer argued. One of the few risk mitigating tools they 
had, this interviewee said, was to work with some form of proof of historical data; 
you could unfortunately not insure just on a promise that something might happen.

All three of the interviewed insurers knew, or had read something about CA 
being able to reduce risk by being more climate resilient and building soil structure 
that would enhance the ability of soil to retain more water. However, to one of the 
insurers drought was less of a risk than crop loss due to hail and for hail CA had 
no solution. The interviewee said that they were less exposed to drought, as only 
after germination would their insurance kick in, and because germination would 
mitigate a large portion of risk the exposure to drought was less risky than hail. For 
example, if a farmer has not planted because of low rainfall, or the seed has not 
emerged because of low rainfall, there will not even be a policy in place to claim 
against, because the policy is only triggered after the seed has emerged. Because 
their exposure to drought was so low, getting farmers to farm CA would only have a 
very small effect on their business in any event, not validating the effort to develop 
a product targeted at supporting CA.

Another insurer challenged the notion that farmers actually understood the rela-
tionship between CA, soil organic matter, the ability to store more soil moisture and 
what that meant for their crops being more climate resilient. To this insurer, the one 
farmer he knew only wanted to do CA because of the no-till aspect, which saved 
fuel and was less capital intensive. This farmer was less thinking about CA benefits 
on future yields being at less risk due to climate change but was more interested in 
reducing costs.
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3.3 Traders and processors with silos and milling

The interviewed traders and food processors package maize and maize starch 
products into end consumables that they sell to supermarkets. Consumers’ choice in 
front of retail shelves influences their brand and supporting a procurement of CA 
produce could attach a sense of sustainability to their brand and grow an aware-
ness amongst their consumers that their brand is ecologically just and fair to the 
planet’s recourse base. The question is if this is a valid and sufficient argument for 
the traders to get farmers to supply them more CA farmed produce. We interviewed 
two large traders and food processors in South Africa that were also owned silos 
and milling operations of maize. Due to their large product profile, their answers 
considered a wide range of products.

The term CA generally confused both traders as they were not sure how it 
related to organic and GMO-free farming practices. In contrast to banks that have 
dedicated agricultural business units with knowledgeable staff, the traders usu-
ally purchased produce from other traders and cooperatives, without needing to 
understand production methods. After explaining CA in a bit more in detail, the 
interviewee’s answers were more cantered around general sustainability including 
responses around organic and GMO-free produce. The general topic though was 
still in line with CA principles.

Because the two interviewed traders were buying from other traders, silo 
owners, and co-operatives, they had no control over what was in the silos from 
which they attained their maize, or what portion of the maize in a silo was from CA 
practices. One trader said they would not keep GMO maize separate, even if they 
had access to it, as they used about 300,000 tons of maize a month and keeping 
anything separate in their storage, in such type of bulk environments, would not 
make sense, specifically for South Africa where 70% of maize is farmed as GMO 
maize. This trader mostly bought from silo owners, other traders and co-ops, 
and other than during harvest, in order to fill their own silos, they would not buy 
directly from farmers.

The same trader said that if he had a farmer that farmed using CA, or was GMO-
free, it would be just too small for him to go and collect a 100 tons, which is three 
truck loads, while they are looking for at least, between 3000 and 5000 tons to fill a 
silo. This trader claimed that such small quantities would not be viable within their 
system, where they would have to thoroughly clean an entire mill or alternately 
install a whole new mill for R120m. This miller did not foresee any change happen-
ing in the near future for them, and the second trader said he could not honestly 
comment on whether there was a trend amongst farmers to go GMO-free or CA, as 
they were too detached from farmers to comment.

Both traders also perceived that there was no demand for CA, GMO-free or 
organic, and subsequently there was no strategy within their companies to attain 
certain products or create product ranges that were either GMO-free, organic or 
farmed with CA practices. One trader confirmed that there was merely demand for 
GMO-free maize from an insignificant part of the population, a mostly health con-
scious upper-class society, who at the same time, he criticised, did not understand 
GMO. There was also no pressure on them from the market side supplied more 
GMO-free or CA produce. One trader said that they were processing huge volumes 
and that the odd packet of organic maize, organic flour, non-gluten flour, or GMO-
free sold in Woolworths were of such small quantities that they were sourced from 
completely different channels and producers, rigged to supply such a niche market, 
which was not theirs to serve.

Both traders agreed that for them as big millers, it was not feasible to separately 
mill and brand for a potential small volume of GMO-free, CA, or organic demand. 
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While one trader believed that this situation would not change for them in the 
near future, the second trader said that they would switch over to GMO-free, once 
the majority of farmers did so as well and reliable volumes and batches could be 
processed in that way. However, in contrast to GMO-free, CA was not at all on the 
radar for them, as the market did not understand what it meant, and the demand 
was not there.

Around the question of how government could get involved with creating a 
supportive framework for CA, both responded very similarly in that open market 
principles of supply and demand should prevail and government should not inter-
fere with legislation or policy. One of the traders said that they did not want a duty 
on maize, as it existed with wheat, especially where the duty funds disappear and 
are not invested back into agriculture. This interview participant said that if ever 
government were to think about a maize duty on such a large staple, it should be 
used to flow back to agriculture to change the farmers’ minds to do CA. One trader 
responded that government should be careful not to ‘play’ around with the basic 
food needs of a nation, and should let free market forces of supply and demand 
regulate the food supply.

3.4 Supermarkets

Similar to traders, were supermarkets to support CA through preferential 
procurement could likely attach a sense of sustainability to their brand and grow 
also an awareness amongst their consumers for being ecologically just and fair to 
the planet’s recourse base. The question arises whether this is a valid and sufficient 
argument for retailers, who compared to traders have a direct engagement with end 
consumers, to encourage farmers to use CA.

We interviewed three major retailers in South Africa, all of whom had some 
form of sustainably farmed produce on their shelves already. The interview was 
conducted with senior employees of these organisations who were responsible 
for, or involved with, the purchasing of farm produce. During the interview, the 
respondents tended to focus their answers more around sustainably farmed prod-
ucts than specifically CA produce. The retailers, as became clear, have not been 
confronted with CA produce specifically, but usually with a host of differently and 
sustainably farmed produce, ranging from organic to low carbon etc.

The retailers did not have dedicated shelves that sold CA produce, as most of 
them had for organic products; they would either be on the same shelf and branded 
differently or altogether placed somewhere else. None of the retailers had CA 
farmed maize in their portfolio, and when asked whether they would buy CA pro-
duce if it were readily available, two of the three retailers would probably purchase 
CA products if there were a demand for CA produce. One retailer said it would be 
pointless to buy it, if the consumer did not understand what it was. To that retailer, 
the average consumers was more likely to understand, or have heard about GMO-
free or organic produce, but not CA produce.

All three retailers agreed that there was very little understanding from the 
consumer side about CA, and that it was unlikely to change in future. The retailers 
said that a lot more education would need to take place for the average consumers to 
understand CA, or even organic farming, and until then, the demand is low and is 
likely to stay low.

However, one retailer said that it saw CA practices amongst farmers increasing, 
independent from market demand. They could see it, for example, through produce 
like sweet corn, with very successful farmers doing no-till sweet corn. To them, the 
increase in CA seemed likely, and it would be driven from the farmer side, as the 
benefits of CA were for the farmer and less for the consumer, at least at this stage.
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If asked whether they would focus specific product ranges on organic, or 
sustainably farmed produce, the answers varied between the retailers. Although not 
specifically focussing on product ranges, one retailer had bad experiences of organic 
produce and subsequently had more grocery line products like olive oil and biscuits 
that were organic than fresh produce, which they had tested unsuccessfully a few 
years earlier. This was related to an inconsistency in supply and price premiums of 
25–30% for organic produce which consumers were not prepared to pay. The second 
retailer said that they also did not have any specific focus on organic or sustainably 
farmed product ranges, but that they had a wide range of produce and groceries, 
with a slightly stronger hold on organic fruit and vegetables.

The third retailer had a very high turnover with one specific fruit and because it 
was as a high-volume product it was fairly easy to maintain the flow of this organic 
certified product. Through their programme, they said they would try to get as 
much sustainable produce as they could, and although it was not easy, the whole 
idea of the programme was to start making farmers think more about how they 
were farming.

For most retailers, the consumers understood organic farming, but not CA and 
responded with an unwillingness to start branding another sustainable production 
method and to educate the consumers. One retailer suggested a softer approach 
to building a stronger base for sustainability was a better way, than to go out and 
brand a host of sustainable production methods, it would confuse the consumers.

This retailer also argued that the consumer is often very indifferent to whether 
produce is farmed in a sustainable manner or not. This retailer argued that their 
own internal research showed that they could, for example, have tomatoes come 
from a producer that farmed according to their sustainability programme and 
another that did not and selling the tomatoes at the same price did not make the 
consumer chose the sustainably-farmed produce more. The retailer reiterated 
that it is mostly a benefit to the farmer to farm more sustainably, as many of their 
suppliers farmed their produce less expensively than those who did not farm 
sustainably.

4. Discussion

4.1 Summary of data

From both the grounded theory used to analyse the qualitative interview data 
and the qualitative data collected we have generated Table 1. There are four major 
themes that we could identify using coding principles of grounded theory and 
Table 1 shows for each of those themes how each of the VCPs is positioned against a 
theme.

While some retailers supported organic products, none of the VCP had any form 
of products which supported CA and with exception to one bank, next to none 
of the VCP were thinking of or prepared to develop products related to CA. This 
notion also closely relates to the last column on the right, where all retailers and 
traders indicated that if they were to choose to support either organic or CA, they 
would support organic because it is an established brand. In other words, no one 
was prepared to engage in establishing another brand around CA.

Both retailers and traders also indicated that it is very unlikely that any of 
their clients would demand CA farmed produce as they were also very unlikely to 
understand what CA was about in first place. Across the board of all interviewed 
VCPs there was very little support for CA or to drive a change to more CA farming 
practices.
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4.2 Policy discussion

Generally, there was a broad confusion amongst all respondents around what 
CA meant, and how that related to organics and GMO. Even a retailer that was well 
versed in the procurement of foods from more sustainable farming practices was 
not sure what was meant with CA. Many interviewees believed a lot of consumer 
education efforts would need to happen before they could drive CA from a market-
ing perspective.

While the retailers did have sustainable products like organic, branding a second 
sustainability label did not make sense and therefore they also did not put pressure 
on traders and millers to supply them with CA products. The opinion amongst the 
retailers and traders was that maize was purchased from other traders, cooperatives 
and silo owners, where there was no control over the separation of CA maize and 
non-CA maize. The traders agreed that it would be cumbersome and expensive to 
try to keep CA maize separate, and it would only ever work if most farmers were to 
switch over to CA farming.

The feeling from one trader was that generally, government should not get 
involved in regulating the market, as it did with the duty on wheat. If, however, any 
duty was to be imposed, the funds from such a duty could be used to fund agricul-
ture and be used to possibly support CA through extension for example. On the 
discussion of GMO-free products, the traders would not change their operations or 
invest heavily for a small consumer group perceived to have ‘upper-class angst’. The 
retailers also showed an unwillingness to start branding another sustainable method 
next to organic produce, which by now only a few consumers understood.

The feeling amongst the banks was that they do not get involved with what is 
fundamentally a farm production level decision which was to be made by the farmer 
himself. In any event, lender’s liability principles would not allow them to dictate 
any form of farming operations when giving a credit. Banks argued that if CA 
mitigated risk, it would automatically show on a farmer’s balance sheet, and subse-
quently affect the risk profile and credibility of the farmer to his benefit; although 
most respondents agreed that it would take years for a farmer to see such benefits 
reflecting on his credit profile. While one bank was sure to create a product that in 
future would assist farmers converting to CA, two more hinted that there was the 
possibility of a future product that assisted farmers going CA and supported them 
through a potential initial cash-dip, if CA research proved to be less risky and more 
productive for farming in the South African context. Policy could therefore support 
more research into CA benefits for individual regions of South Africa.

All the interviewed insurers seemed to know about research that evidenced that 
CA resulted in more climate resilience and less water stress. Similar to banks the 

Do you have a CA 

product?

Do you plan for a future 

CA product?

Do consumers 

demand CA?

What are you inclined 

to support?

Yes No Yes No Yes No CA Organic

Banks (4) 0.0% 100.0% 25.0% 75.0% n.a. n.a. n.a. n.a.

Insurers (3) 0.0% 100.0% 0.0% 100.0% n.a. n.a. n.a. n.a.

Traders (2) 0.0% 100.0% 0.0% 100.0% 0.0% 100.0% 0.0% 100.0%

Retailers (3) 0.0% 100.0% 0.0% 100.0% 0.0% 100.0% 0.0% 100.0%

Total 0.0% 100.0% 6.3% 93.8% 0.0% 100.0% 0.0% 100.0%

Table 1. 
Summary of responses around CA (sample sizes in brackets).
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insurers argued that by the nature of their business model and the way in which the 
underwriting process works, calculating policy premiums, farmers would automati-
cally benefit if they chose better farming practices that resulted in more consistent 
yields with decreased risk of crop loss. None of the insurers were also supporting the 
notion of developing a future product that supported CA. Because mitigating risk is 
the insurer’s business, they would not insure a new system based on a promise that 
it might mitigate drought in years to come. For one insurer drought risk was a small 
exposure and therefore drought risk mitigation was for them less high on the agenda.

Because, as argued above, there is an attractive financial argument in favour of 
CA, farmers are likely inclined to take up CA as a farming practice for their own 
future financial benefits. With less ‘draught risky’ farming practices this in turn 
would position these more favourably in front of financial institutions such as 
banks and insurers. Yet such a transition would be driven by the farmer and not VCP 
or policy, in contrast, because almost all VCP showed little interest in developing 
CA targeting products, a policy driving CA support through the VCPs would likely 
yield little impact.

Based on our findings a key implication is that government policy concerning 
CA should endeavour to provide an enabling environment for the future uptake of 
CA. We suggest that a slow process of change is the route that policy should take, 
with key aspects focussing on policy enabling training and capacity development of 
farmers, through field extension and agricultural schools, to adopt CA. Because CA 
is also a cheaper production system and needs less external inputs, focus should be 
on smallholder farmers who mostly struggle with access to external inputs.

Over time, a policy that favourably supports CA would grow the farming user 
base; and in doing so end-consumers would automatically get access on a broader 
base to more sustainably farmed products without any system change in the value 
chain, in which the value chain participants have clearly indicated not to drive CA 
as a system.

5. Conclusion

We have argued that CvF practices have high external input costs and a substan-
tial impact on natural ecosystems, ecosystem services, soil erosion, and CO2 emis-
sions. These are results of a conventional industrial agricultural complex that also 
dominates the modern South African agricultural food value chain. We have argued 
that more sustainable farming practices such as CA are more climate resilient and 
supply more nutritional value, both of which favourably impact long term food 
security.

We have raised the question whether South Africa’s current food system has the 
ability to sustain long-term food security and if changes in the existing food value 
chain complex would be able to drive a transition into a more sustainable and food 
secure alternative such as CA.

From the research data we can conclude that none of the respondents had a 
product that supported CA and the general inclination of most interviewed was 
not particularly in favour to support CA through new product development in their 
respective institutions. Mostly it was argued that it would either interfere with 
their specific business-client integrity, or it would not fit into their specific business 
model or alternatively be too difficult to sell to the end consumer, who understood 
organic but not CA. The traders argued that with the large volumes and silos they 
worked in, keeping CA produce separate would be very costly.

For the respondents from the financial institutions CA had the potential to 
mitigate risk, however in the eyes of most of the respondents there was yet not 
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enough evidence to prove solid risk mitigation. Therefore, they argued, it would be 
better for them to rely on the existing business model and underwriting process, 
which would feedback a preferential pricing to a farmer automatically, were he able 
to use a production system that reduced risk. Subsequently the development of new 
products to drive the support of CA would not be required. Of the 12 respondents 
only one indicated that it would develop a product in future that would specifically 
support the adoption of CA on farmer side. Most retailers and traders indicated that 
if they were to drive anything sustainable they would support organic which was 
already an established ‘sustainability’ brand and needed far less effort to communi-
cate to end consumers.

We can conclude that South Africa’s VCPs are neither a support network today, 
nor will they be one tomorrow; therefore they are not a potential channel to drive 
a transition. However, while the VCPs were generally supportive of sustainable 
production methods (such as CA), from an operational perspective and from within 
their existing business models, VCPs are unlikely become initiators of a sustainable 
transition driven by CA supportive products. For policy purposes we may deduct 
that efforts for a transition and required training of farmers would need to focus on 
education rather than enforcing policy on value chains and their existing business 
models.



13

Value Chain-Induced Constraints Limiting Scale of Conservation Agriculture in South Africa
DOI: http://dx.doi.org/10.5772/intechopen.84499

References

[1] Hui C. Carrying Capacity of 
the Environment. International 
Encyclopedia of the Social & Behavioral 
Sciences. 2015;10(2):155-160

[2] Rockström J, Steffen W, Noone K, 
Persson Å, Chapin FS, Lambin EF, 
et al. Planetrary boundaries: Exploring 
the safe operating space for humanity. 
Ecology and Society [Internet]. 
2009;1-36. Available from: http://
medcontent.metapress.com/index/
A65RM03P4874243N.pdf [cited 2014 
Feb 7]

[3] Steffen W, Richardson K, Rockström 
J, Cornell SE, Fetzer I, Bennett EM, 
et al. Planetary boundaries: Guiding 
changing planet. Science (80-.). 
2015;347. DOI: 10.1126/science.1259855

[4] De Schutter O, Vanloqueren G. The 
New Green Revolution: How twenty-
first-century science can feed the world. 
Solution Journal. 2011;2:33-44

[5] Smith P, Bustamante M, Ahammad 
H, Clark H, Dong H, Haberl H. Chapter 
11: Agriculture, forestry and other land 
use (AFOLU). In: Intergovernmental 
Panel on Climate Change. Berlin: Final 
Draft; 2014

[6] Nelson GC, Rosegrant MW, Koo 
J, Robertson R, Sulser T, Zhu T, et al. 
Climate change: Impact on agriculture 
and costs of adaptation. Vol. 21. 
Washington, DC: International Food 
Policy Research Institute; 2009

[7] Delate K, Cambardella C. Organic 
production: Agroecosystem 
performance during transition to 
certified organic grain production. 
Agronomy Journal. 2004;96:1288-1298

[8] Lim L. Organic agriculture fights 
back. Science Society. 2002;16:30-32

[9] Rodale Institute. Regenerative 
Organic Agriculture and Climate 

Change: A Down-to-Earth Solution to 
Global Warming. Vol. 1400. Kutztown: 
Rodale Institute; 2014

[10] Blignaut JN, De Wit MP, Midgley 
S, Crookes DC, Knot J, Drimie S, et al. 
Sustainable agriculture: A viable option 
for enhanced food and nutritional 
security and a sustainable productive 
resource base in South Africa: An 
investigation. Pretoria: Green Fund; 
2014

[11] Blignaut J, Knot J, Smith H, 
Nkambule N, Crookes D, Saki A, et al. 
Promoting and Advancing the Uptake of 
Sustainable, Regenerative, Conservation 
Agricultural Practices in South Africa 
with a Specific Focus on Dryland 
Maize and Extensive Beef Production 
Key Findings and Recommendations. 
Pretoria: Green Fund; 2015. p. 1-19

[12] Pittelkow CM, Liang X, Linquist 
BA, van Groenigen KJ, Lee J, Lundy 
ME, et al. Productivity limits and 
potentials of the principles of 
conservation agriculture. [Internet]. 
Nature. 22 Oct 2014;000(00):1-6. 
Available from: http://www.nature.com/
doifinder/10.1038/nature13809 [Cited 
2014 Oct 22]

[13] Midgley S, Drimie S, von Loeper 
WJ, Mudavanhu S, Blignaut J, Smith 
H, et al. Implications for a Future 
Agrarian Structure in South Africa 
based on Conservation and Sustainable 
Agriculture: Alignment of a Multi-
institutional and Multi-policy Landscape. 
Pretoria: Green Fund; 2015. p. 1-21

[14] SA Department of Agriculture 
Forestry and Fisheries. South African 
Integrated Growth and Development 
Plan 2012. Pretoria: Department of 
Agriculture, Forestry and Fisheries; 
2012

[15] SA Department of Agriculture 
Forestry and Fisheries. South Africa 



14

Agricultural Economics - Current Issues

Agricultural Policy Action Plan. 
Pretoria: SA Department of Agriculture 
Forestry and Fisheries; 2014

[16] FAO. Food Security [Internet]. FAO 
Policy Briefs. New York City; 2006. 
Available from: http://www.fao.org/
forestry/13128-0e6f36f27e0091055bec28
ebe830f46b3.pdf

[17] Rosen C. Chapter 3: Living in 
Ecosystems. Fraying the web of life. In: 
World Resources 2000-2001, Elsevier; 
2000. p. 147-224

[18] Murray W. Save and Grow in 
Practice: Maize Rice Wheat, A Guide to 
Sustainable Cereal Production. Rome: 
Food and Agriculture Orgvanization of 
the United Nations (FAO); 2016. DOI: 
10.1017/CBO9781107415324.004

[19] DAFF. Crops and markets. 
South African Dep Agric For Fish. 
2008;89(937):1-34

[20] Pettigrew SF. Ethnography and 
Grounded Theory: A Happy Marriage?. 
http://www.acrwebsite.org [Internet]. 
2000. Available from: http://www.
acrwebsite.org/search/view-conference-
proceedings.aspx?Id=8400 [cited 2016 
Aug 21]

[21] Savin-Baden M, Major CH. 
Qualitative Research: The Essential 
Guide to Theory and Practice. London 
and New York: Routledge; 2012

[22] Gibbs. Core Emlements Part 
2. Grounded Theory [Internet]. 
Available from: https://www.
youtube.com/watch?v=dbntk_
xeLHA&feature=related [Cited 2016 
Aug 21].

[23] Glaser BG. The Grounded Theory 
Methodology of Barney G. Glaser, 
Ph.D—What is GT? Grounded Theory 
Institute; 2014. Available from: http://
www.groundedtheory.com/what-is-gt.
aspx [Accessed: August 21, 2014]

[24] Pengue W, Brien MO, Garcia F, 
Sims R, Robert W, Kauppi L, et al. 
Assessign Global Land Use: Balancing 
Consumption with Sustainble Supply. 
Paris: UNEP—International Resource 
Panel; 2013

[25] Pretty J. Agricultural sustainability: 
Concepts, principles and evidence. 
Philosophical Transactions. Royal 
Society of London. 2008;363:447-465. 
DOI: 10.1098/rstb.2007.2163

[26] Robertson GP, Vitousek PM. 
Nitrogen in agriculture: Balancing the 
cost of an essential resource. Annual 
Review of Environment and Resources. 
2009;34:97-125. DOI: 10.1146/annurev.
environ.032108.105046

[27] Ewers RM, Didham RK. Pervasive 
impact of large-scale edge effects on 
a beetle community. Proceedings of 
the National Academy of Sciences. 
2008;105:4-7

[28] Pingali PL, Pardey PG. Reassessing 
International Agriculture Research for 
Food and Agriculture. Montpellier: 
Global Conference on Agricultural 
Research for Development; 2010

[29] Letourneau DK, Armbrecht I, 
Rivera BS, Lerma JM, Carmona EJ, Daza 
MC, et al. Does plant diversity benefit 
agroecosystems? A synthetic review. 
Ecological Applications. 2011;21:9-21

[30] Bernstein H. Food Sovereignty: A 
Sceptical View Food 2013. Available 
from: http://www.iss.nl/fileadmin/
ASSETS/iss/Research_and_projects/
Research_networks/ICAS/
ICAS_Review_Paper_4_Bernstein.pdf 
[Accessed: April 4, 2014]

[31] Lithourgidis AS, Dordas CA, 
Damalas CA, Vlachostergios DN. 
Review article annual intercrops: An 
alternative pathway for sustainable 
agriculture. Australian Journal of Crop 
Science. 2011;5:396-410



15

Value Chain-Induced Constraints Limiting Scale of Conservation Agriculture in South Africa
DOI: http://dx.doi.org/10.5772/intechopen.84499

[32] Diaz RJ, Rosenberg R. Spreading 
dead zones and consequences for marine 
ecosystems. Science. 2008;321:926-929. 
DOI: 10.1126/science.1156401

[33] Rohr JR, Schotthoefer AM, 
Raffel TR, Carrick HJ, Halstead N, 
Hoverman JT, et al. Agrochemicals 
increase trematode infections in a 
declining amphibian species. Nature. 
2008;455:1235-1239. DOI: 10.1038/
nature07281

[34] Daly GL, Lei YD, Castillo LE, 
Muir DC, Castillio LE, Wania 
F. Accumulation of current-use 
pesticides in neotropical montane 
forests. Environmental Science & 
Technology. 2007;41:1118-1123

[35] Hemingway J, Field L, Vontas J. An 
overview of insecticide resistance. 
Science Magazine. 2002;298:96-97

[36] Brent KJ, Hollomon DW. Fungicide 
Resistance: The Assessment of Risk. 
Brussels: Fungicide Resistance Action 
Committee; 2007

[37] Heinemann JA, Massaro M, 
Coray DS, Agapito-Tenfen SZ, Wen 
JD. Sustainability and innovation 
in staple crop production in the US 
Midwest. International Journal of 
Agricultural Sustainability. 2014;12: 
71-88. DOI: 10.1080/14735903. 
2013.806408

[38] Pimentel D, Harvey C, Resosudarmo 
P, Sinclair K, Kurz D, McNair M, et al. 
Environmental and economic costs of 
soil erosion and conservation benefits. 
Science (80-). 1995;267:1117-1123

[39] Reusser L, Bierman P, Rood D. 
Quantifying human impacts on rates 
of erosion and sediment transport at a 
landscape scale. Geology. 2015:1-4. DOI: 
10.1130/G36272.1

[40] Paoletti M, Pimentel D. 
Environmental risks of pesticides versus 
genetic engineering for agricultural pest 

control. Journal of Agricultural and 
Environmental Ethics. 2000;12:279-303. 
DOI: 10.1023/A:1009571131089

[41] UNEP. Towards a Green Economy: 
Pathways to Sustainable Development 
and Poverty Eradication. St-Martin-
Bellevue, France: United Nations 
Environment Programme; 2011

[42] Matson PA, Vitousek PM. 
Agricultural intensification: Will 
land spared from farming be land 
spared for nature? Conservation 
Biology. 2006;20:709-710. DOI: 
10.1111/j.1523-1739.2006.00442.x

[43] Fischer J, Brosi B, Daily GC, Ehrlich 
PR, Goldman R, Goldstein J, et al. 
Should agricultural policies encourage 
land sparing or wildlife-friendly 
farming? Frontiers in Ecology and the 
Environment. 2008;6:380-385. DOI: 
10.1890/070019

[44] Perfecto I, Vandermeer J. 
Biodiversity conservation in tropical 
agroecosystems: A new conservation 
paradigm. Annals of the New York 
Academy of Sciences. 2008;1134:173-
200. DOI: 10.1196/annals.1439.011

[45] FAOSTAT. Global Distribution of 
Agricultural Land. UN: FAO; 2014. 
pp. 1-10. Available from: http://faostat3.
fao.org/faostat-gateway/go/to/home/E 
[Accessed: April 20, 2005]

[46] Baleta H, Pegram G. Water as 
an input in the food value chain. In: 
Understanding the Food Energy Water 
Nexus. South Africa: Wolrd Wildlife 
Fund—South Africa; 2014

[47] Adhya T, Sharma P, Gogoi KA. 
Mitigating greenhouse gas emission 
from agriculture. In: Climate Change 
and Crops. Berlin, Heidelberg: Springer-
Verlag; 2009. pp. 329-344. DOI: 
10.1007/978-3-540-88246-6

[48] Cleveland C, Kaufmann R. Energy 
and Resource Quality. New York: Wiley 
Interscience; 1986



Agricultural Economics - Current Issues

16

[49] June S, Günther F. Vulnerability in 
agriculture: Energy use, structure and 
energy futures. In: Pap. Present. INES 
Conf. KTH Stock. 2000

[50] Pimental D, Armstrong L, 
Flass C, Hopf F, Landy R, Pimentel 
M. Interdependence of food and 
natural resources. In: Food and Natural 
Resources. San Diego: Academic Press; 
1989

[51] Rodale Institute. Nutritional value 
of fruits, veggies is dwindling—Health-
Diet and nutrition—msnbc.com. Rodale 
Inst.; 2012. Available from: http://www.
nbcnews.com/id/37396355/ns/health-
diet_and_nutrition/t/nutritional-
value-fruits-veggies-dwindling/#.
U4SdkXKSySp [Accessed: May 27, 2014]

[52] Mitchell AE, Hong Y-J, Koh E, 
Barrett DM, Bryant DE, Denison RF,  
et al. Ten year comparison of the 
influence of organic and conventional 
crop on flavonoids. Journal of 
Agricultural and Food Chemistry. 
2007;55:6154-6159. DOI: 10.1021/
jf070344+

[53] Huber M, Rembiałkowska E, 
Średnicka D, Bügel S, van de Vijver 
LPL. Organic food and impact on 
human health: Assessing the status 
quo and prospects of research. NJAS—
Wageningen Journal of Life Sciences. 
2011;58:103-109. DOI: 10.1016/j.
njas.2011.01.004

[54] Volakakis N, Seal C, Sanderson R, 
Dominika S, Stewart GB, Benbrook 
C, et al. Higher antioxidant and lower 
cadmium concentrations and lower 
incidence of pesticide residues in 
organically grown crops: A systematic 
literature review and meta-analyses. 
The British Journal of Nutrition. 2014:1-
18. DOI: 10.1017/S0007114514001366

[55] Labuza TP, Tannenbaum SR. 
Nutrient losses during drying and 
storage of dehydrated foods. Critical 
Reviews in Food Science and Nutrition. 
1972;3:217-240

[56] Reddy MB, Love M. The impact 
of food processing on the nutritional 
quality of vitamins and minerals. In: 
Impact Process. Food Saf. US: Springer; 
1999. pp. 99-106

[57] Giannakourou MC, Taoukis 
PS. Kinetic modelling of vitamin C 
loss in frozen green vegetables under 
variable storage conditions. Food 
Chemistry. 2003;83:33-41. DOI: 10.1016/
S0308-8146(03)00033-5

[58] Jehu. More Notes on the Deleveraging 
Economy. Pogo Chron; 2009. Available 
from: https://pogoprinciple.wordpress.
com/2009/08/18/ [Accessed August 21, 
2016]

[59] Heinberg R. Temporary Recession 
or the End of Growth? 2009. Available 
from: www.richardheinberg.com 
[Accessed: June 1, 2015]

[60] Rubin J. The end of growth: But is 
that all bad. Toronto: The Globe and 
Mail; 2012

[61] Korowicz D. Tipping Point: Near-
Term systemic implications of a Peak 
in Global Oil production. Dublin: 
Feasta Foundation for the Economics of 
Sustainability; 2010

[62] Blewitt J. Understanding Sustainable 
Development. London: Earthscan; 2008

[63] Pretty J. The consumption of a 
finite planet: Well-being, convergence, 
divergence and the nascent green 
economy. Environmental and Resource 
Economics. 2013;55:1-25. DOI: 10.1007/
s10640-013-9680-9

[64] Bunch R. Restoring the Soil: A 
Guide for Using Green Manure/Cover 
Crops to Improve the Food Security 
of Smallholder Farmers. Winnipeg: 
Canadian Foodgrains Bank; 2012

[65] Bryant L, Stockwell R, White 
T. Counting Cover Crops. Washington 
DC: National Wildlife Federation; 2013



17

Value Chain-Induced Constraints Limiting Scale of Conservation Agriculture in South Africa
DOI: http://dx.doi.org/10.5772/intechopen.84499

[66] Feeser J, Zinati G, Moyer J. Beyond 
Black Plastic: Cover Crops and Organic 
No-till for Vegetable Production. 
Kutztown PA: Rodale Institute; 2014

[67] Bowie MH, Wratten SD, White 
AJ. Agronomy and phenology of 
companion plants of potential 
for enhancement of insect 
biological control. New Zealand 
Journal of Crop and Horticultural 
Science. 1995;23:423-427. DOI: 
10.1080/01140671.1995.9513919

[68] Kumar S, Bahl JR, Bansal RP, Gupta 
AK, Singh V, Sharma S. High economic 
returns from companion and relay 
cropping of bread wheat and menthol 
mint. Industrial Crops and Products. 
2002;15:103-114

[69] Findlay N. Cover crops: What are 
they and why are they used. Durban: 
KZN Department of Agriculture; 2011. 
p. 1-3

[70] Bezuidenhout SR. The Influence of 
Two Cover Crop Species on the Growth 
of Zea mays and Cyperus. Pretoria: 
University of Pretoria; 2012. p. 1-8

[71] Vandermeer JH. The Ecology of 
Intercropping. Cambridge: Cambridge 
University Press; 1989

[72] Strauss J. Wheat yield and crop 
rotation. Stellenbosch: Western Cape 
Department of Agriculture; p. 1-3

[73] Hardy M, Strauss J, Laubscher 
S. Gross Margin Analysis of Crop and 
Crop/Pasture Rotation Systems that 
are being Evaluated in the Long-term 
Crop Rotation Trial at the Langgewens 
Agricultural Research Farm—2002 to 
2010. Vol. 1. Stellenbosch: Department 
of Agriculture, Western Cape Institute 
for Plant Production; 2011

[74] Ponisio LC, M’Gonigle LK, Mace 
KC, Palomino J, de Valpine P, Kremen 
C. Diversification practices reduce 
organic to conventional yield gap. 

Proceedings of the Royal Society B: 
Biological Sciences. 2014;282:20141396-
20141396. DOI: 10.1098/rspb.2014.1396

[75] Wood S, Cowie A. A review of 
greenhouse gas emission factors for 
fertiliser production. 2004

[76] Edwards S. Greening Ethiopia 
series. Science Society. 2004;23:4-8

[77] Reicosky DC. Tillage-induced  
CO2 emission from soil. Nutrient 
Cycling in Agroecosystems. 
1997;49:273-285

[78] Raich J, Schelsinger W. The global 
carbon dioxide flux in soil respiration 
and its relationship to vegetation and 
climate. Tellus. 1992;44B:81-99

[79] Schlesinger W, Andrews J. Soil 
respiration and the global carbon cycle. 
Biogeochemistry. 2000;48:7-20. DOI: 
10.1023/A:1006247623877

[80] Topp CFE, Wang W, Cloy JM, 
Rees RM, Hughes G. Emissions from 
agricultural soils. Biochemistry. 
2013;48:972-987. DOI: 10.3390/
e15030972

[81] Medard G. Empty breadbasket? 
The coming challenge to America’s food 
supply and what we can do about it. 
1981

[82] Cormack B, Metcalfe P. Energy Use 
in Organic Farming Systems. London: 
Ministry of Agriculture, Fisheries and 
Food; 2000

[83] Lal R. Soil carbon sequestration 
impacts on global climate change 
and food security. Science (80-). 
2004;304:1623-1627

[84] Lal R, Negassa W, Lorenz K. Carbon 
sequestration in soil. Current Opinion in 
Environment Sustainability. 2015;15:79-
86. DOI: 10.1016/j.cosust.2015.09.002

[85] Lasco R, Sales R, Extrella R, Saplaco 
S, Castillo A, Cruz R, et al. Carbon 



Agricultural Economics - Current Issues

18

stock assessment of two agroforestry 
systems in a tropical forest reserve in the 
Philippines. Philippine Agriculturist. 
2001;84:401-407

[86] Schroeder P. Agroforestry systems: 
Integrated land use to store and 
conserve carbon. Climate Research. 
1991;3:53-60

[87] Hepperly P. Organic farming 
sequesters atmospheric carbon and 
nutrients in soils. 2003. Available 
from: http://www.newfarm.org/depts/
NFfield_trials/1003/carbonwhitepaper.
shtml [Accessed: November 1, 2014]

[88] Coghlan A. More crops for Africa as 
trees reclaim the desert. New Scientist 
(1971). 2006;192:11

[89] Zaller J, Koepke U. Effects of 
traditional and biodynamic farmyard 
manure amendment on yields, soil 
chemical, biochemical and biological 
properties in a long-term field 
experiment. Biology and Fertility of 
Soils. 2004;40:222-229. DOI: 10.1007/
s00374-004-0772-0

[90] Kennedy AC, Reganold JP, YA 
L, Carpenter-Boggs L. Organic and 
biodynamic management: Effects on soil 
biology. Soil Science. 2000:1651-1659


