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(TAA) in 1979. Its mission is 
to encourage the efficient 
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to arrest and reverse the 
degradation of the natural 
resources base on which 
agriculture depends and, by 
raising the productivity of 
both agriculture and related 
enterprises, to increase family 
incomes and commercial 
investment in the rural sector. 
Particular emphasis is given to 
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in temperate areas. TAA 
recognises the interrelated 
roles of farmers and other 
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of AIDS and other social and 
cultural issues on the rural 
economy and livelihoods.
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Editorial
Ag4Dev43: An open issue
Karim Hussein (Editor-in-Chief)

Karim Hussein is an independent international development specialist, with a focus on fostering 
inclusive and sustainable agricultural and rural development. His career has spanned more than 
25 years in development-oriented research and in international organisations, where he has held 
advisory, policy, research and programme management roles relating to work in Africa, Asia and 
Latin America. He has worked in senior positions for the Organisation for Economic Co-operation 
and Development (OECD), the International Fund for Agricultural Development (IFAD) and the Food 
and Agriculture Organization of the United Nations (FAO), and was Executive Secretary for the 
Global Forum for Rural Advisory Services (GFRAS) from 2016 to 2018.

karim.hussein65@gmail.com

In this issue, Robert Chambers points out his good 
fortune of having had funders that have been 
open to change and shown flexibility to allow 
development experts to change topic and direction 
in their research. This has clearly generated massive 
gains for development in the form of the impressive 
body of work, changes to development thinking and 
practice through the widespread use of approaches 
derived from it in every corner of the world – and 
across disciplines. However, many organisations 
that finance work in agriculture for development 
are not flexible in this way with the experts they 
employ and stick to linear terms of reference with 
predefined outputs and timelines. I would like to 
explore this further in future issues of Ag4Dev and 
would be interested in receiving short contributions 
and examples from readers of such practices, as 
well as positive experiences, with a view to drawing 
out some general lessons. These could possibly be 
developed into a ‘charter’ with principles for better, 
indeed ‘good’, management practices concerning 
experts working as consultants for agricultural and 
rural development organisations. I look forward to 
hearing from you!

Let us now turn to the compelling content of this 
open issue of Ag4Dev (Ag4Dev43), which demonstrates 
the rich diversity of experience and knowledge of 
the TAA community. First, I would like to express my 
gratitude to readers for the positive feedback received 
on Ag4Dev42, the special issue on ‘Food Systems 
Transformation’. We are extremely pleased to see 
this issue contributing to debate in international 
networks involved in the organisation of the United 
Nations Food Systems Summit 2021. At the same 
time, we acknowledge that not all perspectives were 
reflected and therefore welcome further contributions 
to explore the multifaceted and complex debates 

around policies, investments and actions needed to 
foster more inclusive and sustainable food systems. 
This type of debate is a key area where Ag4Dev can add 
value by drawing on the vast experience of the TAA 
membership and others that we reach.

One area where more emphasis would have been 
useful in Ag4Dev42 is the importance of strengthening 
the voice, participation and empowerment of poor 
people who depend on agriculture for their livelihoods. 
We therefore welcome the contribution from Benny 
Dembitzer providing an alternative perspective 
on the UN Food Systems Summit that emphasises 
that if the agenda itself has been set by the most 
powerful it could well work against the interests of the 
weakest – poor farmers, in particular. This needs to 
be addressed during Summit preparations to ensure 
that the priorities and perspectives of the people 
that depend on agriculture are put at the centre of 
the debate on sustainable solutions to food systems 
challenges. Otherwise we face the real possibility, as 
Benny Dembitzer points out, of a situation in which 
people have been put in charge of responsibilities 
they are unqualified to handle.

In a complementary way, Gary Howe argues, in his 
piece on framing the story relating to agriculture 
and development, that if privatisation, partnership 
and ‘free’ markets have become the obligatory 
dimensions of agricultural development, then we 
should well understand that what we are engaged in 
is a reconstruction that serves interests very far from 
local farming communities: as he says, it is not only 
in Little Red Riding Hood that the benign grandmother 
turns out to be the wolf in disguise.

Robert Chambers, in his inspiring TAA Development 
Agriculturalist Award 2020 Acceptance Speech, 
underlines the need to identify and address 

mailto:karim.hussein65@gmail.com
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conservatism, heresies, biases and blind spots, 
identifying the opportunities and potentials the latter 
may present for development practice.

This issue contains four articles. The first, by Mateo 
Ruiz, discusses wildlife, agriculture and fishing in the 
Mexican Pacific coastal region. Mateo points out that 
agricultural practices and fishing on the Pacific coast 
of Mexico are carried out in the context of communal 
land tenure and globally significant biodiversity. Rural 
communities exploit wildlife populations directly and 
their agriculture has ecological impacts. He concludes 
that semi-arid lowlands, the humid watershed 
and coastal lagoons constitute a multifunctional 
landscape where environmental sustainability is a 
critical pillar for both rural productivity and wildlife 
conservation.

The second article, by Colin Andrews, presents 
the Deep Bed Farming (DBF) approach that uses 
conservation agriculture (CA) methods and its 
application in Malawi to deal with the impenetrable 
soil hardpan formed by repeated hoe tilling and foot 
traffic. Properly breaking this soil hardpan is the first 
step to healthy soil, allowing roots to penetrate deeply 
and the ground to absorb water instead of it running 
off. DBF has the potential to more than double 
average yields in the first year of adoption, producing 
dry maize yields of 5 tonnes/ha, with further increases 
after that, as soil health improves. Over 15 000 
farmers have adopted this approach and the author 
believes the potential of this CA method is so great 
that he urges researchers to study the methods in the 
fields where it has been used in Malawi. An Opinion 
piece by James Biscoe also explores CA, arguing that it 
is clearly a good thing, not only for the planet, soil and 
water management, but also, when suitably managed 
and adapted, for the livelihoods of farmers. At the 
same time, he posits that economic analysis is critical 
when providing advice and support to smallholders 
on different approaches and techniques, including CA 
– leading to a call for ‘Conservation Agriculture Plus’. 
These two contributions provide a good ‘taster’ for 
the special issue on CA planned for Winter 2022.

The third article, by Landers, Faedo & Martins, 
presents promising results from rock meal farm tests 
in tropical Brazil. The authors discuss the state of the 
art of rock meal use and analyses from farm tests on 
the agronomic application of biotite schist rock meal 
and other alternative inputs. They examine the various 
possible mechanisms involved in generating the 
farmer’s top yields with these alternative inputs. They 
also highlight the trigger effect of zero tillage (ZT) on 
the discovery of new aspects at the interface of plants 
with soil microorganisms. These authors emphasise 
the important place of farmer observations in new 
technology development.

The fourth article, by Wibberley & Ruiz, focusses on the 
roles of mangroves as buffer zones around the coastal 
tropics and subtropics. At this interface between land 
and sea, between saline and non-saline groundwaters, 
this buffering transition benefits both local and global 
agriculture systems. Within these mangrove habitats, 
thousands of fish and shellfish species are nurtured 
and millions of people are estimated to gain their 
livelihoods directly from these areas and the natural 
resources within them. Beyond that, mangroves have 
a global impact by protecting human health in general 
via their multifaceted roles, not least of which are 
their remarkable carbon sequestration capacity and in 
their storm protection role. The article seeks to draw 
attention to the importance of mangroves, their roles 
in global ecosystem security, the threats they face, 
and some initiatives to revitalise, replant and conserve 
them.

This issue contains two news items on: (i) the campaign 
calling for an International Year of Rangelands and 
Pastoralists (IYRP); and (ii)  whether mechanisation 
makes work easier and better, drawing on the results 
of a participatory ergonomics project carried out in 
South-East Asia to examine whether a power tiller 
could improve productivity and livelihoods. It also 
includes reviews of four publications on the following 
topics: how to avoid a climate disaster and solutions 
needed; the error-strewn efforts humankind has made 
to dominate nature; a major guide to the Zambian 
miombo woodland; and policy innovations to expand 
food and agricultural trade in Africa.

Peter Gardiner provides a detailed overview of recent 
research on climate, fisheries and aquaculture showing 
that the maintenance of the supply of affordable fish 
is critical for nutrition in tropical developing countries. 
This is timely, as the 2021 World Food Prize has 
been awarded to a CGIAR scientist at WorldFish, Dr 
Shakuntala Thilsted, recognising her important work 
on improving the quality, quantity and availability of 
food through pioneering work on nutrition, fish and 
aquatic food systems (see https://worldfishcenter.
org/blog/nutrition-scientist-dr-shakuntala-thilsted-
awarded-2021-world-food-prize).

Please continue to send articles, opinion pieces, 
news items and letters to the Editor-in-Chief for 
consideration for inclusion in future issues of the 
journal. Specifically, there will be a special issue on 
soil science and Bangladesh dedicated to the life 
and achievements of the late Hugh Brammer in the 
first half of 2022. Consider whether you would like to 
propose a contribution to this special issue.

Many thanks once again to all the contributors to 
Ag4Dev43, TAA members and others, and the Editorial 
Team who have ensured that once again we have a 
timely, relevant and high-quality issue.

https://worldfishcenter.org/blog/nutrition-scientist-dr-shakuntala-thilsted-awarded-2021-world-food-prize
https://worldfishcenter.org/blog/nutrition-scientist-dr-shakuntala-thilsted-awarded-2021-world-food-prize
https://worldfishcenter.org/blog/nutrition-scientist-dr-shakuntala-thilsted-awarded-2021-world-food-prize
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Wildlife, agriculture and fishing in the Mexican Pacific 
coastal region
Mateo DM Ruiz

Mateo Ruiz (invited speaker at TAA events) is a British–Mexican dual national with a nature con-
servation background that draws on experience in both countries. In Mexico, he lived in a rural 
Oaxacan village working with a community-led ecotourism cooperative and researched avian 
ecology in coastal lagoons. In the UK, his work includes charity fundraising and farmland wildlife 
conservation. He is currently Conservation and Science Officer at the Barn Owl Trust.

truiz@ecosur.edu.mx, mateo@thebarnowltrust.org.uk

Abstract
Agricultural practices and fishing on the Pacific coast 
of Mexico are carried out in the context of communal 
land tenure and globally significant biodiversity. 
Rural communities exploit wildlife populations 
directly and their agriculture has ecological impacts. 
Many cultivators are simultaneously reliant on 
fishing, creating complex dynamics. Although the 
juxtaposition of livelihoods and wildlife is challenging, 
some aspects of productivity systems are compatible 
with sustainability. The semi-arid lowlands, humid 
watershed and coastal lagoons constitute a 
multifunctional landscape where environmental 
sustainability is a critical pillar for both rural 
productivity and wildlife conservation.

Introduction
The Mexican population in 2019 was over 128 million, 
with 22 percent residing in rural areas, where poverty 
is high. Mexico is also one of world’s 17 megadiverse 
countries, with much of its biodiversity lying in 
communal land tenure systems where multifunctional 
landscapes comprise wildlife refuges and agricultural 
systems (Robson, 2007). However, rural poverty 
can push people to engage in environmentally 
unsustainable agricultural production. The resulting 
environmental degradation contributes to worsening 
poverty and the cycle that emerges has been 
perceived as a downward spiral (Scherr, 2000). The 
complexity of dynamics increases when fishing 
interacts with livelihoods and wildlife. I propose an 
integrated perspective of wildlife, agriculture and 
fisheries in the Pacific region of Oaxaca, Mexico 
(Figure 1).

Mexico ranks third in terms of biodiversity, with the 
world’s highest species richness of reptiles, second 
highest for mammals and fifteenth for birds (Valdez 
et  al, 2006). Oaxaca State has the highest faunal 
diversity, including an estimated 1103 species of 
butterflies and moths (Lepidoptera), 127 freshwater 

fish, 378 reptiles and amphibians, 736 birds and 
190 mammals (García-Mendoza et al, 2004). Severe 
threats to Mexican wildlife stem from deforestation, 
unregulated livestock management, agriculture on 
marginal land, major infrastructure developments, 
illegal exploitation of wild species, and forest fires 
(Brandon et al, 2005; Valdez et al, 2006; Briones-Salas 
et al, 2016). Assessing extinction risks requires data on 
species distribution, population densities, habitat use, 
reproduction, and feeding habits, yet the ecology of 
many species is largely unknown (Lorenzo & González-
Ruiz, 2018).

Over 80  percent of natural forests in Oaxaca are 
collectively owned by indigenous or mixed ancestry 
rural communities and hold much of the terrestrial 
biodiversity (Robson, 2007; Martin et al, 2011). 
Livelihoods in this land tenure system involve self-
sustaining agriculture and forest resources, with 
coastal communities incorporating fishing. Food 
security rests upon access to small parcels of 
agricultural land and small-scale fisheries, while 
economic activities include ecotourism (Andrew et al, 
2007; Avila-Foucat & Rodríguez-Robayo, 2018). The 
inherent uncertainty associated with these pursuits 
drives adaptive strategies that exploit these income 
streams recurrently, rather than continuously (Allison 
& Ellis, 2001).

Figure 1. Oaxaca State, Mexico, and the wider region (Source: 
cartography produced in ArcView GIS 3.2 by Mateo Ruiz)

mailto:truiz@ecosur.edu.mx
mailto:mateo@thebarnowltrust.org.uk
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Table 1. Wildlife species occurring in coastal landscapes in Oaxaca, their legal risk category and the main 
motives for hunting 

Common name Scientific name CATa Motive
Mammals
White-tailed deer Odocoileus virginianus S Meat/crop protection

Racoon Procyon lotor b S Meat/poultry protection

White-nosed coati Nasua naurica b S Meat/crop protection

Collared peccary Pecari tajacu S Meat/crop protection

Nine-banded armadillo Dasypus novemcinctus NL Meat

Virginia opossum Didelphis viginiana NL Poultry protection

Jaguarundi Herpailurus yagouaroundi A Poultry protection 

Puma Puma concolor d NL Livestock protection

Jaguar Panthera onca b P Livestock protection

Northern tamandua Tamandua mexicana b P

Mexican mouse opossum Marmosa mexicana b NL

Fisherman bat Noctilio leporinus b NL

Birds
Orange-fronted parakeet Eupsittula canicularis b Pr Pet trade

White-fronted parrot Amazona albifrons b Pr Pet trade

Yellow-headed parrot Amazona oratrix b P Pet trade

Lilac-crowned parrot Amazona finschi b, d P Pet trade

Reptiles
Green iguana Iguana iguana b Pr Meat

Mexican spiny-tailed iguana Ctenosaura pectinata d A Meat

Oaxacan spiny-tailed iguana Ctenosaura oaxacana d A Meat

Boa constrictor Boa constrictor b A Poultry protection 

Slider turtle Trachemys scripta b Pr

Oaxacan mud turtle Kinosternon oaxacae b, d Pr

Olive Ridley turtle Lepidochelys olivacea b P Meat/eggs

River crocodile Crocodylus acutus b Pr Livestock protection

Parrot snake Leptophis ahaetulla b A Fear

Speckled racer Drymobius margaritiferus b NL Fear

Mexican moccasin Agkistrodon bilineatus b Pr Fear

Crabs
Xantus swimcrab Portunus xantusii b NL Food

Giant land crab Cardisoma crassum b NL Food

Mangrove tree crab Aratus pisonii b NL

a CAT = Category in the Official Mexican Regulation 058-SEMARNAT-2010, under the General Mexican Wildlife Law: NL = not listed;  
S = seasonally hunted; Pr = special protection; A = threatened; P = in danger of extinction.
b Habitat commonly includes coastal lagoons.
c A specific permit is required to hunt puma, usually issued to sport hunters.
d Endemic to Mexico.

Wildlife, agriculture and silviculture 
on the Pacific slope

Wildlife populations are an intrinsic part of rural life. 
The Mexican General Wildlife Law (2000) permits the 
hunting of wild animals if the species is not considered 
at risk, the animal is not within a protected area, or 

the act is not outside a designated hunting season. On 
the Oaxacan Pacific, wildlife species are hunted legally 
and illegally to protect crops or poultry or to obtain 
meat (Table 1). Four species of parrot and parakeet 
are captured in the region and traded, despite legal 
protection (Table 1). In particular, lilac-crowned and 
yellow-headed parrots have suffered range reductions 
because of the illegal pet trade (Marín-Togo et al, 2012).
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Where present, river crocodile, puma and jaguar 
are hunted illegally to protect livestock. However, 
opportunistic shooting of big cats can inadvertently 
lead to increased livestock predation, because healthy 
predators that were relying on wild prey become 
wounded and switch to domestic prey. One strategy 
to overcome this problem is to provide farmers with 
guidance on how to reduce stock exposure to these 
predators (Núñez Pérez, 2006). A survey from northern 
Oaxaca revealed mixed attitudes towards jaguars: 
68 percent of interviewees perceived their presence 
as positive, 12  percent as negative, and 20  percent 
as both (Figel et al, 2011). Puma persist in sparsely 
populated areas, but jaguar has been extirpated from 
much of its former range.

On the coastal plain, agricultural crops include peanut 
(groundnut), sesame, hibiscus, sorghum, papaya and 
tomato. Small-scale multi-crop growing systems are 
important for subsistence and usually include maize, 
beans and squash, which were all domesticated in 
the Mesoamerican region (Maass et al, 2005) and 
are cultivated together in patches known as milpas. 
Cattle grazing is either in field systems or extensive 
pasture, and agroforestry mainly utilises citrus fruits, 
coconut palm or the native Mexican palmetto (Sabal 
mexicana). Intensive plantations of papaya (Carica 
papaya ‘Maradol’) are economically important, but 
productivity is hampered by viral infection and 
fungal diseases (Nao-Carranza et al, 2006; Mishra 
et al, 2007). While organic production is a developing 
practice for other crops (eg peanut, sesame and 
hibiscus), papaya plantations receive pesticides such 
as chlorothalonil and lambda-cyhalothrin, which are 
significant pollutants (Hernández-Hernández et al, 
2007). Pesticides have contributed to wide declines in 
populations of insectivorous birds in the Neotropical 
region (Şekercioğlu et al, 2019).

Figure 2. Recently cut tropical dry forest on the coastal plain 
of Oaxaca: the trees were felled using a machete, land was 
then cleared and crops were planted (Photo: Mateo Ruiz)

Habitat loss is a major threat to mammal assemblages 
on the Oaxacan coastal plain, which comprise 
between 49 and 61 species (Briones-Salas et al, 2001). 

An estimated 73 percent of Mexican coastal tropical 
dry forest had been altered or removed by the 1990s 
(Maass et al, 2005; Figure 2). Where cleared land is 
abandoned, successional processes can lead to thorny 
vegetation (Acacia spp and Mimosa spp) instead of 
tropical dry forest (Burgos & Maass, 2004). Ethno-
botanical research from the Gulf of Mexico highlights 
how this change in vegetation affects resources for 
wildlife (Suárez et al, 2012).

The Sierra Madre Sur lies parallel to the Oaxaca 
coastal plain, reaching as high as 3730 masl. Humid 
tropic vegetation grows at mid-range altitudes, where 
precipitation is typically over 1000 mm per year, and 
this zone harbours exceptionally high biodiversity 
(Valdez et al, 2006; Figure 3). Agriculture on the Pacific 
slope includes milpas, but also high-diversity home 
gardens that include food-bearing trees and shrubs of 
autochthonous species (Aguilar Støen et al, 2009). This 
traditional agroforestry can reduce the soil erosion 
that impacts on hydrological processes and resources 
in downstream river systems. Terraces planted with 
tree cover for extensive grazing also mitigate erosion 
(Sánchez-Bernal et al, 2013). In agroforestry coffee 
plantations, naturally occurring trees form a shade 
layer above the coffee bushes. Bird diversity is higher 
in plantations with greater tree cover (Şekercioğlu 
et al, 2019) and by experimentally excluding birds 
from coffee bushes in Guatemalan plantations, it was 
shown that they were responsible for a 64–80 percent 
reduction in the abundance of large arthropods 
(Greenberg et al, 2000).

Figure 3. Mangroves (bottom left), tropical dry forest and 
humid tropic vegetation in the foothills of the Sierra Madre 
Sur: the tree cover forms a wildlife-rich continuum that also pro-
tects soil and run-off; a small clearing where cattle are grazed on 
the plain is visible (Photo: Mateo Ruiz)

Coastal lagoons
There are 123 major coastal lagoons and many more 
minor ones scattered along the 10  000  km coastal 
zones of Mexico (Lankford, 1977), which are incredibly 
important ecosystems for biodiversity. In Oaxaca, 
lagoon ecosystems are essential for river crocodiles, 
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several species of turtle, species-rich fish assemblages 
and crabs of diverse ecological habits. Furthermore, 
they are used as habitat by snakes and mammals 
associated with adjacent terrestrial ecosystems (Table 
1). Some 185 bird species have been recorded in 
just one of these wetlands, including terrestrial and 
aquatic species that feed at various trophic levels 
– plant matter, invertebrates and vertebrates (Ruiz 
Bruce Taylor & Bojorges Baños, 2014; Ruiz Bruce 
Taylor et al, 2017).

Small-scale fisheries in the lagoons involve handheld 
lines, cast nets and the more widely used gillnets. In a 
trade-off that is characteristic of developing countries, 
access to small-scale fisheries is important for rural 
food security but overharvesting intensifies when 
insecure food supplies combine with variable fishing 
resources (Andrew et al, 2007). Reciprocal agreements 
aimed at maintaining sustainable stocks involve 
protecting spawning and nursery areas, regulating 
access to the lagoons, closed seasons, and size limits 
(Allison & Ellis, 2001). Mangroves are beneficial to these 
fisheries because these tidal forests release humic 
substances that increase aquatic primary productivity 
and fish abundance (Flores-Verdugo et al, 1990). 
Furthermore, predation pressure on juvenile fish and 
crustaceans is often lower in mangroves because their 
prop roots provide cover and refuge (Lee et al, 2014). 
Mangrove fauna comprises a complex combination of 
terrestrial and coastal elements (Jiménez, 2004).

Seasonal sandbars close tidal channels that are opened 
unofficially to manipulate fisheries or reduce flooding 
in agricultural fields. However, this dramatically 
reduces water levels and increases salinity, leading 
to reductions in species richness and diversity in fish 
and zooplankton assemblages (Esteves et al, 2008). 
Coastal lagoons are open systems and land use in the 
watershed strongly influences the attributes of water 
inputs. Erosion from the Sierra Madre Sur contributes 
to extensive siltation in lagoons. On the coastal plain, 
irrigation is important because rainfed agriculture is 
jeopardised by low precipitation (650 mm/year) and 
frequent droughts. However, extraction of water for 
agricultural purposes alters river and groundwater 
dynamics, sometimes leading to mangrove mortalities 
(Tovilla Hernández et al, 2010). Irrigation contributes 
to diffuse groundwater recharge, but not enough to 
offset pumpage (Scanlon et al, 2006).

Nutrient run-off from coffee pulp and urea fertiliser 
increase phytoplankton biomass in Oaxacan lagoons 
(Avila-Foucat et al, 2009). While low levels of nutrient 
input may increase the food supply in aquatic food 
chains (Avila-Foucat et al, 2009), higher levels increase 
the biological oxygen demand, which can negatively 
affect fish, fisheries and a wide array of piscivorous 
wildlife species (Esteves et al, 2008). Increased nutrient 

input also stimulates monospecific emergent (eg 
cattails Typha spp) and floating (water lettuce Pistia 
stratiotes) vegetation. One negative effect of this is on 
birds requiring open areas for foraging (Thompson-
Ambriz et al, 2020).

Environmental sustainability
Environmental sustainability occupies a central position 
in maintaining biodiversity, agricultural production, 
fisheries and rural quality of life in the Mexican Pacific 
coastal region (Figure 4). The wildlife species’ habitats 
are in ecosystems that also provide essential services 
(eg hydrology, precipitation, food), and where self-
sustaining agriculture and small-scale fisheries are 
exploited adaptively to contribute to rural food security. 
Thus, undermining environmental sustainability has 
negative effects on biodiversity, but also on the quality 
of life, particularly as the loss of ecosystem services 
disproportionately affects the rural poor (Brandon 
et al, 2005). However, promoting sustainability faces 
multiple critical issues, including deforestation for 
agriculture, illegal hunting, soil erosion, depleting 
groundwater, inappropriate use of pesticides, artificial 
opening of sandbars, overharvesting of fish stocks and 
urbanisation (Figure 4).

Figure 4. Complex interactions between rural livelihoods and 
wildlife in the Mexican Pacific coast region. Some positive (blue) 
and negative (white) consequences (arrow heads) under a scenario 
of increase at the source of influence: (a) income and food, (b) im-
proved natural resource management, (c) increased urbanisation 
and infrastructure, (d) increased pressure on wildlife habitats, 
(e) increased pressure on fish populations, (f) decreased hunting 
of terrestrial wildlife, (g) increased monetary investment, (h) in-
creased loss of crops or stock to wildlife, (i) improved and stable 
conditions, (j) increased primary production due to low nutrient 
run-off, and (k) increased biological oxygen demand (due to high 
nutrient run-off), increased agrochemical input and decreased 
fresh water input to coastal lagoons) (Source: Mateo Ruiz)

The continual expansion of short-term or haphazard 
agriculture on marginal land extirpates wildlife through 
habitat destruction. Where agriculture and fishing are 



Agriculture for Development, 43 (2021)Article 1

8

sustainably productive, pressure on illegally hunted 
wildlife populations could potentially decrease (Figure 
4), although this also entails policing and cultural 
change. Some cultural changes to the rural way of 
life can contribute to unsustainability if increasing 
infrastructure impacts ecosystem functionality, or if 
consumer behaviour is environmentally irresponsible. 
Nonetheless, improving the quality of rural lives and 
livelihoods has the capacity to influence environmental 
sustainability positively, for example when education 
and social development lead to greater environmental 
awareness.

Examples of positive agricultural initiatives in this 
region are shade-grown and wildlife-friendly coffee 
and cacao plantations, terraced cultivation to reduce 
soil erosion, and the organic production of food plants, 
which is promoted by NGOs such as Ecosta Yutu Cuii 
and delivered by cooperatives such as Productoras de 
el Tomatal. Work towards species protection includes 
using ecotourism to raise awareness about wildlife 
and is carried out by cooperatives such as Servicios 
Ecoturisticos La Ventanilla and Cooperativa Aventura 
y Ecoturismo in Chacagua National Park. Some 
cooperatives use funding from ecotourism to carry out 
reforestation (Ruiz Bruce Taylor et al, 2013) and operate 
Wildlife Management Units to conserve river crocodiles, 
marine turtles and other species. Municipal legislation 
can provide clear directives to regulate fishing, hunting 
and deforestation (eg Sánchez García & Rodríguez 
Escamilla, 2009), while territorial zonation provides 
guidance on how productive activities can be congruent 
with the properties of each ecosystem (eg Anon, 2011).

Concluding remarks
This dynamic, mega-diverse region is undergoing 
transformation in terms of changing land use, 
increasing transportation networks, tourism 
investments, and demographics. In this context, 
natural resource management should prioritise 
improving the quality of rural life and ecosystem 
functioning over productivity for external markets. 
This focus is compatible with the United Nations “Life 
on Land” commitment to protect biodiversity and 
the homes of indigenous populations. There is scope 
for consolidating ecotourism, supporting existing 
sustainable agriculture, and re-enforcing innate 
appreciation for ecosystem services that engender 
wildlife conservation (Martin et al, 2011). Research, 
policy and funding should stimulate programmes that 
deliver resources, consultation and social development 
that prioritise effective protection for endangered 
species, integrated biodiversity conservation, and 
ecologically sustainable agriculture and fisheries.
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Before the coronavirus disease 2019 (COVID-19) 
pandemic struck, two issues had acquired a regular 
prominence in contemporary commentary on modern 
development, at least in countries on the ‘right side’ of 
the development spectrum: social inequality (high and 
getting worse) and the degradation of the world of 
nature (also high and getting worse). Both suggested 
that ‘growth’ and ‘development’, two terms that had 
dominated discourse about social progress for half 
a century, were not quite all they seemed, that they 
were not innocent, and that they had hidden costs 
– in terms of social suffering and climate change at 
odds with life itself. There was even a suspicion that 
the two costs may be systemically related, that both 
represented an ‘externalisation’ of important elements 
of the full costs of growth that is fundamental to the 
market-led organisation of production and exchange 
itself. Then came COVID-19, and we learned that, in 
terms of life experience and cost, there is one COVID-
19 for some – and something quite different for others. 
If we have learned anything from all this, it is that we 
have to look more closely at things we assumed were 
for the common good (or bad), that perhaps the “we” – 
in the sense of a community of shared interest and 
experience – hardly exists at all.

This seems particularly appropriate when we reflect 
on agricultural development, which I suggest we do – 
and more often. Very relevant questions are: by whom, 
and for whom? The proximate history of the promotion 
of agricultural development begins in the modern 
colonial period and responded to the concerns of 
colonial regimes for increased production of cash 
crops for the metropolitan system of production and 
consumption (and avoidance of ‘leakages’ of gold and 
silver) – as well as for improvement in the production 
of local food crops to liberate labour to serve the 
colonial economic enterprise. There is little new under 
the sun, and contemporary concerns with agricultural 

commodity chains echo very similar preoccupations of 
more than a century ago – often involving very similar 
‘solutions’. And, of course, there are the colonial and 
post-colonial political dimensions of agricultural (and 
rural) development: the relation between the concern 
with basic needs / community development and the 
‘hearts and minds’ campaign to control the South 
Vietnamese peasantry is very clear, not least because 
the presiding genius of both the Pentagon and the 
World Bank was the very same man.

The story of agricultural development, in the sense 
of ‘outsiders’ seeking to reshape local production and 
production relations – is something that stretches 
back to the very genesis of the modern world. Leaving 
aside the displacement of the peasantry in Britain, we 
can recall, as examples, the construction of the sugar 
systems in the Americas and the Caribbean, spice 
harvesting in the Moluccas, cotton production in the 
Mississippi valley, opium production in India under 
the aegis of the East India Company, and rubber 
production in Malaysia. The list is a long one. All were 
‘cutting edge’ for their day and contributed mightily to 
the accumulation of wealth, but principally elsewhere. 
As for the workers and the people whose land all 
this took place on, well, the story was not so happy: 
displacement, enslavement, mortal indebtedness, 
wretched exploitation. For them, poverty and 
hardship did not arise from being outside the system 
of ‘development’. It was the result of being within.

Intervention to organise agriculture and agricultural 
work (and workers) to benefit others has a robust 
history with long legs. National plans oriented to 
industrial and urban development rely implicitly and 
explicitly on raising the agricultural ‘surplus’ – and 
then expropriating it through controls on trade and 
prices, management of exchange rates, and taxes. 
Among the most conscious and explicit practitioners 
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of agricultural development as a machine for transfer 
of wealth out of agriculture was the Soviet regime 
between the two world wars, a regime which also 
fostered the most sophisticated analyses of the 
peasant economy and mechanisms and inter-sectoral 
transfers (in the works of Bukharin and Chayanov). It 
is not a question here of capitalism versus socialism, 
but of the rural world being developed for the interests 
of others as a source of value for capture and, as 
Arthur Lewis explored, of labour held in reserve for 
mobilisation on the cheapest possible terms.

As development assistance becomes ever more 
explicitly aligned with the political and economic 
interests of the rich donor countries, and as the 
benignly social democratic tinge of development 
discourse fades away, it becomes ever more urgent 
to ask whose interests are being served in rural 
development work, who directs that work, and who, 
if anyone, in the rural areas stands to benefit? It is not 
only a question for internationally funded work. The 
recent mass farmer strike against agricultural reforms 
in India demonstrates that differences between the 
development vision of farmers on the one hand, and 
national industrial and financial interests on the other, 
can run just as deep as the colonial and neo-colonial 
conflicts.

Private sector development seems to provide an 
alternative to state-led transformation and forced 
inter-sectoral transfers. Yet, market-led development 
has its own history – of increasing differentiation, 
concentration of property, reduction of independent 
producers to wage labourers and destruction of 
community. It is not at all clear that it is possible 
to pick this or that dimension of private sector 
development without unleashing the dynamics of the 
whole – least of all when development is conceived 
of as a ‘partnership’ between small- and large-scale 
producers. Asymmetries of power lead to asymmetries 
of destinies, including within ‘partnerships’. At a 
moment when agriculture is being asked to take on 
social and resource husbandry responsibilities, it is 
deeply ironic that private sector development should 
be seen as the way forward, given that its success has 
been partly founded precisely on not addressing those 
challenges.

One cannot help but believe that deep in the back 
of the mind of those who see a future for private 
sector development for small-scale farmers in Africa 

and Asia is an idyllic image of the family farm in the 
American mid-west. They should recall, however, 
that a story that might have started out with The 
Little House on the Prairie ended up with The Grapes 
of Wrath. What happens to, and in, agricultural 
development ends up being inseparable from that 
happens in other sectors, particularly the industrial 
sector and its own path of development. The more 
industry is seen as the motor, the more agriculture 
becomes its handmaiden, and the more the sector is 
seen in terms of its product and the less in terms of 
the conditions and interests of agricultural workers 
and farmers.

In the last century there has been, perhaps, one 
great experiment in building a different sort of 
agricultural development, one which saw agriculture 
and industry as not spatially and managerially 
separate, but as practised and managed within a 
unified system controlled by farmers and workers 
together according to criteria of utility and need. That 
was the People’s Commune system in China – with 
its highly deconcentrated industry and low level of 
spatial separation between industrial and agricultural 
workers and their activities. After a quarter of a 
century that experiment came to a very unpleasant 
end. The conditions that gave rise to it, the central 
role of the peasantry in the national independence 
and reconstruction efforts, were unique, but it offers 
important lessons for those who want to learn. It 
suggests that decentralised and collective control 
of assets and management of economic relations is 
vital to ensuring that development responds to the 
interests of the ordinary farmer and worker: not the 
‘rural poor’ of development discourse, but the ordinary 
men and women of their world. It also suggests that 
the more we focus on privatisation of assets and 
market exchanges among individuals, the more we 
ensure, in a highly unequal world, that agricultural 
development for them will not prevail. The argument 
from efficiency is incomplete unless it includes a 
clear understanding of who reaps the benefits and 
who pays the cost. If privatisation, partnership and 
‘free’ markets become the obligatory dimensions of 
agricultural development, then ‘we’, its practitioners, 
should well understand that what we are engaged in 
is a reconstruction that serves interests very far from 
the local farming community: it is not only in Little Red 
Riding Hood that the benign grandmother turns out to 
be the wolf in disguise.
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Newsflash
Campaign for an International Year of Rangelands and 
Pastoralists (IYRP)
The condition of the world’s rangelands is critical to our 
sustainable future. Not only for the people who directly 
depend on those lands for their livelihoods, but also 
for the billions who benefit from rangelands through 
agricultural products, energy, tourism, biodiversity 
and other ecosystem services. For this reason, an 
international group of people from governmental and 
non-governmental organisations is currently campaigning 
to gain approval from the United Nations for a resolution 
to designate an International Year of Rangelands and 
Pastoralists (IYRP).

Objective and expected outcomes of 
the IYRP

The objective of the IYRP is to increase understanding 
of the importance of rangelands and pastoralists 
for global wellbeing. Pastoralists are both users and 
stewards of the rangelands. Their stewardship is 
vital for achieving food and water security, resilient 
economies and improved environmental conditions. 
However, many forces – including land conversion and 
fragmentation, damaging fire, invasive plants, harmful 
subsidies and rural exodus – threaten the productivity 
and ecological integrity of these lands. Rangeland 
degradation increases conflicts over diminishing 
natural resources, endangers national and regional 
security, compromises economic productivity and 
robs younger generations of opportunities for a 
prosperous future. The condition of the world’s 
rangelands is critical to our sustainable future, 
yet rangelands and pastoralists remain subject to 
widespread misperceptions, biases and knowledge 
gaps, as was captured in the study by the United 
Nations Environment Programme (UNEP): A case of 
benign neglect: knowledge gaps about sustainability in 
pastoralism and rangelands (Johnsen et al, 2019).

The expected outcome of the IYRP is enlightened 
policies that lead to improved local livelihoods, 
enhanced environmental services, and sustainability 
of rangelands and pastoralism. Countries with large 
rangeland areas and pastoralist populations could 
gain access to multilateral funding that would increase 
scientists’ and practitioners’ capacities to monitor and 
predict trends in rangelands and livelihoods and to 
share findings, experiences and best practices.

Progress in the campaign
In 2019, the Government of Mongolia proposed to 
the Committee on Agriculture (COAG) of the Food and 
Agriculture Organization of the United Nations (FAO) 
that the year 2026 be designated as the IYRP. Over 50 
countries – including those in the European Union – 
and over 160 organisations worldwide supported this 
proposal. Among these were numerous pastoralist 
associations. At its 27th session in October 2020, 
the COAG endorsed the Mongolian proposal, which 
was also endorsed by the FAO Council in December 
2020. It is now on the agenda of the FAO Conference 
in June 2021, following which the resolution for the 
IYRP should be put before the United Nations General 
Assembly (UNGA) in September 2021.

Regional IYRP Support Groups (RISGs) have been set up 
around the world and are now soliciting more national 
governments and NGOs to submit letters of support 
for the resolution. After the UNGA, many members of 
the RISGs will meet at the Joint International Grassland 
and Rangeland Congress (IGC/IRC) in October 2021 in 
Nairobi. There they will seek to generate enthusiasm 
among researchers and practitioners to identify 
and fill the knowledge gaps about rangelands and 
pastoralists that were identified in the UNEP study 
and during the RISGs’ preparatory meetings online. 
They will draw up action plans at national and regional 
levels for activities and events to be carried out up to 
and during the IYRP in 2026.

Three sessions of the IYRP Congress will be devoted 
to understanding the major issues concerning 
rangelands and pastoralists in different regions of the 
world and to drafting the action plans.

Actions being planned for the IYRP
A draft Global Action Plan for the IYRP has already 
been compiled, based on the commitments made 
by international, national and local organisations – 
including pastoralist associations – in their letters of 
support for the Mongolian proposal. Actions to be 
organised in the coming years and during the IYRP 
include the following.

•	 Coordinated local to global social media and 
awareness campaigns to highlight key themes 
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related to rangelands and pastoralists, and increase 
their visibility to policy makers, consumers and 
rangeland users.

•	 National and regional events, awards, innovation 
fairs, video documentaries and educational 
materials.

•	 Analysis of gaps in existing data on rangelands and 
pastoralists, and transdisciplinary research to fill 
these gaps.

•	 Scientific congresses and pastoralist gatherings to 
share knowledge and develop strategies to deal 
with challenges and opportunities in rangelands.

•	 Global actions uniting environmental, social and 
economic aspects in an integrated vision.

For more information, see the highly visual IYRP ‘online 
booth’ (www.iyrp.info) with testimonials (‘Rangeland 
voices’), videos and photos from rangelands worldwide. 
For more detailed documents, see the archival IYRP 
website (https://rangelandsgateway.org/international-
year-rangelands-and-pastoralists-initiative).

International Year of Rangelands and Pastoralists 
(IYRP) Support Group

Contacts:

Ann Waters-Bayer, Agrecol Association for AgriCulture 
& Ecology, Coalition of European Lobbies for Eastern 
African Pastoralism (CELEP) Email: waters-bayer@web.
de / waters-bayer@agrecol.de

Engin Yilmaz, Yolda Initiative (Turkey) Chairperson 
of the Regional IYRP Support Group (RISG) in Europe 
Email: engin@bican.net

Note: People living in Europe who would like to join the 
campaign and generate letters of support can contact 
Engin Yilmaz.

Reference
Johnsen KI, Niamir-Fuller M, Bensada A, Waters-Bayer A, 2019. A case 
of benign neglect: knowledge gaps about sustainability in pastoralism 
and rangelands. Nairobi and Arendal, Norway: United Nations 
Environment Programme and GRID-Arendal.

News from the field
Does mechanisation make work easier and better?

David O’Neill

David O’Neill, formerly of the IDG at Silsoe Research Institute (SRI), from 2004 to 2018, continued 
his involvement with agricultural ergonomics in his own consultancy business. His main profes-
sional interests are the productivity, welfare and safety of people whose livelihoods depend on 
rural enterprises.

doneillassoc@yahoo.co.uk

A participatory ergonomics project carried out in 
South-East Asia included, among other things, a study 
on paddy field cultivation. The farmers were convinced 
that a power tiller (two-wheeled tractor) would, above 
all else, improve their productivity and livelihoods. 
The project put this idea to the test and a study was 
undertaken. The main results are outlined below.

After considerable discussion and a socio-economic 
assessment, the University of Udayana (Bali, Indonesia) 
team collaborating on the project agreed to monitor 
the use of a power tiller by a group of farmers from the 
village of Bongan where some of the paddy fields (see 
Figures 1 and 2) were steeply terraced. This monitoring 
included analyses of the costs and benefits, workload 

and operational problems to assess the general 
viability of power tiller use in their farming system.

Figure 1. Manual paddy cultivation (Photo: David O’Neill)

http://www.iyrp.info
https://rangelandsgateway.org/international-year-rangelands-and-pastoralists-initiative
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mailto:waters-bayer@agrecol.de
mailto:engin@bican.net
mailto:doneillassoc@yahoo.co.uk
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Figure 2. Diverse topography (Photo: David O’Neill)

The project purchased a Yanmar machine (for 
8 850 000 Rp – approximately GBP 2660) in May 1995, 
which is shown in operation in Figure 3.

Figure 3. Power tiller in use (Photo: David O’Neill)

The physiological effort for primary cultivation by 
hand, as depicted in Figure 1, has been measured 
by various researchers (eg Rogan & O’Neill, 1993) 
and a range of 300–350 W would seem to be usual. 
A relatively (but not completely) objective and 
convenient way of assessing workload is to measure 
heart rate, although individual differences need to be 
taken into account. The literature indicates that for 
heavy digging, heart rates around 120 beats/minute 
(bpm) would be typical and regular rest pauses would 
be expected.

In this study, the heart rates of eight volunteer 
farmers were measured to estimate their workloads 
while using the power tiller, as one part of assessing 
the impact on their livelihoods.

Some operations such as rotary tillage on level 
land (as, for example, shown in Figure 3) were not 
more demanding than typical agricultural work. 
Nonetheless, turning at the end of the field and, even 
more so, changing levels between terraces were very 

demanding. In fact, the weight of the power tiller 
(95 kg) required two people for lifting the machine to 
a higher level (Figure 4).

Figure 4. Moving the power tiller between terraces (Photo: 
David O’Neill)

The heart rates of the participating farmers for the 
three key power tiller operations are shown in Figure 5.
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Figure 5. Farmer heart rates when resting and for the various 
power tiller operations

To remove the effects of individual variation and bring 
the cardiovascular responses to workload into sharper 
focus, the data in Figure 5 have been processed to 
show the increases in heart rate for each farmer (and 
the mean). Increases in heart rate (above the resting 
rate) give a better indication of the work stresses than 
the actual heart rate alone. An even better indicator 
would be how great the increase is as a proportion of 
the maximum increase that an individual is capable 
of, but testing farmers to determine their maximum 
heart rates was regarded as inappropriate in these 
circumstances. Figure 6 shows the increases for each 
farmer associated with the various activities and the 
mean values for all eight farmers.

For simple driving, the mean heart rate increase was 
45 bpm which, being less than double the resting 
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heart rate, would be unlikely to feel stressful for 
these farmers over a working day. However, for 
manoeuvring the power tiller between levels, the mean 
increase was over 60 bpm, which could be regarded 
as stressful. If this operation were needed relatively 
infrequently (as portrayed in Figure 1), there should be 
adequate recovery time, but if it were repeated every 
10 minutes or so (as implied in Figures 2 and 3), the 
whole cultivation operation would be very arduous.
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Figure 6. Increases in heart rate for each farmer according to 
power tiller operation

In addition to the cardiovascular stresses, as indicated 
by heart rate measurements, the operators of power 
tillers who were surveyed reported other issues not 
directly related to physical effort. These included 
discomfort or numbness of the feet, legs, shoulders, 
back, hand tremor and tingling fingers. This last 
complaint could be related to ‘vibration white finger’ 
(Raynaud’s Disease, abbreviated to VWF), a physical 
degeneration that is irreversible.

Other significant comments relating to power tiller 
cultivation were: (i)  the quality of the cultivation is 
not as good as digging by hand; and (ii) using a rotary 
cultivator (between the cage wheels) gives poorer 
cultivation than using a fixed ploughshare but this 
method is more time (and probably energy/fuel) 
consuming than using the rotating blades.

From an economic perspective the power tiller 
can cultivate 5000 m2 per day but requires fuel and 
maintenance, transportation between non-adjacent 
plots and suffers depreciation.

Answering the question posed in the title is, therefore, 
not straightforward. The greatest advantage must be 
the increased area – by a factor of 10 – that can be 
cultivated by the use of a power tiller. However, several 
factors have to be offset against that. These are:

1. The quality of the cultivation

a. The subsequent effect on yield

b. And on income (if the crop is sold)

2. The topography and the consequences for 
manoeuvring the machine between levels

a. If two people are needed for this, productivity 
will be halved

b. But to balance this, each individual’s working 
day will be less arduous

c. On steeply terraced plots it may be possible to 
avoid two-person operation by starting at the 
highest level and moving down the terraces

3. The risks to health and wellbeing

a. There are more health and safety risks with the 
power tiller, but manual digging/cultivation is 
not without its own musculoskeletal risks

b. Risks can be reduced by adjustable handle 
height and anti-vibration handles

4. The cost of purchasing and maintaining the 
machine

a. A simple costing system carried out by a local 
economist showed the purchase of a power 
tiller at 8  850  000  Rp could be recovered in 
around two years (all major overheads included)

b. This is based on it being hired out (according to 
seasonal demand) at 65 000 Rp (GBP 19.50) per 
day and cultivating 5000 m2

5. The cost of moving the machine between plots

a. Transport on a truck/trailer unless walked under 
self-propulsion to and from non-adjacent plots.

Every case should be judged (carefully) in relation to 
its individual circumstances but, on the balance of 
evidence presented here, it can be concluded that 
it would seem that the introduction of power tillers 
brings a livelihood benefit.
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The extraordinary rise of deep bed farming in Malawi

Colin Andrews
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Abstract
Deep bed farming (DBF) uses conservation agriculture 
methods, but only after addressing the key underlying 
problem of agriculture in Malawi – the impenetrable 
hardpan in the soil formed by repeated hoe tilling 
and foot traffic. Properly breaking this hardpan is the 
first step to healthy soil, allowing roots to penetrate 
deeply and the ground to absorb water instead of it 
running off. According to our measurements, DBF has 
boosted average yields by more than double in the 
first year of adoption, producing dry maize yields of 
some 5 tonnes/ha, with further increases after that as 
soil health improves. Farming communities are only 
trained if they request it, and over 15 500 farmers have 
adopted so far. We believe the potential is so great that 
we urge researchers to come and study our methods.

Introduction: “common sense 
farming”

Malawi is a very poor country; its economy and society 
are dominated by smallholder agriculture. The fertility 
of Malawi soils is falling (Njoloma et al, 2016), and annual 
erosion of the soils is increasing – from 20 tonnes/ha in 
1999 to 29 tonnes/ha in 2015 (FAO, 2016) (see Figure 
1). This has led to food shortages and malnutrition on 
a wide scale with many farming families reduced to 
eating just one meal a day during the hungriest months 
of January and February (Gondwe, 2020b).

The biggest and most widespread problem with 
existing farming techniques, recognised in Malawi 
since at least 1999 (FAO, 1999), is that they compact the 
soil into a hard layer that water, air and roots cannot 
penetrate. In our experience, this affects diverse parts 
of Malawi, and is likely a problem elsewhere too.

Deep bed farming (DBF) has been developed through 
16 years of trials by Malawi farmers, on different slopes 
and soil types. After breaking up the hardpan with 
a pickaxe in the first year, the innovative bed design 
along the contour means that the beds are never 
tilled or walked on again, and rainwater that would 

previously have run off the hardpan and caused soil 
erosion is instead collected and absorbed into the soil.

Roots and air can penetrate the soil structure more 
deeply, pH levels rise, and soil nutrients improve over 
time. DBF provides a deep rooting zone, with cover 
crops, rotation, mulching composting and an end to a 
practice widespread in Malawi, namely the burning of 
crop residues.

DBF is conservation agriculture (CA) achieved. The 
details, including the simple ‘Ten Steps’ of DBF, are 
available at www.tiyeni.org/deep-bed-farming. 

Figure 1. Erosion: Compaction below surface on Zomba moun-
tain, and resultant catastrophic erosion after rain (reproduced 
with permission)

Figure 2. A broken-up hard pan. A Tiyeni field officer (centre) 
trains farmers in next steps (reproduced with permission)
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Farmers are conservative and wary of foreign methods, 
often for good reasons, cultural and practical, which 
are sometimes misunderstood by outsiders. Many 
globally respected farming technologies have failed 
to gain traction: for instance, fewer than two percent 
of Malawi’s smallholder farmers are estimated to 
have adopted CA practices, a pattern also found in 
neighbouring countries (Kaluzi et al, 2017: 87)

However, we believe that the rapid, visible and dramatic 
boost to yields (and the evident reduction or elimination 
of soil erosion during rains) from DBF’s simple first 
step – immediately opening up the soil to allow roots, 
water and air to penetrate deeply – is the key factor 
persuading so many farmers to want to test DBF, and 
to extend its use once they have tried it (see Figure 
2). Farmers normally try out DBF in the first year on a 
10 m × 10 m trial plot but thereafter, we have found that 
a large majority (72 percent, in the latest study) extend 
that in the second year (Mvula & Dixon, 2020).

There is demand from farmers for training. Farmers 
using DBF near paths or roads report passers-by 
visiting to enquire how they obtained such impressive 
crops. Further gains over ensuing years, as soil quality 
improves, help consolidate DBF’s reputation and its 
recent rapid word-of-mouth spread.

Costs are an important factor encouraging take-up. 
The most essential input – pickaxes to break the 
hardpan and line levels to keep exactly to the contour 
lines – are cheap. The replacement of artificial fertiliser 
with organic matter reduces input costs. And, after the 
initial heavy work breaking the hardpan and creating 
the deep beds, labour inputs are lower, as there is no 
subsequent soil tillage.

The various separate elements that make up DBF, 
with the exception of the particular design of the deep 
beds themselves, are known and used around the 
world in different contexts, but for various reasons the 
joining of all the elements into one effective system 
appropriate for Malawian smallholder farmers does 
not seem to have happened to any great extent. And 
yet, farmers who see, or who are trained in, DBF call it 
“common sense”.

A realisation of the importance of soil health has 
led to huge strides in good soil husbandry and an 
understanding that many current farming methods are 
not sustainable. The growth in CA on all continents is 
witness to that, and yet we continue to see methods used 
throughout countries in south-eastern Africa (eg mound 
planting, ridge and furrow, pit planting, no-dig agriculture) 
with strong proponents, that do not properly address the 
fundamental problems of soil compaction and hardpans. 
Pit planting may do so at the margin, but pits are typically 
too shallow at 15 cm deep (see, for example, Kidane et al, 
2019: 3; PennState Extension, 2005).

This paper promotes a new version of CA, called ‘deep 
bed farming’, describes its extraordinary effects, and 
urges further research.

Figure 3. Maize grown with traditional methods, light green, 
adjacent to DBF maize, dark green (reproduced with permission)

A history of deep bed farming
An investigation by the Food and Agriculture 
Organization of the United Nations (FAO) in 1999 
identified a “decline in the productive capacity of 
Malawi’s soil resources as a result of soil erosion 
and adverse changes in the hydrological, biological, 
chemical and physical properties of these soils”, 
resulting in “a pronounced fall in unfertilized maize 
yields, and a parallel decline in the response of crops 
to fertilizer” (FAO, 1999).

The same report also identified compaction and the 
existence of a subsoil hardpan as a central problem in 
all the eight regions studied. It added:

“Through this investigation it has been 
possible to confirm the occurrence of 
a simple but surprisingly unrecognized 
problem. To look at what goes on under the 
soil surface, especially to look at plant root 
systems and soil porosity, seems to be a new 
(or rather a forgotten) concept to the study 
team and most workshop participants. It is as 
if biological, physical and moisture processes 
occurring under the soil surface (i.e. which 
are not seen), are not worth considering in a 
strategy for improving soil productivity.”

Malawi subsequently experienced (more) hunger 
and famine. John Crossley, a former assistant district 
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commissioner, remembers: “People reduced to digging 
up banana trees and cooking their roots, roaming the 
country picking up banana skins to eat, or working until 
they dropped in other people’s fields – in return for a 
handful of flour. People were dying.” At village level, he 
asked what caused this crisis and the repeated reply 
was, “the land has lost its fertility”.

In 2002, Crossley met Francis Shaxson, a land husbandry 
(soil conservation) officer in Malawi before and after 
independence in 1964, who had co-authored that 1999 
FAO report. They stood together in a field during heavy 
rains, watching stormwater sluice off the land, and 
Shaxson explained how subsoil compaction hindered 
water infiltration, causing it to run destructively over 
the surface taking the topsoil with it, and causing crop 
roots to extend laterally and shallowly as they were 
unable to penetrate vertically. He discussed using a 
pickaxe to break up the compacted layer.

He also identified traditional ridge-and-furrow (and 
mound) farming methods as contributing to compaction, 
and subsequently sketched a new prototype to cultivate 
with wider, deep beds along contours which could take 
two rows of maize instead of one, and which need not 
be trodden on or tilled again (Figure 4).

Figure 4. An original drawing of bed-planting by Francis Shax-
son in 2002 (reproduced with permission)

Crossley tried out the new approach over the next 
decade with minimal resources but considerable success, 
adapting it through practical experiences with farmers. 
He set up a Malawian NGO, Tiyeni (which means “Let’s 
Go” in Chichewa, Malawi’s most widely spoken language) 
with a UK fundraising arm, the Tiyeni Fund.

By 2014, after a long period of trial and error and 
some modification of the original design, there were 
four villages and about 38 adopting farmers. However, 
yields were so high that demand from other farmers 
for training was intensifying (see Figure 3), and it was 
decided to expand operations. An office was opened, 
and more funding obtained for a wider roll-out of DBF. 
Trustees in the UK were told by Malawi staff, “The office 
is flooded with people asking for training!”  

By 2017, demand from communities, NGOs and 
government field officers in all three regions of 
Malawi (North, Central and South) was greater than 
the capacity of training staff, so a policy was adopted 
to develop ‘hotspots’ where larger numbers of farmers 
were pressing to adopt, and which could be turned 
into centres of excellence. Additional community 
benefits would include better water retention, which 
in turn would keep local wells filled to a higher level, 
the streams running for longer, and crops more 
resilient to climate change.

In June 2018, the British High Commissioner, Holly Tett, 
visited Tiyeni farms with Department for International 
Development (DFID) officials. She said how amazed 
she was to see brown shrivelled leaves of maize except 
where DBF was adopted, where there were strong 
stands of deep green maize bearing large cobs (see 
Figure 3). She said that this method is so obviously 
superior she was sure it would be adopted nationally.

The Malawi Government Research Organisation 
(DARS) set up a two-year, 80 split-plot trial beds 
research project in nine areas of Malawi. First year 
results were promising as noted in the DARS report:

“Deep bed farming can be a new good 
technology that may be promoted among 
farmers in Malawi as it increases both maize 
and biomass yields” (DARS, 2019)

Many government extension officials want more rapid 
roll-out; for example, government officials at all levels 
in Chitipa in the far north of Malawi have asked for 
DBF to be rolled out across the Karonga area. Official 
clearance is still awaited: we expect this will follow soon 
after the second year of DARS results during 2020.

Researchers from Kyoto University (Japan), 
Huddersfield University (UK) and Worcester University 
(UK) are currently evaluating DBF, and two NGOs (Luke 
International and Nchima Trust) have adopted DBF in 
their areas. The Government of Mozambique has also 
started to express interest, though Tiyeni is not yet 
present there.

How Tiyeni has adapted DBF to local 
conditions

Many of the ideas and thinking of DBF are Malawian: 
the fruit of discussion with, and experimentation by, 
Malawian smallholder farmers. The three university 
programmes studying DBF have helped identify three 
big improvement factors: increased crop yields and 
crop residues, complete cessation of visible erosion, 
and soil pH values rising towards 6.5.

The Tiyeni model has also been carefully adapted 
to local Malawian socio-cultural contexts. Notably, 
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earlier projects revolved around central village 
demonstration gardens, but this created tensions as 
to who in the community was (or was not) pulling their 
weight, and who benefitted. This system was replaced 
by a decentralised system of ‘adopting farmers’ 
working in group training on all the farmers’ fields in 
rotation. This reduces tensions, shares best practices, 
and fosters greater understanding of each other’s 
successes and challenges.

The further powerful element of DBF is that the all-
Malawian team of field officers and staff work on the 
principle that Tiyeni will only provide training on request 
by a farming community. Incentives are not offered to 
induce farmers to adopt DBF, apart from some small 
material inputs, including pickaxes and the animal 
‘pass-on’ programme – to provide dung for compost 
and to help community group cohesion. Demand for 
training is far above Tiyeni’s capacity to provide support.

Latest results
We continue to evaluate DBF, and now have a body 
of data to demonstrate its dramatic repeat success: 
better diets, higher yields and surplus crops, and 
higher cash incomes. A collection of Tiyeni and external 
reports is available at www.tiyeni.org/research.  

Yields
Our surveys have found that a conversion from 
traditional farming methods to DBF has raised yields 
by 50 to 250  percent in the next harvest, and this 
comparison is confirmed when DBF and traditional 
methods are tested in adjacent plots. On average, 
yields have been roughly 100  percent higher (ie 
double) in both kinds of comparison. For instance, our 
survey of 560 farmers in the 2018/19 season found 
average yields rising by 146 percent (nearly two and 
a half times larger) on adoption of DBF (Gondwe, 
2020b). In May 2020, a farmer in Chiteka achieved sun-
dried maize seed weight (off the cob) equivalent to 
9.75 tonnes per hectare, the highest achieved in a DBF 
farm so far. But many farmers achieve over 8 tonnes/
ha, which is close to four times the national average.

Costs, profitability and cash incomes
A 2020 study showed that while costs of DBF were 
slightly higher than conventional ridge farming in Year 
1 (due to high labour costs for breaking the hardpan 
and creating the deep beds), DBF costs fell to below 
conventional costs in subsequent years, as labour 
(tilling) and input costs (fertiliser) fell. Along with a 
doubling (and further increases) of yields, this led to 
an average ninefold increase in profitability versus 
conventional ridges in Year 1 (MWK 49 000 per hectare 
per year to MWK 427 000) and a further rise (12-fold 

increase) to MWK  624 000 on average over 5  years 
(Gondwe, 2020c) (USD1 = MWK 800).

Food security and hunger
In 2020, it was estimated that 1.9 million Malawians 
were food insecure (IPC, 2020). In a 2018 baseline 
study of 184 traditional farming households, farmers 
were classified as 24 percent severely food insecure, 
62 percent partially food insecure and 14 percent food 
secure (Gondwe, 2018). 

In a (smaller) sample of farmers who had practised 
DBF for at least six years, none were severely food 
insecure, 58 percent were partially food insecure and 
42 percent were food secure. During lean periods, the 
same survey found that families using DBF on average 
consume one extra meal per day compared with 
farmers growing crops conventionally.

Sustainability
Many projects using different farming technologies 
report positive rates of adoption while projects are 
running and incentives are in place, but a sharp fall-
off once they end. Research in June 2017 found that 
72 percent of DBF farmers would extend DBF in the 
following year, resulting in an 86 percent increase in 
land under DBF (Mvula & Dixon, 2020). All (28 percent) 
of the farmers who chose not to extend, cited the heavy 
work of breaking up the hardpan as the disincentive. A 
2018 baseline survey of 309 DBF-adopting farmers still 
receiving training support from Tiyeni reported that 
64  percent of farmers said DBF use was increasing, 
33 percent said it was static, and just 3 percent said it 
was falling (Gondwe, 2018). A subsequent survey of 112 
farmers where Tiyeni had stopped providing extension 
services showed a 55  percent rate of continued 
adoption (Gondwe, 2020a), which is high given that 
DBF was not then an officially approved method. By 
contrast, non-DBF CA has been heavily promoted by 
donors in Malawi but national adoption rates remain 
less than 2  percent for smallholder farmers (Kaluzi 
et  al, 2017: 87). Although it should be stressed that 
the 2 percent and 55 percent numbers are not directly 
comparable, a Tiyeni research report said that:

“In contrast to the slow / low adoption rates 
of CA noted in various countries including 
Malawi ... our research suggests that DBF 
adoption by farmers has been rapid and 
sustained ... of particular significance is 
the widespread spontaneous adoption of 
the DBF system by many farmers who had 
not received any formal extension support 
from Tiyeni; the practices and benefits of 
DBF have been disseminated informally via 
farmer-to-farmer observation and word of 
mouth” (Mvula & Dixon, 2020)

http://www.tiyeni.org/research
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By early 2020, nearly 15 500 farmers had adopted DBF, 
on minimal farmer inputs and a total Tiyeni budget of 
some GBP 120 000 per year.

Deep bed farming and the climate
Farmers tell us they no longer feel comfortable about 
“The Rains” – both the first rains when they normally 
sow their first crops, and the now frequent dry periods 
during the growing season. DBF, by trapping and 
storing moisture at depth, helps farmers cope with the 
effects of climate change. However, we also believe 
that by allowing roots to penetrate more deeply, DBF 
can also capture carbon in the soil and so help to 
mitigate global heating.

Impediments to an early Malawi-wide 
adoption

Tiyeni is a small charity with a big vision – to ensure 
that all farmers in Malawi are aware of DBF technology 
within five years. There is no plan to impose this, just 
to get the correct information out, and an aim to 
support those who want to implement it. We see the 
obstacles to wider adoption as follows.

Malawi Government: Although all the separate 
elements of DBF are tried and tested and approved 
practices, the combination into a consolidated 
method requires clearance from the Malawi 
Government research department (DARS) before it 
can be recommended by the Ministry of Agriculture. 
DARS research is ongoing.

Donors: Tiyeni, with a running cost of about 
GBP  120 000 a year, has flown below the radar of 
many donors. However, we are enthusiastic about 
potential partnerships with larger donors.

Conservation agriculture
A central tenet of CA is to minimise disturbance of the 
soil. DBF does not fit neatly into this category, because 
it involves physically breaking up the hardpan in the 
first year, in contrast to many CA practices which 
involve more patient methods to let plant roots and 
agroforestry break the hardpan biologically over the 
years. However, a basic CA recommendation is to 
break any hardpans (with subsoiling tines) before 
embarking on a CA regime.

One research paper shows that it takes 2–5 cropping 
seasons of CA/no-dig agriculture to start to see rising 
yields (Kidane et al, 2019). This time lag may be the 
time it takes for organic processes to penetrate the 
hardpan. However, this lag can be a fatal problem 
for conservative farmers, who will remain sceptical 
unless they see large, rapid results. DBF provides 

(among other things) that initial significant rise in 
yields that creates that necessary confidence. DBF is 
here to stay. A danger going forward will be if farmers 
learn from neighbours and apply what they think are 
DBF methods, but apply them inappropriately – such 
as not breaking up the hardpan first. If this happens, 
the results may disappoint farmers and discredit DBF 
for the future. There is now an urgent need to create 
the capacity to support all requests for proper DBF 
training.
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Innovations in agricultural practice and research: lessons 
learnt and ways forward
Robert Chambers

Professor Robert Chambers received the TAA Development Agriculturalist Award in 2020 in recog-
nition of life-long commitment to the needs of smallholder farmers and for bringing fresh and in-
spirational thinking to engaging them in agricultural research for development. Robert is currently 
a Research Associate and Professor Emeritus at the Institute of Development Studies, University 
of Sussex. He is author of a large number of publications including ‘Rural development: putting 
the last first’, which was a game changer when it was published in 1983. He was the champion 
of bottom-up and participatory approaches to rural development and the prime intellect in the 
design of the rural livelihoods approach that subsequently became a mainstay of the Department 
for International Development (DFID) programme. Robert is currently working mainly on partici-
patory methodologies, how we know, what we know, do not know and get wrong in development, 
and community-led sanitation.

r.chambers@ids.ac.uk 

First, thank you to the Tropical Agricultural 
Association for the honour, delight and 
encouragement of this totally unexpected award. In 
thinking about my undisciplined engagements with 
agriculture, I recognise that I have enjoyed some 
of the fun and excitement of being involved with 
many others in accompanying the movement for 
recognising farmers’ knowledge and capabilities, in 
what came to be known as Farmer First, and most 
recently in links between nutrition, sanitation and 
agriculture. In all this I have come to realise that I 
have repeatedly been wrong, most markedly, as I see 
it, about agricultural research and extension in the 
days of the Green Revolution in India. Based on these 
and other experiences, I have chosen to speak about 
generic sources of error in this field and how these 
may be reduced or eliminated in future. What have 
these errors often been and how can they be avoided 
and better practices promoted?

Conservatism
First, we need to recognise the heavy weight of the 
inertia of professional conservatism. This has many 
strands. Faculty members in universities and training 
institutes teach the same ideas year on year: being 
busy and under pressure they tend to take the easy 
path of using the same textbooks and teaching notes 
again and again. They are often insulated from field 
realities and have neither incentives nor often the 

means to make field visits. For their part, students 
lock into this by passing on their books to the next 
generation who are then also increasingly out of 
date and out of touch. On top of this, the system of 
peer-reviewing articles, more stringent perhaps the 
more prestigious the journal, invites criticism by 
professionals who may be threatened or otherwise 
inclined to dismiss new ideas and who feel duty-
bound to find things wrong. And then, insidious but 
usually unremarked, medium- or long-term funding 
for research institutes or programmes can bring 
with it commitments and targets that do not allow 
the flexibility to fit rapidly changing conditions and 
priorities. Finally, specialisation progressively narrows 
to become a tunnel vision microscope, knowing more 
and more about less and less.

Heresies
Second, heresies often meet strong opposition. 
Thomas Henry Huxley famously remarked that “it is 
the customary fate of new truths to begin as heresies 
and to end as superstitions”. Heretical apostates 
challenge presuppositions and frames of mind which 
can threaten conservative establishments and so are 
ridiculed and rejected.

Four examples illustrate this in agriculture.

•	 Integrated Pest Management (IPM), pioneered and 
promoted by Peter Kenmore in Indonesia, was 

mailto:r.chambers@ids.ac.uk
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at first opposed by commercial vested interests 
promoting pesticides. It set up a rival extension 
service before becoming a world movement, 
present in many countries.

•	 The Savory System of intensive grazing was opposed 
by researchers in Zimbabwe who carried out trials 
which, according to Alan Savory, were designed to 
fail. However, it too spread widely. I was astonished 
to find it being practised by my nephew who farms 
on Exmoor.

•	 The same fate of ‘trials that were bound to fail’ 
also befell the System of Rice Intensification (SRI) 
in West Africa, according to its main promoter 
Norman Uphoff. The International Rice Research 
Institute (IRRI) was in denial of the validity of SRI for 
perhaps a decade and its scientists rubbished it in 
prestigious journals and international conferences 
– before finally accepting it.

•	 Conservation agriculture has also been strongly 
opposed in some quarters.

IPM, the Savory System, SRI and conservation 
agriculture are all context-specific, but all have spread 
in the many conditions where they are applied. All 
have challenged conventional wisdom to some degree. 
All invite and have received adaptation by farmers, as 
is normal when innovations have several interlocking 
dimensions and are applied in diverse conditions.

For the future, the practical implication is to be 
open-minded about complex innovations, to value 
methodological pluralism, and to resist knee-jerk 
rejection. This is not to say that innovative systems 
should be adopted uncritically. On the contrary, they 
should be fairly assessed to identify conditions where 
they work and where they do not, encouraging further 
innovation and adaptation.

Biases and blind spots
Researchers, research and development programmes 
often have biases which leave blind spots 
unrecognised and unexplored.

Let us consider some of those which are more obvious. 
Many of them reinforce others. Some of the most 
widespread are visibility, measurability, convenience 
and behaviour. Rooting systems, and what happens 
out of sight in the soil, are examples.

The overwhelming majority of agricultural research 
relates to what happens and can be seen above 
the earth and relates directly or indirectly to 
photosynthesis. This is visible, obvious and convenient, 
but neglects roots and what happens under the 
surface. At one time, only one out of over a hundred 
scientists at IRRI was working directly on roots. Yet, 

more and more, the significance of fungi, worms and 
what happens below the surface has come to light, 
though we should note that Darwin studied and drew 
attention to the significance of worms.

In the soil, fungi are often an asset with symbiotic 
relationships. But in agriculture they manifest above 
ground mainly as diseases. Searching the indexes of 
books on agriculture, I have so far found all the entries 
on fungi to be about fungi above ground, with many 
references to fungicides. A parody of the mantra of 
Orwell’s Animal Farm “four legs good, two legs bad”, 
might be ‘above ground good, below ground bad’. 
Above ground scores better than below for visibility, 
measurability, convenience and ease of publishable 
output. Another example is irrigation in India at 
night, when at least 40 percent of all irrigation water 
is applied. Studying it is inconvenient and difficult to 
observe and measure, and probably takes more time 
to get a publishable paper out of. It largely remains a 
non-subject.

A further example from work on nutrition relates to 
infections of the small intestine and environmental 
enteropathy. This is impossible to observe, 
exceptionally difficult and expensive to measure, 
inconvenient and unattractive as a topic, largely 
unrecognised by nutritionists, and threatening to 
research programmes based solely on nutrition.

Finally, biased perceptions also derive from 
behaviour. Rural development tourism – brief rural 
visits by urban-based professionals – tend to be to 
scattered archipelagos of accessible communities 
around large urban centres to which visitors and 
officials are taken and from which their ideas of rural 
realities are constructed and reinforced through 
repetition.

Ways forward
All this presents wonderful scope for exploration and 
action. Here is a checklist of some ways forward.

•	 Conservatism: to be aware of and challenge the 
forces, mindsets and incentives that combine to 
predispose us to reject new ideas and practices.

•	 Heresies: to learn from past experience, to 
be open-minded, and to research and review, 
sometimes through action research, recognising 
the combinations of practices proposed, bearing in 
mind that not all innovations work.

•	 Biases: to recognise that many biases distort our 
perceptions and to offset these deliberately through 
our behaviour.

•	 Blind spots: to brainstorm collectively to search for 
blind spots and the opportunities and potentials 
they may present.
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Reflexivity
Antecedent to, and supportive of, these actions is 
reflexivity, which I use to mean reflecting critically on 
one’s perceptions, mindsets and predispositions. This 
demands a serious and sustained look at oneself in 
the mirror. This is easy to say, but can be hard to do. 
The tendency to postpone, or rush, or simply overlook, 
is deeply embedded. But reflexive practice can be 
transformative. In my case, I have found that I tend 
to see the positive in everything and to hide from or 
ignore whatever is conflictual.

One way forward may be to institutionalise time 
and meetings for reflection, for sharing one’s own 
critical reflections with peers and colleagues, and for 
encouraging and learning from them. This could start 
with meetings convened to brainstorm, identify and 
offset biases, and explore and shed light on blind 
spots.

Funding and flexibility
One common blind spot relates to the attitudes and 
conditions imposed by funding agencies, where much 
experience indicates the value of flexibility and being 
open to change. This is more acute than ever, given 
what appear to be accelerating rates of change in 
major parameters.

Here I must say that I would not have received this 
award had I not repeatedly in my career had the 
astonishing good fortune to have funders who allowed 
me to change topic and direction. They allowed, even 
welcomed, the changed activities I wanted to work on 
in the light of what I found in the field. Perhaps the 
most striking was a two-year research project in India 
and Sri Lanka, where my terms of reference were to 
study agricultural research and extension. But farmers 
were not interested in extension, and agricultural 
research would have benefitted from knowledge 
and skills I did not have. Engagement in the field with 
colleagues quickly identified a much higher priority, a 
huge blind spot that was of great concern to farmers, 
namely water management. Fortunately, all three of 
my funders – DFID, the Ford Foundation and the Aga 
Khan Foundation – readily agreed that I should work 
on this blind spot. This led to the heady excitement 
of exploration of water management and an enduring 
fascination with irrigation.

So, let me conclude with thanks again to the Tropical 
Agricultural Association, not least for the provocation 
that has made me reflect. I hope that there will be 
many in funding agencies and many who are funded 
for research and development action, who can enjoy 
the same freedom, flexibility and fun that I have been 
privileged to have.

Notice to members: Increase in
subscriptions from July 2021

At TAA’s Annual General Meeting held on the 3 December 2020, a recommendation from the Executive Committee for an 
increase in membership fees effective from 1 July 2021 was approved. The new fees will be:

Membership category and benefits Membership fees effective from 1 July 2021
Introductory GBP 0
Awardee GBP 0
Student GBP 20
Online individual GBP 60
Full individual GBP 75
Institutional membership GBP 180

For further details of membership levels, see: https://taa.
org.uk/membership-levels/
Although some costs have dropped due the COVID-19 
pandemic, others have increased substantially – notably 
those of the journal and the website.
The last membership fee increase was over five years 
ago. Although membership has declined slightly since that 
increase, many members have unfortunately continued to 
pay at historical rates despite frequent requests to update 
their bank standing orders. Although their contributions are 
welcomed, they do not receive full membership benefits.

Members are requested to adjust their standing 
orders, most of which are paid on 1 August each year. 
Institutional members will be invoiced at the new rates 
around that time.
Gift Aid: Those individuals who pay income tax in the UK 
can ‘Gift Aid’ their subscriptions to TAA. This allows the 
Association to claim an amount equivalent to 25 percent of 
their contributions from HMRC. TAA can only do this for those 
individuals who have signed a Gift Aid form (inside back cover). 
Unfortunately, we are unable to claim for those 75 percent of 
our members who have not completed a Gift Aid form. We are 
potentially losing out on a few thousand pounds.

https://taa.org.uk/membership-levels/
https://taa.org.uk/membership-levels/
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Opinion 2
The United Nation Food Systems Summit 2021: an 
alternative perspective
Benny Dembitzer

Benny Dembitzer is a member of the team awarded the 1985 Nobel Peace Prize. He is a Rockefeller 
Fellow and is an international development economist who has worked in sub-Saharan Africa for 
52 years. He is an active member of the TAA.

benny@ethical-events.org

Disclaimer: The views expressed in this article are those of 
the author and do not necessarily reflect the views of the 
Tropical Agriculture Association or its members.

Many of the contributors to the last issue of 
Ag4Dev (Ag4Dev42) made some very good points 
on the Summit. Yet, no one actually challenged the 
fundamental issue, namely that the agenda itself has 
been set by the most powerful and could well work 
against the interests of the weakest. In other words, 
“the lunatics have taken over the asylum” (Rowland, 
1919 cited by The Standard, 2016).

The Summit, like many of the wonderful international 
conferences since the United Nations Framework 
Convention on Climate Change (UNFCCC) Conference 
of the Parties in Paris Agreement in 2015, is a 
questionable and even empty idea that will delight 
researchers, policy makers, heads of major 
organisations and their employees, ministers of 
agriculture in various parts of the world, hotels in 
Geneva, New York and other major western capitals, 
and all sorts of people who run large NGOs.

I contest that it will not help one single farmer to 
become more productive. There are two main reasons 
for this. The first is the fundamental error that lies in 
believing that all societies across the world mirror those 
of the global North, the members of the Organisation 
for Economic Co-operation and Development (OECD). 
They do not. The poorest – overwhelmingly small-scale 
isolated farmers producing their own food from their 
own resources – have survived for millennia in very 
challenging environments, as well as through wars, 
slavery, foreign religions and colonialism. They have 
therefore become internally very strong and resilient, 
not just to their environment, but also to our ways 
of doing things. They will not change as a result of 
influences from the global North through investments, 
policies and programmes that may last perhaps only 
five years (typical World Bank timelines), or ten (typical 

NGO timelines). If you want to support change, you 
need to start from where they are, not where you 
think they should be.

The second reason is to think that decisions made at 
summits can be transmitted via long chains of links 
that each function well, and that can reach all the way 
to the grassroots. They do not.

Terrific idea and badly needed
Some 690  million people live with severe food 
insecurity and are chronically undernourished 
according to The State of Food Security and Nutrition 
in the World 2020 report, and the total number of 
people affected by moderate or severe levels of food 
insecurity is estimated at two billion people (FAO et al, 
2020). Around nine million people die every year of 
hunger and hunger-related diseases according to the 
international relief agency Mercy Corps (Mai, 2020).

To billions of people in Africa, Asia and Latin America, 
the critical issue is food security, not the quantity of 
food that will not reach them. To achieve that you 
need to treat food not as an industrial commodity, like 
motor car spares. Rather, it is vital to start from where 
they are, assist them to become more resilient and 
enable the poorest of them all to access education. It 
means promoting food sovereignty.

The motto of the Summit should be the dictum of 
the famous Indian economist, Amartya Sen (1999): 
the key issue for the poorest is access to food. I have 
personally witnessed two famines: Chad in 1973 and 
Ethiopia in 1985. There was food if you were in the 
army, in the police, in the militia or in the government 
party. But not for the poorest.

In 1980, sub-Saharan Africa had an almost balanced 
agricultural trade, but by 2007 its agricultural imports 
exceeded agricultural exports significantly. Africa’s 
food trade deficit started in the mid-1970s and has 
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grown fast, exceeding USD 13 billion in 2007, with the 
increase in food imports since the mid-1970s being 
particularly striking for basic foodstuffs (Rakotoarisoa 
et al, 2011). According to the United Nations 
Conference on Trade and Development (UNCTAD), 
from 2016 to 2018, Africa imported about 85 percent 
of its food from outside the continent, leading to an 
annual food import bill of USD  35  billion, which is 
forecast to reach USD 110 billion by 2025 (Akinwumi, 
2020). Approximately 41  percent of the population 
is in perpetual hunger (10  percent more than in  
the previous year), and one in three children will 
experience stunted growth in both brain and body. 
You do not recover from that during your lifetime. 
Furthermore, the World Bank (2020) has estimated 
that as many as 150 million people will be thrown into 
absolute poverty as a result of the coronavirus disease 
2019 (COVID-19) pandemic by 2021, depending on the 
severity of the economic contraction.

But it is a stitch-up
The food systems agenda has been taken over by 
vested interests linked to the promotion of the use of 
agrochemicals in the poorest countries. The problems 
of hunger in sub-Saharan Africa, or anywhere else, 
will not be solved by expensive genetically modified 
or chemically created seeds. That will only result in 
greater indebtedness of the farmers as they will be 
tied to the use of agricultural inputs required by such 
seeds. It will not solve the climate challenges that 
already seriously affect the tropics. Those will not 
be solved by a high-tech-driven agenda from which 
the poorest are excluded. We are seeing at present 
a revolt by farmers in India against the government 
because they are being manipulated into surrendering 
their lands. The farmers will lose out. The Indian 
Government does not want to give the farmers the 
right to their own lands, so that they could use them 
perhaps as security and organise themselves into 
cooperatives or whatever. Land reform is desperately 
needed. But, as Joe Stiglitz (2002) said, “governments 
across the world will not give land rights to their own 
people as that would alienate their own elites”.

The Summit is setting an agenda that will inevitably 
make the poor even poorer. It is morally wrong for 
illiterate and weak farmers be encouraged to use 
chemically produced seeds, fertilisers, pesticides 
that they will then be tied to buying for future crops. 
If they cannot read or write, they do not know how 
to use them. Farmers do not know that the seeds 
are inert – for millennia they have kept back some of 
the seeds to use the following year. If there is a poor 
season, they will be in debt. They will also get on the 
‘pesticides treadmill’. Rather than this, they need to 
become better able to improve their own agriculture 

through support from their own governments. But the 
governments of the South are too poor and weak to 
be able to make a stand. They have to open up their 
markets (to abide by World Trade Organization rules) 
and they cannot resist being forced to produce more 
and more commodities (coffee, tea, sugar, vanilla, 
cocoa, etc). You do not need a PhD in economics 
to understand that if every country in the world is 
encouraged to produce more and more of the same, 
too much similar produce on the market will lead to 
lower prices and a reduced income. The poorest – the 
farmer who grows the coffee, cocoa, tea and sugar – 
needs to work more and more to get less and less. 
This is called the ‘terms of trade’.

Everybody in the world of agriculture shares one 
common concern: people should not starve. But the 
starting point should be local: local solutions for local 
problems. The OECD and the United Nations should 
not set the terms of the debate, because there is 
no global solution where one size fits all. Climate is 
changing all over the world – we know that. But not 
at the same rate and with the same consequences 
everywhere. There are common problems of course, 
but there are only local solutions.

We should all grant far more voice to local civil society 
(such as Via Campesina and other representative 
civil society and producer organisations), work hard 
for genuine democracy over decision-making and 
devolution of power to local farmers’ groups, and 
work for food sovereignty.
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Abstract
This paper briefly discusses the state of the art of rock 
meal use and analyses farm tests on the agronomic 
application of biotite schist rock meal and other 
alternative inputs in tropical Brazil. It examines the 
various possible mechanisms involved in generating 
the farmer’s top yields with these alternative inputs, 
which were, unfortunately, confounded. It also 
highlights the trigger effect of zero tillage (ZT) on the 
discovery of new aspects in the interface of plants with 
soil micro-organisms. The place of farmer observations 
in new technology development is also discussed.

Introduction
In Brazil, and most countries with a developed 
agriculture sector, rock meals of limestone and 
phosphatic rocks have been used for at least 60 years 
and gypsum for 40  years. These have quite high 
nutrient contents, and have a reasonable degree 
of availability over time. Rock meal (Theodoro et al, 
2013; Ramos et al, 2015) is also known as ‘rock dust’ 
(very fine) (Li & Dong, 2013; Atungwu et al, 2014), ‘rock 

powder’ (finely ground) (van Straaten, 2006; Winiwarter 
& Blum, 2008), silicate agrominerals (Martins et al, 
2014; Marchi et al, 2020) or ‘remineralisers’ (Plata et al, 
2021, Theodro et al, 2020). These agrominerals furnish 
new minerals to the soil and cations to the soil’s cation 
exchange capacity (CEC). 

Moretti et al (2019) in a greenhouse test using dunite (a 
metamorphic rock of volcanic origin) showed release 
of magnesium (Mg) and silicon (Si) to the soil solution 
and incremental uptake by soybeans. The rocks that 
have been utilised recently in Brazil, principally for 
potassium (K) fertilisation, have, with few exceptions, 
low content of nutrients and most have low solubility. 
Manning (2010), in a review of alternative fertiliser 
sources, recommended “potassium silicate minerals 
and their host rocks (which in some cases include 
basic rocks, such as basalt)”, as alternative sources 
of K, “especially for systems with highly weathered 
soils that lack a significant cation exchange capacity”, 
very relevant for Brazilian Oxisols. In spite of a legal 
definition for its commerce under fertiliser law 
(MAPA, 2018), there are as yet no official research 
recommendations in the country for the use of 
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rock meal to substitute increasingly costly chemical 
fertilisers. But farmer Flavio Faedo – pioneer of zero 
tillage (ZT), now called conservation agriculture (CA) – 
six years ago pre-empted the official position and did 
his own farm tests (Figure 1).

Figure 1. First and second authors on the latter’s farm in Rio 
Verde, Goias state, Brazil (Photo: SP da Silva Neto)

The need for researchers to take heed of the 
observations of farmers when designing experiments 
is well exemplified here. It can ensure better focus, 
reduce time to reach advisory services and extension 
(private and public), and optimise future uptake of 
inputs and innovations. In spite of being confounded, 
the alternative (including regional) input treatments 
in these tests have produced slightly better results 
than with chemical fertiliser and at lower cost  
(F Faedo, personal communication, 2019). In view of 
several confounded possible mechanisms that may 
generate these results, this paper cannot pretend to 
be statistically sound. However, in order to provoke 
discussion, we make a logical analysis of these 
extraordinary farm results, the underlying bases 
of which need to be understood in order to design 
experiments and make concrete recommendations 
to farmers. The authors have been accompanying the, 
sometimes combative, discussions on the value of 
rock meal as a soil fertility-management tool in Brazil 
(GAAS, 2020) and the scientific investigations into 
these silicate rock meals. But there is a lack of long-
term field research on this subject.

Rapid-result greenhouse pot tests to elucidate 
the actions of rock meals are often limited by: 
(i)  incorporation of the rock meal in the soil as 
opposed to farm practice of broadcasting; (ii) lack of 
clarity on the source of the soil, whether biologically 
active under ZT for some years, or not; (iii) how far 
incubation can replicate the biological weathering 
actions of a mature ZT soil; (iv) what new bacteria or 
fungi inherent to the rock meal have been introduced; 
and (v) whether there are new micronutrients in rock 
meal specific to soil microbiota. In spite of these 

limitations, the quick results of these greenhouse 
tests are important to the unravelling of the impacts 
of rock meals on crops and farm profits.

The development and dissemination of rock meal 
technology parallels the early history of ZT, where 
Brazil has been a world leader. A lack of research 
results was exactly the position when, in 1988, the first 
author began a series of unreplicated on-farm tests 
on 60 hectares in Morrinhos, Goias state, to develop 
ZT technology and disseminate the results in Brazil’s 
tropical ‘Cerrado’ region (Landers, 1994). ZT (various 
authors), direct drilling (UK) or no-till agriculture 
(USA) were later renamed ‘conservation agriculture’ 
(CA) according to the Declaration of Madrid (Vanelph 
& Benites, 2001). Today, this technology (ZT)  is 
standard practice on about 18 million hectares in the 
Cerrado and is the very foundation of CA. Farmers 
took the lead and pulled research in for support.

In the wake of leaving the soil untilled, scientists 
discovered the multiple beneficial impacts of soil 
cover (IAPAR, 1981), regenerated soil microbiota 
(Mendes et al, 2018) and mesofauna (Bartz et 
al, 2013; Darwin, 1881). Darwin’s analysis of the 
behaviour of earthworms is a classic exercise in 
detailed observation and logical conclusions derived 
from this, before the birth of statistical analysis: this 
paper, aims to emulate Darwin in arriving at logical 
conclusions.

Background
Before the advent of short-season soybean and 
maize varieties that allowed a second crop, 145- to 
155-day monocrop soybeans (principal varieties 
Cristalina, Doko and IAC 2) were the sole crop in the 
Cerrado cropping pattern, followed by fallow, with a 
very low (and uneven) annual biomass contribution 
(first author farm experience, 1977–1995). Thus, this 
cropping pattern was not sustainable in the long term 
as a means of improving soil organic matter (SOM). 
The norm now is an annual soybean–maize succession 
and, increasingly, a grass cover crop under- or inter-
sown with the maize.

The rock meal question is complex and one must not 
generalise with this term because there are many 
rocks composed of different, often several, minerals 
with plant nutrient content, in many of which the 
nutrients are not readily available according to 
laboratory analyses – yet some are. To illustrate this, 
Hinsinger et al (1996) showed great variation with 
soil type in availability and wheat uptake of nutrients 
from granite rock powder in 20 West Australian soils 
in the greenhouse. Moreover, standard laboratory 
analyses underestimate the availability of nutrients 
to plants in a biologically active ZT/CA soil (Mendes 
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et al, 2018). Thus, beyond the chemical analyses, the 
efficacy of rock meals will also depend on the reaction 
with different soils, especially with their microbiota, 
and also on the fineness of grinding. Little response 
can be expected when the rock meal is of the same 
geologic origin as the soil. Undoubtedly, the slow 
release of nutrients by most rock meals will reduce 
leaching and generate longer-term effects after the 
year of application. These long-term effects become 
more difficult to determine experimentally.

Alternative inputs that supply, or promote, availability 
of crop nutrients in Brazilian soils are: non-legume 
crop inoculants, soil micro-organism inoculants, broiler 
litter, chicken and bovine manures and compost, 
the latter mostly used by organic farmers. Recently, 
inoculation of maize and other crops with Azospirillum 
brasiliense was developed in Brazil (Döbereiner,1966; 
Hungria, 2011).

The principal farm test reported here was on a deep 
tropical Oxisol (Ferralsol) under ZT for 25 years, now 
with soybean–second-crop maize, undersown with 
Brachiaria spp for biomass and recycling of nutrients 
leached or released from non-labile reserves by 
biological weathering (Nunes et al, 2020). The deep-

rooting grass stays green long into the dry season, 
having been planted after the day-length stimulus to 
flowering. This cropping sequence, repeated annually, 
does not comply with a pluri-annual rotation, but 
does appear to comply with the Food and Agriculture 
Organization of the United Nations’ current definition 
of CA, stipulating a minimum of three crops in a 
rotation (FAO, 2021). However, for the time being, the 
farmer considers it sustainable, as the maize makes 
a high biomass contribution to soil cover, resulting 
in SOM levels increased to over three percent and 
improved plant health (see ‘Farm tests’, below).

The Biotite Schist Fines (BSF) applied as a soil 
remineraliser in the farm tests are obtained from the 
decantation of gravel mine washings (80  percent < 
0.3 mm) at Aparecida de Goiás, Goiás state (distance 
480 km). Chemical and mineralogical compositions of 
BSF are presented in Tables 1, 2 and 3.

The minerals present in the BSF have different 
weathering potentials. Krahl’s (2020) studies of BSF 
show higher weathering rates of component minerals 
biotite, clinochlore and plagioclase. Biotite turns into 
vermiculite while releasing potassium to the soil and 
plants. Clinochlore furnishes magnesium and silicon, 
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Table 1. Major element composition (as oxides) of biotite schist fines (BSF)

Composition SiO2 TiO2 Al2O3 Fe2O3 K2O Na2O MgO CaO MnO P2O5 LOIa Total

BSF (mass %) 57.9 0.9 17.4 8.6 3.2 2.3 4.6 1.8 0.08 0.2 2.5 99.4

a LOI, loss on ignition.

Table 2. Estimate of the mineralogical composition of biotite schist fines (BSF)

Mineral Plagioclase Biotite Muscovite Clinochlore Quartz Garnet Ilmenite Apatite Total
BSF (mass %) 26.2 21.4 9.7 15.8 19.7 5.7 1.1 0.5 99.6

Table 3. Distribution of major element oxides by each mineral in biotite schist fines (BSF)

Composition Plagioclase Biotite Muscovite Clinochlore Quartz Garnet Ilmenite Apatite Sum1 Sum2

SiO2 17.8 7.9 4.4 5.0 19.7 2.3 0.0 0.0 57.2 57.9

TiO2 0.0 0.5 0.0 0.0 0.0 0.0 0.4 0.0 1.0 0.9

Al2O3 5.3 3.6 3.6 2.8 0.0 1.9 0.0 0.0 17.3 17.4

Fe2O3 0.0 2.8 0.0 5.0 0.0 0.0 0.7 0.0 8.5 8.6

K2O 0.0 2.2 1.0 0.0 0.0 0.0 0.0 0.0 3.2 3.2

Na2O 2.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.6 2.3

MgO 0.0 2.1 0.0 2.8 0.0 0.0 0.0 0.0 5.0 4.6

CaO 0.2 0.0 0.0 0.0 0.0 1.4 0.0 0.3 1.9 1.8

P2O5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.2

Sum3 96.6 96.9

Sum1 = total contribution by each mineral oxide major element.
Sum2 = total chemical analysis minus loss on ignition.
Sum3 = total oxide major elements.
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plagioclase silicon and sodium. Other minerals in BSF 
(quartz, muscovite, garnet and ilmenite) have greater 
resistance to weathering.

Figure 2 illustrates the increasing adoption of rock 
meals by non-organic and organic farmers; the weed 
species, ‘caruru’ (Amaranthus palmeri), is indicative 
of very high soil health (physical, chemical and 
biological).

Figure 2. Third author in a soya field with 10 years of rock 
meal management on Rogerio Vian’s farm in Mineiros, Goias 
state, Brazil (Photo: R Vian; reproduced with permission)

On-farm tests
The following data is drawn from a popular article in 
Portuguese (Landers & Faedo, 2020). The principal test 
in question used the following treatments (‘Alternative 
inputs’ in Table 4).

•	 Year 1: 5 tonnes of BSF rock meal per hectare, 
broadcast.

 A commercial multi-microbial inoculant – 200 ml/ha, 
in-row.

•	 Year 2: Bokashi, an organic fertiliser of soluble 
anaerobic compost extracts prepared on-farm, 4 
l/ha, sprayed, every other  year Following this, the 
multi-microbial inoculant is applied in even years.

•	 Year 3: 2 t broiler litter/ha, broadcast.

•	 Year 4: maintenance application of mica-schist rock 
meal at 2 t/ha, repeated every 3 years.

Other useful data collected were as follows.

•	 The commercial fertiliser treatment in the test was 
the same as for the farm in general: 110 kg/ha each 
of P2O5 and K2O, both broadcast.

•	 Total P (Mehlich) varied over the farm between 900 
and 1200 ppm, indicating high soil reserves (Nunes 
et al, 2020).

•	 Comparing chemical analyses of 2019 with the four 
previous years, available P (Mehlich) and K2O in the 
alternative inputs treatment (rock meal + others) 
versus the chemical fertiliser treatment were, 
respectively, 9.7 and 11.7 ppm for P2O5, and 89 and 
97 ppm for K2O.

•	 SOM analysis over both test treatments varied 
between 3.1 and 3.2 percent, relatively high levels 
for the region, due to ZT.

Farm tests – results
Table 4. Results of a five-year farm test (agricultural years 2014/15–2019/20) including rock meal and 
other alternative inputs, compared with chemical fertiliser

Year Soybeans (kg/ha) Maize (kg/ha)

Alternative inputs Cemical fertiliser Diff. (%) Alternative inputs Chemical fertiliser Diff. (%)

1 3900 3870 0.78 5820 5340 8.99

2 4500 4260 5.63 8820 8520 3.52

3a 4080 4080 0 4440 4440 0

4 3540 3780 –6.35   9120 8940 2.01

5 4740 4680 1.28 6600 6600 0

Averages 4152 4134 0.27 6960 6768 2.9  

a In year 3, due to harvesting difficulties, the two treatments were harvested together and the average yield is shown for both; however, 
the farmer visually estimated that there was a 10 percent advantage for the alternative treatment.
Source: Landers & Faedo, (2020).
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These results show, without doubt, that the farmer is 
attaining top yields of soybeans and maize without the 
addition of chemical fertiliser. In fact, the alternative 
treatment yields for soybeans and maize averaged 0.3 
and 3 percent, respectively, above those of chemical 
fertiliser. In years 1 and 2, this result might, at first 
sight, be attributed to either rock meal or one of 
the other alternative inputs, all three of which are 
confounded. But there are other possible factors 
in play: the crops could be drawing on soil nutrient 
reserves built up by 25  years of chemical fertiliser 
over-applications under ZT (Nunes et al, 2020); 
the Si in the mica schist could be having positive 
micronutrient effects on crop health (as reported by 
the farmer) and hence on yield (Atungwu et al, 2014; 
Li & Dong, 2013); or other micronutrients could be 
involved, especially with respect to the soil micro-
organisms. The small reductions in the 2019 levels 
of P and K in the alternative treatment (compared 
with average levels of the four previous years) would 
indicate use of these soil reserves, especially P (Nunes 
et al, 2020). The addition of broiler litter in year 3 and 
the maintenance application of BSF rock meal in year 
4 further confound the factors involved and their 
individual effects on yield cannot be separated out, 
but the joint result is inescapable.

Thus, one must interpret these results with caution, 
because there are eight factors confounded here: 
(i)  the rock meal per se; (ii)  the multi-microbial 
inoculant; (iii)  the organic compost extract, Bokashi; 
(iv)  the application of broiler litter in year 3; (v)  the 
year 4 maintenance application of rock meal; (vi) the 
probable supply of nutrients from the soil reserves; 
(vii)  possible impacts of Si on yield via improved 
plant health; and (viii)  undetected impacts of other 
micronutrients, especially on soil microbiota. Had 
professional researchers collaborated in the test 
design, this problem might have been averted.

Obviously, it will now require a quite complex replicated 
experiment (or experiments) to separate out the 
impacts of these individual factors. This is academic for 
the farmer: his actual practice is giving good results.

Figure 3. Flávio Faedo (right) and his farm manager, Jorge 
Alves (left), in the soya crop, cv. Brasmax Power: on the left 
chemical fertiliser and on the right, alternative inputs. What is 
the difference? (Photo: F. Faedo)

Next year, the farmer will include an unfertilised 
treatment on either side of the original two. This will 
give two controls and permit defining the level of 
contribution from soil reserves, assuming a constant 
nutrient supply from SOM breakdown. If the hypothesis 
of drawing down soil reserves proves correct, the 
farmer will have to monitor the decline in these reserves 
to be able to fertilise when they are depleted. It would 
appear that this could take several years. However, even 
if the effect of the alternative treatments were nil (not 
very likely), the farmer will have discovered a hidden 
reserve of nutrients in the soil which he can draw upon 
for some years to increase profits. As Gertrude Stein 
famously said, in 1909, “Rose is a rose, is a rose, is a 
rose” (Wikipedia contributors, 2021; Stein, 1922).

In another farm test in 2018, two tonnes of broiler litter 
plus 200 kg of NP (11–52) fertiliser and 330 kg of KCl per 
hectare was compared with the farm practice (110 kg of 
each of P2O5 and K2O/ha). The soya showed little difference 
in yield, but the second-crop maize was a revelation, 
yielding 2658 kg/ha for the alternative treatment versus 
only 600 kg/ha for the chemical fertiliser (low yields due 
to drought). Possible explanations could be: additional N 
from the broiler litter, soil N contribution from fixation 
by non-symbiotic soil bacteria (eg Azotobacter spp) or, as 
this was a year with little rain for the second crop, deeper 
rooting, encouraged by the alternative treatment, with 
access to more soil water (see the greening effect in 
Figure 4). Again, this requires replicated experimentation 
to separate out the confounded factors. But this 
practical result is unequivocal in its very magnitude and 
consistency. Farmers feel frustrated when research does 
not verify such outstanding results. And it may be up to 
three years before any official recommendations are 
promulgated, ie eight years after the first field test was 
started! The above results should serve as a basis to elect 
meaningful, focussed, treatments in replicated trials. 
Here we observe that much of the literature consulted on 
field and greenhouse trials did not clarify whether the soil 
was a biologically active soil under ZT/CA, or not, neither 
is it common to see the fineness of grinding cited.

Figure 4. Aerial view of the first farm test (2017, year 2). The 
dark green-blue diagonal strip  (below the lighter strip) shows 
where rock meal and other alternative inputs were applied – the 
lighter strip above is the lower-yielding chemical fertiliser treat-
ment (see Table 4) (Photo: Pioneer Sementes Brasil; reproduced 
with permission)
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Both intensive crop farmers who use agricultural 
innovations and practices that improve efficiency 
and small-scale farmers are excellent observers of 
nature and their observations are preponderantly 
correct; error occurs in their interpretation of true 
observations, which is often limited by the level of 
their wider knowledge. But here I would repeat my 
father’s saying: “When practice and theory disagree, 
practice is always right”. We must give credit to a 
farmer’s observations. They are pure gold because 
they make a living from them. However, they should be 
separated from the interpretations. Research–farmer 
collaboration should be predicated on this premise.

ZT itself was born of an effective combination of 
farmer and university extension specialists, to solve 
the farmers’ erosion problem for pasture renovation 
on sloping lands in Kentucky, USA (Phillips & Young, 
1973). The farmer is permanently present in their 
fields and among their crops and has time to 
observe and speculate on means to improve. Many 
innovations have originated from farmers’ creativity; 
many younger farmers have university degrees and all 
farmers have the right to be listened to.

Both the experience with rock meal and associated 
alternative inputs, and the need to follow and evaluate 
farmers’ innovations will be relevant in all countries. 
We hope this paper may engender a more efficacious 
collaboration between farmers and researchers, or 
extension professionals. À propos, we repeat here the 
words of Dr Alberto Duque Portugal, ex-president of 
Embrapa, on opening the 5th National Meeting on 
Zero Tillage (at Goiânia, Goiás, 1996): “What we have 
learned is that the first mechanism for identifying 
farmer demands is to pay great attention to what the 
farmer is saying, because (s)he knows what (s)he is 
talking about” (Saturnino & Landers, 2002).

Conclusions
There is enough experimental and farmer evidence 
for preliminary official acceptance of this technology 
with the proviso that field tests are lacking for specific 
recommendations by type of rock meal, fineness 
of grinding, soil type and crop response. An urgent 
priority is to assemble all available relevant data in 
a vade mecum of farm and experimental results, as 
published in Brazil for zero tillage in Landers (1994), at 
the same stage of knowledge of the new technology as 
is rock meal today.

The following points for discussion emerge from the 
analysis.

•	 Standardisation is required for the criteria to compare 
the availability of nutrients in rock meal, dust or 
powder, in a soil under ZT/CA that has a high capacity 
to accelerate biological weathering of minerals.

•	 Where farm tests show top yields without chemical 
fertiliser but treatments are confounded, these 
farmer results should not be written off, but be 
subject to replicated experimentation to define the 
mechanisms involved.

•	 Statement of the fineness of grinding is a legal 
requirement for the commercialisation of rock meal 
in Brazil, and is defined in two classifications by 
diameters: (i) filler, finely ground (dust or powder), 
of 3 classes: 50 percent min. < 0.3 mm 70 percent 
min. < 0.84 mm and 100 percent < 2 mm; (ii) coarsely 
ground, meal: 30 percent max. < 0.5 mm, 80 percent 
min. < 2.8 mm, 100 percent < 4.8 mm (MAPA, 2018).

•	 Applied agricultural research is not solely for 
academic curricula; it also enables farmers to 
improve their efficiency and is mostly paid for by 
taxes.

•	 When experiments show little or no statistical 
difference at P < 0.05, they should be re-analysed at 
P < 0.1 or P < 0.15. A farmer makes many decisions 
without such a degree of accuracy.

•	 Nomenclature should be clear as to the difference 
between rocks themselves and their constituent 
minerals.
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Mailbox
Hugh Brammer
Dear Editor,

I should like to add to David Dent’s wide-ranging and 
perceptive obituary of Hugh Brammer. David mentions 
the recognition of his work by the British Government 
with an OBE. This was not his only award. In addition, he 
received the Royal Geographical Society’s Busk Medal, 
a Presidential Gold Medal from Bangladesh, and FAO’s 
Sen Award for outstanding service as a field officer. It 
might have been this last of which he was most proud, 
although of course the recognition and gratitude of 
countless farmers was more important to him.

If I might add a personal note, I received much help 
from Hugh when writing my account of soil survey in 
the tropics (Thin on the ground, 2nd edition, 2017). To 
give a short example, he said I should never refer to 
CF Charter as Cecil, “He was always addressed as Mr 
Charter, or if you knew him well, Charter”. There is no 
documentary source from which I could I have learnt 
this!

Anthony Young
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How to avoid a climate disaster: 
the solutions we have and the 
breakthroughs we need

Bill Gates, 2021

Allen Lane (Penguin Random 
House, UK)

Hardback, 257 pages, £20

ISBN 978-0-241-44830-4

Bill Gates is a self-confessed 
technophile, and this book is a no-
nonsense technical appraisal of 
the current climate crisis situation 
and a clear-eyed proposal to get to 
zero carbon emissions by 2050. We 
are asked to keep two numbers in 
mind: 51 billion and zero. The first 
is the number of tons of carbon 
dioxide equivalent (CO2e) that 
we are emitting annually and the 
second is where we must get to 
by 2050 to avoid the impending 
climate disaster. The task will 
not be easy, fossil fuels and their 
derivatives are all pervasive in our 
lives as they are used to produce 
plastics, fertiliser, steel, synthetic 
fibres, cement and fuel. Given 
that oil is cheaper than Coca-Cola, 
producing green alternatives that 
are as cheap, or cheaper, is an 
uphill task. But, insists Bill, doable.

The main sources of emissions 
(and their percentage contributions 
to the 51  billion tons of CO2e) 

are: making things (31  percent); 
electricity generation (27 percent); 
agriculture (19 percent); transport 
(16  percent); and heating and 
cooling (7  percent). These are 
discussed in detail and the Green 
Premiums (additional costs over 
fossil fuelled sources) are estimated 
for carbon-free alternatives. Our 
immediate and urgent task is to 
work to reduce these Premiums 
to zero or less. We have some of 
the answers (eg solar, wind and, 
arguably, nuclear fission), but 
others (eg nuclear fusion, better 
batteries, and carbon capture 
and storage) require considerable 
investment.

The chapter on ‘How we grow 
things’ is possibly the section 
of greatest interest to Ag4Dev 
readers. It highlights the problem 
of animal production as a major 
contributor to the agriculture 
and forestry sector greenhouse 
gas (GHG) emissions. The main 
culprit is not CO2 but methane (28 
times more warming potential) 
and nitrous oxide (with 265 times 
more warming potential than CO2). 
The problem is getting worse as 
the world’s population expands, 
becomes richer, and prefers meat 
and dairy products. The planet’s 
one billion cattle produce four 
percent of global GHG emissions; 
and that is before the dung 
contribution is factored in. Better 
breeds, less consumption, and 
plant-based or cultivated meat 
are among the solutions. As is a 
reduction of wasted food products 
which are as high as 40 percent in 
the USA. The chapter also deals 
with fertiliser production (with new 
nitrogen-fixing crops as a possible 
solution) and deforestation, which 
has largely political overtones. Bill 
is an admirer of CGIAR and urges 
increased funding for research and 
development (R&D) to produce 
the innovations so desperately 
needed, especially by the world’s 

500 million smallholder farmers.

The book emphasises the 
importance of government policies 
for reducing emissions and getting 
to net zero; it also sets out seven 
clear goals for governments to 
achieve. These are: investment in 
clean energy R&D when the private 
sector will not invest; levelling 
the playing field by including 
externalities in the price of fossil-
fuel produced energy; overcoming 
non-market barriers (eg a lack of 
information on clean alternatives; 
trained personnel, and incentives); 
keep up to date; plan for a just 
transition (eg compensation for the 
losers in the fossil fuel industries); 
do the hard stuff (electricity storage, 
steel, concrete and fertilisers) and 
not just go after the low-hanging 
fruit (electric vehicles, solar and 
wind); and work on technology, 
policy and markets at the same 
time – they are complementary 
components of the solution.

Perhaps the loudest message is the 
need for international cooperation 
and collaboration. The climate crisis 
is a global concern requiring global 
solutions and geopolitical suspicion 
has no role to play. Bill’s ‘plan for 
getting to zero’ has been produced 
with perfect timing as we approach 
the United Nations Climate Change 
Conference (COP26) in Glasgow in 
November this year. The book offers 
clear advice on precisely what we all 
need to do, now, to reach zero net 
emissions by 2050 and, with the US 
back on board, has the potential 
to have a major impact on the 
Conference. A Green New Deal (see 
‘Bookstack’, Ag4Dev39, Spring 2020, 
p44–45) is within reach and we have, 
perhaps, one last chance to grasp 
the opportunity. Let us hope that 
this time the message is listened to, 
taken seriously and acted upon.

Brian Sims
(TAA Member)
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Under a white sky: the nature of 
the future

Elizabeth Kolbert, 2021

The Bodley Head, London

Hardback, 234 pages, £18.99

ISBN 978-1847925442

In her concluding chapter, 
Elizabeth Kolbert explains that 
this book is about people trying to 
solve problems created by people 
trying to solve problems. This is a 
succinct summary of her detailed 
accounts of the error-strewn 
efforts humankind has made to 
dominate nature. (Spoiler alert: it 
is an impossible task).

First, there is the barely credible 
story of interventions in the 
Mississippi catchment. In the early 
20th century, Chicago’s Sanitary 
and Ship Canal was built to reverse 
the flow of the Chicago River to stop 
sewage and offal discharge into 
Lake Michigan and instead take it 
down the Mississippi to the Gulf 
of Mexico. Problems arose when 
Asian carp, imported to control 
aquatic weeds and sewage algae, 
were now given an open door to 
destroy ecosystems in the Great 
Lakes catchment. Contract killing 
of the fish has not stopped the 
threat and so the canal has been 
electrified to deter migration. As 

this will not be enough, new plans 
involve bubble- and anti-fish noise-
barriers. You quickly get a sense 
of a never-ending series of human 
interventions designed to avert the 
disastrous consequences of earlier 
human interventions at the cost of 
many billions of dollars, and almost 
certainly doomed to failure.

The story continues on the 
Mississippi delta where land is fast 
disappearing as a result of the civil 
engineering designed to control 
the river and keep Louisiana dry. 
Building levees and pumping water 
lead to more subsidence with New 
Orleans now in a bowl below sea 
level, and so requiring higher 
levees and more pumping. The 
devastation wreaked by hurricane 
Katrina in 2005 should have 
alerted us to the evident truth that 
we are doing something wrong.

The book takes the reader on a 
dramatic journey through other 
thought-provoking examples 
of our follies producing greater 
follies. The Devils Hole pupfish in 
Nevada only exists in one place 
which was threatened by over-
extraction of water and radioactive 
incursion (as a result of nuclear 
bomb testing). Such was the 
danger that a whole new replica 
Devils Hole had to be constructed 
and given round-the -clock care to 
sustain it. Corals will only survive 
ocean acidification and warming 
if they are ‘helped’ by assisted 
evolution programmes to provide 
heat-tolerant algal symbiont 
strains. The cane toad story will 
be familiar to many. A South 
American species, 102 cane toads 
were introduced into Australia in 
1935 to control beetle larvae which 
were plaguing the sugar-cane crop. 
They are poisonous, eat anything 
and are devastating native fauna; 
also, they are spreading at 30 
miles a year and have evolved 
longer legs to move even faster. 
The solution? Genetic modification 
to induce gene drive inheritance 
and so produce non-toxic toads. 
The physical slaughter will also 

continue. Humans now presume 
to be able to drive evolution to the 
extent that Stewart Brand (editor 
of the Whole Earth Catalog) claims 
that: “We are as gods and have 
to get good at it”. Ed (EO) Wilson 
responded by observing that: “We 
are not as gods.  We are not yet 
sentient or intelligent enough to be 
much of anything”. Another view 
is that: “We are as gods, but have 
failed to get good at it”.

When James Watt started the 
Industrial Revolution with his 
revolutionary steam engine in 
1776, humans were emitting 
15 million tonnes of CO2 annually, 
today that figure is over 40 billion 
and we are 1.1ºC warmer. As we 
continue to increase our output, 
we are locked into the need for 
negative emissions to pull CO2 out 
of the air. All the 1.5ºC increase 
scenarios produced after the 
2015 Paris accord rely on negative 
emissions. Kolbert summarises 
some of the, sometimes 
outlandish, ideas being considered 
to capture carbon while continuing 
to consume energy and increase 
our population numbers.

In 1815, the Mount Tambora 
volcano in Indonesia threw 
enough particulate matter into the 
atmosphere to cool it sufficiently to 
induce frost in August in the USA. If 
a volcano can cool us, then humans 
can do it better and geoengineering 
is our next step. Seeding aerosols 
to reflect solar radiation seems 
to be something that could easily 
be achieved. However, this would 
require constant replenishment as 
particles return to earth. We would 
become addicted to the process 
and, if the process stopped for 
whatever reason, then the effect 
would be like opening a globe-sized 
oven door. While it continued, the 
particle injection would mean our 
skies would be changed from blue 
to white.

There is no question that we are 
heating up too rapidly and that we 
will probably need to employ all 
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means to combat the impending 
instability: cut emissions, remove 
carbon and geoengineering. The 
problem is: “It’s the unintended 
consequences. You think you’re 
doing the right thing. From what you 
know of the natural world, it should 
work. But then you do it and it 
completely backfires and something 
else happens”.

Brian Sims
(TAA Member)

A field guide to the (wetter) 
Zambian Miombo woodland: Part 1 
(Ferns & monocots), Part 2 (Dicots)

K Vollesen and L Merrett, 2020

Part 1, soft cover, p1–446; Part 2, 
soft cover, p447–1020. 

Published by Mike Merrett and 
Lari Merrett

ISBN 978-1-949677-20-1

Available from Mike Park Books 
(UK and rest of world except 
Africa), Silverheels Seeds and 
Books (Africa) and Bookworld 
(Zambia), £120–130 the set

We should celebrate individuals 
who devote themselves to 
expertise in specialist fields, 
especially taxonomists who can 
name and, thereby, place all 
creatures where they belong in 
the world and in time past and 
future. Dr Kaj Vollesan, a vastly 
experienced taxonomist of tropical 

African plants, based at Kew, and 
Lari Merrett, long-time denizen, 
close observer and photographer 
of the Mutinondo Wilderness Area 
in northern Zambia, have created 
something excellent, beautiful and 
unique – quite apart from its value 
to anyone wanting to identify plants 
in African tropical woodlands. This 
is an outstanding achievement: 
and Mike and Lari Merrett have 
gone the extra mile to undertake 
publication themselves. I wish 
that my old botany teacher, David 
Bellamy, was here to review them!

If you are not already enthralled by 
Africa, you will be transported by the 
front and back covers that illustrate 
the ecology and landscape of semi-
deciduous Miombo woodlands, 
intersected by seasonally wet 
dambos and interspersed by 
granite inselbergs. The Foreword 
by Noah Zimba, Secretary General 
of the Forestry Institute of Zambia, 
sets the scene from a national 
perspective; the Introduction by 
Paul Smith, Secretary General of 
Botanic Gardens Conservation 
International, provides a global 
perspective along with insights 
into Miombo ecology, the physical 
landscape and the chequered 
history of its management. Further 
context is provided by 30 pages 
detailing the botanical background 
and establishment of the 10 000 ha 
Mutinando Wilderness, new and 
novel species found within the 
area, geography and geology, and 
deforestation in Zambia – presently 
one of the fastest deforesting 
countries in the world.

The crowning glory of the book 
is the wealth and sheer quality of 
colour photos of the 1634 plant 
species that occur in the Mutinondo 
Wilderness. Each species is 
illustrated by three or four, 
sometimes eight, photos depicting 
its habit, leaves, flowers and fruit 
that enable positive identification 
by those of us no longer sure about 
their pinnates and lanceolates. 
There is 50-page photographic key 
to genera in five categories: ferns; 

sedges and grasses; creepers, 
climbers and lianas; herbs and 
sub-shrubs; trees and shrubs. In 
the main text, species are arranged 
within genus and genera within 
families in the same order as that of 
the Angiosperm Phylogeny Group 
(APG) IV system.

Most of these species have not 
been illustrated before, and 
never in this way. Lari Merrett 
has a botanical illustrator’s eye 
for distinguishing features; each 
species also has a three to five 
line description and notes about 
the geography, ecology, flowering 
time and, often, local names and 
etymology; and all are linked 
to authoritatively identified 
herbarium specimens. There is a 
glossary and indexes of common 
names and scientific names.

These volumes will be invaluable 
to researchers, professionals 
and tourists wanting to identify 
vascular plants anywhere in 
Zambia and, at the genus level, 
throughout tropical Africa.

David Dent 
(TAA Member)
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The Malabo Montpellier Panel 
(MMP) currently comprises 17 
leading experts, of whom 12 from 
Africa, specialised in agriculture, 
engineering, ecology, nutrition, 
and food security. It regularly 
commissions reports on key issues 
to help guide policy choices on food 
and nutrition security, facilitated 
by the Malabo Montpellier Forum, 
which brings together high-level 
decision makers to consider and 
act on the evidence produced by 
the MMP. This report is timely 
given that implementation of the 
African Continental Free Trade 
Area (AfCFTA), which came into 
force in mid-2019 after being 
signed by 54 countries, is to be 
restarted in 2021, having been 
delayed by the coronavirus disease 
2019 (COVID-19) pandemic.

The objectives of AfCFTA are 
ambitious – nothing less than the 
creation of a single continental 
market for goods and services 
reaching 1.3  billion people, 
with free movement of people 
and investments. This could 
pave the way for the eventual 
establishment of a continental 
customs union. By 2040, the 
elimination of tariffs on goods 
alone is expected to increase intra-
African trade by 15–20  percent 
or USD  50–70  billion. With all 
the measures aimed at reducing 
trade restrictions fully in effect, 
the eventual increase could 
be as much as 50  percent. 
Much of this growth in trade is 
expected to be in agriculture-

based products. There are eight 
African Union-recognised regional 
economic communities (RECs) 
among various subsets of African 
countries already in existence and 
the MMP report analyses in some 
detail the progress made in three 
RECs. These are the Economic 
Community of West African States 
(ECOWAS, established in 1975), 
the Southern Africa Development 
Community (SADC, 1992) and the 
Common Market for Eastern and 
Southern Africa (COMESA, 1994). 
The largest share of intra-African 
agricultural trade goes through 
all the RECs combined, and these 
three are the top ranked in terms 
of REC individual shares. There are 
important lessons to be learned 
from such historical experiences 
for the implementation of AfCFTA 
and this, essentially, is the focus of 
the report.

Some 80–90  percent of all 
African exports are destined 
for extra-African markets, with 
exports (by value) of minerals 
and oil far exceeding agricultural 
exports. However, agricultural 
products dominate intra-
African trade and, significantly 
in the light of recently renewed 
optimism about the prospects 
for African industrialisation, 
half of all recorded (ie formal) 
African agricultural exports are 
of processed goods. African 
agricultural exports to all 
destinations increased by 2.5 
times during 2003–2018, and the 
share of this accounted for by the 
three leading RECs has remained 
fairly constant. Given the length of 
time they have been in existence, 
this could perhaps be considered a 
little disappointing and makes this 
report all the more relevant.

The report points to a number 
of REC achievements regarding 
international trade. For example, 
COMESA is commended for its 
pragmatic approach to reducing 
trade barriers by focussing on 
institutional responses and 

especially for unlocking trade finance 
through banking and insurance. It 
is noted that the ECOWAS system 
of import levies means that it is 
almost entirely self-financing, that 
it was able to introduce an initiative 
aimed at improving the movement 
of food in the region, and that it 
was able to establish a free trade 
area with significant progress 
towards setting up a customs 
union. SADC meanwhile is “pursuing 
a resolute integration agenda” with 
a “robust and inclusive institutional 
framework complemented by 
synchronised [national] policies”. This 
is manifested, among other things, 
in the SADC Regional Agricultural 
Policy.

Much more remains to be 
done, however, to encourage 
the expansion of intra-regional 
trade, and action needs to be 
taken more quickly. The report 
sets out the key areas for action. 
It details the agricultural trade 
restrictions that still exist, such 
as non-tariff barriers (NTBs) and 
their associated transaction costs 
due to roadblocks, weighbridges, 
police roadblocks, cumbersome 
customs procedures, and 
local permits. In particular, 
countries often use sanitary and 
phytosanitary (SPS) regulations 
as NTBs to maintain unnecessary 
protection (SPS raises the cost 
of living of poor households in 
Kenya by nine percent), while 
continuing with high rates of 
official import tariffs in several 
cases. The combined cost of tariffs 
and NTBs can be substantial, 
the equivalent of 25  percent 
of import value in COMESA – 
three times that of ASEAN (the 
Association of Southeast Asian 
Nations). In addition to expediting 
the elimination of tariff and non-
tariff barriers, the report’s other 
main recommendations are to 
improve data systems; develop 
innovative models for financing 
transportation infrastructure; 
better align national with regional 
priorities (as already envisaged 
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in various existing programmes); 
increase investment in technology, 
skills and innovation in food 
processing to increase value chain 
competitiveness; and establish 
dedicated centres and task forces 
to increase capacity to deal with 
crises and shocks and keep food 
and agricultural trade flowing 
across borders. This is in the 
context of the COVID-19 pandemic, 
as a result of which Africa’s 
total exports (by volume) were 
projected to decrease by 8 percent 
and imports by 16  percent in 
2020. The report notes that while 
trade liberalisation can increase 
resilience to shocks, the inevitable 
adjustment costs associated 
with freer international trade (eg 
farmers unable to compete with 
imports in their own national 
markets) need to be carefully 
managed.

Much of the report’s ‘to do’ list with 
regard to increasing intra-African 
agricultural trade is not surprising 
in the context of the wider 
literature on the development of 
trade. However, it is refreshing 
that the MMP report explicitly 
recognises the importance of 
informal trade, which is sometimes 
more important than formal trade 
and is particularly critical for 
the supply chains used by poor 
households. There is significant 
evidence that informal trade 
plays important roles in reducing 
poverty, generating employment 
and incomes, and empowering 
women. Indeed, in the SADC 
region, about two thirds of all 
cross-border traders are women). 
However, World Bank studies 
estimate that informal traders 
pay 60  percent more per tonne 
than large-scale traders to cross 

borders. Yet switching to small 
formal trading – under existing 
trading conditions – would cost 
traders double the cost of informal 
trading. The need to remove such 
disincentives is underlined by the 
findings of a 2020 study of 45 
African countries that showed that 
poor trade facilitation increases the 
prevalence of undernourishment 
and widens the food deficit.

The MMP report makes extensive 
use of empirical evidence, with 
nearly 400 references cited. This 
makes its case to expand intra-
African agricultural trade because 
of the potential benefits to Africans, 
not least the more deprived ones, 
particularly compelling.

Martin Evans
(TAA Member)

International agricultural research news
Update on climate knowledge and adaptation approaches 
for fisheries and aquaculture

Despite encouraging political attention being paid to 
climate mitigation approaches in 2021, the world must 
embark swiftly on processes of climate adaptation in 
order to manage our food resources without conflict. 
New publications (including important syntheses by 
the Food and Agriculture Organization of the United 
Nations [FAO] – see Barange et al, 2018; Bahri et al, 
2021; Brugere & De Young, 2020; Ainsworth et al, 2021) 
are shedding light on the dimensions of the challenge 
to capture fisheries and aquaculture, and the adaptive 
and collaborative management steps that will have to 
be entertained to ensure fair accessibility and use of 
these resources into an uncertain future.

Marine fisheries
The fundamental changes in radiative forcing 
expected through this century as a result of the global 
accumulation of greenhouse gases are manifested in 
marine systems largely as an increase in sea surface 

temperatures, an increase in severe weather events 
(including typhoons and marine heatwaves), a rise 
in sea levels and coastal inundation, an increase in 
ocean acidification, reduction in dissolved oxygen and 
aragonite concentrations, and effects on upwelling 
systems and, potentially, ocean currents.

Global climate models project total maximum fish 
catch potential to decrease globally by 2050 from 
present yields by 2.8–5.3 percent under Representative 
Concentration Pathway (RCP) 2.6 or by 7–12.1 percent 
under RCP 8.5, but with substantial variability across 
national Exclusive Economic Zones (EEZs) (Barange et al, 
2018). An RCP is a greenhouse gas concentration (not 
emissions) trajectory adopted by the IPCC. In general, 
there is likely to be increased fish productivity at high 
latitudes and decreased productivity at low and mid-
latitudes. Tropical marine species have more limited 
thermal tolerances than temperate species (Lam et al, 
2020; Pinsky et al, 2018; Oremos et al, 2020) and the 
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distribution of many marine fishes and invertebrates 
has shifted towards either the North or South Pole (as 
the overall trend is away from the tropical belt towards 
higher latitudes) following ocean isotherms or into 
deeper waters. Observed and projected distributional 
shifts are estimated to be 30–130  km per decade 
poleward and 3.5 m per decade towards deeper waters.

Oremus et al (2020) used previously projected changes 
in the distribution range of 779 commercial fish species 
to estimate the number of species exiting national 
jurisdictions under moderate and high emissions 
scenarios up to 2100. Tropical nations are predicted 
to lose the most species under these scenarios (see 
Figure 1) with few if any stocks replacing them. Under 
RCP 4.5, the average tropical EEZ could lose seven 
percent of species by 2100 compared with 2012. This 
value increases to 40 percent under a high emission 
scenario (RCP 8.5). North-West African EEZs could 
lose the highest percentage of species, with South-
East Asia, East Africa, and Central America and the 
Caribbean also projected to experience steep declines 
in species under the higher scenario.

The oceans represent coupled systems but with large 
regional variation, which can give rise to particular 
vulnerabilities. The highly productive upwelling 
systems at the eastern boundary of the Pacific and 
Atlantic oceans, the California and Humboldt, and 
the Canary Current and Benguela systems seem to 
be undergoing changes in duration and seasonality 
with intensification of upwelling-favourable winds 
towards higher latitudes. Given the complicated 
interplay of land and water heating, winds, the thermal 
stratification of the water column and the influence of 
currents, each of these systems, important for national 
and regional fisheries, is likely to evolve in different 
ways. In the Philippines, a country already subject 
to roughly 20 typhoons a year, recent sea-level rise 
is three times (60  cm) the global average of 19  cm, 

exacerbating the likelihood of substantial damage 
following extreme events (Campos & Bagarinao-
Regalado, 2021). Superimposed on the long-term 
warming are short-term extreme warm temperature 
events (or marine heatwaves). During major El Niño 
events (1997–1998 and 2015–2016), extreme ocean 
temperatures in the tropics and subtropics caused 
mass bleaching of corals around the world. The 
number of marine heatwave days doubled in frequency 
over the period 1982–2016. Even at higher latitudes, 
marine heatwaves have disrupted fish stock recovery 
in the absence of precautionary planning (see Pershing 
et al, 2015 for the effects of marine warming on cod 
stocks). The metabolic effects of ocean warming and 
deoxygenation are projected to reduce the average 
maximum body size of marine fish in the tropics by 
about 20 percent by 2050 relative to 2000 under RCP 
8.5, as well as influencing their ranges.

These effects of a changing climate are already evident 
in marine fisheries. A recent compendium of case 
studies (Bahri et al, 2021) reports that the common 
concerns for fisheries scientists and managers are 
distributional change of ‘traditional’ fish stocks, 
changes in productivity and changes in the composition 
of species. Climate effects overlay the effects of good 
or bad fisheries management practices. Overfished 
stocks or exhausted or polluted coastal resources are 
particularly at risk from this convergence of drivers, 
potentially lengthening periods before stock recovery 
or, in some cases, bringing ecosystems to tipping 
point and commercial stock collapse. In general, 
countries for which fishing constitutes a substantial 
part of gross domestic product (GDP) or supports a 
large number of livelihoods with larger, mobile fleets 
may be able to adapt to gradual changes in fisheries, 
but nations with less-well-developed industrial fishing 
capacity, a greater proportion of small-scale coastal 
fisheries or less flexible post-harvest infrastructure, 

Figure 1. National loss of species. The number of species shifting out of each EEZ by 2100 under RCP 4.5 (a) and RCP 8.5 (b)  
(Source: Oremus et al, 2020; reproduced with permission)
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will be more vulnerable. Assessments of this sort place 
several tropical developing countries at the top of the 
vulnerability list (see, as an example, the situation of 
Angola in Allison et al, 2010, and the discussion in van 
der Lingen & Hampton, 2018). Poor communities in 
tropical zones will suffer losses while communities 
in northern latitudes experience higher fishing 
pressure as fleets move there. Changes in policies and 
regulatory systems will be needed to deal with climate 
change effects that impact fishing practices.

Instruments for managing change
The scenarios outlined above anticipate a disruption of 
traditional fishing practices, depending upon how fast 
these changes occur. Recent papers (Pinsky et al, 2018; 
Oremus et al, 2020) note that some marine fisheries (eg 
for Peruvian anchoveta, Pacific tuna) have adapted to 
large interannual or multidecadal fluctuations in target 
species. Regional fisheries management organisations 
(RFMOs) and agreements covering adjacent fishing 
nations would seem to be the instruments of choice for 
dealing with future climate-induced change. However, 
they tend to focus on individual stocks, and agreements 
are framed on the basis of the historical range of the 
stock and its partitioning into national waters. One 
particularly successful agreement has been fashioned 
to accommodate the migratory range of Pacific tuna. 
Pacific states provide 30  percent of the global tuna 
catch. Parties to the Narau Agreement share the benefits 
of skipjack tuna, which moves between the EEZs of the 
island countries (in this case, largely in a west–east axis), 
including in response to climate. The countries developed 
a ‘vessel day scheme’ which, with arrangements set 
annually, allowed parties to buy access to fishing even 
when tuna were not predominantly in their EEZ (Aqorau 
et al, 2018; Clark et al, 2021).

This example of intergovernmental cooperative 
management could be applicable to long-term species 
migrations. Currently, it remains between like-minded 
states, does not anticipate the permanent redistribution 
of skipjack tuna outside the combined EEZs of the 
parties and does not extend to the high seas. In general, 
shorter-term variability poses serious challenges for 
management (Oremus et al, 2020). Whether indeed 
stocks are moving in the short or the longer term may 
not be apparent initially, and this uncertainty might be 
reflected in a race to fish while stocks are still ‘available’. 
Failure to recognise climate effects on stocks can lead 
to maladapted responses (Pershing et al, 2015) even in 
short time frames. Developing countries that are not 
party to agreements over such stocks, and whose food 
dependency is on a range of stocks or species prone 
to migration, may have to enter into negotiation with 
neighbouring states and may need the support of 
international climate and environmental agencies to 
do so (Oremus et al, 2020).

Aquaculture
Global aquaculture produce was estimated at 
110.2 million tonnes in 2016, which included 80 million 
tonnes of food fish (worth roughly USD 230 billion). Asia 
accounts for about 89 percent of world production. 
Thirty-seven countries are today producing more 
farmed than wild-caught fish (FAO, 2018; Naylor et al, 
2021). A large proportion of the world’s poor derive 
food and income from aquaculture or from inland 
water fisheries (see below). Given the likely levelling 
off of both marine and freshwater capture fisheries 
production, aquaculture provides one possible route 
to create growth in the availability of seafood for 
nutritional purposes in the face of climate change 
(Soto et al, 2018; Bell et al, 2016).

Aquaculture is highly susceptible to climate 
effects (Rahman & Anisuzzaman, 2018) and to the 
deterioration of the aquatic systems in which it is 
situated. Climate change impacts on the production 
environment include the risk of enhancing disease 
and harmful algal blooms through altering pathogen 
prevalence and/or virulence, host susceptibility, 
transmission, and the risk of escapes from storm-
damaged holding facilities (land-based or coastal). 
Assessments show aquaculture operations in a 
number of countries in both high and low latitudes are 
highly vulnerable, and correlated with governance and 
management capacity at all levels. Research is required 
on the cumulative effects of multiple stressors but, as 
with capture fisheries, good management practices 
are a key element in strategies to raise the overall 
resilience of aquaculture systems.

It has been suggested that large-scale marine 
aquaculture, which permits fish cages to be submerged 
at cooler depths, might represent the future face of 
aquaculture. However, this idea has been contested 
(Belton et al, 2020) on technical, financial and social 
considerations. This is because offshore marine 
aquaculture will remain a commercial activity for 
high-value seafood markets, with production not 
accessible to the poor and, thus, unable to address 
their nutritional needs.

The largest recurrent cost in aquaculture farming is 
the feed. Advances in the design of aquaculture feeds 
now allow the inclusion of alternative protein and oil 
sources to fish meal, previously a limiting ingredient. 
Naylor et al (2021) noted, in their review of the 
evolution of aquaculture, the increasing integration 
of terrestrial and aquatic systems. Sustainability 
incentives and regulation also need to be approached, 
therefore, in an integrated and climate-smart fashion. 
The new feeds are still relatively expensive for many 
aquaculture enterprises. One could propose, for 
instance, that feed mills will need to be operated 
in geographical proximity to demand, so that the 
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substitute plant protein, having been grown with its 
own water burden, does not then travel thousands of 
kilometres, first as ingredient and then as feed.

Clearly, reducing vulnerability depends on adaptation 
measures that are broader than the aquaculture 
sector and there is a strong need to integrate 
aquaculture management and adaptation into 
watershed and coastal zone management. Rational 
site selection and water management are key 
components of future adaptive planning across 
sectors (Soto et al, 2018).

Inland fisheries
Global inland fishery production was estimated at 
11.9 million tonnes in 2017. While the distribution of 
inland fish catch is global, the major inland fisheries 
tend to be concentrated in the tropical and subtropical 
latitudes and in developing countries (plus Russia and 
Finland). Asia and Africa accounted for 67  percent 
and 25 percent of the reported inland fishery catch, 
respectively. Ninety-five percent of the catch is 
taken and eaten in developing countries. The food 
replacement value to developing countries would 
be very high should catch levels and water basins 
degrade due to climate or other factors (Ainsworth et 
al, 2021).

Thus, in all cases where there is high dependence on 
inland fisheries for food security, care will be required 
to ensure the sustained viability of water basins and 
their fisheries. The foreseen climate change impacts 
on inland fisheries are overshadowed by existing 
threats posed by population increase and related 
human development. These include overfishing, over-
extraction of water, introductions of non-native fish 
and other taxa, and the modification, degradation and 
loss of key habitats (Settele et al, 2014; Ainsworth et 
al, 2021; WWF, 2021). It is projected that two major 
inland fishery producers (China and India) are likely 
to face considerable stressors affecting their inland 
fisheries in the future. Other countries will likely face 
less-severe conditions.

The increase in water storage in response to uncertain 
precipitation and water stress will see increased 
reliance on culture-based fisheries and freshwater 
aquaculture development to replace or supplement 
inland fisheries. In some of the most important inland 
fisheries, detailed information is limited and there 
is a need for downscaled evaluations of the impacts 
of climate and other drivers (Harrod et al, 2018). 
Resolving water conflicts at the basin level will require 
cooperative international negotiations, or intersectoral 
decision-making in larger countries.

The likely impacts of climate change on aquatic 
systems are summarised schematically in Figure 

2, which locates the issues related to fisheries and 
aquaculture in both environmental, and livelihood and 
socio-economic contexts. Brugere & De Young (2020) 
provide detailed guidelines for the development of 
the fisheries and aquaculture component of National 
Adaptation Plans (NAPs) to combat the effects of 
climate change (see Table 1). These preparations 
are particularly important for tropical developing 
countries in which fisheries and aquaculture provide 
important contributions to national food and 
livelihood security. Element A of the preparations is 
essentially a national stocktaking and measurement 
of capacity. Element B requires technical assessments 
and inputs to describe the national context and its 
potential vulnerabilities in the face of likely climate 
change and other stressors; however, it envisages 
setting goals and priorities for the sector through 
fully engaged stakeholder processes. Element C is 
the preparation for introducing, and dovetailing, the 
aquaculture and fisheries plan as an integral part of 
the whole country’s NAP and requires intersectoral 
interaction and planning. Communication and the 
non-trivial monitoring and assessment – both of the 
target aquatic system in the face of change and the 
overall implementation of the plan itself – make up 
element D of this comprehensive approach. There is 
‘new’ literature that examines the social nexus of the 
deliberations between science and an array of users 
and how thinking about categories of adaptation 
measures, social structures, and even the practical 
timelines for the production of NAPs, may influence 
the process (Whitney et al, 2017; Cinner et al, 2018; 
Barnes et al, 2020; Lebel et al, 2021).

Adopting adaptive fisheries and aquaculture 
management, which are at the heart of the 
recommended actions to counter climate change, 
requires a commitment to planning, indicator 
development, and regular monitoring and 
evaluation to inform and steer the adjustments. 
Fisheries is a sub-sector used to working on the 
basis of probabilities and confronting a degree of 
uncertainty. The additional uncertainty associated 
with the rate of change in aquatic systems is taking 
fisheries managers and aquaculture farmers into 
uncomfortable territory. Management will have to 
be precautionary and based on a no-regrets policy. 
International efforts can continue to assist these 
national actions by, for example, continuing modelling 
studies to: bring scenarios down to local scales; to 
refine understanding of current aquatic ecosystem 
dynamics in a context of climate change (as many 
assumptions are based today, understandably, on 
species and ecosystem responses to former El Niño 
years – see, for example, Kifani et al, 2018); to provide 
evidence of stock shifts, case studies and best 
practice to countries, RFMOs and international water 
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Establishing the position of fisheries and aquaculture in national plans for 
adaptation to climate change

EAF/EAA = Ecosystem approach to fisheries / Ecosystem approach to aquaculture.

Figure 2. Schematic representation of potential impact pathways of climate change on fisheries and aquaculture system  
(Source: Brugere & De Young, 2020; reproduced with permission. Their schematic adjusted from Badjeck et al, 2010)

Table 1. Overview of elements and steps for addressing fisheries and aquaculture in a National Adaptation 
Plan (NAP)

Element A. Lay the groundwork 
and address gaps

A1 Fisheries and aquaculture institutional and individual capacity assessment to 
participate in the NAP development and implementation

A2 Assessment of prior and current engagement of fisheries and aquaculture in 
climate change adaptation processes

Element B. Preparatory 
elements

B1 Stocktaking of available information in support of the inclusion of fisheries and 
aquaculture in the NAP

B2 Analysing future impacts of climate change on fisheries and aquaculture

B3 Assessing the contextual vulnerability to climate change of fisheries and 
aquaculture systems and the people they support at appropriate levels

B4 Synthesis and ranking of fisheries and aquaculture climate change risks, impacts 
and vulnerabilities to determine adaptation goals

B5 Identifying, reviewing and prioritising fisheries and aquaculture adaptation options 

Element C. Implementation 
strategies

C1 Identification of the policy mechanisms in support of institutional adaptation, 
livelihood adaptation and risk reduction and management for resilience

C2 Integrating fisheries and aquaculture adaptation options and supporting policy 
measures

C3 Mobilisation of funds and human resources for implementation

C4 Feeding the fisheries and aquaculture adaptation plan contents into the general 
NAP and national fisheries and aquaculture development policies 

Element D. Communicating, 
monitoring and reviewing

D1 Dissemination and communication of climate change adaptation

D2 Monitoring and evaluation

Source: Brugere & de Young (2020); reproduced with permission.
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basin management; and to integrate understanding 
of likely effects across sectors (Thiault et al, 2019) and 
so advance capacity for trade-off analysis. Science-
based evidence will continue to be widely needed, 
including to guide (potentially) new governance 
instruments and a cooperative stance in maintaining 
the benefits of fish and aquatic systems in a changing 
world.

Acknowledgements: I am grateful to the authors of the 
papers cited for permission to reproduce illustrative 
materials. I am similarly grateful to Johann Bell for 
helpful comments on an earlier version of this paper. 
Responsibility for the views expressed in this article rest 
with the author.

References
Allison E, Perry A, Badjeck M-C et al, 2010. Vulnerability of national 
economies to the impacts of climate change on fisheries. Fish 
and Fisheries, 10, 173–196. https://doi.org/10.1111/j.1467-
2979.2008.00310.x.
Aqorau T, Bell J, Kittinger JN, 2018. Good governance for migratory 
species. (letter). Science, 361, 1208–1209. https://doi.org/10.1126/
science.aav2051. 
Ainsworth R, Cowx IG, Funge-Smith SJ, 2021. A review of major river 
basins and large lakes relevant to inland fisheries. FAO Fisheries 
and Aquaculture Circular No. 1170. Rome: Food and Agriculture 
Organization of the United Nations. https://doi.org/10.4060/
cb2827en.
Badjeck M-C, Allison EH, Halls AS, Dulvy NK, 2010. Impacts of climate 
variability and change on fishery-based livelihoods. Marine Policy, 34, 
375–383. https://doi.org/10.1016/j.marpol.2009.08.007. 
Bahri T, Vasconcellos M, Welch DJ et al, eds, 2021. Adaptive 
management of fisheries in response to climate change. FAO 
Fisheries and Aquaculture Technical Paper No. 667. Rome: Food 
and Agriculture Organization of the United Nations. https://doi.
org/10.4060/cb3095en.
Barange M, Bahri T, Beveridge MCM et al, eds, 2018. Impacts of climate 
change on fisheries and aquaculture: synthesis of current knowledge, 
adaptation and mitigation options. FAO Fisheries and Aquaculture 
Technical Paper No. 627. Rome: Food and Agriculture Organization of 
the United Nations.
Barnes ML, Wang P, Cinner JE et al, 2020. Social determinants of 
adaptive and transformative responses to climate change. Nature 
Climate Change, 10, 823–828. 
Bell J, Cheung W, De Silva S et al, 2016.  Impacts and effects of 
ocean warming on the contributions of fisheries and aquaculture 
to food security. In: Laffoley D, Baxter JM, eds. Explaining ocean 
warming: causes, scale, effects and consequences. Gland, Switzerland: 
International Union for Conservation of Nature, 409–437. http://
dx.doi.org/10.2305/IUCN.CH.2016.08.en.
Belton B, Little DC, Zhang W et al, 2020. Farming fish in the sea will 
not nourish the world. Nature Communications, 11, art. 5804. https://
www.nature.com/articles/s41467-020-19679-9. Accessed 25  May 
2021.
Brugere C, De Young C, 2020. Addressing fisheries and aquaculture in 
National Adaptation Plans. Supplement to the UNFCCC NAP Technical 
Guidelines. Rome: Food and Agriculture Organization of the United 
Nations. https://doi.org/10.4060/ca2215en. 
Clark S, Bell J, Adams T et al, 2021. The Parties to the Nauru Agreement 
(PNA) ‘Vessel Day Scheme’: a cooperative fishery management 
mechanism assisting member countries to adapt to climate variability 
and change. In: Bahri T, Vasconcellos M, Welch DJ et al, eds. FAO 
Fisheries and Aquaculture Technical Paper No. 667. Rome: Food and 
Agriculture Organization of the United Nations, 209–224. https://doi.
org/10.4060/cb3095en. 
Campos WL, Bagarinao-Regalado A, 2021. Climate change and the 
Philippine sardine fisheries: status of stocks, stressors, threats and 
measures for sustainability. In: Bahri T, Vasconcellos M, Welch DJ et 
al, eds. FAO Fisheries and Aquaculture Technical Paper No. 667. Rome: 

Food and Agriculture Organization of the United Nations, 127–146. 
https://doi.org/10.4060/cb3095en. 
Cinner JE, Adger WN, Allison EH et al, 2018. Building adaptive capacity 
to climate change in tropical coastal communities. Nature Climate 
Change, 8, 117–123. https://doi.org/10.1038/s41558-017-0065-x.
FAO, 2018. The state of world fisheries and aquaculture 2018: meeting 
the Sustainable Development Goals. Rome: Food and Agriculture 
Organization of the United Nations. 
Harrod C, Simmance F, Funge-Smith S, Valbo-Jørgensen J, 2018. 
Options and opportunities for supporting inland fisheries to cope 
with climate change adaptation in other sectors. In: Barange M, Bahri 
T, Beveridge MCM et al. FAO Fisheries and Aquaculture Technical Paper 
No. 627. Rome: Food and Agriculture Organization of the United 
Nations, 567–584.
Kifani S, Quansah E, Masski H et al, 2018. Climate change impacts, 
vulnerabilities and adaptations: eastern central Atlantic marine 
fisheries. In: Barange M, Bahri T, Beveridge MCM et al. FAO Fisheries 
and Aquaculture Technical Paper No. 627. Rome: Food and Agriculture 
Organization of the United Nations, 159–184.
Lam VWY, Allison EH, Bell JD et al, 2020. Climate change, tropical 
fisheries and prospects for sustainable development. Nature Reviews, 
Earth & Environment, 1, 440–454. https://doi.org/10.1038/s43017-020-
0071-9.  
Lebel L, Navy H, Jutagate T et al, 2021. Innovation, practice, and 
adaptation to climate in the aquaculture sector. Reviews in Fisheries 
Science & Aquaculture. https://doi.org/10.1080/23308249.2020.1869
695.
Naylor RL, Hardy RW, Buschmann AH et al, 2021. A 20-year 
retrospective review of global aquaculture. Nature, 591, 551–563. 
https://doi.org/10.1038/s41586-021-03308-6. 
Oremus KL, Bone J, Costello C et al, 2020. Governance challenges 
for tropical nations losing fish species due to climate change. Nature 
Sustainability, 3, 277–280. https://doi.org//10.1038/s41893-020-
0476-y. 
Pinsky ML, Reygondeau G, Caddell R et al, 2018. Preparing ocean 
governance for species on the move. Science, 360, 1189–1191. https://
dx.doi.org/10.1126/science.aat2360. 
Pershing AJ, Alexander MA, Hernandez CM et al, 2015. Slow adaptation 
in the face of rapid warming leads to collapse of the Gulf of Maine 
cod fishery. Science, 350, 809–812. https://dx.doi.org/10.1126/science.
aac9819. 
Rahman M, Anisuzzaman A, 2018. Video on climate risk reduction 
in aquaculture. Penang: WorldFish Center. https://hdl.handle.
net/20.500.12348/4123.
Settele J, Scholes R, Betts R et al, 2014. Terrestrial and inland 
water systems. In: Climate change, 2014. Impacts, adaptation, and 
vulnerability. Part A: Global and sectoral aspects. Contribution of 
Working Group II to the Fifth Assessment Report of the Intergovernmental 
Panel on Climate Change. Cambridge, UK and New York: Cambridge 
University Press, 271–359.
Soto D, Ross LG, Handisyde N et al, 2018. Climate change and 
aquaculture: vulnerability and adaptation options. In: Barange M, 
Bahri T, Beveridge MCM et al. FAO Fisheries and Aquaculture Technical 
Paper No. 627. Rome: Food and Agriculture Organization of the 
United Nations, 465–490.  
Thiault L, Mora C, Cinner JE et al, 2019. Escaping the perfect storm 
of simultaneous climate change impacts on agriculture and marine 
fisheries. Science Advances, 5(11), art. eaaw9976. https://dx.doi.
org/10.1126/sciadv.aaw9976. 
van der Lingen CD, Hampton I, 2018. Climate change impacts, 
vulnerabilities and adaptations: southeast Atlantic and southwest 
Indian Ocean marine fisheries. In: Barange M, Bahri T, Beveridge 
MCM et al. FAO Fisheries and Aquaculture Technical Paper No. 627. 
Rome: Food and Agriculture Organization of the United Nations, 
219–250. 
Whitney CK, Bennett NJ, Ban NC et al, 2017. Adaptive capacity: from 
assessment to action in coastal social-ecological systems. Ecology and 
Society, 22(2), art. 22. https://doi.org/10.5751/ES-09325-220222. 
WWF, 2021. The world’s forgotten fishes. Gland, Switzerland: World 
Wide Fund for Nature. https://wwf.panda.org/discover/our_focus/
freshwater_practice/the_world_s_forgotten_fishes/. Accessed 25 May 
2021.

Peter Gardiner 
(TAA Member)

https://doi.org/10.1111/j.1467-2979.2008.00310.x
https://doi.org/10.1111/j.1467-2979.2008.00310.x
https://doi.org/10.1126/science.aav2051
https://doi.org/10.1126/science.aav2051
https://doi.org/10.4060/cb2827en
https://doi.org/10.4060/cb2827en
https://doi.org/10.1016/j.marpol.2009.08.007
https://doi.org/10.4060/cb3095en
https://doi.org/10.4060/cb3095en
http://dx.doi.org/10.2305/IUCN.CH.2016.08.en
http://dx.doi.org/10.2305/IUCN.CH.2016.08.en
https://www.nature.com/articles/s41467-020-19679-9
https://www.nature.com/articles/s41467-020-19679-9
https://doi.org/10.4060/ca2215en
https://doi.org/10.4060/cb3095en
https://doi.org/10.4060/cb3095en
https://doi.org/10.4060/cb3095en
https://doi.org/10.1038/s41558-017-0065-x
https://doi.org/10.1038/s43017-020-0071-9
https://doi.org/10.1038/s43017-020-0071-9
https://doi.org/10.1080/23308249.2020.1869695
https://doi.org/10.1080/23308249.2020.1869695
https://doi.org/10.1038/s41586-021-03308-6
https://doi.org//10.1038/s41893-020-0476-y
https://doi.org//10.1038/s41893-020-0476-y
https://dx.doi.org/10.1126/science.aat2360
https://dx.doi.org/10.1126/science.aat2360
https://dx.doi.org/10.1126/science.aac9819
https://dx.doi.org/10.1126/science.aac9819
https://hdl.handle.net/20.500.12348/4123
https://hdl.handle.net/20.500.12348/4123
https://dx.doi.org/10.1126/sciadv.aaw9976
https://dx.doi.org/10.1126/sciadv.aaw9976
https://doi.org/10.5751/ES-09325-220222
https://wwf.panda.org/discover/our_focus/freshwater_practice/the_world_s_forgotten_fishes/
https://wwf.panda.org/discover/our_focus/freshwater_practice/the_world_s_forgotten_fishes/


Opinion 3Agriculture for Development, 43 (2021)

43

Opinion 3
‘Conservation Agriculture Plus’
James Biscoe

James Biscoe, a Member of TAA since 1989, is a Reading Agricultural Economist who diverted into 
agricultural extension to learn how to better bring agricultural economics to farmers. He has 
practised this profession for 40 years, starting in Zimbabwe and working in many places including 
Vanuatu, Eswatini, Abu Dhabi, Malawi, Tanzania, Timor Leste and a good number of others. A sig-
nificant part of his work has been in coffee: covering research and extension through to production 
and marketing. He is still active as a consultant and Ag4Dev Deputy Editor-in-Chief.

jamesbiscoe@googlemail.com

Background
Conservation agriculture (CA) is, intuitively, a good 
thing. Expenditure on tillage, in terms of labour, 
draught power and mechanical inputs is, where 
appropriate, reduced. Husbandry activity, like the 
tillage, is limited to the specific areas where the plant 
roots do their work, thereby saving on effort and 
concentrating the nutrients and weeding where they 
are needed. What is the point of fertilising between 
the rows so that you get bigger and better weeds, then 
just to spend more time, effort and cost getting rid of 
them?

Crop rotation, first developed in the UK in the 18th 
century (ie the 1700s), still works and is relatively 
cheap to implement. Planting on the contour still does 
its job of capturing rainfall as it runs down the slope 
and, if minimum tillage is practised, the rain from the 
inter-rows ends up in the planting furrows. Using crop 
residues is good for the soil in terms of returning some 
nutrients, reducing soil moisture loss and inhibiting 
the growth of weeds.

It all sounds like perfection personified. How could it 
possibly be improved?

Improved conservation agriculture

Tillage
When I first encountered CA in the flesh in Mtwara 
Region of Tanzania, cultivation was all done by 
hand-hoes in the form of planting pits. This worked, 
but actually increased the amount of labour used, 
particularly in the first year.

Using an ox-drawn plough with the share and mould 
board replaced by a reversible tine made a major 
difference. Two oxen, even at the end of the dry 
season when they are weakest, could prepare double 
the area that they could doing full-cover tillage, and 

made furrows at least 15 centimetres deep, which was 
rare in full-cover tillage (which just about scraped the 
weeds off).

Using mechanised tillage works as long as you do not 
do full-cover ploughing or discing. A subsoil plough 
is a good tool as its width between the tines can be 
adjusted. Two rows a metre apart and only about 
15 centimetres deep makes a good seedbed and is 
light work for the tractor, so a good deal of land can 
be prepared each day.

If ox-drawn tillage was not available, changing from 
individual planting pits to a trench was the next 
best alternative. This was no surprise as it had been 
demonstrated years before when planting coffee. 
Creating a trench also meant that more of the water 
run-off was captured as the trench was continuous 
across the slope.

Crop rotation
Crop rotation essentially means rotating a legume (eg 
pigeon pea) with a grain crop (eg maize). This is good, 
except that the rotation includes, by necessity, a fallow 
when the land sits idle. Farmers and economists agree 
that idle resources are not producing anything, except 
perhaps weeds!

Enhanced crop rotation can be created if a fallow crop 
is introduced. To me, this needs to be something that 
livestock can graze on. A proven crop in Tanzania is 
Mucuna pruriens, known in Swahili as ‘Upupu’ or velvet 
bean. Mucuna produces beans that can be eaten, but 
they need a lot of cooking – two or three times with 
fresh water to make them palatable. The rest of the 
crop can be used as fodder and generates nitrogen 
as it grows. Furthermore, if the crop is grazed in situ 
by livestock, the conversion to soil nutrients would be 
accomplished without any cutting and carrying of crop 
residues or of carrying the manure back to the field. 
To accomplish this, fields need to be fenced.

mailto:jamesbiscoe@googlemail.com
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Fencing
Fencing usually means either barbed wire or using a 
lot of wood to make a traditional fence, the durability 
of which may not necessarily be long (due to termites, 
for instance). The cost to the environment of cutting 
the timber also needs to be considered.

There are alternatives in the form of live fencing 
(eg cactus, Figure 1). Mauritius thorn (Caesalpinia 
decapetala) has been widely used (Figure 2) as have 
similarly thorny bushes.

Figure 1. Cactus can be used as fencing material (Photo: James 
Biscoe)

Figure 2. Mauritius thorn hedge (Photo: James Biscoe)

The most effective alternative that I have seen is thin 
bamboos (known as ‘Indian bamboos’ in some places), 
which suitably applied are said to be resistant to goats 
and even cane rats, both powerful diggers. Indian 
bamboos are said not to be invasive of the land. To 
establish a live bamboo fence requires some immature 
(ie still green) bamboos laid in a shallow trench (say 
5  cm maximum) on the boundary that you want to 
protect, at the beginning of the rains. The nodes will 
put down roots and put up shoots, providing the start 

for your new fence. For a quicker and thicker fence, it is 
necessary to put more than one bamboo in each section 
and overlap the nodes so that roots and shoots grow 
closer to one another. The bamboos should be allowed 
to grow to about one metre tall and then they should 
be topped. When they have grown about 30 cm more, 
they should be topped again: this will result in a dense 
bamboo hedge. It may be necessary to top the hedge 
periodically to stop it growing too tall (a common issue 
with live fences) (Figure 3).

Figure 3. Developed bamboo fence (Photo: James Biscoe)

With this type of bamboo fence, fire will damage the 
aboveground portions, but the underground parts will 
remain and start growing again quickly. A herder will 
probably be needed to guard livestock while grazing 
such fallows, but if there is a fence the job is much 
easier and the risk of surrounding crops getting 
damaged is greatly reduced. Of course, to be fully 
effective all the fields in your CA farming area need to 
be fenced so that the livestock can graze wherever the 
fallow crop is grown in any season. Including livestock 
in a CA system in this way is economically attractive 
and beneficial.

Soil and moisture conservation
The layout of the CA area requires that tillage goes 
across the slope and is minimised to just the area 
where the plants are established. The inter-rows are 
kept free of weeds and mulched. These measures 
ensure that as much of the rain that falls onto the 
fields as possible is captured into the area where the 
plants live and soaks into the soil profile.

Additional benefits can be realised by planting a cover 
crop in the inter-row area. Having a perennial cover 
crop in the interrow means that when rain falls its 
velocity is reduced before it strikes the soil and the 
presence of cover crop and its roots enables more of 
the rain to soak easily into the soil. The presence of 
a cover crop also does something to ameliorate the 
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diurnal variation in soil temperatures. Moreover, the 
cover crop can be a source of fodder for livestock 
either allowing them in to graze or cutting the cover 
crop and carrying it to the livestock. Depending on the 
agroecology, Pintoi peanut (Arachis pintoi) is a good 
cover crop. Another species, creeping forage peanut 
(A. galabrata), is good for drier areas. It is a sterile 
form of groundnut that provides fodder, does not 
encroach under trees as it does not like shade and is 
leguminous so provides some nitrogen into the soil. 
As a cattle feed supplement it has good effects on milk 
production and butterfat content.

Over and above establishing a cover crop in the inter-
row, the strategic planting of vetiver grass (Chrysopogon 
zizanioides) has significant benefits. Planted along 
the contour (slips every 15  centimetres, as wider 
makes erosion worse), it puts roots down as deep as 
3.5 metres; it is unpalatable to livestock due to the high 
silica content in the leaves, and is resistant to termites 
for the same reason when used as thatching grass. 
Vetiver is very effective for managing soil and water 
on a slope. The space between rows on the slope is 
determined by the angle of the slope. The depth of 
the roots means that water soaks in behind the vetiver 
and the presence of the grass above ground means 
that soil builds up behind it on the up-slope side. If fire 
should go through it, the top is burned but it grows 
back with the next rains as the roots persist. The 
grass can be used for weaving and its roots contain 
an essential oil with a world market price. There is a 
worldwide network of Vetiver Associations that can 
provide support for the use of vetiver. Thailand is 
particularly active in promoting vetiver elsewhere. It is 
grown from slips, and the lack of any seed or rhizomes 
means that it does not spread. Vetiver can also be 
used as a fence, but it is not as stockproof as bamboo. 
Growing the planting slips can be a profitable business.

Shade and windbreaks
Shade is most valuable during the dry season 
when there is little or no rainfall and maximum 
evapotranspiration. Most trees, apart from conifers, 
lose their leaves during the dry season.

There is, however, an exception in apple-ring acacia 
(Faidherbia albida).

This tree has several unusual features:

•	 it is leguminous and so captures nitrogen from the 
air and does not compete with crops for nutrients;

•	 it is very deep rooted, which means it can source 
water from deeper strata of the soil and, again, does 
not compete with crops;

•	 it produces fruit that can be eaten by livestock to 
good advantage;

•	 it has leaves during the dry season when shade is 
most valuable;

•	 it is fast growing; 

•	 crops grown under the canopy of Faidherbia are 
quicker growing and more productive than those 
not grown this way.

Another useful tree to incorporate into CA systems 
is the neem (Azadirachta indica). Neem is known for 
producing leaves and fruit from which an organic 
insecticide is produced. The spent cake from 
extracting neem oil is incorporated into the soil to 
repel nematodes.

Pest and disease control
One particularly useful plant for pest control is Tagetes 
minuta. Officially known as Mexican marigold, it was 
said to have been brought into Africa by the British 
Army when fighting the Boer wars in feed for mules. 
True or not, it is now widespread in Africa at least as 
far north as northern Tanzania. It is also known in 
Australia as ‘Stinking Roger’ or ‘Muster John Henry’. 
In South Africa, is it known as ‘Khaki bos’ (presumably 
due to its dry season colour and it association with 
the army) and, in Malawi, as ‘Walenseky’ (for some 
reason after the Prime Minister of the Central African 
Federation in the 1950s). In Eswatini, it is known as 
‘Shashasha’, seemingly after the noise that the dry 
plants make in the wind.

It is a weed in the eyes of many but has valuable 
properties. In the 1960s in Zimbabwe, Penny Grant 
found that if you plant enough Tagetes in your maize 
it reduces the nematode population and increases 
fertiliser response by 100 percent. I used it in coffee 
as an interplant between new coffee plants to deter 
white stem borer (Monochamus leuconotus) to very 
good effect and at no cost. It is also known that if 
you store grain and inter-layer it with Tagetes plants, 
insect losses are reduced to virtually nil. I have seen 
it used to drive swarms of insects out of a roof space 
by setting fire to some and allowing the smoke to drift 
onto the insects which soon depart. It is better not to 
inhale the smoke.

And lastly, Tagetes planted around a house results in 
very many fewer flies and, importantly, mosquitoes. 
In pots in a greenhouse, the incidence of whitefly and 
similar pests falls remarkably.

So, having some planted in your CA system is 
advantageous. If you do not want it mixed in the crops 
for some reason, plant it on the boundary.

There are other plants with insect control properties. 
Aliums are good at keeping ants away. Tephrosia vogelii 
has similar properties and, in addition, the seeds can 
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Note from the Editor-in-Chief

be ground up and used to catch fish. It paralyses 
the muscles of the fish so they float to the top and 
can be caught easily. The quality of the fish flesh is 
not harmed. Tephrosia can also be used as a fence or 
alley crop to good effect. I was told by one lady that 
she treated her child against worms with the leaves. I 
asked how much she used, and she replied “enough”. 
If you touch your tongue or lips with the crushed 
leaves, your facial muscles become temporarily numb.

Economic aspects of conservation 
agriculture

The section above relates the technical additions and 
adaptations that we made to CA in Mtwara (Tanzania). 
We also undertook a partial gross margin analysis. 
Partial because no account was taken of the value of 
the land before or after or even such capital items as 
a plough or oxen.

However, what we did consider was the value of the 
crops produced and the variable costs of producing 
them. The work was done with the assistance of 150 
extension officers who we were training in CA and 
extension. At each monthly meeting for a year, the 
extension officers reported the costs and benefits of 
demonstration plots run by farmers. This data was 
then entered into a spreadsheet and, at the end of the 
year, analysed.

The process of doing the analysis with a group of 30 
or more extension officers was gruelling, although 
worthwhile and enlightening. The concept of the 
return per Tanzania shilling (T/) invested was shown 
to be well understood and enormously powerful as an 
analytical indicator. What followed was a brisk analysis 
of why the return per T/– invested varied so much 
when each demonstration had enjoyed the same 

season and economic environment. The biggest single 
factor was labour: how it was measured and what it 
did in return for its cost. For many the idea that labour 
had a cost was completely new. Even family labour 
has a cost in that people need to eat, have medical 
treatment, go to school, have clothes and all the other 
baggage of just living. We learned together about 
labour, seed, fertiliser, and the costs and benefits of 
CA. I have long obsessed about the use of labour in 
smallholder agriculture. This exercise showed me how 
correct that obsession is. It also reinforced my view 
that minimum tillage using an ox-plough, or a walking 
tractor is justified, where available, as it frees labour 
for other tasks.

I subsequently learned that the extension officers and 
teachers at schools where they had CA demonstration 
plots were appreciative of the process by which we 
learned about CA. The consequence of experiential 
learning meant that the necessary skills to manage 
in response to changes in climate, economic and 
even political circumstances were available and used. 
There was no need to wait for the deus ex machina 
of the Government or a project to show them the 
route around every pothole in the road – they could 
work it out for themselves objectively using economic 
analysis. Everyone would like to have more money. 
Talk that language and you have the attention of 
farmers.

Conclusion
Conservation agriculture is a good thing, not only 
for the planet, soil and water management, but 
also – when suitably managed and adapted – for 
the livelihoods of farmers. This discussion also 
demonstrates that economic analysis is critical when 
providing advice and support to smallholders.

Note from the Editor-in-Chief
TAA member Benny Dembitzer requests that any 
members of the TAA or others who have been 
involved or are currently involved in food-for-work 
projects to reach out to him. He is interested in 

issues to solve rural challenges in times of peace, 
not so much in emergency situations. Contact: info@
grassrootsmalawi.org 
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The writers’ interests in mangroves and their significance 
were spurred by school geography lessons; teaching 
agriculture and ecology in Nigeria (1970s); and by 
fieldwork in Haiti and Indonesia (1980s) and in India 
(1990s). More recent work, notably in Central and South 
America and the Caribbean, has been most influential. 
Subsequent field observations in Mauritius, Mexico and 
elsewhere confirmed both concerns and hope for action.

Abstract
Following the United Nations Year of Plant Health 
2020, this overview paper seeks to draw attention 
to the crucial role of mangrove ecosystems as buffer 
zones around the coastal tropics and subtropics. At 
this interface between land and sea, between saline 
and non-saline groundwaters, a buffering transition is 
provided for the benefit of agriculture both locally and 
globally. Within these mangrove habitats, thousands 
of fish and shellfish species are nurtured and some ten 
million people are estimated to gain their livelihoods 
directly. Beyond that, there is a global impact of 
mangroves in protecting human health in general via 
their multifaceted roles, not least of which are through 
their remarkable carbon sequestration capacity and 
their storm protection role. This paper seeks to draw 
attention to the importance of mangroves, their roles 
in global ecosystem security, threats they face, and 
some initiatives to revitalise, replant and conserve 
them.

Introduction: Key definitions
Mangroves are a vegetation type, a plant community 
at the interface of land and sea in the tropics and 

subtropics, dominated by certain genera and 
species – notably of Rhizophora and Avicennia (Riley 
& Young, 1966; Dutta,1970). The term ‘mangrove’ 
covers a number of certain shrubs and trees from 1 
to 25 metres tall, that belong primarily to the families 
Rhizophoraceae, Acanthaceae, Lythraceae, Combretaceae 
and Arecaceae, growing in dense thickets or forests 
along tidal estuaries (riverine forest), protected 
shorelines and islands (fringe forest), or in drainage 
depressions (basin forest; Lugo & Snedaker, 1974). 
Some species may predominate (eg Rhizophora stylosa 
in parts of China, Brugueria gymnorrhiza in parts of 
India). Mangrove ecosystems may contain over 50 
and as many as 110 species. Indonesian mangroves 
are particularly biodiverse. Mangroves often grow 
in monospecific stands and different tolerances to 
salinity and inundation can lead to zonation, whereby 
species turnover is apparent along a gradient. White 
mangroves are so called owing to the white secretions 
of salt on their leaves (eg Laguncularia racemosa) and 
red mangroves (eg Rhizophora mangle) because their 
high tannin content gives a reddish colour to their 
bark and the water they grow in. The term ‘mangrove’ 
is thought to originate with Portuguese mangue 
via Spanish, or from a Malay word manggi-manggi 
(for Avicennia spp) combined with an Arabic word el 
gurm to give ‘mang-gurm’, which is then anglicised to 
mangrove!

Extent and importance
Spalding et al (2010) reckoned mangroves have a 
global coverage of 152 000 km2 and are distributed 
through a total of 123 countries. However, the 
global mangrove extent map from Giri et al (2011) 
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specifically maps mangroves from Landsat data at 
30-m resolution. It shows that mangroves cover 
roughly 137 760 km2 (53 190 square miles) of Earth’s 
surface. These forests can be found in 118 countries 
and territories, though nearly 75  percent of their 
area occurs in just 15 countries, led by Indonesia 
with over one fifth of the total. After Indonesia, the 
other countries comprising 50 percent of the world’s 
mangroves are Brazil, Australia, Mexico, Nigeria and 
Malaysia, in that order.

The connection between agriculture and mangroves 
is via their importance in sustaining global ecosystem 
security by management conducive to agriculture 
generally, as well as through their huge local impacts 
on livelihoods deriving agricultural produce from land 
and sea.

Mangroves are essential to the life cycles and food 
chains of the majority of the world’s commercial fish 
species (Spalding et al, 2010). They provide a physical 
and biochemical buffer zone between saline ocean 
water and the freshwater of habitable coastal land. 
Their year-round high productivity makes them a vital 
source of organic matter which, as open systems, 

they can export to sustain connected ecosystems 
in marine, riverine and terrestrial environments. 
Though dominated by certain species, mangroves are 
a vegetation category rather than being defined by a 
single species. As coastal zones are ‘developed’ for both 
tourism and aquaculture, mangroves are increasingly 
under threat. Their hitherto ‘taken-for-granted’ 
ecosystem services – notably their outstanding 
capacity for carbon capture – merit serious evaluation 
for improved conservation management. The year 
2017 marked something of a turning point when the 
Global Mangrove Alliance was formed by Conservation 
International, International Union for Conservation of 
Nature (IUCN), The Nature Conservancy, World Wide 
Fund for Nature (WWF) and Wetlands Alliance to 
promote revitalisation and replanting through various 
global projects (Ramos, 2017). Although mangrove 
forests cover just 0.1 percent of Earth’s surface, they 
store more carbon per hectare than any other type 
of forest and are, therefore, an important part of the 
solution to climate change, according to Ramos (2017). 
On the other hand, climate change itself presents a 
significant threat to these ecosystems, along with 
other anthropogenic impacts (Table 1).

Table 1. Area and diversity of mangroves across five geographical regions, with information on some of 
their threats

Region Area a 
(km2) Div.b Deforest-ationc Frag.c

Loss due to d Clim. chan.e

Aquaculture Agric./

extrac.

Rain Storm.

W coast of 
Americas

12 000 4–13 High in Mexico High in 
Mexico

Ecuador: 40% (1966–
2006)

Peru: 17% (1962–2007)

High  

E coast of 
Americas & 
Caribbean

32 000 4–13 Highest in 
Surinam, high 
in the Gulf of 
Mexico

High in 
Honduras

Brazil: 13% (1987–
2009)

High  

W coast of 
Africa

24 000 4–13 High on N coast 
of the Gulf of 
Guinea

Very low Very low High  – 

E coast of 
Africa

8 000 1–13 High in 
Mozambique

Very low Very low High  – 

Asia, mainly 
SE

60 000 1–46 High/very high 
across SE Asia

Indonesia 
& Malaysia: 
very high 

Papua New 
Guinea: high

Mean from 11 
samples: 32%

Max. 63% in Indonesia 
(1977–2005)

High 
(locally)



Australasia 15 000 4–35 Very low Very low Low Low  

Div. = mangrove diversity (species richness); Defor. = deforestation; Frag. = fragmentation; Agric. = agriculture; extrac. = extraction (ie for-
est products); Clim. chan. = climate change; Storm. = storminess.
a Estimates of mangrove area are from 2003. b Mangrove diversity is generally lower at the north/south range limits and on islands. For 
Asia, regional diversity is usually 26–46 species in Malaysia and Indonesia, 14–25 in India and 1–13 in Micronesia. c Deforestation is propor-
tional to regional mangrove coverage, and fragmentation is quantified as patch isolation. 

Sources for data in Table 1: a Luther & Greenberg (2009), b Polidoro et al (2010), c Bryan-Brown et al (2020), d Friess et al (2019), e Ward et al (2016).
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The ‘big data’ approach to monitoring mangroves using 
digital technologies is developed by Hamilton & Casey 
(2016). UNESCO (2016), affirming the World Heritage 
status for mangroves, noted that the world’s longest 
continuous mangrove cover is in the Sundarbans 
National Park in India running on to the Sundarbans 
Mangrove Forest of Bangladesh, renowned as the 
habitat of the remarkable Bengal tiger.

Ecosystem security and buffering in 
mangroves

Ecosystem security consists of: water security plus food 
security plus energy security plus livelihood security 
plus geopolitical security plus environmental security  
(see Wibberley, 2013; Wibberley, 2020). In other 
words, ecosystem security must take account of all 
factors relevant to sustaining life on earth. Globally, 
mangroves have a crucial role in providing accessible 
resources to coastal populations. They sustain the 
livelihoods of millions people worldwide through the 
extraction of honey, fish, shellfish, charcoal and wood. 
They also sustain fisheries of commercial importance 
and community-led ecotourism initiatives.

Two dimensions of the buffer concept that are 
relevant to mangrove ecosystems are (i) protection 
by reducing impact, and (ii)  limiting the range 
of fluctuations (typically pH). In the first sense, 
mangroves decrease the impacts of some physical 
processes, and in the second mangroves regulate 
conditions in the water. The following lists highlight 
some key aspects of mangrove functionality. While 
these are salient points, they should not obscure the 
complexity of mangroves, which can only be grasped 
by consulting more extensive treatises (eg Lee et al, 
2014; Ewel et al, 1998).

Protective buffer
1. Protect coastal land from extreme weather events 

(particularly fringe forests).

2. Protect coast land from erosive wave action 
(particularly fringe forests).

3. Protect coastal seas from sediment deposition 
(particularly riverine and basin forests).

Regulating buffer
1. Maintain lower water temperature (particularly 

basin forests).

2. Maintain cooler microclimates in above-water 
systems (particularly basin forests).

3. Regulate atmospheric carbon concentrations (all 
mangroves).

4. Sink dissolved nutrients via plant uptake 
(particularly basin forests).

5. Regulate predation of larvae of immature fish and 
shellfish (mangroves as nurseries).

Key ecological adaptations of the 
main mangrove species

Pneumatophores (aerial, respiratory or knee roots) 
are characteristic of many species; they project 
above the mud and have small openings (lenticels) 
through which air enters, passing oxygen through 
the soft spongy tissue to the roots beneath the mud. 
Prop roots support some mangrove species enabling 
them to anchor in slippery conditions. Halophytic 
adaptation includes either ultrafiltration capacity (eg in 
Rhizophora) or else ability to excrete sodium chloride 
via leaves (eg in Avicennia). Many have bright flowers 
to attract pollinating insects. Some – notably red 
mangroves (Rhizophora spp) – have vivipary whereby 
fruits and seeds mature on the parent plant.

Threats and opportunities for 
mangrove ecosystems

Basha (1991) focussed on Kerala, India, and noted 
that mangroves there had declined from 700  km2 
historically to below 17 km2. In 1990, while one of the 
writers was working there, the Government of India 
announced its intention to create eight million jobs by 
aquaculture development around its coasts by 2000. 
Worldwide, the pressures from such aquaculture and 
tourism development have decimated mangroves 
further. Brahma & Mukherjee (2016) reckoned India’s 
coastline to have lost 40 percent of all its mangrove 
cover during the previous century. They advocated 
for effective governance structures, better education, 
mobilisation of awareness and capacity-building in 
local communities to address the issue in practice. 
Unsustainable aquaculture is the largest and most 
pressing threat to mangrove ecosystems worldwide, 
with increasing rates of pond development in Asia 
and South America; in the last 30 years, Indonesia has 
lost 40 percent of its mangroves, mainly as a result of 
shrimp and fish ponds. Recently, palm oil plantations 
have also been an additional pressure on Indonesian 
mangroves (Ramos, 2017).

Ramos (2017) hails the Global Mangrove Alliance (GMA) 
as a commitment from the international community 
to reverse the loss of critically important mangrove 
habitats worldwide. The GMA has the ambitious goal 
of expanding the global extent of mangrove habitat 
by 20 percent by 2030. Ramos (2017) describes the 
setting up of the GMA as a key channel through 
which to change perceptions, values and practical 

https://www.britannica.com/science/pneumatophore-root-system
http://www.nature.com/nclimate/journal/v7/n7/full/nclimate3326.html?foxtrotcallback=true
http://www.nature.com/nclimate/journal/v7/n7/full/nclimate3326.html?foxtrotcallback=true
https://mangrovealliance.org/
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actions of people to achieve the GMA goal. Walters 
et al (2008) reviewed the ethnobotanical significance 
of mangroves culturally, and the socio-economic 
impact of their disappearance on livelihoods. The BBC 
(2020) with its mangrove photography awards signals 
progress towards the GMA goal.

Makowski & Finkl (2018) provide a comprehensive 
overview of the threats and hazards faced by 
mangroves and of schemes to conserve and manage 
them. Several component species are listed as 
vulnerable or endangered on the International 
Union for Conservation of Nature (IUCN) Red List of 
Threatened Species. Some indication of the severity 
of mangrove depletion is that despite occupying less 
than 1 percent of total coastal area, mangroves were 
estimated to disproportionately contribute highly to 
carbon emissions arising from deforestation (Caldeira, 
2012). They are an especially rich sink into which 
atmospheric CO2 can be sequestered. According 

to Patil et al (2012), the global carbon capture of 
mangroves is approximately 18.4  teragrams of 
carbon per year (Tg C/year), ie 18.4  million tonnes. 
The development of the ‘blue economy’ in relation to 
carbon capture in oceans and their margins offers real 
hope of investment to address mangrove recovery, 
including when unsustainable aquaculture ventures 
in India have been abandoned (Sidik et al, 2019).

For most of the last 40 years, since Hurricane Allen 
struck in 1980, the Cahouane mangroves on Haiti’s 
southern coast have been overexploited and 
degraded. By 2015, the mangrove’s bird species had 
all but disappeared due to snaring and theft, trees had 
been cut down for charcoal, fish and shellfish stocks 
had plummeted. However, UNEP (2020) records 
positive progress in replanting and revitalising Haiti’s 
mangroves since 2017. Parallel work has been done in 
the Mexican Pacific and elsewhere (Ruiz Bruce Taylor 
et al, 2013; Serrano-Rubio et al, 2021).

Figure 1. Roots and seeds of two Neotropical mangrove species. (A) Pneumatophore roots of a black mangrove tree (Avicennia ger-
minans) growing on an intermittently dry lagoon bed, with interspersed seedlings. (B) Prop roots (or stilt roots) of red mangroves 
(Rhizophora mangle) in a basin forest, showing strong water colouration by tannins. (C) Viviparous seeds of red mangrove at early 
stages, with emerging propagules and mature (anemophilous) flowers also visible. (D) Red mangrove propagules with well-devel-
oped hypocotyls. (E) Mature red mangrove propagules with hypocotyls over 60 cm; when dropped from the parent plant these 
developing seedlings float and increase the plants’ capacity to colonise new areas. All from coastal lagoons in Oaxaca, Mexico 
(Photos: M Ruiz)

https://www.britannica.com/science/endangered-species
https://www.britannica.com/topic/International-Union-for-Conservation-of-Nature
https://www.britannica.com/topic/International-Union-for-Conservation-of-Nature
https://www.britannica.com/topic/IUCN-Red-List-of-Threatened-Species
https://www.britannica.com/topic/IUCN-Red-List-of-Threatened-Species
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Sidik et al (2019) aimed to determine if 10-year-old 
restored mangroves in abandoned aquaculture ponds 
in the Perancak estuary, Bali, have similar net primary 
productivity (NPP) and carbon sequestration to those 
of intact mangroves. Tidal re-instatement in the ponds 
occurred and facilitated mangrove regeneration and 
sediment accumulation. NPP was similar between 
natural and restored mangroves. Soil carbon 
sequestration in restored mangroves was similar to 
the natural mangroves, but the soil respiration (CO2 
efflux) was lower. The source of carbon in mangrove 
sediments was mainly of mangrove origin, confirming 
the role of NPP in sediment carbon sequestration. 
Sidik et al (2019) suggest that many components of 
the carbon cycle of the mangroves had been restored 
within 10  years since the re-establishment of the 
mangrove.

To summarise, decline in mangrove ecosystems is 
arising owing to:

•	 deforestation for altered land use in coastal 
hinterlands in general;

•	 rising human populations;

•	 aquaculture development for job creation and 
exports (outputs rising sevenfold or more 1990–
2020 – see Table 1); 

•	 increase in coastal development for tourism and 
housing.

Lacerda et al (2019) note that direct and indirect uses 
of mangrove resources – in particular charcoal, fuel 
wood, timber, bark, associated fisheries products and 
salt – had a huge impact on mangroves in the latter 
decades of the 20th century. Forest products were a 
significant source of energy and construction materials 
for traditional coastal populations, particularly in 
Central America and in remote mangrove areas in 
northern South America. In Venezuela, extensive areas 
of mangroves were deforested for large-scale timber 
and charcoal production, as fuel for industry, and as 
an export commodity – leading to some 75 percent of 
Venezuela’s original estimated mangroves being lost 
during the 20th century.

Conclusions: Hope for the future
The arrival of the GMA signals some coordination 
of global efforts to address the plight of mangrove 
ecosystems (Ramos, 2017). Global monitoring is vital 
(Thomas et al, 2017) and the role of United Nations 
agencies in this is very important (FAO, 2007; FAO, 
2015; Duke et al, 2014; UNEP 2020). Multidisciplinary 
baseline research is required to oversee mangrove 
improvement (Pillai & Harilal, 2018). All of this 
offers motivation for mangrove conservation and 
revitalisation involving local communities. Nothing 

short of concerted effort by local communities 
everywhere is needed to achieve mangrove recovery. 
Not to be missed are the excellent photographs from 
around the world in the 26 September 2020 website of 
Mangrove Photography Awards (BBC, 2020).
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Obituary
Christopher E Finney, 1941–2021

Chris was a much valued and a most enthusiastic 
member of the Tropical Agriculture Association (TAA), 
especially engaging with us here in the South West 
(SW) of England. He was always ready with intelligent 
and well-informed questions and comments during 
meetings, seminars and on field visits.

Chris willingly shared his wealth of tropical 
experience, which he had gained from working on 
three continents – Asia, Africa and Latin America. 
In total, he worked in over 35 countries, the 
most notable of which were periods of work in 
Pakistan, Brazil, Malawi, Zambia and Lesotho. As an 
agricultural and water resources economist, he spent 
many years working in development consultancy, 

mainly as an employee of two major consulting 
firms and then, after his retirement in 2001, as a 
freelance consultant. His particular experience was 
in irrigation planning and analysis, and he offered 
his skills to most of the developing world’s major 
irrigation regions, including South and South-East 
Asia, the Nile Basin, Central Asia and China, and sub-
Saharan Africa.

As an agriculturalist with a keen eye for economic 
aspects and implications, Chris was always conscious 
of the need for farmers to generate profits in 
sustainable ways. In recent times he took a particular 
interest in conservation farming. Above all, Chris 
was an encourager, a genial companion and an 
eager participant in the TAA SW Group, attending 
its meetings and the summer field trips until 2019 
(actually the last field trip organised by TAA SW). The 
friendship of Chris Finney will be sadly missed by us 
all. He was one of the earliest TAA members after 
its foundation in 1979 and he stayed engaged, and 
supportive, to the end of his life.

We convey our sincere condolences to his widow Prim, 
son Michael, daughter Julie and family.

John Wibberley
(TAA Chairman)
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office for leaflet IR113 Gift Aid.
7. Please notify the charity if you change your name and/or address.
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