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Editorial

Guest Editorial
Water in Agriculture
Chris Finney

Chris Finney is an agricultural and water resources economist who has spent many years working
in development consultancy in Asia, Africa and Latin America. He has particular experience
in irrigated agriculture. In addition to his membership of the TAA, he is a member of ICID
(International Commission for Irrigation and Drainage) (UK), other members of which have contributed articles for this Special Edition. Chrisefinney61@yahoo.co.uk.

Irrigated agriculture supplies some
40 percent of global cereals output
and, in the early 2000s, an estimated
46 percent of the gross value of
agricultural production. It accounts
for well over 80 percent of the world’s
net water use, and about 20 percent
of the total global cultivated area is
under irrigation. It is thus of crucial
importance to world agriculture.
In view of this and also the relatively
limited attention that it has received
in previous TAA publications and
proceedings, most of this Special
Edition is devoted to irrigation. The
first article, which is by the Guest
Editor, is essentially a scene-setting,
detailed overview and assessment of
the global irrigation and water
resources situation as an introductory
framework for the articles which
follow. It is based on a presentation
entitled The Water Factor in Future
Agricultural Expansion/Limitation
given by the author at a TAA South
West Region seminar in April 2012.
Its main conclusions were that, as is
generally recognised, the future
water resource situation for irrigation
will become increasingly limiting,
2

with resultant constraints on further
expansion of the world’s irrigated
area and a consequent urgent need
to raise water productivity: ie ‘more
crop per drop’.
The subsequent articles provide
examples of irrigation in a range of
different countries, environments,
and types and scales of operation.
Two contrasting forms of irrigation
development in Central Africa are
described. The first article, by Bob
Angier on the Likangala and other
smallholder rice irrigation schemes
in Malawi, is representative of what
might be termed a ‘traditional’ form
of public sector smallholder irrigation
development whereby Government
builds and then manages schemes
on behalf of the farmers who have
been allocated holdings on them.
This type of operation was historically
the most widespread form of direct
government intervention in the
irrigation sector in developing
countries.
In recent decades, however, there has
been a general deterioration in the
performance of such schemes due

to declining standards of operation
and maintenance (O&M), and
institutional and other problems.
Inadequate funding of O&M is often
the root cause. As a result, many
governments are now trying to
devolve irrigation management and
O&M onto scheme farmers under an
Irrigation Management Transfer
(IMT) or Participatory Irrigation
Management (PIM) process. This
process is briefly touched on in the
Likangala article.
The second Central Africa article, by
Rob Lockwood, a former CDC (the
former Commonwealth Development
Corporation) agricultural manager,
is for a very different form and scale
of irrigation development, largescale private-sector type commercial
farming operations, as exemplified
by CDC-managed agricultural
companies in Zambia. Such
development, based particularly on
the double cropping of irrigated
wheat and rainfed soya beans, has
been very successful on commercial
farms in Zimbabwe and Zambia, as
have large-scale private sector
irrigated sugar cane production and
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processing enterprises. Amongst
other things, it has the advantage of
requiring little direct public sector
funding or management input.
In irrigation circles, much attention
is given to the question of how to
increase irrigation efficiency and
reduce water use. As Chris Perry
points out in his article on the
subject, the terminology for this
debate is often confused, failing to
clarify the actual disposition of water
used in irrigation between
consumptive evaporation and
transpiration (both losses to the
water resource system) and return
flows from percolation and drainage
that may be available for re-use in
situ or elsewhere in the system (ie
not losses to the system). Once the
various flows are properly identified,
the scope for reducing irrigation
consumptive use is often shown to
be limited.
Francis Shaxson considers the
hydrological impacts of different
types of land use and management,
mainly in terms of practical experience
under sub-Saharan Africa (SSA) and
South American conditions. The
effects of trees on downstream
stream flows and water availability
are discussed, and then the impacts
of Conservation Agriculture are
described in detail. Experience has
shown these to be clearly positive,
the adoption of CA enabling a
greater proportion of rainfall to enter
the soil and become available for
prolonged stream flow and/or
aquifer storage.
Water harvesting - the collection and
concentration of rainfall runoff - is

one effective means of making better
use of available rainfall for crop
production under the conditions of
sparse and erratic rainfall which
prevail in much of SSA. A review of
William Critchley and John Gowing’s
recently published book Water
Harvesting in Africa is presented in
Bookstack. In his article here with
Lisa Bunclark, John Gowing
discusses in detail the practical
experience gained with water
harvesting in two representative
SSA countries, Burkina Faso and
Ethiopia.
The News from the Field section
presents three brief water-related
articles. John Hansell describes a
situation of water over-abundance
rather than water scarcity, namely
the devastating Indus Basin floods of
2010-2012. Tom Franks discusses
smallholder irrigation and water
management in the Usangu Plains
in the upper reaches of the Great
Ruaha River basin in Tanzania.
Brian Sims gives an update on plans
to improve water-use efficiency in
large-scale irrigated wheat production
in Sonora, Mexico.
In
International
Agricultural
Research News, Geoff Hawtin
describes the new CGIAR Research
Programme on Water, Land and
Ecosystems, and highlights several
success stories from its predecessor
the Challenge Programme on Water
and Food.
In his Hugh Bunting Memorial
Lecture on horticulture reported in
Ag4Dev 19, Dyno Keatinge emphasised
the need to increase smallholder
fruit and vegetable output in order

to improve nutrition and alleviate
poverty. No mention was made of
irrigation, but it has a vital role to
play in achieving those aims. In SSA
in general, for example, the long dry
season means that worthwhile
vegetable growing is not possible for
most of the year without some form
of irrigation. Most of the commercial
horticultural crops exported to
Europe from SSA are irrigated.
Expansion of irrigation will be
essential if major increases of
vegetable production in the region
are to be achieved. The most costeffective form of such expansion will
normally be small-scale private
irrigation development such as that
found in the riverain fadama zones
of Northern Nigeria.
In addition to the authors of the
above articles who are TAA members,
particular thanks are due to the four
members of ICID (UK) (other than
the Guest Editor) who contributed
articles. Recently renamed the
Irrigation and Water Forum
(iwaterforum.org.uk) to indicate the
broadening of its interests into
general water management as well
as irrigation, this organisation is the
main repository of UK expertise in
overseas irrigation, just as the TAA is
in the case of overseas agriculture.
Essentially, therefore, it can be
regarded as a sister organisation to
the TAA. As such, increased contact
between the two organisations, and
between their members, would
seem to be highly desirable.
Chris Finney
Guest Editor
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Irrigated agriculture and water use: the global
picture
Chris Finney

Summary
Irrigation provides well over two-fifths of the total gross value
of global agricultural output, and accounts for over 80 percent of
total net water use. Some 70 percent of the total irrigated area
is in Asia, whereas Sub-Saharan Africa (SSA) has only 2 precent
(7.2 M ha). The potential for any really substantial expansion
of global irrigated area is limited by water resource constraints
in most regions except SSA, and in this region physical,
economic, institutional and management factors limit the
scope for large-scale irrigation. Future growth in irrigated
agricultural output will therefore have to come mainly from
improving the productivity of the world’s existing irrigated
area. Water being the key constraint, the critical need is to
increase water productivity, that is: ‘more crop per drop’.
This can be achieved by reducing irrigation water use through
improved irrigation efficiencies and water management, and by
increasing agricultural productivity per unit of water consumed.
Scope certainly exists for improving irrigation and water
management, but the opportunities for increasing water
productivity through higher agricultural productivity are
greater. The most promising avenue for achieving this is crop
yield improvement through plant breeding, greater and more
efficient input use, and better crop and soil moisture
management.

Introduction
The most important water-related ‘factors’ affecting agriculture
are rainfall and irrigation. This article considers the potential
for increasing irrigated agricultural production to help meet
future demand for agricultural products through expanding
the area under irrigation command and irrigated crops, and
through increasing irrigation productivity. It focuses attention

on crops as the prime users of irrigation water, and takes
account of the likely major impacts of climate change on water
resources and agriculture. However, the subject of climate
change itself is not discussed, nor are the environmental
impacts of water resource development and agricultural
intensification.
Many of the statistics on global water resources and use, and
on irrigation, are unavoidably subject to uncertainty. Given the
difficulty of recording all the numerous areas of existing smallscale private irrigation, especially from groundwater, it is
certainly possible that the actual global totals are higher than
the FAO and other quoted statistics indicate.

Present situation
Present water use
From the resource management viewpoint, the key parameter
is net water use (consumptive use) − that is, what irrigation
or other forms of use take out of the resource system, after
allowing for return flows from that use back into the system –
not gross water use, which is the withdrawals from the surface
water or groundwater body. Return flows with most municipal
and industrial water uses are high, but they are much lower
with irrigation because of the large proportion of the water
input which is lost to the system through evapotranspiration
(ET), deep percolation which does not contribute to usable
groundwater recharge or downstream surface water flows, and
other factors. As a broad estimate (see Table 1), irrigation
therefore accounts for well over 80 percent of global water use,
rather than the figure of around 70 percent which is often
quoted.
An estimated 25-30 percent of withdrawals now come from
groundwater (GW), a huge increase in the past 30-40 years,
due especially to the expansion of private GW irrigation.

Table 1. Indicative estimates of global water use
Water Use
(billion m3 and %)

Irrigation

Municipal and

Total

industrial
Gross water use (withdrawals)

2,700

1,200

3,900

Percent of world total

69%

31%

100%

Return flows (%)

40%*

75%

Net water use (%)

60%*

25%

Total net water use (consumptive use)

Net water use

1,620

300

1,920

Percent of world total

84%

16%

100%

* ET from agriculture generally reported as 50-80% of withdrawals
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Present irrigated agriculture
Irrigation is vital to world agricultural production. According
to FAO (2011a) and the International Water Management
Institute (IWMI) (2007), in the early 2000s it accounted for 40
percent of total cereals output and, at 2000 world market
prices, for 46 percent of the gross value of agricultural output,
this being produced on 28 percent of the total world harvested
area of about 1,200 M ha. Roughly 20 percent of the world’s
cultivated land is under irrigation.
Over the past five decades, the rate of irrigation expansion has
fallen markedly. In the 1960s and 1970s the global irrigated
area grew at over 2 percent per annum, but the rate declined
to 1.6 percent in the 1980s, and 1.2 percent in the 1990s and,
in the first three years of the current century, to 0.1 percent.
Data for 2009 suggest some recovery in the expansion rate in
the six years since 2000. Factors responsible for the slowdown
include donors’ reduced emphasis on agriculture, increasing
water resource and other constraints, and the fact that most
of the favourable sites for irrigation have already been developed.

Figure 1. West Java rice irrigation scheme (Photo: Andrew Lillie)

Irrigated cropping is dominated by cereals, which in 2000
occupied 70 percent of the world’s irrigated crop area. The two
most important irrigated cereals are rice, with almost half the
cereals total, and wheat, with almost one-third; the other major
irrigated cereal is maize. Approximately half the global rice area
is under irrigation. Other important irrigated crops are vegetables
and pulses (11 percent of the total), fodder (5 percent), and
cotton, sugar crops and oil crops with 4 percent each.

As would be expected, irrigated cropping productivity is
generally much higher than rainfed cropping productivity. FAO
estimates crop yields to be 2-3 times higher - for example,
IWMI (2007) quotes ‘typical’ yields of 5 tonnes/ha for irrigated
lowland rice compared with only 2.3 t/ha for the rainfed
equivalent - and annual cropping intensities to be 50 percent
higher on average, due principally to the possibility of double
cropping (growing crops in the dry season with irrigation).

With regard to the two largest irrigation regions, irrigated crop
yields are much higher in East Asia than in South Asia. Table
2 shows yield data for the three main cereals. According to the
IWMI and other authorities, they are still well below their potential, except in the case of maize in industrialised (OECD)
countries. Yield improvement is thus a promising avenue for
raising irrigation productivity.

Asia is much the most important irrigation region. According
to the most recent FAO data, for 2009, Asia - especially South
Asia (largely India and Pakistan) and East Asia (especially
China) - has 71 percent (212 M ha) of the world’s irrigated area,
the Americas (mainly North America) have 16 percent (49 M
ha), Europe, Australia and New Zealand have 9 percent (27 M
ha), and Africa has 4 percent (14 M ha). Sub-Saharan Africa
(SSA) has only 7.2 M ha.

Irrigation efficiencies
In terms of the percentage of water actually utilised by irrigated
crops, irrigation is a relatively inefficient form of water use due

Table 2. Present and potential irrigated cereal yields (from IWMI (2007) in t/ha)
Irrigation 'region'

Rice

Wheat

Maize

2000

Potential

2000

Potential

2000

Potential

2.6

8.2

2.8

4.5

2.6

10.8

E Asia

3.7

7.3

4.1

7.5

5.6

10.3

C Asia & E Europe

2.3

7.4

3

7.7

5

10.2

OECD countries

4.6

8.4

4.4

7.9

9.9

11.3

World

3.4

7.4

3.4

7.1

6.1

10.9

S Asia

Table 3. Field water application efficiencies
Application method
Surface irrigation (basin,
furrow, border)
Sprinkler (overhead)
irrigation
Drip/trickle irrigation

Typical efficiency (%)
60

Attainable efficiency (%)
70-80

75

80-90

90

90
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to the losses that occur between the point of withdrawal
(abstraction) from the water body (the water resource) and the
productive uptake by the irrigated plant. Irrigation efficiencies
vary widely, but ‘typical’ conveyance/distribution efficiencies
quoted by FAO for adequately maintained earthen canals are
60-80%; and for lined canals 95%. Field application efficiencies
are shown in Table 3.
With the earthen canal systems and surface field irrigation
methods typical of many schemes in India and Pakistan,
almost two-thirds of the total water can thus be lost between
the system headworks and productive uptake by the irrigated
crop. In areas underlain by fresh groundwater (GW) aquifers,
part of the seepage losses may be recoverable through tubewell
pumping - ie it is not a loss to the overall water resource - but
even in these favourable circumstances, a substantial proportion
of the total withdrawal volume will still be lost to the resource
system through evaporation and other causes. This is the reason
why irrigation return flows are generally so much lower than
those from municipal and industrial water use, as noted in
Table 1. On the other hand, with the low irrigation efficiencies
which are typical of many irrigation schemes, a clear opportunity exists for improving efficiencies. This would increase water
availability for crops through the reduction of conveyance and
application losses, though effecting such reductions is often
costly.

impacts in some places, especially on river flows which are
dependent on snow and glacier melt in river basin headwaters.
Examples include the Indus and Ganges, the Amu and Syr
Darya of Central Asia, and some Andean rivers. Moreover,
water requirements per crop hectare are likely to rise as
temperatures increase.
- Environmental flow requirements (EFRs) for rivers will
increase as the priority given to environmental objectives is
raised; for example, an increase in EFRs is currently
threatening the level of water deliveries to the irrigation
zones of the Murray-Darling Basin in Australia. Increasing
EFRs are, however, likely to pose less of a threat to irrigation
water availability in most developing countries, with
their greater need to focus on economic growth and
correspondingly lower social and political emphasis on
environmental concerns.
FAO (2011b) estimates that global irrigation withdrawals will
rise by 11 percent by 2050, excluding climate change (CC)
impacts, and by 15-22 percent including CC impacts. But
where will this extra water come from, at least on a sustainable
basis? There appears to be little scope for a major sustainable
increase in surface water (SW) or GW irrigation withdrawals
in South, East and Central Asia, the Near East and North Africa,
and OECD countries, where most of the world’s irrigation is
located. Apart perhaps from certain parts of Latin America and
South East Asia, the only region whose water resources could
support major irrigation expansion is probably SSA. But there
is limited scope for new large-scale irrigation in SSA, at least
under the circumstances which are likely to prevail in the near
and medium-term future (there is, however, certainly scope for
expansion of small and medium-scale private commercial sector
irrigation and local small-scale irrigation). Reasons include:
- There are few large perennial rivers which can be easily
tapped for SW irrigation, and the aquifer conditions are
generally unfavourable for profitable GW irrigation. Most of
the region lacks the kind of high yielding aquifers which are
found in much of Asia.
- There are few large areas of good quality land suitable for
SW irrigation by gravity such as are found in the IndoGangetic Plains and other parts of South and East Asia.

Figure 2. Upper Ganga Canal, irrigating 700,000 ha of the Ganges Plain (Photo:
ICID (UK), News and Views)

The potential for irrigation expansion
Except in SSA, the most important factor determining the
scope for any substantial future expansion of irrigated area in
developing countries is usually water availability. Pressure on
the available resources is certain to grow, due to factors such
as the following:
- Global demand for municipal and industrial water supplies
is projected to rise 2.2 times by 2050, bringing it to a level
similar to present irrigation withdrawals (see Table 1). On
both socio-political and economic grounds, these sectors
will normally be given priority over irrigation in the allocation
of the water available.
- Climate change will undoubtedly have adverse resource
6

- Unfavourable economics. Costs of large-scale irrigation are
high in most of SSA and the incremental economic benefits
from introducing irrigation are often limited by marketing
and other constraints and by the fact that, in many areas,
rainfed cropping is feasible.
- Institutional, management and political constraints. These
have been the cause of many irrigation project failures in
SSA. The region does not have the institutional base and
skilled irrigation manpower that Asia has.
This rather pessimistic view of large-scale irrigation prospects
in SSA is supported by the fact that there is so little irrigation
in the region at present. Most of that is in just two countries,
South Africa and Madagascar.
Water rather than land is generally the key resource constraint
on future irrigation expansion. The potential for any really
substantial expansion of global irrigated area appears to be
limited by water resource constraints in most regions and the
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limited scope for large-scale irrigation in SSA. In many countries,
the only major opportunities for substantially increasing water
withdrawals for irrigation are through large and costly dam
storage and inter-basin transfer works, such as the proposed
Kalabagh Dam on the Indus and the south-to-north water
transfer works in China. Given these limitations, future
growth in irrigated agricultural output will have to come
mainly from improving the productivity of existing irrigated
land.

The future situation
According to FAO (2011b), total food demand will have
increased to 70 percent above current levels in the world as a
whole by 2050, and to 100 percent above current levels in the
developing countries. This is equivalent to annual growth
rates of 1.3 percent and 1.75 percent respectively. FAO data
indicate that global cereal production rose at a considerably
faster rate than this in the 1970-90 period, at 2.3-2.6 percent
per annum, but at a slower rate, 1.0 percent per annum, in the
1990-2005 period. Nevertheless, these historic growth rates do
suggest that, in principle, keeping up with the future growth
in food demand is not an impossible target.
On the other hand, climate change will almost certainly make
things more difficult. FAO (2011b) predicts 5 percent and 10
percent declines in crop yields with 2ºC and 4ºC temperature
rises respectively (it is not clear whether these figures take due
account of the positive effects of higher CO2 levels on the yields
of some crops). As noted earlier, temperature rise will also increase crop water requirements.
With the limitations on irrigation expansion, the major growth
in demand for agricultural products, the slowdown in agricultural
production growth in recent years, and the likely adverse
impacts of climate change on crop yields and crop water
requirements, the future prospects for irrigated agriculture are
certainly challenging.

irrigation with sprinkler irrigation), precision land
levelling (the more even the field, the less the need for
greater water applications to cover the high spots), better
timing of applications, etc.
- More deficit irrigation (under-irrigation) of crops. Many
large SW canal systems of the Punjab were designed on
this basis. For example, supplying wheat with only, say,
75 percent of its full water requirement can give, say, 90
percent of its full yield, thus increasing the output per
m3 applied.
(ii) Institutional measures, such as improving overall water
resource management (eg better water allocation and ‘water
accounting’), and IMT (Irrigation Management Transfer)
and PIM (Participatory Irrigation Management) to increase
farmer involvement in system operation and maintenance.
IMT and PIM have had some success in many countries but
progress has been slower than expected, due especially to
institutional and social constraints. They are anyway not so
applicable for managing really large systems at the headworks
and primary canal level, because of the technical expertise
and financial resources required.
Scope undoubtedly exists to make the improvements listed
in (i) and (ii) above, but achieving them is likely often to be
a slow and arduous process, especially with the institutional
and human resource constraints involved.
(iii) The use of economic instruments such as Irrigation
Service Charges (ISCs) and Water Abstraction Charges
(WACs) as means to reduce water demand, and the
development of water market systems as a means of achieving
more economic water allocation through trading in water
rights. However, these instruments have little potential for
improving water productivity in developing countries. ISCs
and WACs have been found usually to have little impact on
demand, and water market systems require a very strong
institutional and legal framework.

Objectives and options for the future

(b) Increasing agricultural productivity per unit of water
consumed

Clearly, the key objective for the future must be to increase
water productivity in irrigated agriculture, that is ‘more crop
per drop’. There are two principal means of achieving this: (a)
reduce irrigation water use (consumptive use) through
improved irrigation efficiencies and water management; and
(b) increase agricultural productivity per unit of water consumed.

With irrigation, agricultural water productivity can be
improved mainly by increasing crop yields per hectare; reducing
water requirements per crop hectare; and changing cropping
patterns towards more water-efficient (less thirsty) crops and
farming enterprises.

(a) Improving irrigation efficiencies and water management
(i) Technical irrigation measures such as.
- Reducing canal and other irrigation distribution losses
through canal lining and improved system maintenance.
Though expensive, lining earthen canals can reduce
conveyance losses greatly and improve hydraulic
efficiency.
- Improving operation and management of large irrigation
systems to achieve better distribution of the water available
and reduce wastage.
- Raising field application efficiencies through adoption
of improved application technologies (eg replacing basin

(i) Increasing crop yields per hectare. As shown in Table 2,
the ‘yield gap’ is large in some irrigation regions, so there is
considerable scope for yield increases. The principal means of
increasing crop yields are plant breeding to produce more
productive crop varieties, greater and more efficient input use,
and better crop and soil moisture management.
Plant breeding is a major source of yield improvement. According
to Foresight (2011), a 1994 study showed that plant breeding
accounted for 47 percent and 55 percent respectively of UK
wheat and barley yield increases in recent decades, and 1998
and 1999 US studies showed that it accounted for 58 percent
of maize yield growth in Minnesota and 50 percent of overall
yield growth in the USA. Experience in China, and elsewhere
in Asia, has shown that replacement of standard rice high yielding
7
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varieties (HYVs) by hybrid rice can raise rice yields by at least
5-15 percent, with the same volume of water.
With regard to input use, fertiliser use is already high in East
Asia but scope exists for higher and more balanced use in other
irrigation regions. In Bangladesh, for example, many farmers
apply insufficient phosphate to achieve a correct balance with
their nitrogen use. There is also considerable scope to improve
the efficacy of crop protection measures. Efficacy rates quoted
by Foresight (2011) were 56-61% for N America, W Europe and
Oceania; and 37% for the rest of the world.
Considerable scope thus exists for bringing efficacy rates up to
the levels achieved in OECD countries and also for bringing
about general improvements in pest and disease control
through approaches such as IPM (integrated pest management).
In the case of rice, for example, rat damage causes major yield
losses, but economic control is feasible with only modest
expertise. There is also scope for improving seed quality and
purity, as with Pakistani HYV wheat seed and Bangladeshi HYV
rice seed.
A good example of better crop and soil moisture management
is the System of Rice Intensification (SRI), which is gaining
interest and application in more than 40 countries, including
China, India, Indonesia and Vietnam. Its key features compared
with traditional paddy growing systems are: seedlings are
transplanted singly and much younger (10-15 days); the plant
spacing is wider; and, of crucial importance from the water
viewpoint, the fields are kept moist but not flooded. Reported
typical benefits of SRI (Uphoff et al, 2011) are a 40-80 percent
rice yield increase; a 25-50 percent saving in irrigation water;
and also some savings in seed and maybe a slight increase in
milling outturn (percentage).
Taking account of these various factors, there thus appears to
be considerable scope for raising irrigated yields, especially in
South Asia. Plant breeding and better input use are promising
avenues for yield improvement, as is SRI for rice. Despite the
clear potential, however, growth in global crop yields has
slowed in recent years to only about 1 percent per annum. So
there is no room for complacency, especially with the likely
adverse effects of climate change.
An important point in favour of some optimism with regard to
future yield growth, however, concerns crop economics and

farmer incentives. If the future growth of crop yields and output
falls below the rate required to meet demand and shortages
develop, the resultant rise in crop prices and profitability will
increase farmers’ incentives to increase production. Experience
has shown that farmers tend to react positively to this situation
by raising labour and input levels and thereby increasing their
crop yields and output.
(ii) Reducing water requirements per crop hectare. Possible
means include, inter alia: plant breeding to shorten crop growing
periods, reduce plant physiological water consumption etc;
wider adoption of SRI as noted above, and perhaps other land
and soil management improvements; and the use of plastic
mulch for row crops, as in Northern China. Overall, however,
the scope for reducing water requirements per crop hectare
seems likely to be much less than for increasing irrigated crop
yields.
(iii) Changing cropping patterns towards a more waterefficient mix. Differences in water productivity between the
major field crop categories shown in Table 4 are not that great
in terms of food value (kcal of energy). The crucial point is
rather the very low water productivity of meat and dairy
production.
As incomes rise in countries like China and India, the demand
for and output of such livestock products can be expected to
increase rapidly, with a resultant negative effect on overall
water productivity. Experience in high income countries shows
that a large proportion of total grain output can eventually go
to feed livestock rather than for direct human consumption.
According to the IWMI (2007) report, cattle feeding accounts
for two thirds of total feedgrain consumption in OECD countries
compared to less than 10 percent in India and SSA. Maybe
market forces (rising prices for livestock products) will limit
the growth of their consumption, but past experience in this
regard is not encouraging.

Conclusions
Due to increasing non-agricultural water use and climate
change impacts, the future water resource situation for irrigation
will become increasingly limiting. The resultant water resource
constraints, combined with the restricted potential for large-

Table 4. Water Productivity of Crops etc (IWMI, 2007)
Food type

m3/kg

m3 per kcal
of energy

Cereals

8

1.5

0.47

Starchy roots

0.7

0.78

Sugar crops

0.15

0.49

Pulses

1.9

0.55

Oil crops

2

0.23

Vegetables

0.5

2.07

Meat

-

4

Dairy products

-

>6
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scale irrigation in SSA, means that only limited scope exists
for expansion of the global irrigated area. The only major
opportunities for substantially increasing sustainable
withdrawals for irrigation in most developing countries are
through large and costly dam storage and water transfer works.
Most of the required growth in irrigation output must therefore
come from increased water and land productivity, that is ‘more
crop per drop’.
Scope exists for improving irrigation and water management
as a means of raising water productivity, but the opportunities
for doing so through increasing agricultural productivity are
probably greater. The most promising avenue for achieving this
appears to be crop yield improvement (reducing the ‘yield gap’)
through plant breeding, greater and more efficient input use,
and better crop and soil moisture management.
This emphasis on ‘more crop per drop’ is nothing new: FAO
and other members of the international ‘irrigation community’
have been stressing its importance for many years. Less
emphasis has perhaps been given to the matter of raising
agricultural productivity as a means of achieving the aim. To
achieve this, the main implication from the policy viewpoint
is the need to increase the resources and effort devoted to
irrigated agricultural research and extension.
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News from the Field
Smallholder irrigation on the Usangu Plains,
Tanzania
Tom Franks

Tom Franks retired in March 2013 as Professor of Water Resources and Development at the Bradford Centre for
International Development. Prior to joining Bradford in 1984, Tom spent 10 years with Sir M MacDonald and Partners
(now Mott MacDonald). Tom’s early experiences as an irrigation engineer have proved a useful basis in his recent
research interests in water governance and allocation of water between competing uses.
How can we allocate water amongst competing uses? In
particular, how can we balance the demands for agriculture
with the requirements for maintenance of the environment?
Is it possible to ‘design’ institutions to manage water at the
local level? How can we best support the development of
smallholder irrigation? These and related questions have been
the subject of study and investigation on the Usangu plains in
SW Tanzania over the past 15 years.
Usangu lies in the upper reaches of the Great Ruaha River, a
tributary of the Rufiji. Water from the southern uplands of Tanzania
flows onto the plains, and thence to the Usangu wetland, a
wetland of international importance, especially for birdlife.
Downstream of the wetland lies the Ruaha National Park and
downstream again the linked hydro-electric dams of Mtera and
Kidatu which make a significant contribution to Tanzania’s
power supply. The Usangu plains themselves consist of fertile
alluvial soils very suitable for paddy rice cultivation and the
area was the subject of classic river basin development studies
in the 1960s and 70s. Irrigation had already started there in a
small way in the 1940s, but expanded considerably in the
decades following. Most of it has been developed by smallholders, but significant impetus was given by three state farms of
around 3,000 ha implemented from the 1960s onwards,
initially with Chinese assistance.
Paddy rice is, in principle, a wet season crop, and in the early
years, there was sufficient water for agriculture and
downstream uses. Problems, however, began to emerge in the
1990s and, from 1993 onwards, the river Ruaha, which was
originally perennial, ceased to flow during the dry season. In
the succeeding years, the period of no-flow increased, causing
very visible issues in the National Park and drawing national
and international attention to the challenges of managing
water amongst the various competing uses on the river.
As a result, a succession of projects have been carried out in
the area, starting with a World Bank-funded river basin
management project (of which Usangu was one component)
and moving to the DFID-funded Sustainable Management of
the Usangu Wetland and Its Catchment (SMUWC) which ran
from 1998 to 2002. After 2002, DFID continued funding work
in the area with the research project RIPARWIN, and WWF
then took over the lead with a succession of projects within
the Ruaha Water Programme. All of these projects have been
concerned with the problem of allocating water amongst its
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various uses on the plains and downstream, a problem made
more urgent by the demand for food from the growing and
hungry population in the area and in Tanzania more generally.
The findings presented briefly in this field note emerge mainly
from work on the SMUWC project and a follow-up research
project (Understanding Water Governance in Challenging
Environments: How Institutions Adapt to Change) funded by
the British Academy in 2011-12. The latter has provided an
unusual opportunity to revisit an area after some dozen years
to study how water resources have developed and institutions
have evolved over the intervening period, and what has been
the impact, particularly on irrigated agriculture.
The SMUWC project aimed to understand the processes leading
to downstream water shortages and to support approaches to
sustainable management. Livestock and pastoralism around
the wetland had always been a contentious issue and was
wrongly held to be a significant factor in changing water
availability. In fact, irrigated agriculture is by far the largest
consumptive water user on the plains. Most of the irrigated
agriculture is carried out by smallholders, with typical holdings
in the late 1990s of around 0.4 ha. The project therefore put
considerable resources into supporting the development of
water users’ associations and other local environmental
management institutions, in parallel with national efforts to
improve river basin management by, for example, the registration
of water rights and payment of water fees by the associations.
The recent research study funded by the British Academy
focussed on the evolution of these institutions, looking particularly
at those with which we had worked closely some dozen years
before. The study took a broad water governance perspective,
which we found more relevant in a remote rural location like
Usangu rather than a narrow focus on the technical processes
of water management. We defined water governance as ‘the
systems of actors, resources, arrangements and processes
which mediate access to water by citizens and other stakeholders’
and we tried to understand the outcomes of water governance
by investigating the resources (both material and nonmaterial) which people draw on, and the mechanisms they use
to manage water and other natural resources on the plains.
Some interesting findings emerge from our studies. On the
whole, the institutions we had worked with earlier were still
functioning and playing an important role in environmental
management on the plains. However, we found that they had
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evolved in ways that we had not foreseen at the time and that
they were strongly influenced by customary practice and the
interplay with other institutions of importance to people at the
local level, such as faith organisations, kinship groups and the
like. This is perhaps not unexpected, but it warns us not to put
too much reliance on following ‘design principles’ for agricultural
development institutions. In practice, institutions will follow
their own evolutionary path, driven by a range of internal and
external factors. In addition, we found that many of the local
institutions in Usangu had come to be dominated by a network
of powerful individuals who had used their access to resources
to enhance their position and extend their influence through
these institutions. We also found that the design and provision
of physical infrastructure such as irrigation control structures
was a significant contributing factor in strengthening the
position of some of the local people. Once secure access to
irrigation has been established, farmers use the resources they
derive from it to secure and enhance it further.
Another interesting finding which emerged from the recent studies
concerned land holdings. The schemes we studied had been set
up as smallholder schemes with typical landholding sizes of
around one acre. However our evidence shows that this is changing,
with the average size now around 0.53 ha. More significantly, we
found an unexpected number of large holdings, with 5 percent of

the holdings being larger than 20 ha. In this context, a farmer with
a holding of 20 ha is very prosperous. We were also able to trace
the changing patterns of land holdings for a particular cohort of
named individuals from the registration records of the water users’
associations. These data showed that, for these 43 individuals, 30
had increased their holding sizes (in one case by nearly 20 ha),
four had the same holding at the later date, and nine had a smaller
holding. It seems likely that the resources deriving from irrigation
enable active individuals to consolidate and eventually expand
their activities. The implication is that, at least in contexts such
as these, smallholder irrigators are quick to build on opportunities
and support to become larger-scale producers. This will very likely
have positive impacts on agricultural productivity – and indeed
the area is becoming visibly richer. Overall impacts on the general
levels of poverty and wellbeing are much harder to disentangle.
Unfortunately, our data did not allow us to trace individuals who
owned irrigated land in 2000 but did not do so a decade later.
This would make an interesting further study, helping to deepen
our understanding of the impact of irrigated agriculture in the
development of areas such as Usangu.
A fully-referenced paper on this work can be found at:
http://www.kcl.ac.uk/sspp/departments/geography/research/ep
d/wp62Cleaver.pdfc

Likangala Irrigation Scheme and Other Malawi
Smallholder Schemes
Bob Angier, with some additions by Chris Finney

Bob Angier is a water resources, irrigation, drainage and flood control engineer with over 50 years’
experience. In the late 1960s, he was one of a team of irrigation engineers engaged in the ODA (now
DFID)-funded development of smallholder irrigation schemes throughout Malawi and was the
engineer responsible for the Likangala scheme development. Chris Finney was Team Leader on the
1980/81 Malawi National and Shire Irrigation Study.

Summary
The Likangala smallholder rice irrigation scheme is a Malawi
Government-run scheme of some 400 ha which is supplied
from the perennial Likangala River, which rises in the Zomba
Plateau. In the country as a whole a total of 16 such rice
schemes were built in the late 1960s and the 1970s. A review
carried out in 1980 concluded that most were operating
satisfactorily and that their development had been economically
worthwhile.
Unfortunately, however, since the late 1980s maintenance
standards on schemes like Likangala have declined. Government
funding constraints are probably the basic reason, one result
of which is the Government’s current policy of transferring their
irrigation schemes’ management, operation and maintenance
to scheme farmers. Under the Malawi National Irrigation
Policy all 16 smallholder schemes are to be handed over to

newly created farmer organisations. In parallel with this
programme, four of the 16 schemes, including Likangala, are
being rehabilitated. International experience with Government
scheme transfer of this type has been mixed, and success in
the Malawi case is by no means guaranteed.

The Likangala Scheme
Planning, design and development
Lake Chilwa, which lies some 32 km east of Zomba in the
Southern Region of Malawi, has traditionally provided a lucrative
fishing industry to a large population living along its shores.
But in 1967/68, the shallow lake was almost dry after several
years of poor rainfall and the people were struggling to survive.
The Malawi Government (GoM) decided to investigate alternative
sources of income, particularly irrigated rice cultivation. A
suitable area 9.5 km inland from the lake shore was selected,
11
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which could be served by the perennial Likangala River rising
in the Zomba Plateau. Here, the relatively level topography and
fertile alluvial soils were well-suited to irrigated rice production.
Part of the area was uncultivated dambo swampy land and
other parts were under rainfed maize and cassava cropping.
Although the Taiwan Chinese had already developed a small
pilot scheme in an adjacent area for rice and vegetables, a similar
project in the area had been attempted before but was rejected
with hostility on account of personality conflicts between local
villagers and politicians and a failure to explain any proposed
development to the people affected.
Before any further development could be considered, meetings
were held with the local chiefs and village elders to discuss
what might be done and where boundaries of a scheme might
be established to cause minimum disturbance to the existing
land structure. Much interest was shown and approval was
given for a topographical survey to be undertaken of the
potential scheme area, although the surveyors were chased off
on several occasions. During the four rainy months at the end
of 1968 and early 1969, detailed designs of the scheme were
prepared and a programme was drawn up for construction to
start in April, at the beginning of the dry season. A committee
was formed of local chiefs and the local member of parliament
so that close liaison could be established between the design
team and the local people. The committee’s main responsibility
was to allocate plots to local farmers and to assist in measurement
for compensation for any loss of existing agricultural areas.
Local politicians were also allocated plots within the scheme.
When plans of the scheme were nearing completion, a general
meeting of all villagers was called and the proposals were
explained. The main issue was that villagers would lose some
of their land which would be incorporated into the scheme,
but they would accept compensation. Many of them would
benefit from being allocated plots within the new irrigation
scheme in roughly the same geographical positions as their
previous holdings. An important benefit would be that all
villagers, including the lakeshore fishermen, were offered
employment in the building of the scheme, which would
immediately bring much-needed cash income. A vote at the
end of the meeting overwhelmingly supported the scheme and
a request was made for construction to start immediately.
Construction aspects
The scheme, consisting of some 400 ha, was designed with a
main off-take structure located upstream of a gate-controlled
weir in the Likangala River. The main earth canal ran down the
contour with control structures every 300 m serving
secondary canals into blocks of 12-24 ha arranged in an overall
herringbone pattern. All structures were built in
brickwork with concrete base slabs. Each block was divided
into 0.8 ha units, the size considered to be viable for each settler farmer and his family to manage. The 0.8 ha were then
subdivided into 0.1 ha bunded paddies. The first stage of 240
ha built in a suitably drained dambo was completed before the
onset of the rainy season at the end of 1969. The second stage
of 100 ha was more problematic because the area had first to
be drained by building perimeter drains before any canal system could be constructed.
The whole scheme was built almost entirely by hand, and
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machinery was used only for ploughing, bunding, road making
and removal of large anthills. Every day, each man was set a
gwazzo (task) which could be completed in as long or short a
time as he wished. Overall, the average output ranged between
0.75 and 1.5m3 of excavation or fill per manday.

Figure 1. Likangala Irrigation Scheme, leveling and puddling for paddy (Photo:
Bob Angier)

Although GoM suggested that skilled artisans and prison
labour should be recruited from Zomba, it was felt that
outsiders would upset the status quo between management
and the local community. The success of the scheme would
depend upon the local people feeling that they had built the
scheme themselves. It was finally decided that no outsiders
would be involved. From the labour force, which peaked at
nearly 500, the most promising were trained as foremen,
storekeepers, bricklayers, carpenters, tractor drivers, operators
etc. Much patience and perseverance were required by
management for such training as work progressed, but it
proved very worthwhile, as evidenced by one man’s wages
which increased from the basic of 2/4d (£0.12) per day to £45
per month in just a year.
Good harmony was achieved throughout construction due to
rigid discipline, and labour disputes were minimal. Several
important factors created this good relationship, including:
• A high protein beverage was given to everyone to supplement
the poor nutritional level.
• A clinic provided medicines for malaria and bilharzia, and
treatment of small wounds.
• The injection of capital into the area had remarkable effects:
debts were paid, food, clothing, radios and bicycles could be
purchased, and children‘s school fees could be paid. At the
beginning of construction, everyone walked to work, but
after a few months cycle racks had to be provided.
• Materials were provided for workers to build houses, and
‘instant’ portable wooden bridges provided easy access
across canals.
Agricultural benefits, construction costs and economic
viability
Paddy was grown as the rainy season crop over the whole area,
and a second paddy crop or subsistence crops of maize, beans
and vegetables, were planted over about half the area in the
dry season. All land preparation and land levelling was included
in the scheme construction costs and each settler farmer was
given fertilisers on credit which was repaid when his harvest
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was sold. Settler farmers were given agricultural extension support
and help, although for many the change from fishing must
have been difficult.
The overall construction costs of the scheme in 1970 (which
included the expatriate irrigation engineer’s salary) amounted
to £180 per ha, a low figure by international standards. The
annual maintenance costs of £40 per ha were shared by the
farmers and GoM.
Based on these actual costs and the cropping regime being
followed, an economic analysis was undertaken which showed
that the scheme was economically sound and yielded attractive
returns to investment, with benefit-cost ratios of 1.44:1 and
1.38:1 at discount rates of 8% and 12% respectively, and a high
internal rate of return.

Subsequent national development of
smallholder rice irrigation schemes in
Malawi
The Likangala Scheme created great interest in the local area
and other parts of Malawi, and many chiefs, headmen,
businessmen and politicians visited the scheme during
construction. Eventually, a total of five smallholder rice irrigation
schemes, which together make up the Likangala Complex,
were developed by GoM in the area. One such scheme was built
in the nearby Khanda valley after repeated requests by the
chief. This scheme took just four months to build from start
to being fully planted with rice.
In the country as a whole, a total of 16 such rice schemes,
generally in the 200-600 ha range, were built in the late 1960s
and the 1970s. A thorough review of their performance was
carried out in the Malawi National Irrigation Study in 1980
when most of the schemes were found to be operating
satisfactorily. At that time, their main crop was Blue Bonnet
rice, a relatively high quality ‘Uncle Ben’-type variety, and
average paddy yields were typically 3.1-3.75 t/ha. Analysis
indicated that their development had been worthwhile in
economic terms, with benefit-cost ratios of over 1:1 at a 10%
discount rate and internal rates of return of over 10%. The
conclusion was that the overall development programme had
been a success.
Based on the successful Likangala Scheme experience, important
social and related considerations for the development of such
schemes were considered to include the following:
• A scheme must fulfill social needs and blend in with the
existing social structure.
• The chiefs, headmen and local community must be kept
fully informed of all operations.
• The local community must feel they have participated in
the scheme by providing their labour.
• The injection of capital into the area from the employment
of local labour is a significant benefit to the whole community,
particularly in impoverished areas.
• Good strong management for such development is essential
and it is important that unnecessary interference from
outside is kept at arm’s length.

More recent developments
Unfortunately, since the late 1980s, maintenance standards on
schemes like Likangala have reportedly declined. According to
information from the internet, for example, the Likangala main
canal now needs rehabilitation. GoM financial constraints are
probably the basic reason, especially with the withdrawal
of donor funding. Inadequate funding of operation and
maintenance is a widespread problem on Government irrigation
schemes in developing countries – one might also say it is the
norm.
One result is many governments’ policy of transferring as
much as possible of their irrigation schemes’ management and
maintenance to the scheme farmers, under an Irrigation
Management Transfer (IMT) or Participatory Irrigation
Management (PIM) programme. Malawi has adopted this
approach. Under the National Irrigation Policy, all 16 GoM
smallholder schemes are to be handed over to newly created
farmer organisations. Domasi, a nearby scheme to Likangala,
is the first on the transfer list. In parallel with this programme,
under the current World Bank-supported Irrigation, Rural
Livelihoods and Agricultural Development Project, four
schemes in the Southern and Northern Regions, including
Likangala, are being rehabilitated.
International experience with Government scheme IMT/PIM
has been mixed, and success in the Malawi case is by no means
guaranteed. GoM policy is now to expand irrigation, in
response to its growing population and increased vulnerability
to drought, whereas in the past two decades or more rainfed
agriculture was accorded the main priority. For the country’s
agricultural future, therefore, successful implementation of the
scheme transfer policy is important.

Environmental concerns
A major factor threatening the viability of some (perhaps most)
of the 16 schemes is the degradation of their river catchments
through uncontrolled deforestation, especially for firewood,
and soil erosion. As a result, a number of schemes have
suffered from increased flash flooding in the rainy season, with
consequent damage to scheme infrastructure, and a reduction
or even cessation of dry season flows, preventing double cropping
and delaying land preparation and seedbed establishment for
the main rice crop. Improved catchment protection and
management will therefore be important for the long-term
sustainability of the schemes.
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News from the Field
The Indus Basin floods 2010-2012, and future
challenges
John Hansell

John Hansell has lived and worked overseas since 1963. Originally a soil surveyor, he moved on to agricultural project
management and then became a natural resources adviser for ODA/DFID. Since retirement he has continued to provide
consultancy inputs in agriculture, private sector development, and the environment. He is currently engaged by DFID
Pakistan, supporting early recovery programmes following the last three years of flooding.

Background
Pakistan is one of the world’s more arid countries, with an
average rainfall of less than 240 mm/year. With the exception
of the northern regions, most of the country receives little rain
other than what occurs during the south-west monsoon from
June-September. However, annual rainfall varies significantly,
often leading to successive patterns of floods and droughts.
The population and the economy are heavily dependent on the
Indus river system emanating from neighbouring countries,
which provides 180 billion m3 of water per annum, mostly
derived from snow melt in the high mountains. The Indus and
its tributaries have enabled some of the earliest civilisations to
flourish along its banks. However, it was the advent of largescale irrigation technology that provided a platform for the
development of agriculture and the modern economy,
resulting in the Indus Basin having the largest contiguous
irrigation system in the world.
The natural state of silt-laden rivers like the Indus and its
tributaries is to meander across their floodplain. However,
years of infrastructure development and impounding have
confined the Indus within narrow channels and embankments
− but it has not been constrained. The result of this river
‘training’ is that silt is deposited within the trained area
(the river and the adjoining floodplain area inside the flood
embankments), with the result that, in the lower parts of
Sindh, the Indus river bed has now built up to above the level
of the adjoining land. This leads to the massive system of main
and branch irrigation canals which take off from the river
barrages being elevated above the surrounding countryside.
Transport infrastructure on embankments close to and
overlaying major irrigation structures has reduced further the
physical capacity of the system to cope with flood events. Over
time, the likelihood of embankment breaches increases. When
this coincides with high flood levels, the consequences can be
disastrous.

Monsoon floods
The 2010 monsoon flood disaster was both massive and
unprecedented. For the first time in many years, the Indus
recovered its historic floodplain, resulting in more than 1,700
deaths. Some 20 million people were affected, and water
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inundated around 5% of the country, much of it prime
agricultural land. Losses through damage to infrastructure and
livelihoods amounted to billions of pounds. A rare combination
of a strong monsoon from the Bay of Bengal and a westerly
depression triggered heavy rains during three weeks in July
and August. Prolonged cloudbursts in the northern regions
generated flash flooding from the upland areas, while heavy
monsoon rains over the rest of the country generated high
drainage volumes. The reduced conveyance capacity of the
rivers due to multiple obstructions and years of inadequate
maintenance of the structures caused heavy pressure on canals
as well as the drainage systems, leading to breaches and
over-topping.
Intense, concentrated and highly destructive flash floods in the
mountains resulted in the destruction of infrastructure and
high loss of life. To the west of the Indus, hill torrents from the
Suleiman Mountains resulted in river floods and breaches in
protection bunds, severely affecting livestock numbers. In
flatter areas along the middle and lower Indus, riverain flooding
had a slow onset, but was economically very destructive,
affecting densely populated areas with one of the most highly
irrigated agricultural landscapes in the world. The summer
crops of rice, sugar cane and cotton approaching harvest were
destroyed or severely damaged.
Initial estimates of crop losses based on the extent of the area
flooded were later downgraded. FAO’s provisional post-flood
estimate of 2.4 million tonnes of lost cotton production was
later reduced to below 1 million tonnes, as the crop survived
short periods of inundation and farmers delayed harvesting
and picked later. To a lesser extent, the same was true of sugar
cane where, providing it had reached sufficient height, it
survived, but with decreased yields. It was the paddy rice crop,
much of it export-grade Basmati, where major losses occurred,
with revised loss estimates of 2.37 million tonnes with a
farm-gate value of £295 million.
In many areas, even five months after the floods, there were
still pockets of residual standing water. Combined with
destroyed infrastructure and irrigation system siltation, this
was responsible for the slow resumption of agricultural activity
and the planting of the winter wheat and vegetable crops. As
most smallholders are tenant farmers who rely on saved seed
and credit, the loss of their seed stocks forced many of them
into further debt.

News from the Field 2

Table 1. Comparison of the impact of flooding in Pakistan 2010-121
Description
Area affected (km2)
Number of deaths
Flood-affected people (million)
People requiring WFP food aid
(million)
Area of standing crops destroyed
(hectares)
Animal losses

2010
58,797
1,700
20.2
7.2

2011
27,000
434
5.8
5.2

2012
11,868
370
4.4
2.8

2,400,000

900,000

490,000

>400,000

112,000

7,818

Data derived from the UN Office for the Coordination of Humanitarian Affairs (OCHA) and the Government National
Disaster Management Agency (NDMA) sources.
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Floods are a common phenomenon in Pakistan. Whilst the
2010 floods were the most destructive in living memory, they
were succeeded in 2011, and again in 2012, by further, if less
widespread events, as the table above shows. While the flood
of 2010 affected all provinces and was a consequence of the
Indus overtopping and flooding, those of 2011 and 2012 were
the result of more localised, intense and prolonged rainfall and
drainage failures.
In 2011, south-eastern Sindh, an area which had largely
escaped the 2010 flood, was badly affected. Abnormally heavy
monsoon rains in southern low-lying areas close to the Arabian
Sea resulted in widespread inundation. The water, confined by
infrastructure and unable to flow away through natural
drainage channels, breached drainage canals at several
locations, resulting in the submersion of considerable areas of
land. The flood impacted 22 districts in Sindh and 11 districts
in Balochistan, with heavy damage to public and private
assets.
The story in 2012 was similar, with late monsoon rains in
September triggering flash floods and damage to infrastructure
and livelihoods in districts of northern Sindh and southern
Punjab, many of which were still struggling to recover from
the flood of 2010. In the five most-affected districts some 80%
of the standing summer Kharif crop was damaged or
destroyed. This caused supply chain disruptions that impacted
on the agricultural livelihoods of over a million people.
Significant loss of fodder combined with increased levels of
worm infestation and animal disease had, by December of that
year, reduced livestock assets by 40% for large, and 45% for
small, ruminants.

systems.
While severe flooding of the Indus is not uncommon, three
successive years of major damaging floods is unprecedented.
The longer-term impact of climate change remains uncertain.
The Indus basin depends heavily on the glaciers of the western
Himalayas which act as a reservoir, releasing water into the
rivers which feed the plains. Climate change is already affecting
these western glaciers and there is evidence to suggest that
they are now in retreat. While future rainfall predictions remain
inconsistent it is expected that rainfall extremes will become
more pronounced. The Intergovernmental Panel on Climate
Change regional model predicts a decrease in the number of
rainy days, but a substantial increase in extreme precipitation,
which will increase further already highly variable rainfall
patterns.
Given the existing and potential threats to its water supplies
and its economy, Pakistan needs to put in place a water
resource and infrastructure system which is knowledge-driven
and is designed and operated to be more flexible and adaptive.
Fortunately, the country has a remarkable history of
successfully confronting major water challenges in the past
and there is hope that it can do so again in the future.

Future Scenarios
Pakistan is one of the most water-stressed countries in the
world. It is dependent on a single river system, so it has little
of the robustness that other countries like India enjoy with a
diversity of water systems. There is no feasible intervention
which would enable Pakistan to mobilise appreciably more
water than it currently uses. Added to this there is continuing
degradation of the resource base ranging from deforestation
in the mountains, the ingress of saline water into over-pumped
aquifers and large-scale, uncontrolled pollution by the increasing
use of fertilisers and pesticides. Pakistan’s population will soon
exceed 200 million, placing further strain on unreliable water
supplies, especially in urban areas already struggling with
untreated effluent, much of which drains directly into the river
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Water harvesting experience in East and West
Africa - prospects for sustainable intensification
of rainfed agriculture
John Gowing and Lisa Bunclark

John Gowing is Reader in Agricultural Water Management at Newcastle University. He works on
soil and water engineering in the context of sustainable rural development, with a particular
focus on environmental and livelihoods impacts of land and water development.

Lisa Bunclark is an engineering graduate with an MSc in development studies. She is currently
pursuing research on water harvesting as a PhD student at Newcastle University. Her research
is interdisciplinary and has a livelihoods focus.

Summary
Interest in studying and promoting water harvesting systems
in the drylands of sub-Saharan Africa can be traced back to a
World Bank initiative in the 1980s. Since that time the
evidence of indigenous knowledge of water harvesting
techniques has expanded greatly and considerable efforts have
been made to promote their adoption and improvement. We
report here on our recent experiences with very different water
harvesting systems in Burkina Faso and Ethiopia. This work
has allowed us to explore the two ends of the wide spectrum
of water harvesting techniques. We conclude that the greatest
potential is at intermediate scale (mid-spectrum) with either
direct soil storage or pond storage, and this is where future
effort should be focussed.

investigations in southern Israel have mapped the distribution
of early systems over 5,000 km2 of the Negev desert and dated
them to the 5th to 8th centuries. Investigations in the North
American South-West have shown that similar systems also
existed there 1,000 years ago. Farmers living in drylands recognise
the value of runoff and have acquired knowledge of how to
manage it by adopting a range of different techniques which
operate at different scales (Figure 1).
No standardised method exists for classifying water harvesting
techniques. Many variants have been published (eg Chapter 2
in Critchley and Gowing, 2012). They generally recognise: (1)
differences in scale (represented by the ratio of runoff-generating
area to cropped area) and transfer distance for harvested
runoff; and (2) different options for storing the harvested
runoff. A simple classification is shown below in Figure 1.

Introduction
The challenge of delivering sustainable intensification of rainfed
agriculture in the drylands of sub-Saharan Africa requires that
we make best use of the limited rainfall. There are two soilwater management strategies for increasing yields under these
circumstances: (1) capturing more rainwater and storing it
(increasing water availability), or (2) using available water
more effectively by reducing non-productive soil evaporation
(increasing water productivity). We report here on the first of
these options − water harvesting (WH) − which we define1
as, ‘the collection and concentration of rainfall runoff for plant
production’.
Water harvesting (alternatively known as rainwater harvesting
or runoff agriculture) is not a new concept. Archaeological
16

Runoff harvesting
(overland flow)

Micro-catchment
(Area ratio 1:1 to 3:1)
(Transfer distance 1-10m)

Soil storage

Micro-catchment
Contour bunds
Stone lines
Planting pits

Floodwater harvesting
(channel flow)

Meso-catchment
(Area ratio 5:1 to 10:1)
(Transfer distance 10-100m)

Pond storage

Meso-catchment
‘Majaruba’
basins
3-sided basins
(‘Teras’)

Macro-catchment
(Area ratio > 100:1)
(Transfer distance ?? m)

Aquifer storage

Soil storage

Supplementary
irrigation
(requires water
lifting)

Spate irrigation
Water spreading
Floodwater
farming

Figure 1: Classification of water harvesting techniques
Water harvesting is also used to collect water (eg from roofs) for domestic
use, but we are not considering this application.
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Interest in studying and promoting water harvesting systems
in the drylands of sub-Saharan Africa can be traced back to a
World Bank initiative, the sub-Saharan Water Harvesting Study2
(SSWHS) in the 1980s. Since that time, the evidence of
indigenous knowledge of water harvesting techniques has
expanded greatly and considerable efforts have been made to
promote their adoption and dissemination. Indicative costs for
the different techniques are summarised in Table 1.
Table 1. Representative costs of water harvesting techniques.
Water HarvestingTechnique
Macro-catchment systems
(Spate irrigation, run-of-river diversion, unlined canals)
Meso-catchment systems
(eg Majaruba basins, Teras bunds)
Micro-catchment systems
x Contour stone lines
x Demi-lunes (eye-brow bunds)
x Planting pits

Cost (US$/ha)
500 - 1,000
100 - 500

150 – 200
150 – 300
50 – 100

Since 2011, we have been working with collaborators3 in
Europe and Africa on an EU-funded research project which aims
to contribute to the development of water harvesting technologies
that allow sustainable intensification of rainfed agriculture and
strengthening of rural livelihoods and food security in subSaharan Africa. We report here on our experiences with very
different water harvesting systems in Burkina Faso and Ethiopia.
Wider experience is presented in the book (Water Harvesting
in Africa) which is reviewed in the Bookstack section of this journal.

catchment with soil storage).
Our study sites are Boukou and Malgretenga, located in the East
Central region, approximately 60 km west and east of the capital,
Ouagadougou, and Peni, located within the Hauts-Bassins region,
south western Burkina Faso, about 30 km from the second largest
city of Bobo-Dialasso. The first two sites receive annual rainfall
around 750 mm, while Peni receives around 1,000 mm. Farmers
in Boukou and Malgretenga have adopted stone lines and/or zaï.
Stone lines are arranged along the contour as a semi-permeable
barrier to spread runoff and promote infiltration. They are typically
30 cm high and spaced at around 30 m. This requires 50 m3 of
stone and around 25 person-days labour input per hectare.
Availability of stone is not a serious constraint at these sites, but
its transportation depends on external assistance. Planting pits
(zaï) are typically 40 cm diameter and 15 cm depth and
constructed at a density of around 10,000/ha. This requires
around 100 person-days labour input per hectare. Stone lines are
less common at Peni and work there has included demonstrating
contour soil bunds as an alternative. At all sites, availability of
compost is a serious constraint and our local partner has provided
training in compost making.

Burkina Faso
Burkina Faso is a flat country, generally lying between 250 and
400 m above sea level (masl). Soils are characterised by their
advanced degree of weathering, poor structure, low content of
active clay and low organic matter. Crusting of sandy clay and
sandy loam soils, which restricts rainfall infiltration, is a
common problem. Annual average rainfall varies from 1,000
mm in the south, to less than 250 mm in the north. There are
few perennial rivers and exploitation of groundwater remains
limited. Given the very limited extent of irrigation, rainfed
agriculture dominates, and diverse soil and water conservation
and water harvesting technologies have been actively promoted,
particularly in the central and northern regions of the country.
External interventions in soil and water conservation began
soon after independence. The level of farmer participation was
weak and, as a result, bunds were not maintained and were
often destroyed. The success story of water harvesting in Burkina
Faso really began around 1980 and has been well documented4.
A participatory approach to water harvesting with contour
stone lines was tested successfully by a local NGO with support
from OXFAM (1979-1982) and the technique was then widely
promoted (1982-1997). The success of this intervention (‘the
magic stones’) became very widely recognized. It was one of
the case studies reported by SSWHS. Alongside this externally
supported improvement, farmers began innovating themselves
by improving a traditional practice of planting pits (known
locally as zaï) in order to reclaim severely degraded land. Since
the 1980s, many donors and NGOs have promoted stone lines
and/or zaï. Many farmers have adopted a combination of these
water harvesting techniques (categorised in Figure 1 as micro-

Figure 2. Contour stone lines at Boukou (Burkina Faso)

Figure 3. Planting pits (zai) at Boukou (Burkina Faso)

From interviews with adopting farmers, it is clear that they are
convinced of the positive impact of improved water harvesting
and conservation techniques. Grain yield (primarily sorghum)
is the main indicator according to them. They also perceive
positive impacts on soil fertility, workability and moisture
retention, vegetation regeneration, production of fruit trees,
the availability of grazing, and recovery of barren land. Numerous
research studies have measured positive impacts with yield
increases varying from 40 to 100 percent, but most have been
A review of the literature available at that time is presented in Reij C et al
(1988); and case studies of water harvesting systems from seven different
countries in sub-Saharan Africa appear in Critchley W et al (1992).
3
For a full list of project partners, visit the project website http://whater.eu/
4
For example Reij C et al (2009)
2
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limited to one to three years and long term risk assessments
are lacking. Our recent surveys with key informants indicate
that long-term average yield increment is up to 100 percent
for stone lines and 200 percent for zaï from a typical baseline
yield of 500 kg/ha. In this assessment, it is difficult to unravel
the effect of recovery of barren land as compared to yield
improvement on productive land. However, what is much
clearer is the importance of compost. It could be argued that
the most important contribution of stone lines and planting
pits is that they help to reduce loss of this valuable resource by
controlling runoff.

Ethiopia
Ethiopia is a country which encompasses high and rugged
mountains, flat-topped plateaux and deep gorges. There are
diverse soil types: Cambisols are predominant over much of
the highlands, while Vertisols occur in large areas of the southeastern highlands and in the south-western parts of the country;
Regosols occupy much of the Somali Plateau and the northeastern part of the country. Ethiopia has a tropical monsoon
climate, but with wide topographically-induced variation.
Average annual rainfall varies from over 2,000 mm in the
south-west to less than 100 mm in the lowlands of the northeast. Virtually all food crops in Ethiopia come from rainfed
agriculture, with the irrigation sector accounting for only
about 3 percent of total production; but even in good years,
the country cannot achieve food security through current rainfed
production. Ethiopia faces increasing water scarcity, and
competition for water resources will limit future scope for
expansion of irrigation. Water harvesting has not previously
received high priority, but traditional practices are evident and
it is now part of the water management agenda.
Our initial focus was in southern Ethiopia (Southern Nations,
Nationalities and Peoples’ Region — SNNPR and Oromia
regions) where four WH interventions were identified: sand
dams, spate irrigation, household ponds and the integrated
micro-watershed approach. The first two are macro-catchment
techniques with aquifer storage and soil storage respectively
(see Figure 1). Household ponds can be seen as mesocatchments. The integrated micro-watershed approach
involves a range of micro-catchment and meso-catchment
techniques. Perhaps the most notable example of traditional
soil and water conservation technologies can be seen in the
Konso terrace systems of the SNNPR which achieved UNESCO
world heritage status5 in 2011. We have concentrated our
in-depth studies in this area where we have looked at spate
irrigation for maize production.
Spate irrigation – also known as floodwater harvesting – is a
large-scale technique in which channel flows are collected from
ephemeral rivers by diversion structures built across the river
bed. Irrigation water is spread by crude distribution systems
and stored in the soil to cultivate crops or pasture areas. Flows
are often large and difficult to control. The intake structure
often needs to be rebuilt after each flood event. Construction
and operation are normally a communal activity requiring
social organisation. Similar systems have existed in Eritrea and
northern Ethiopia for several generations, but have only been
introduced into southern Ethiopia relatively recently.
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Figure 4. Farmer-built intake on Yanda river

Our study site is Konso Woreda (district), where the altitude
ranges between 650 and 1,900 masl. Seventy percent of
the total area is sparsely populated, hot, dry lowland
(approximately 400 mm annual rainfall), while the population
is concentrated in highland settlements where the terrace
systems are found. A recently constructed gravel road has
helped to link the densely populated highlands to the lowlands
where cultivable land is available in the floodplain of the Yanda
and Segen rivers. Farmers began to utilise this land for cropping
by developing rudimentary spate irrigation. During the past
decade, an NGO project has provided assistance with the
development of irrigated land in the lowlands by building
‘improved’ intakes, first on the Segen river and later on the
Yanda river. It was estimated that around 5,000 hectares could
be developed for irrigated cropping. In addition, the project
aimed to improve agronomic practices, improve livestock
production, provide tree seedlings, provide boreholes with hand
pumps, and promote bee-keeping and other income-generating
activities. Farmers within each intake/command have been
organised into a legally-constituted cooperative responsible for
management and maintenance of irrigation facilities.

Figure 5. Improved spate irrigation intake on Yanda river

The Yanda and Segen rivers flow from adjacent catchments
and join together in the lowlands before draining into Chew
Bahir (Salt Lake) close to the border with Kenya. They are very
different rivers: Segen is semi-perennial and flows for 6-8
months in each year with a normal sediment load; Yanda is a
true spate channel which flows for only a few days in each year
and carries a very high sediment load. The facilities developed
in Segen valley cannot be classified as ‘spate irrigation’; they
should be seen as normal small-scale, community-managed
UNESCO (2011), Konso Cultural Landscape, UNESCO World Heritage List.
Available at: http://whc.unesco.org/en/list/1333.
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irrigation facilities. However, three recently constructed intakes
on Yanda river are true ‘spate irrigation’ facilities. In addition,
there are several functioning farmer-built spate intakes on
Yanda river within the lowlands. It is clear that the technical
and social problems associated with these developments are
greater than those encountered in successfully developing
irrigation facilities on Segen river. The so-called ‘improved’
intakes have been damaged by the destructive spate flows and
have failed to control sediment accumulation, both at the
intakes and in the canals. Their sustainability is open to
question and it is not clear that this type of water harvesting
fits the ‘intermediate technology’ paradigm.

Conclusions
So what can we say about prospects for sustainable intensification
of rainfed agriculture in sub-Saharan Africa? The current
situation has been characterised as ‘one-tonne agriculture’ (ie
with typical cereal yields under rainfed production of around
1 t/ha). There is a general consensus6 that investing in measures
to improve water management in rainfed agriculture can deliver
a doubling of yields7. The question then is where should this
effort be targeted? Our work in Burkina Faso and Ethiopia has
allowed us to explore the two ends of the wide spectrum of
water harvesting techniques (Figure 1). In the first case, the
additional water input from runoff is limited and the practice
is not easily distinguishable from in situ water conservation
techniques. In the latter case, the additional water input can
be very considerable and the practice is not easily distinguishable
from conventional irrigation.

We are tempted to suggest that the greatest potential is at the
intermediate meso-scale, with either direct soil storage or pond
storage, and this is where the effort should be focussed. We will
discuss an example (the majuraba system in Tanzania) in a
forthcoming article.
For example Chapter 8 in Molden D ed (2007).
Assuming water productivity is around 150 mm/t/ha (based on grain yield),
then doubling yield from 1 t/ha to 2 t/ha will require additional productive
water use of 60 mm to 80 mm.
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Planting pits, in combination with contour barriers, are seen
by many observers as an important part of the success story
of water harvesting in sub-Saharan Africa over the last 25
years. Their rapid adoption can be explained by the fact that
these micro-scale techniques are simple and produce
immediate results. Farmers adopt them incrementally depending
on how much labour they are able and willing to invest. They
can be applied by individual farmers who primarily treat their
own fields to which they have land-use rights. As a result, very
few land tenure problems arise. Farmers appreciate that, with
these techniques, little land is lost to the structures and fields
treated produce some yield even in years of low rainfall.
Questions remain however on the extent to which the spread
can be seen to have been through spontaneous adoption rather
than external intervention and support.
Floodwater harvesting systems are more complex. These
macro-scale systems divert concentrated runoff flows that are
larger and potentially much more damaging than the flows
intercepted by contour barriers. There are examples where they
have been developed successfully, but their intake structures
require design and construction skills beyond the capacity of
farmers; external technical assistance is required. The technology
is not divisible and therefore requires collective action for
construction, operation and maintenance. They have many of
the characteristics of formal irrigation systems in that they
require both technical and social organisation for their success.
For this reason, it is unlikely that they will spread spontaneously;
they require external intervention and therefore compete
directly with formal irrigation schemes for technical support.
19

Newsflash 1 / Article 4

Newsflash
Lead in rice
Analysis of lead contents in over 1,400
rice samples from 15 countries (including
400 from Bangladesh, 382 from China
and 162 from the USA) has shown that
contents are high in some samples from
several of the countries, including
Bangladesh, China, Ghana, India, Nepal
and Sri Lanka. They are especially high
in parts of China where heavy metals are
mined and processed. In countries such
as Bangladesh, where such metals are
not mined or processed, the source of
the excessive levels is not yet
apparent. Possibilities include pollution
from leaded petrol alongside highways
and from pesticides containing lead
used on fruit and vegetable crops. The
samples analysed were taken for arsenic
studies and cannot be regarded as
representing widespread conditions
within the countries involved, especially
in the countries where few samples were
analysed. Broader-scale studies are
needed to try to determine the causes of

contamination and the specific sites in
individual countries where potentially
toxic levels of lead occur.
As with arsenic and cadmium, the risk
to humans depends not only on the
actual lead contents of rice, but on the
amounts of rice eaten by different age
groups and in different countries. As
with arsenic and cadmium, too, the
situation is complicated by the fact that
trials have shown big differences in
grain lead contents between rice
cultivars grown under similar
conditions. The EC and Chinese toxic
limit is 0.2mg/kg of milled rice. The risk
is greatest in countries such as
Bangladesh, where the average daily
consumption of rice by a 60kg adult is
450g per day, and pregnant women are
particularly at risk in such countries.
Toxic symptoms include gastrointestinal
and reproduction disorders, damage to
kidneys, and neurological effects (which

can affect intelligence in young
children).
Much remains to be researched on both
cadmium and lead contamination,
including the extent to which irrigated
wheat and vegetables may also be
affected, as well as non-irrigated cereals,
pulses and oilseeds. Studies planned in
Bangladesh to obtain more information
during the 2013 boro and aman rice
seasons have been thwarted by political
disturbances, so it may be a further year
before more information becomes
available on the scale and possible
causes of these newly-reported sources
of food contamination.
Hugh Brammer
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CDC’s irrigated commercial agriculture in
Zambia
Rob Lockwood

Rob Lockwood, formerly Agricultural Manager CDC Industries, has spent most of his career
working in tropical agriculture, initially as a cocoa breeder but then becoming a generalist during
his 16 years with the Commonwealth Development Corporation. He has worked as an independent
consultant, mostly in Africa, since leaving CDC.

Summary
The CDC managed three agricultural enterprises in Zambia
involving irrigation. The largest was the Mpongwe Block, to
the southwest of the Copperbelt, where development began in
the early 1980s. Its irrigated farming system was based on the
double cropping of irrigated wheat and rainfed soya beans. By
the early 2000s Mpongwe had 1,600 ha under irrigation and
6,200 ha of rainfed maize and soya. In addition to its financial
success, the Mpongwe enterprise has had a highly positive
20

general developmental impact. To the west of Mpongwe, in
the Munkumpu area, a further 2,500 ha was successfully
brought under irrigation, with the same crop rotation. The
crop yields achieved compared well with typical Zambia and
Zimbabwe commercial farming averages. The two other CDC
irrigated farming enterprises were Nanga Farms, where the
arable cropping was less profitable than at Mpongwe and was
eventually successfully replaced by irrigated sugar cane to
supply the existing Nakambala factory; and York Farms, where
some 500 irrigated hectares under export vegetables profitably
supplied the UK market, especially Tesco.
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Table 1. CDC-managed Agricultural Companies in Zambia in 2000

Company

Location

Elevation
(masl)

Gross
area
(ha)

Cultivated
area (ha)

Principal
Crops

Mpongwe Development Co
Ltd
Nampamba Farm (irrigated)
+ Turnbull Farm (rain fed)
+ Chambatata Farm (rain fed)
Munkumpu Farm

85 km SW
of Luanshya

1,220

35,000

5,600

Wheat, maize,
soya, coffee

50 km W of
Mpongwe
Between
Munkumpu
and Kafue
river
25 km E of
Mazabuka

1,180

23,000

2,500
(irrigated)
Varied
<1,000

Wheat, soya,
maize
Maize, cattle

1,572(1)

Wheat, maize,
soya, sugar
cane, coffee,
cattle

7 km S of
Lusaka

~1,300

320

320 (240
irrigated)

23 km W of
Lusaka

~1,300

1,490

820 (320
irrigated)

Export
vegetables,
roses
Export
vegetables,
wheat, soya,
cattle, sheep

Kampemba Ranch

Nanga Farms Ltd

York Farms Ltd
York Farm
Kashima Farm

11,463

1,002

8,800

Notes: (1) An additional 880 ha was considered to be suitable for cultivation. The undeveloped land was used for grazing cattle.

Introduction
CDC Group plc (formerly the Commonwealth Development
Corporation) managed three agricultural enterprises in Zambia.
Table 1 summarises the situation in 2000, the last year before
CDC began to withdraw from agricultural development and
management, as a result of a major worldwide policy change.
All three locations were characterised by a mono-modal rainfall
pattern, with a rainy season from late October to early April.
Average annual rainfall at the three locations was as follows:
Mpongwe 1,076 mm; Nanga 707 mm; York 804 mm.
In most years, the rainfall was sufficient for maize and soya,
the principal summer crops, especially at Mpongwe, but the
lack of rainfall in the winter months meant that irrigation was
essential for wheat, coffee and other perennial crops, and for
export vegetables, even when grown in the wet season.

Mpongwe Development Company Ltd
General
In the 1970s, the Mpongwe Block, to the southwest of the
Copperbelt, was identified by the Zambian Government (GoZ)
as an area of high agricultural potential, with fertile soils and
abundant groundwater resources in the underlying limestone
aquifer. Due to the absence of surface water, however, it was
virtually unsettled, which meant that land could be obtained
for large-scale commercial farming without adverse social
impacts: ie there was no question of ‘land grabbing’.

After a successful pilot phase, with irrigation from boreholes,
commercial-scale development began in 1983, with the land
being farmed under a 99 year lease by a newly registered legal
entity, Mpongwe Development Company Ltd. CDC and other
international development agencies provided foreign exchange
for the development and became minority shareholders. Its
arable farming system had irrigated wheat planted in May for
September harvesting, followed by rainfed soya beans that
were harvested well before it was time to plant wheat again.
This rotation is the same as that followed on many irrigated
commercial farms in Zambia and Zimbabwe.
Considerable financial difficulties were experienced over the
next few years, but a successful period of consolidation
followed, during which wheat and soya yields were increased
and profitability began to be achieved. The liberalisation of the
Zambia economy in the early 1990s, with the abolition of price,
marketing, import and foreign exchange controls, greatly
improved the climate for commercial investment. In the mid1990s, CDC became a majority shareholder and financed a
major expansion of the farmed area. This development was
successful and produced an acceptable return to investment
of over 10 percent.
By the early 2000s, Mpongwe had 7,800 ha of cleared land,
with 1,600 ha under irrigation (1,032 ha of wheat-soya and
572 ha of coffee) and 6,200 ha of rainfed maize and soya.
Average yields were over 7 t/ha for wheat and maize and
around 3 t/ha for soya, although the coffee yield was less
satisfactory, at a weighted average of 1.78 t/ha for 1992-2000.
The wheat was highly profitable, especially because, as an
21
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import substitute, its market price was well above world
market levels. The irrigated coffee gave much lower returns,
due not only to its mediocre yields but also to the fact that
almost all its output was exported and the high cost of transport
from Zambia to the world market resulted in a relatively low
producer price in Zambia.
In addition to its financial success, the Mpongwe enterprise
has had a highly positive development impact on the general area,
whilst adverse environmental impacts have been limited.
In 2006, CDC transferred its Mpongwe shareholding to the new
African Agribusiness Fund, and in 2007 the farm was split up
and sold.
Munkumpu Farm
Munkumpu was a large block of land to the west of Mpongwe,
with lighter soils and with irrigation for up to 5,000 ha based
on a reservoir impounded by the newly constructed Ipumbu
dam. Development began in the early 1980s, without direct
CDC involvement. The scheme, which was completed in 1990,
comprised 2,500 ha under centre pivot irrigation to grow
irrigated winter wheat and summer (rainfed) soya and maize.
Due to management and other problems, scheme performance
was below expectations. In 1995, GoZ put it up for sale and
CDC took it over, two years later merging it with Mpongwe for
management purposes.
By 1997, the full 2,500 ha of centre pivot irrigation had been
rehabilitated and the whole area was double cropped with
wheat and soya (ie 200 percent cropping intensity), with a
further area outside the irrigated block producing rainfed
maize. Despite the initial concerns about the soils, the crop
yields obtained were highly satisfactory. The rehabilitation was
a technical and financial success, with an expected return on
capital of about 15 percent.
Mpongwe irrigated farming
Mpongwe wheat, soya and maize yields during the five years
from 1983/84 to 1987/88 averaged 5.75 t/ha, 2.04 t/ha and 6.89
t/ha from average areas of 704 ha, 1,359 ha and 1,517 ha
respectively. From 1996 to 2000 and including Munkumpu,

the averages were somewhat higher, at 7.14 t/ha, 2.83 t/ha and
7.14 t/ha, and from much larger crop areas (some 3,500 ha of
wheat, 5,300 ha of soya and 4,500 ha of maize). By this time,
the irrigated coffee yields had improved considerably from their
previous low levels and the year 2000 was a record year for
Mpongwe, with a coffee yield of 4.2 t/ha. During the 1990s,
rust and frog-eye affected the soya and grey leaf-spot affected
the maize, adversely affecting yields to some extent.
These crop yields compare well with typical Zambia and
Zimbabwe commercial farming averages. With the high market
prices for wheat and soya beans as import-substitute crops,
they are sufficient to provide an attractive level of profit and
high returns to irrigation (in 2010, the average gross margin
on irrigated wheat grown on commercial farms in Zambia was
reported to be around US$2,500/ha).

Figure 1. Pivot irrigated areas at Mpongwe (Photo: Tim Hess)

Consistent achievement of very high yields over immense
areas - each half pivot at Munkumpu irrigated about 40
hectares - with the rapid turnaround required between the
summer (rainfed) soya and the irrigated winter wheat was an
major technical and managerial achievement. The basic
agronomic practices for the three crops that allowed this are
summarised in Table 2.
Wheat planting dates were critical, with peak yields being
achieved from plantings on about 10th May and lower ones
from earlier and later plantings. Target irrigation for wheat was
in the range 400-450 mm.

Table 2. Basic agronomic practices for wheat, soya and maize on the Mpongwe farms

22

Agronomic practice

Wheat

Soya

Maize

Row-spacing (cm)
Depth of planting (cm)
Seed rate (kg/ha)
Plant population at two
weeks
Nitrogen (kg/ha)
P2O5 (kg/ha)
K2O (kg/ha)
S + Zn and B (kg/ha)
Mandays/ha
Fuel (litres/ha)

13.5-15
2-3
100
200-230/m2

50
2-3
100
300-350,000/ha

91
3-5
20-22
40-45,000/ha

160-180
80-90
65-90
35
25
30-35

Nil after wheat
30
60 after maize
20-30
20-25
32

160-180
60-80
40-60
35 (S only)
8
20-25
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The technical and management challenges and opportunities
of the Mpongwe and Munkumpu operation led CDC to invite
Velcourt Ltd, a leading international arable farming company,
to visit in 1999. Velcourt went on to provide extensive technical
and field management advice, including training at all levels
and selection of equipment that was suited to the minimal
tillage system. Soil compaction emerged as a key issue.
Irrigation supply and distribution on Nampamba Farm
The principal water source was Lake Nampamba. This is a
fissure, or collapsed cave, formed in an underlying limestone
aquifer by weathering or an underground river. Three axial flow
pumps extracted water from the lake into an unlined reservoir.
Three centrifugal pumps then pumped the water into two lined
canals (one of 2.5 km and the other of 4.25 km) and an unlined
night storage reservoir. In addition to Lake Nampamba, there
were seven boreholes which supplied water to the canals and
also provided domestic water.
Ten ‘Valley’ centre pivots fitted with wobbler sprinklers and
ranging in length from 450 to 550 m were the primary irrigation
application source for wheat. These pivots completed a full
revolution in 11 to 15 hours. Additional wheat was irrigated
using a dragline sprinkler system.
Initially, all of the coffee was drip-irrigated. In the late 1990s,
some was planted under centre pivots, using low-slung sprinklers,
partly because of problems with physical damage to the drip
lines and partly because of the possibility that, with overhead
irrigation rather than drip, the coffee area could be converted
to a more profitable wheat if desired (drip irrigation is not suitable
for wheat).
In 1999 total water use was estimated at 8.9 million m3, most
of it from Nampamba Lake. An estimated 35 percent of the
water was used on the coffee and the balance on the wheat.
Chambatata Farm (Western Aquifer)
During the late 1990s, an additional 3,020 ha of land was
cleared at Mpongwe to allow exploitation of the Western
Aquifer, which was believed to be distinct from the one at
Nampamba, but there was uncertainty about whether it was
linked with the Ipumbu system and to the Munkumpu reservoir
(see below). Test drilling showed that there was sufficient water
to irrigate about 900 ha, but the infrastructure was not
installed, because it was more cost-effective to use more of the
water from Ipumbu reservoir.

an earth-filled dam, was 140 million m3 of water, although
there was some doubt about whether it would fill every wet
season, which would need to be the case if Munkumpu were
developed to the planned 5,000 ha of irrigated crops.
Water was delivered to the farm by gravity down a 17 km
concrete-lined canal. Two lateral canals (2.5 km and 1.6 km in
length) extended the area under irrigation command. Water
was pumped underground to the centre pivots in asbestos
concrete pipes. There were 25 centre pivot units, each operating
through 180o. The units were retrofitted with wobbler sprinklers
when CDC purchased the farm. There were four pumps of 200
kW and 17 of 90 kW.

Nanga Farms Ltd
In 1989, CDC acquired Nanga from the GoZ who had set it up
as a ‘Youth Enterprise’ to produce beef and rainfed cotton and
maize and irrigated winter wheat, but with inadequate
management and capital. CDC extended the existing canal to
the Kafue river, using manual labour, with a view to irrigating
the cotton, but eventually planted coffee instead. In 1996/97,
a second and larger canal was excavated mechanically in order
to bring land under irrigation command for sugar cane
production, as the Nakambala sugar factory was being
expanded.
Table 3 shows the Nanga Farms crop areas and yields in 1998.
Although the sugar cane and soya yields were satisfactory, the
coffee and, to a greater extent, wheat yields were modest by
Zambian commercial farming standards, because Nanga was
at relatively low elevation (Table 1) with higher summer and
winter temperatures than were ideal for wheat and coffee.
Cane was the ‘natural’ crop choice for Nanga, which is near
the Nakambala factory, but factory capacity considerations limited
its cane production quota. Expansion of the factory allowed an
enlarged quota, as a result of which the arable (ie non-sugar)
operation was phased out. Reasons for this included the need
to replace much of the arable equipment, but without a good
financial return, and the onset of ‘crater disease’ of wheat,
caused by infection with Rhizoctonia solani. A small portion
of the arable land was planted to coffee.

Irrigation supply and distribution on Munkumptu Farm

Water supplies for the farm and its associated infrastructure
were delivered from the Kafue river by gravity through the two
earth channels, each approximately 2 km long. Pump stations
at the farm end of the canals pumped water through pipes to
some fields and to storage dams which supplied water via pipes
to other fields.

The design capacity of the Ipumbu reservoir, impounded by

The in-field irrigation systems comprised 17 centre pivots,

Table 3. Nanga Farms irrigated crop areas and harvested yields (at 12% moisture content for grains, mature
area only for coffee)

Farm
Nanga
Farms
(1998)

Crop
Coffee
Soya (rainfed)
Sugar cane
Wheat

Area (ha)
150
572
995
408

Yield (t/ha)
1.54
2.89
120.00
5.85
23
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used on arable crops and sugar cane, dragline surface drip used
on coffee and sugar cane, buried drip used on sugar cane, and
dragline sprinklers used on sugar cane and on arable crops. In
the cane crop, sprinklers were used for in-fill irrigation between
the centre pivots.

York Farms Ltd
York Farm and Kashima Farm, on the outskirts of Lusaka, were
established in 1974 by Charlie Youngson as mixed farms. The
growing and exporting of vegetables and flowers commenced
in the mid-1980s. The Youngson family entered into a business
relationship with the Council of the University of Zambia from
whom, in 1996, CDC acquired a majority interest, the Council
retaining a minority. York Farms was a member of the Zambia
Export Growers’ Association. Its vegetables were sold via an
intermediary, mostly to Tesco, and its roses at Dutch auctions.
In 2000, York Farms exported about 2,500 tonnes of vegetables
(baby corn, carrots, chillies, courgettes, fine beans, leeks,
mange tout peas, patty pans and sugar snap peas) and 13
million rose stems. At the time, York Farm was Tesco’s principal supplier of air-freighted vegetables.
Agriculture
Approximately 500 ha of land spread across York and Kashima
Farms were used to grow export vegetables on an all-yearround basis, so there was extensive multiple cropping, as can
be seen in Table 4. Roses and small quantities of vegetables
were grown under plastic.
On York Farm, the irrigation supply was from nine boreholes,
most of them operating at 30 m depth. Total discharge was
estimated at about 440 m3/hr (122 l/second). The boreholes
discharged into two reservoirs, with five booster pumps used
to pump water between the reservoirs and around the farm.
The theoretical delivery capacity of the irrigation system was
thus 8 mm/day. The in-field irrigation system was ‘T-Tape’ with
lateral spacing of 1.6 m and emitter spacing of 0.3 m. The
emitter discharge was 1.0 l/hour.

Roses were grown under drip irrigation in polythene clad
‘greenhouses’, as were some high value vegetables.
On Kashima farm the irrigation supply was from 28 boreholes
with a total estimated yield of about 230 l/second, which
supplied water to four reservoirs. The majority of the export
vegetable crops were grown under drip irrigation (220 ha). A
single centre pivot provided water for 100 ha of land that
originally was used for wheat, which was replaced by fine
beans, mange tout peas and baby corn.

UK Student Projects
Well-managed companies with a diversity of irrigation systems
and crops in a friendly country such as Zambia provided
immense opportunity for long- and short-term student
projects. The long-term project was an investigation of the
irrigation scheduling for wheat at Munkumpu, undertaken as
a PhD project by Sonia Gadoury and supervised by Tim Hess
of Cranfield University. Sonia showed that, while the Agricultural
Research Trust in Zimbabwe had done an excellent job in
developing a simple scheduling system, it was possible to make
savings of at least 10 percent in water use.
In four successive seasons, MSc dissertation projects were
undertaken by students from Cranfield University, supervised
by Tim Hess and Keith Weatherhead, and from Southampton
University supervised by Martin Burton and colleagues.
Collectively, they made major contributions to the operation
of the systems. Highlights included:
• at Munkumpu, a demonstration that the retrofitted sprinklers
had been wrongly specified by the consultant company,
leading to concentric half circles in the wheat fields;
• at Mpongwe, a water balance for Nampamba Lake;
• at York Farms, a demonstration that correct irrigation
scheduling for fine beans would reduce water use, reduce
pest damage, improve both yield and pack out, and lengthen
shelf life.

Table 4. York Farms crops, areas and approximate yields in 2000

Crop
Baby corn
Fine beans
Mange tout
Sugar snaps
Baby carrots
Baby patty pans
Baby courgettes
Chillies
Baby leeks
Onions
Roses
Maize
Soya
24

Approximate area
(ha)
500
200
200
31
80
31
89
23
15
50
8
190
184

Yield (kg/ha)
896
4,046
1,891
1,020
4,576
1,416
1,724
8,465
2,701
1,599,000 stems/ha
5.4 t/ha
1.42 t/ha

Duration of crop in
weeks
10-14
8-12
8-12
8-12
10-13
7-10
7-10
16-20
14-16
24
-
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Conclusions
As CDC’s management drew to a close, Mpongwe was producing
over 70,000 tonnes of food per annum. Independent
benchmarking had shown that its technical and financial
performance compared favourably with the smaller-scale
regional leading companies. Nonetheless, there was great
scope to improve its technical performance and especially the
operational efficiency of the very large-scale arable operation.
Velcourt were making progress which promised demonstration
that tropical African farming can be as good as any in the
world. York Farms proved that an internationally competitive
export horticulture business could be developed outside Kenya.
Irrigation management was key at all three companies, with
Mpongwe and York leading the way towards more productive
use of water, the most limiting resource. CDC’s decision to exit
from agri-business investment was a major loss to African
agriculture.

News from the Field
Sonora’s Yaqui Valley: cradle of the Green
Revolution and pioneer of conservation
agriculture in Mexico
The Yaqui Valley in north-western Mexico’s Sonora Desert has
been producing irrigated wheat since the construction of the
Alvaro Obregón dam in the 1950s. It was here that Nobel Prize
laureate Norman Borlaug laid the foundations of the Green
Revolution at the agricultural research station which today
bears his name. The environmental and social impacts of the
Green Revolution are, of course, the subject of much debate;
but there is no doubt that its fruits have contributed to a
doubling of world food production in the past few decades.
Figure 2. Norman Borlaug monument at CENEB
The Norman E Borlaug Experimental Station in
Ciudad Obregón, Sonora, Mexico (Photo: Brian
Sims).

Today, there is concern in the valley that mono-cropping
wheat with disc-based tillage is not a good model for future
sustainability. To debate alternatives and map the way forward,
the Mexican Trust for Investment in Agriculture (FIRA,
www.fira.gob.mx) organised an International Forum on
Sustainable Agriculture in June 2013; a Forum to which I was
honoured to be invited. The forum discussions can be
consulted on the FIRA site.

Figure 1. Alvaro Obregón reservoir in Sonora, Mexico (Photo: Brian Sims).

Rainfall is scarce in the Yaqui Valley, with only around 280 mm
annually. Winter wheat is sown in November and receives 75
mm of supplemental irrigation in four split applications. Yields
are high (over 7 tonnes/ha) and second only to UK’s winter
wheat yields, but the cost is also high in terms of fertiliser,
water and energy (one farmer reported a reduction in diesel
25
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consumption from 114 to 70 litres/ha after switching to
no-till from intensive tillage). By maintaining crop residues in
situ and direct drilling, irrigation water savings of up to 30
percent can be made immediately and this allows two things:
irrigation of a greater proportion of the potential 220,000 ha
of winter wheat, or expansion of the area of irrigated summer
crops.

Not nurturing the soil as a living entity and simply replacing
nutrients with (increasingly expensive) inorganic fertilisers
cannot go on forever. Farmers are now looking at organic
fertilisation options, and vermiculture (worm farming) is a
popular possibility. Worms are given cattle manure as a substrate
and the leachate that they produce (which has a 2 percent N
content) is applied at 500 litres/ha in the irrigation water. And
of course the compost itself is a great source of organic matter
and plant nutrients.

Figure 3. Winter wheat stubble is an ideal soil cover for conservation agriculture.
Ploughing is wasteful of energy and water (Photo: Brian Sims).

There is much to do and both INIFAP (the Mexican National
Agricultural and Forestry Research Institute) and CIMMYT (the
International Maize and Wheat Improvement Centre) are
actively seeking technical answers with leading farmers. With
savings in water use, crop rotations become easier to incorporate
in the cropping system. Promising candidates are safflower
(Carthamus tinctorius), chick pea (Cicer arietinum), canola
(Brassica napus) and soya (Glycine max), but there are many others,
and cover crops will also have to be brought into the picture.

Figure 5. Red Californian worms (Eisenia foetida) are used to produce organic
leachate and compost (Photo: Brian Sims).

Figure 6. Vermiculture installations are farm-scale and are eligible for
preferential loans (Photo: Brian Sims).

One of the main obstacles - suspicion of change - has been
overcome and there is now a new mindset, a realisation that
the old ways are no longer appropriate and that conservation
agriculture can play an important part in the sustainable
cropping systems that are the way forward.
Brian Sims

Figure 4. Soya direct sown into untilled wheat residue as an irrigated summer
second crop (Brian Sims).
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International Agricultural Research News
Water in
Agriculture
CGIAR Research
Programme on Water,
Land and Ecosystems
Ten years after the launch of the Challenge
Programme on Water and Food
(CPWF), an ambitious new CGIAR
Research Programme was announced at
the Planet Under Pressure Conference in
London last year. The new programme,
entitled Water, Land and Ecosystems,
builds on the work of CPWF and has
four interlinked goals:
• Improved food security and livelihoods
for farmers in sub-Saharan Africa
through the expansion of small-scale
irrigation and strategic improvements
in rainfed agricultural systems.
• Improved livelihoods of poor rural
people, particularly women in Asia,
through improved irrigation and
water management.
• Water, land, energy and ecosystems
maintained and enhanced through
the equitable sharing of benefits and
risks amongst different users across
key river basins and landscapes.
• The concept of agriculture within
vibrant ecosystems adopted as a central
tenet of the global discourse on
sustainable development.
Under the leadership of the International
Water Management Institute (IWMI),
based in Sri Lanka, the new programme
involves 11 of the 15 CGIAR Centres and
FAO, who work together with a wide
range of partners from local, national
and international institutions around
the world. With a target annual budget
approaching US$ 80 million, the
programme will operate through five
inter-related
research
portfolios
addressing: river basins, irrigated
systems, rainfed systems, resource
recovery and reuse, and information

systems. It also has two cross-cutting
activities on gender and ecosystem services.
Currently, research programmes are
being established in West Africa (Volta
and Niger), South Asia (Indus and Gangetic
Plains) and East Africa (Nile); and in
2014, programme development will begin
in Southeast Asia (Mekong), Southern
Africa (Zambezi and Limpopo), Central Asia
(Syr Darya and Amu Darya), and Latin
America (Andes and Central America).
While the Water, Land and Ecosystems
Programme is only just getting off the
ground, its predecessor, the Challenge
Programme on Water and Food, has
made a significant impact in many parts of
the world. Following are just two examples.
Drip irrigation in Cambodia
In Cambodia, a major impact on
smallholder livelihoods was achieved
through a CPWF project involving iDE
(an international not-for-profit development
organisation), the World Vegetable Center
(AVRDC), and the International Fertilizer
Development Center (IFDC). Through
the introduction of drip irrigation, high
value crops, high quality fertiliser and
more effective marketing, the incomes
of the 5,000 project farmers more than
doubled after only one year, from an
average of US$ 4.4 to US$ 10.0 per 100
m2. The original assumption was that
poor water management was the major
constraint in the project area and that
drip irrigation was the solution. While
largely true, the project also showed that
attention to soil fertility, crop selection and
improved agronomy greatly enhanced the
benefits of improved water management.
Project strategy included the training of
Farm Business Advisors to support
farmers participating in the project,
through guiding them in their crop
management and connecting them to
suppliers of irrigation drip-kits and
fertiliser briquettes. They also helped
farmers establish links with markets for
their products.
Watershed management in Colombia
Lake Fuquene, north of Bogota in Colombia,
is at the centre of an environmental
controversy. Crop production and cattle
raising in the local watershed have

degraded the ecosystem and concerns
are mounting over the health and
biodiversity of the lake. In an attempt to
decrease nutrient and sediment flows
into the lake, a project, supported by
CPWF enabled the Centro Internacional
de Agricultura Tropical (CIAT), the
Consorcio para el Desarrollo Sostenible
de la Ecorregión Andina (CONDESAN)1
and other local and overseas partners to
promote a transition from traditional
practices to conservation agriculture:
permanent soil cover, minimum tillage
and crop rotation with green manures.
While these practices were shown to
help control erosion, increase water
percolation and storage in soils, and
increase crop yield and quality, adoption
proved to be very slow. It only picked up
with the establishment of a scheme for
payment for environmental services. A
revolving fund was set up, managed by
local farmers’ associations, to provide
smallholder farmers with affordable
credit to enable them to make an initial
investment in conservation agriculture;
farmers with less than 2 ha paid interest
at just 0.9% per year. In the first three
years of the project, soil water storage
capacity expanded markedly and carbon
concentration was found to be 29 percent
higher than under traditional tillage
practices. Farmers’ incomes increased
significantly, enabling them to fully
repay 100 percent of the first round of
loans.

Rehabilitating
abandoned farms in
Abu Dhabi
Better water conservation and a greater
use of poor-quality groundwater are
among the top agricultural priorities of
the United Arab Emirates. In parts of
Abu Dhabi, water quality has decreased
significantly over recent years leading to
many farms being marginalised or even
abandoned. To help address these
challenges, the International Center for
Biosaline Agriculture (ICBA)2, a founding
member of AIRCA3, has developed a
long-term collaborative programme
with the Abu Dhabi Farmers’ Services
Centre (ADFSC) – the intermediary
between Abu Dhabi Food Control
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Agency and the UAE farming community.
In Abu Dhabi, forages are the main crop
after dates, with Rhodes grass being
widely grown. However, Rhodes grass
requires a considerable amount of fresh
water and has thus been withdrawn
from the western region and will soon
be banned in the north. The question is
what to replace it with, and how to
make best use of the scarce, and often
brackish or saline, water resources.
The ICBA/ADFSC team developed a
series of demonstration and model
farms in different agricultural regions of
the Emirate (Liwa, Madinat Zayed and
Ghayathi) representing different levels
of soil and water salinities. Major
interventions included:
• changing the irrigation system from
manual to semi-automated/automated,
to increase water use efficiency; and
• introducing and testing alternative
annual and perennial crops and

cropping systems, including a range
of annual and perennial forages
(sesbania, various non-conventional
grasses, halophytic shrubs and
tree-based systems) and crops such
as barley, sorghum, pearl millet,
quinoa, cowpea, and guar.

very well with Rhodes grass and alfalfa.
Furthermore, it has been shown that
soil salinity has not increased as a result
of the changes in cropping system
and thus it is expected that it will be
possible to maintain the same or higher
production rates over the long term.

The project also has a strong emphasis
on building the capacity of ADFSC staff,
mainly through on-farm and field training.
Over the past 18 months, the project
has successfully converted a number of
abandoned farms into productive ones.
These use, on average, 20-30 percent
less water as a result of both a better
choice of crops and more efficient
irrigation. Halophytic forages, for example,
have been shown to produce between
30-40 tons of good quality green
biomass from two cuts per year, and it
has been estimated that about 30-35
tons of dry matter/ha/year could be
achieved from three cuts. This compares

Geoff Hawtin
Consortium for the Sustainable Development
of the Andean Ecosystem, see http:
//www.condesan.org/portal/
1

2
The International Center for Biosaline Agriculture
(ICBA) is an international agricultural research
centre headquartered in Dubai. It conducts
research and development aimed at improving
agricultural productivity and sustainability in
marginal environments. See www.biosaline.org
3
Association of International Research and
Development Centres for Agriculture. See
Agriculture for Development, 16:7.

Saving water in irrigated agriculture: myth and
reality
Chris Perry
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Summary

Introduction

In water-short areas irrigation is often criticised as a wasteful,
low value user of water. Improvements to irrigation
management are proposed as a way of increasing agricultural
production and reducing the demand for water. The terminology
for this debate is often confused and confusing, failing to clarify
the actual disposition of water used in irrigation into consumptive,
evaporation, transpiration, and return flows that may be
available for re-use. Once the various flows are properly
identified, the scope for reducing consumptive use is often
shown to be limited. Further, for a given crop variety and
climate, the consumptive use of water and crop yield are typically directly and linearly correlated once reasonable levels of
agricultural practices are in place. Opportunities to improve
the performance of irrigation systems undoubtedly exist, but
are increasingly difficult to achieve, and rarely of the
magnitude suggested in popular debate.

The following quotation is from a guest column by Lester
Brown, founder of the Earth Policy Institute, in The Indian
Financial Express dated 1 December, 2008:
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Raising irrigation water efficiency typically means shifting
from the less efficient flood or furrow system to overhead
sprinklers or drip irrigation, the gold standard of irrigation
efficiency. Switching from flood or furrow to low- pressure
sprinkler systems reduces water use by an estimated 30%,
while switching to drip irrigation typically cuts water use
in half. A drip system also raises yields because it provides
a steady supply of water with minimal losses to evaporation.
Any measures that raise crop yields on irrigated land also
raise the productivity of irrigation water.
Most casual readers, planners, and policymakers would take
two important messages from this analysis: first, that switching
from flood irrigation to drip would release half of the water
previously required to grow the crop; and, second, that if crop
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yield per hectare is increased with the introduction of drip
irrigation that the production per unit of water consumed
would also have increased.
Both these conclusions are more likely to be wrong than right,
if we apply the appropriate science to the analysis. A proper
understanding of the impact of an intervention in irrigated
agriculture requires careful water accounting and a basic
understanding of the mechanics of evaporation and transpiration.
These are summarised in the next section. In the third section,
a number of ‘water saving’ and ‘productivity enhancing’
interventions are discussed, and some conclusions are set out
in the final section.

Water use goes to:
1. Consumed fraction (evaporation and transpiration)
comprising:
a) Beneficial consumption: Water evaporated or transpired
for the intended purpose (for example, evaporation from
a cooling tower, transpiration from an irrigated crop).
b) Non-beneficial consumption: Water evaporated or
transpired for purposes other than the intended use (for
example, evaporation from water surfaces, unwanted
riparian vegetation, wet soil).
2. Non-consumed fraction, comprising the:

Water accounting, evaporation and
transpiration

a) Recoverable fraction: water that can be captured and
re-used (for example: flows to drains that return to the
river system; percolation from irrigated fields to aquifers;
or return flows from sewage systems).

Water accounting has developed from two distinct perspectives
- engineering and hydrology (which term we use to include
also hydrogeology).

b) Non-recoverable fraction: water that is lost to further
use (for example: flows to saline groundwater sinks; deep
aquifers that are not economically exploitable; or flows
to the sea).

Hydrology provides a general physical framework for describing
and analysing the flow of water, especially at large scales. The
hydrological cycle comprises evaporation from land and water
surfaces and transpiration from vegetation, which together
move water into the atmosphere, which returns to earth as
precipitation onto land and sea. A basic principle of hydrology
is the law of conservation of mass.
The irrigation engineering perspective looks more narrowly at
interventions designed to store and divert surface water flows
or groundwater for application to crops. Not all the water
diverted at the source reaches the field - there is canal seepage,
evaporation from wet soil, and so on. These considerations
led to the development of concepts of efficiency - ratios
between the quantity of irrigation water that meets its intended
purpose and the diverted quantity.
Both the hydrological and the engineering approaches have
merit: the hydrological approach is a general framework for
understanding water systems from rainfall in a catchment to
outflows to the sea; the irrigation engineering approach
focuses at the scheme or field level and is essential to proper
design and operation of irrigation systems and municipal water
supply systems.
However, to understand and interpret the wider impacts of
changes in irrigation management, our analysis must conform
to the law of conservation of mass, and here the analytical
framework of irrigation engineering is at times even misleading
because (as is entirely illustrated in the quote from Lester
Brown in the Introduction) the assumption is that ‘losses’
disappear, which hydrology teaches us not to be the case.
Following a consultation throughout the National Committees
of the International Commission on Irrigation and Drainage
(Perry, 2007), the following terminology was recommended:
Water use: any deliberate application of water to a specified
purpose. The term does not distinguish between uses that
remove the water from further use (evaporation, transpiration,
flows to saline sinks) and uses that have little quantitative
impact on water availability (navigation, hydropower, most
domestic uses).

The law of conservation of mass dictates that the fractions at
each level sum to unity - all the water that is applied to any
purpose goes somewhere, and must be accounted for. Perhaps
the simplest example of the power of this accounting framework
is the frequent assertion that showers save water compared to
bathing. The consumed fraction in either case is minimal
(perhaps a shower results in a bit more steam than a bath) but
the vast majority of the water used in either case goes back
via the sewage system for possible re-use. Thus the key point
in evaluating the ‘water resources’ impact of switching to a
shower is not that less water is ‘used’, but rather whether the
return flow is re-usable, and that depends primarily on the
location of the user: coastal cities typically discharge effluent
to the sea (non-recoverable); inland cities return effluent, after
treatment, to the river system for potential re-use downstream.
The same considerations will further illuminate the impact of
‘hi tech’ irrigation in the next Section below.
Evaporation and transpiration are, as noted in the accounting
framework above, the dominant consumptive uses of water.
Evaporation is direct conversion of water from liquid to vapour
from wet soil or foliage, waterlogged areas, etc. Transpiration
is conversion of water from the soil profile via the stomata in
the leaves of plants into water vapour. In both cases the water
is removed from the local area and unavailable for immediate
re-use. It will reappear as precipitation somewhere, sometime.
Evaporation (unless for a specific purpose such as a cooling
tower) is generally non-beneficial; transpiration is beneficial
because it is essential to the crops we wish to grow, whether
rainfed or irrigated.
Typically, because carbon enters the crop through the open
stomata, and the opening of the stomata depends on the
availability of water to transpire, there is a near-linear relationship
between transpiration and biomass formation: the more the
crop transpires, the more open the stomata, the more carbon
is assimilated and the higher is the yield. Maximum yield
occurs when crop transpiration is at its maximum potential
level for the local climatic conditions.
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There are complexities to this relationship, but for specific
varieties of the major field crops (maize, wheat, rice, cotton,
alfalfa, etc), grown in a specific climate, an assumption that a
doubling of yield will be associated with an approximate doubling
of transpiration is a sound, well-researched point of departure
(Howell, 1990; Steduto et al, 2007). We thus see that Brown's
second assertion (that increased yield is always associated with
increased water productivity) is also unsupported by science.

Saving water and increasing water
productivity
The arguments presented above, which summarise very briefly
a large collection of peer-reviewed literature, should at least
suggest caution when claims of huge water savings and/or
productivity enhancements are made.
The accounting framework outlined above provides an important
insight: that water savings that will actually make more water
available for alternative uses must focus on reducing the consumed fraction and the non-recoverable fraction, since the
extent to which the non-consumed fraction is recoverable
depends largely on the local context (Is the groundwater saline? Is
there another abstraction downstream of the point where
return flows reach a river? Do return flows occur during
periods of water abundance or water scarcity?).
Drip and sprinkler irrigation are among the most widely
promoted ‘water saving’ interventions. These technologies
(especially drip) tend to result in substantial decreases in excess
water application, so that percolation and runoff are
minimised. Whether either of these flows are recoverable
depends entirely on context: take the case of NW India – a
monsoon climate where water is very scarce in the dry season
and often excessive in the wet season. Introducing drip irrigation
for monsoon season crops would reduce recharge from
irrigated fields, and to the extent that such recharge supports
groundwater irrigation during the dry season, the total water
availability for agriculture would actually be reduced by ‘saving’
water. On the other hand, if the underlying groundwater is
saline, the percolation would be non-recoverable and would
contribute to potential waterlogging problems.

framework outlined above). Again the reality is complex.
For crops such as grapes where the exposed soil surface is
significant, mulching will clearly reduce evaporation. For more
typical field crops some very interesting research from IRRI
(Balwinder-Singh et al, 2011) shows that the impact of mulch
on water consumption of wheat is minimal, primarily because
in the closed canopy conditions that predominate while wheat
is growing, the soil evaporation contributes to a micro-climate
that actually reduces potential crop transpiration. Careful
separate measurements of evaporation (E) and transpiration
(T) show that mulch results in a decrease in E that is almost
precisely offset by an increase in T – with no impact on yield
because in both cases the crop is transpiring at potential.
Deficit irrigation has been demonstrated to reduce ET with a
corresponding, but proportionately lower reduction in yield.
This is achieved in grain crops by timing the deficit to coincide
with periods when biomass formation is predominantly vegetative and thus not contributing to marketable yield. Grapes
are a special case where specific features of the crop are enhanced by water stress.
Alternate root zone drying is a special form of deficit irrigation,
where water is applied to half of the root zone while stressing
the other half, which induces the plant to conserve water by
partially closing the stomata and continuing biomass formation
in the marketable component.
Perhaps the most extreme claims to save water and enhance
the productivity of water are made for the System of Rice
Intensification1. The analysis of rice is particularly prone to
accounting errors, because very large quantities of water are
applied to maintain the preferred growing conditions (and even
to cool the plant), and assumptions that all the excess is ‘lost’
leads to the presumption that rice is a heavy consumer of
water. In fact, remote sensing of evapotranspiration in Egypt
has demonstrated that cotton actually consumes more water
than rice.
The interventions outlined above must be assessed very
carefully to clarify whether water is saved or the productivity
of water is enhanced, but each requires relatively high levels
of management. Research in California (Burt & O'Neill, 2007)
analysed information on water applied to fields by farmers
switching from flood to drip irrigation, and found extremely
variable results in terms of reduction in water applied (let alone
water actually saved). This was attributed both to the careful
management required to derive the expected benefits, and to
the fact that many farmers changed technology to save labour
rather than water!
Other interventions and management changes definitely do
save water.

Figure 1. Furrow irrigation for cotton on the Kyzyl-Orda Scheme, Kazakhstan
(Photo: ICID (UK) News and Views)

Mulching is also widely promoted as a way to reduce soil
evaporation (non-beneficial consumption in the accounting
30

The simplest is just to reduce the quantity of water supplied
to farmers - thus forcing a reduction in the area irrigated.
China is pursuing ‘ET management’ through exactly this
process, having recognised that years of improving ‘irrigation
efficiency’ has simply led to higher consumption and faster
depletion of aquifers (Steduto et al, 2007).
For a devastating critique of the more extreme claims of SRI, see:
http://irri.org/index.php?option=com_k2&view=item&id=12487:anothernew-rice-yield-record?-let%E2%80%99smove-beyond-it&lang=en
1
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Short-duration varieties with higher harvest indices were the
basic components of the Green Revolution: total crop water
consumption is a function of crop duration; crops that emerge
and cover the land surface quickly will minimise non-productive
evaporation; and increasing the proportion of grain in total
biomass increases ‘crop per drop’. Water-short farmers rapidly
adopted these varieties.
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Similarly, the general relationship between crop output and
water transpired by the crop is such that, for most of the major
crops, extra output generally implies extra water consumed.
Interventions that change that relationship are very much at
the high end of management, and unlikely to be within reach
of farmers currently only able to achieve modest yield levels.
More worrying still, the dramatic increases in yield per unit of
water transpired that were achieved during the Green Revolution
(a combination of reduced crop duration and higher proportion
of grain in total biomass) now seems to be levelling off.

Bookstack
Water harvesting in subSaharan Africa
Critchley W and Gowing J
eds, 2013
Paperback: £29.99. ISBN 978-0-415-53786-5
Hardback: £95.00. ISBN 978-0-415-53773-5
Earthscan, Routledge, 224 pages
Given increasing concerns for improving
land and water productivity, this book
makes an extremely timely contribution to
the debate regarding rainfed agriculture in
a part of the world notorious for its climatic
and weather variation and vagaries. The
semi-arid savannah environments of subSaharan Africa (SSA) set the parameters for
both current low average crop productivity
and also the sense that more can be done
with water, land and labour to meet the
area’s productive potential. It is rainwater
harvesting (RWH) that aims to gain more
control over levels and fluctuations of soil
water and so improve production systems.

This book makes the great achievement of
collating a considerable treasure-trove of
project and farmer experiences regarding
RWH going back some 30 years. The editors
and chapter authors are to be commended
for their contribution to the perennial questions
regarding pathways for improving smallholder
and small farm agriculture which dominate
SSA crop production. It should therefore
be required reading for both scholars of
agricultural systems and also anyone close
to the challenges of boosting food security in
Africa, especially in an environment facing the
hydrological consequences of climate change.
The book is comprehensive. Over 12
chapters, it covers all dimensions of RWH:
technical methods and systems; geographies
and histories; and natural and social science.
One of the great risks with books that
examine technologies of production is a
tendency towards supply-side thinking; this
book steers clear of that trap. It puts farmers

and their trials and tribulations at the centre
of the puzzle of adoption and adaptation
while at the same time recognising the
many influences, such as land tenure and
resource property rights, that mediate the
success of RWH. Furthermore, the
publication is very well illustrated and
produced, making it highly readable.
Particularly pleasing is the communication
of policy insights and ways forward, both in
different chapters but also in the final chapter.
If I am allowed to raise two criticisms: I was
hoping for a larger and more complete
index and, second, to see greater commentary
on peer-to-peer adoption of rainwater
harvesting – how farmers copy, spread and
adapt these technologies. While this latter
topic is covered, I see a place for a more
distinctive emphasis on this subject going
beyond, say, innovation systems. The central
role of farmers in scaling-up rainwater
harvesting remains an open research question.
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There was a need to update the literature
on rainwater harvesting, and Critchley and
Gowing have very satisfactorily answered
the call. Finally might I add how important
it seems to me that most of the chapters
are written by scientists from Africa. Rainwater
harvesting has a cultural and scientific
history long associated with African crop
production; this book admirably continues
in that vein and supports that endeavour.
Bruce Lankford,
University of East Anglia
Turn down the heat: climate extremes,
regional impacts and the case for
resilience. A report for the World Bank
by the Potsdam Institute for Climate
Impact Research and Climate Analytics.
World Bank, 2013.
Washington, DC
ISBN (electronic): 978-1-4648-0056-6
Available at http://documents.worldbank.org/
curated/en/2013/06/17862361.
There is some useful material in this report,
but the central point, that there is a 40 percent
chance of temperatures rising by 4°C by
2100, can be dismissed as standard IPCCstyle computer-generated climate alarmism.
The 40 percent statistic describes the results
of running a computer model 600 times,
but climate models are unable to simulate
the past climate, as clearly shown by Fyfe et
al (2013), so we cannot place much weight
on projections for the future. There is no
doubt that climate will continue to change,
as it has in the past. Some increase in
temperature is likely, as atmospheric CO2
level will continue to rise, but studies based
on observations, rather than computer models,
indicate that the increase will be smaller
than the models suggest. Some of this work
was reviewed by Corley (2012), and a further
17 papers published since 2011 are
summarised by Michaels & Knappenberger
(2013). These papers indicate a likely rise
of about 2°C, if CO2 level were to double
from the present 400 ppm.
Three chapters of the report set out in detail
the sort of problems which could arise in
future, if climate were to behave as modelled.
Each chapter includes sections on regional
patterns of climate change, sea-level rise
and impacts on economic and human
development. There are also sections on
agricultural production and aquaculture, on
cyclone risks, and on water resources and
risk of flooding. For sub-Saharan Africa, the
main risk would be from increased drought.
For South-east Asia, rising sea levels and an
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increase in cyclone damage would be
important, while for South Asia, increased
monsoon intensity and variability, and
reduced river flow from melting snow and
glaciers would affect water resources. A
final chapter deals with Global projections of
sectoral and inter-sectoral impacts and risks
in which an attempt is made to identify
‘hotspots’ in which a combination of risks to
agriculture, water resources, ecosystem
change and human health could occur.
Appendices deal with the methods of
prediction, and a rather limited review of
possible effects of climate change on crop
production.
How much of this is actually likely? In the real
world, temperatures have almost stopped
rising, with a rate of only 0.05°C per decade
over the last 15 years (Fyfe et al, 2013),
although the atmospheric CO2 level is rising
steadily. Cyclones and tropical storms are
not getting worse (Maue, 2011). Even the
modellers accept their inability to simulate
rainfall distribution (Trenberth, 2011), and
the report notes ‘substantial disagreements
between high-resolution regional and global
climate models’ in rainfall projections.
Global drought has not increased (Sheffield
et al, 2012), despite a temperature rise of
0.6°C, over the last 60 years, so there is no
reason to expect the frequency to increase
in future. Sea levels have been rising at a
rate of 30 cm per century. Fig 2.3 of
the report shows that there has been no
recent acceleration, and Fig 2.9 shows that
actual levels are already well below the
projections made in 2000, yet the report
predicts a rate of over 100 cm per century
in future. The authors admit that ‘significant
uncertainty remains as to ... future sea level
rise’.
TAA members with interest in the regions
covered may find the description of risks
and the 22 pages of references useful, but
there is very little in the report on how the
potential problems might be tackled.
Droughts will undoubtedly continue to be
a sporadic problem for agriculture, and
drought tolerance, already an important
objective of many plant breeding
programmes, should clearly remain so.
Even a 30 cm rise in sea level could have
very serious effects in low-lying areas, but
this can be managed, as the Netherlands
have demonstrated. Economic development
will give these regions the ability to adapt
to climate change, and cheap energy is a key
requirement for development. Policies
which raise the cost of energy now, in order
to alleviate hypothetical problems 30 years

or more hence, will only make today’s
problems worse.
Hereward Corley
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FAO publications
The FAO web-site ((http://www.fao.org/
publications/en/) currently describes 13 recent
research and extension publications that may
be of interest to Members, including the
FAO Statistical Yearbook 2013 and six Farm
Management Extension Guides.
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Hydrological impacts of land use and
catchment management
Francis Shaxson

An agriculturalist by training, Francis is a highly experienced land husbandry specialist who has
played a significant role in the worldwide development of Conservation Agriculture. After 18 years
as Soil Conservation/Land Husbandry Specialist in Malawi, he spent 14 years working on land
husbandry in Brazil, India and Lesotho, followed by a long spell at FAO headquarters in Rome,
interspersed with numerous freelance consultancies.

Summary
The factors involved in partitioning rainfall between infiltration
into soils and run-off are reviewed, including the roles of
improved land use management in water catchment areas and
of trees in the hydrological cycle. Quantitative examples are
described of the benefits of soil mulching and no-till farming
in Brazil and East Africa, including downstream benefits on
stream-flow.

Destinations of rainwater
Water moves to and from the land in a hydrologic cycle, in
which land use and catchment management affect the proportions
of rain which are partitioned - at the land’s surface - between
infiltration (to soil moisture, groundwater and stream flow)
and surface runoff.
Plant characteristics: Plants’ leaves, stems and litter intercept
high-energy raindrops and disperse their potentially damaging
energy into a multitude of small droplets. The vertical and
lateral distribution of such plant materials affects not only the
interceptive capacity but also the proportions of exposed bare
ground and the rate of evaporation and evapotranspiration of
water back to the atmosphere from soil and leaf surfaces. Dead
roots’ ‘tubes’ channel water to subsoil layers.
Water and soil losses: Incoming water, from rain or irrigation,
is lost from the upper soil by any runoff over the surface, by
direct evaporation, by evapo-transpiration through plants and
by downward movement below the root range. The proportion
of rainfall lost in surface runoff is related to the degree of impermeability of the upper surface and the underlying layers of
soil, which can be strongly influenced by the type and standard
of land use and management. Erosional losses of soil change
the characteristics of the rooting zone, by ‘scalping’ the surface
and diminishing its plant-producing value and incising rills
and gullies deeper into the profile.

Land use
Man’s use of land affects climate, plants, soil and its macro-, meso-,
and micro-inhabitants, and the outcomes of their interactions.
In particular, this often changes (adversely) the partition of

rainwater between infiltration and runoff. In the case of
urbanisation, this results in the impermeabilisation of large
proportions of a given land area, greatly increasing runoff
volumes and rates of flow.
Cover: The degree of effective cover over and on the soil
(capable of breaking the force of incoming intense rainfall)
varies between types of trees, grasses and crops, between
annuals and perennials, between growth stages of crops, and
according to the management techniques adopted in their
production. This can also refer to the percentage cover offered
by dead mulches applied and maintained on the surface.
Management: Farm management methods also affect the
potential for infiltration of water through the soil surface and
percolation down to lower layers, by altering pore-size proportions
due to pulverisation, tillage itself, compaction, and loss of
organic matter ‘glues’ following excessively rapid oxidation of
soil organic carbon following tillage. Development of an
impermeable crust - even a millimetre or two in thickness - at
the soil surface is enough to provoke a significant proportion
of incident rainfall to run off the surface and fail to replenish
sub-surface water supplies.

Catchment management
‘Catchment management’ signifies the appropriate allocation
of uses × management to the areas and soils least hazardous
for, and most appropriate to, the chosen forms of production.
Conversely, the most vulnerable lands (sandy, steep, wet etc)
need protection from degradation by having the safer/more
protective uses installed on them.
Controlling erosion and runoff: Soil erosion signifies that
detrimental change is occurring/has occurred in the ecosystem,
evidenced by undesirable soil movement by water and/or wind
across damaged landscapes. The remedy is to bolster the
ecosystem’s resilience, not just clear up the mess. In the past,
much emphasis has been put on the ‘trapping’ of water, in
contoured ridge-and-furrow systems for crop production.
However, these have seldom worked effectively if the underlying
soil porosity has been diminished by the effects of compaction
– by feet or tillage equipment.
Such problems can better be avoided by careful attention to
maintaining optimum conditions of porosity of soil for
33

Article 6

soak-in of the water, rather than concentrating on trying to
stop lateral or downslope soil movement once it has begun.

Hydrological impacts of different land
uses and managements
Quantitative data on the hydrological impacts of
improvements in land use and management are scarce, but
some examples from the limited information available are
given.
The hydrological effects of trees
There are various common misconceptions about the effects
of trees in landscapes, three particular examples being:
(a) ‘If there is soil erosion, planting trees will prevent it’. The
benefits of trees include that of providing a carbon-rich
litter/mulch of leaves and branches and a mulch on the soil
surface. However, the large secondary water drops coalescing
off leaves in the high canopy may free-fall far enough to reach
terminal velocity (and high potentially-erosive energy) before
they reach the ground surface. The erosion-control value of
trees therefore depends on the excellence of the ground cover
provided by its litter of their leaves on the soil surface, rather
than on the fact of trees’ presence alone.
(b) ‘Trees attract rain: therefore, where water shortages occur,
as many trees as possible are desirable’. In hilly country, the
high ground across hilltops are the places where incoming
moist air rises, is cooled and may therefore receive more rainfall
than the lower areas; in addition, such areas are often rocky
and not suitable for cropping agriculture, so the native
vegetation may be left alone – or alternatively, tree plantations
may be established, as perennials may be the only potentially
valuable crop at that location.
(c) ‘Trees are supposed to be beneficial, but they dry up water
supplies’. Trees are no different from other plants in that they
lose water from their leaves through the essential process of
evapotranspiration. Therefore, in abstracting water from the
soil via their roots, they diminish the total volume available to
percolate downwards. In addition, many trees have several
branched layers of leaves (ie several evaporative surfaces)
which make up the totality of their canopy. Total daily
evapotranspiration from a tree can therefore be significantly
greater per unit area of trees than from a field crop presenting
a more or less single evaporative surface.
A good example is from Karnataka in South India. Several
decades ago plantations of fast growing but ‘thirsty’ exotic
Eucalypt and Caribbean Pine species were established for
catchment management purposes, with expected positive
impacts on, inter alia, stream flows. However, the plantations
had the unexpected negative effect on dry season flows, these
being reduced rather than increased due to the trees’
year-round evapotranspiration.
Another example is from the famous experiments at Wagon
Wheel Gap in Colorado, beginning in 1910, and in the Coweeta
catchment in the Appalachian Mountains, also in the USA,
continued from 1934 to 1964 and beyond. ‘After only three
years of comparison of the monthly water yields of two small
forested watersheds [catchments] one was clear-felled in
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1940. Water yield increased by 373 mm (14.6 in) depth over
the watershed. As the forest re-grew, yields [of streamflow] declined logarithmically with time [due to increasing yearly evapotranspiration]. Twenty-three years later, the cut was
repeated. The yield increase was almost identically repeated.’
(Pereira,1973).
Hydrological impacts of land use improvements
One very large-scale example is from Brazil. In discussions
with the author, pioneer commercial no-till farmers using
complete soil covers of mulch over de-compacted soils,
particularly in the states of Rio Grande do Sul, Paraná, Santa
Catarina and Goiás, reported major hydrological benefits from
these practices. Remarkable increases in rainfall absorption
into mulched fields, which previously had suffered very severe
runoff and erosional soil losses, indicated that the infiltrated
water must have increased the volumes of water in and below
the root zone. In the same states farmers and extensionists
commented that, for instance:
- existing huge conservation banks (up to 2m high) - built in
order to ‘conserve’ water and eroded soil - no longer broke
downslope due to excessive accumulations of runoff water.
- soil erosion, so severe as to carry away large areas of topsoil
plus seeds, fertilisers and young crop plants every year in
heavy rainstorms, was virtually eliminated when the
rainwater soaked-in beneath a mulched soil in good
permeable condition rather than becoming runoff.
- streams continued to flow for much longer after the rains
into the dry season, whereas formerly they had disappeared
soon after the onset of dry weather.
It was farmers’ observations such as these from the 1970s
onwards that led to the rapid spread of mulch-based no-till
farming (often called Conservation Agriculture) in many parts
of those states, and subsequently spread to both other parts of
Brazil, such as the Cerrado of central Brazil, and to other countries.
Detailed quantitative data were reported by Albuquerque
(2010) from the southern Brazilian state of Rio Grande do Sul,
where no-till farming/direct drilling has been adopted in almost
all farmed areas, which are concentrated in the north-east
region of the state. The southern half is covered in natural
pastures. To quote: ‘We identified that the sediment loads in
the catchments did not vary in the catchments predominantly
of pasture between the years 1985 and 2006. On the other
hand, in the farmed catchments, where there had been an
increase in the area managed with direct drilling, there was a
diminution of sediment loads between 1985 and 1996 and
between 1996 and 2006. In 2006, with maximum adoption of
direct-drilling, the sediment loads in the catchments with
direct drilling were equal to those of the catchments with least
tillage [in the pasture zone]. In effect, the adoption of directdrilling provided an average reduction in sediment load of 82
percent, a value very similar to the reduction in the erosion
rate’ (Author’s translation).
Since the soil was found to be not moving from the directdrilled lands, then the water must have been penetrating the
soil and adding to its water storage, (rather than running off
the soil surface), with consequent positive impacts on the
surface-water and ground-water hydrology.
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Table 1. Losses of water and soil from four monitored land-management treatments (from Amphlett, 1984)
Basin name
Area (ha)
Land Use

Mphezo
13.0
Eucalyptus
trees

Bvumbwe
7.84
Recommended
physical and
agronomic
conservation
practices

Mindawo II
6.70
Physical
conservation
practices
alone

Mindawo I
5.26
Local farming.
No specific
conservation
practices

951

822

975

910

7.4

19.0

54.8

179.8

a. Rainfall 1982/83
mm
b. Runoff 1982/83
mm
a/b.Runoff / rain
(%)
a-b: Infiltrated +
transpired, (mm)

0.78

2.31

5.62

19.76

943.6

803.0

920.2

730.2

Soil loss equiv (t/ha)

0.13

0.20

2.5

15.7

Experience from Malawi has shown the remarkable positive
hydrological effects of mulch cover over bare soil. There were
large hydrological differences between replicated small plots
with and without a mulch of cut grass, with the mulched plots
consistently maintaining higher infiltration rates and lower
runoff rates (Shaxson, 2011). Table 1 shows one year’s results
from much larger monitored plots at Bvumbwe, in Malawi
(Amphlett, 1984), and demonstrates much higher rates of
runoff and soil loss from the ‘unimproved’ (Mindawo I) plot.
Recha et al (2012) recorded adverse trends of changes in
hydrological and soil characteristics which developed after
deforestation in the Kapchorwa area of western Kenya over
four similar-sized catchments, all within an area of 6 km2
(Figure 1).
Figure 2. Cumulative flow duration curves of the Kapchorwa chronosequence
of catchments (average of 2007 and 2008) (from Recha et al, 2012).

base flows of the remaining three comprised decreasing
proportions of total flow, and increased ‘flashiness‘ of their
flows, with increasing duration under tillage (see Figure 2).
Together with other results from earlier work in the same area
(Marenya and Barrett, 2007, cited in FAO, 2008), these results
indicate that, as soil conditions in this area became degraded,
not only did conditions for crop production decline, but also
from the same area excess rainwater ran off and therefore was
not stored in the soils and substrate, and thus was not available
from that source for irrigation and other water uses.
Figure 1. A poor substitute for the forest floor's beneficial effects

One catchment of 12.8 ha was representative of undisturbed
forest, a second, of 14.4 ha, was under smallholder tillage farming
for five years after deforestation, a third, of 9.1 ha was under
smallholder tillage farming for 10 years, and a fourth, of 10.0
ha, was under smallholder tillage farming for 50 years. Key
features of soil conditions were characterised and stream flows
were continuously monitored for two years (2007 and 2008).
Throughout the two-year period of measurements, by
comparison with the base flow of the forested catchment, the

Achieving positive hydrological
impacts of land use and catchment
management
Appropriate land management is clearly a vital factor in achieving
a favourable downstream flow regime (that is, reliable and
adequate base flows and low flood flow peaks) from any given
area. In this respect a key question is:
‘What characteristics of a soil and its management need to
be maintained/improved for the maximum proportion of
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Table 2. Simulating ‘forest-floor conditions’ for maximum rainfall absorption (after Kassam et al, 2013).
Effects of key features of conservation agriculture
No tillage
Mulch
Rotations
Legumes
Components of soils’
productive capacity benefitted
Physical
A
B
C
D
Hydrological
E
F
(G)
(H)
Biological
(I)
J
(K)
(L)
Chemical
(M)
(N)
(O)
(P)
A= Varied soil porosity; B= Prevents soil crusting; C= Augments channels through soil - distribution
and depth; D= favours biotic development of optimum soil architecture (solids × spaces); E=
Maintains optimum range of pore-sizes; F= Buffers impacts of rainfall and temperature variations;
(G), (H)= indirect effects on soil biology and soil-structure; (I)= Indirect: does not destroy soilstructure; J= Protects soil biota, favours biotic activity; (K)= indirect: effects on soil health ; (L)= N
and C-rich organic matter for structure-forming biota; (M), (N)= indirect effects via residues and plant
nutrition; (O)= Indirect: beneficial root-exudates for soil biota; (P) indirect: nitrogen and OM into
system.

rainfall to enter the soil and become available for
prolonged stream flow and/or aquifer storage, to retrieve
already degraded catchments?’
The answers in most situations (not only the above) are:
• Increased organic matter on and in the soil;
• Improved soil porosity/architecture (particle × spaces)
throughout the profile;
• Minimal disturbance of soil in good condition for plant
growth and water absorption.
In most situations, the principles of Conservation Agriculture
systematise the use and management of the land available.
Based on the experiences of farmers who have adopted CA in
many different countries, the four key characteristics of CA
listed in Table 2 make this method a ‘simulacrum’ of the
optimum ecological conditions which are desirable for achieving
a satisfactory hydrological outcome as well as restoring the
productivity and sustainability of damaged agricultural
landscapes.
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News from the Field
Soil and water conservation conference, Chiang
Rai, Thailand
‘God must think we are crazy! It rains on our roof, the water
runs down, washes away the soil and flows down hill. Then
we go down the hill to collect the water and bring it up again
to drink it!’
This perceptive quote by an African farmer was cited in a paper
on rain water harvesting, presented by Sammy Contreras at
the WASWAC1 2nd World Conference in Chiang Rai, Thailand,
4th to 7th September 2013. The gathering successfully brought
together over 200 participants to discuss Threats to land and
water resources in the 21st century: prevention, mitigation
and restoration. Presenters came mainly from China (where
WASWAC in now based), Philippines, Taiwan and Thailand, but
with contributors from South America, Europe, Sub-Sahara
Africa, Middle East, India and remotest but not least, Guam.
As with any such conference, perhaps 80 percent of the value
lay in the opportunity to meet colleagues with similar interests
and to strengthen networking. In this respect it was a great
success. With 19 thematic sessions running in parallel over
the two days, and partly overlapping with two other conferences, it was difficult to gain a balanced impression of the outcomes. A brief summary of the 100 or so papers will be posted
on the WASWAC website, as well as a short ‘synthesis’ of the
event and lessons learned.

Conference Group: l-r Larry Willoms (Canada); the author; Sunny Ellis;
Surinder Kukal (India); Wyn Ellis (TAA Thailand); Khun Keow (Thailand);
Samran (WASWAC Thailand); José Rubio (Spain)

In general, too many papers focused on rather complex and
academic measurement and analysis of soil and water loss
aspects. There was inadequate coverage of practical examples
of how to overcome the threats envisaged for the 21st century,
through prevention, mitigation and restoration. Greater
emphasis on people’s participation would have been welcome,
as would consideration of payments for ecosystem services
(PES) to encourage upland farmers to combat erosion.

However, some innovative experiences were presented, such as
participatory conservation agriculture approaches for raspberries
on steep Andean slopes of Bolivia (Franco Humberto ObandoMoncayo) and recharge of groundwater of the Batinah coast of
Oman, using treated effluent (Mushtaque Ahmed). Successes in
reducing water use in Punjab irrigated farming were described by
Surinder Kukal, but he conceded that water use efficiency is
difficult to achieve as long as electricity for the pumps is 100
percent subsidised. Successful participatory approaches to
matching inorganic fertiliser applications to actual soil needs
through soil testing were outlined by Arabella Tulin from the
Philippines. Yang Xiaomei used a case study from the Wei River
catchment in China to illustrate the frightening deficiency in
knowledge and awareness of farmers and retailers of the health
and pollution risks posed by pesticides - ‘poisons by design’.
So, what were the lessons that can be learned from such multinational conferences in general?
• Time keeping: the original time allocated for speakers (20
minutes) was reduced to 10 minutes to enable inclusion of
more papers, resulting in frequent over-runs.
• This meant that there was rarely enough time for more
interactive questions and answers.
• There was no formal feedback system via Rapporteurs to the
final plenary session. This was largely due to the
understandable deficiencies in English language reporting skills.
• Being conducted in English was a constraint for many
younger speakers, especially from China.
• Inclusion of small workshop-style groups would have been
useful to discuss themes and prepare conclusions to present
to the plenary session.
These observations apply to most such events. Given the overall
importance of the networking objective, it is important to
encourage wide participation. But to attend a conference, many
people need to demonstrate that their paper has been accepted if
they are to gain sponsorship: it is their only way to gain financial
support, whereas networking itself has important value and does
not need a ‘paper’. An impressive feature of this conference was
the large number of young and female speakers, especially from
China. Although often seriously constrained by a lack of English
language skills, it did give them an opportunity to meet a wider
community of practice. A practical solution for conferences could
be to offer optional training sessions to younger participants in
presentation skills, style of presentation, design of Powerpoint
slides (more photos, clear graphics, simplicity), time keeping and
how to answer questions. Video filming and role-play could be
valuable tools for this. And such training should not apply to just
the youngsters!
1

World Association of Soil and Water Conservation. http://waswac.soil.gd.cn/
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A post-conference field visit was made to a soil and water
conservation project of the Land Development Department
(LDD) near Mae Salong village, in the upper catchment along
the Myanmar border. Until recently this extremely steep land
was used for cultivating annual crops under shifting cultivation.
Under the LDD project, progress is being made to stabilise
cultivation through introducing tree crops, conservation
terracing and forest planting. Arabica coffee is very successful,
giving good yields after only 3-4 years. The International Union
for Conservation of Nature and Natural Resources (IUCN) is
supporting the initiative. The IUCN field manager Tawatchai
Rattanasorn is trying to gain support for local communities
from lowland organisations through payments for ecosystem
services but, so far, with little success. And yet this will be

crucial in ‘meeting the threats of the 21st century’.
Thanks are due to Dr Samran and Dr Li Rui of WASWAC, and
to the Land Development Department of the Royal Thai
Government for successfully organising and conducting this
complex event. The TAA was represented by three members:
Wyn Ellis, Steve Gossage and myself. We had been invited by
Dr Samran to chair sessions and prepare a ‘synthesis paper’;
in addition (and at short notice), I was asked to speak at the
closing ceremony!
The next WASWAC World Conference is being hosted by Serbia
in August 2016.
Keith Virgo

Mailbox
Conservation Agriculture in Brazil
Dear Editors,
It was good to read the article on Brazil by Keith Virgo (Ag4Dev19). Conservation Agriculture (CA) is probably a new area for an
old Asia hand like the author. Much of the spade work on minimum tillage in Rio Grande do Sul state and elsewhere in Brazil was
undertaken by Terry Wiles (ex-Western Australia and previously Trinidad) and the late David Sharp of ICI’s Plant Protection division
in the 1980s. Paraquat, and the various forms of ‘sod seeders’ which were developed at Fernhurst in the UK, complemented ICI’s
efforts in Brazil. I wonder if John Landers and colleagues were aware of this UK initiative?
Quite rightly, the author comments on the 0.2% of global zero tillage that the UK can muster today. Ed Wellansen (of CIMMYT
Mexico) and I were working on hand-held bean planters for smaller farms. At this time, in-furrow bean planting fitted in well with
pre-harvest maize schedules. In our parts of Central America and Mexico, large farms were not too common and still a long way
off. This mechanisation by Wellansen was the Latin American equivalent of Norman Borlaugh (maize and beans were his forte),
but he was a more modest individual!
I finally mention GM development, where the UK and EU fall similarly behind the rest of the agricultural world. Maybe Keith’s
Brazilian chums mentioned their views on this and I look forward to a comment in the next issue of Ag4Dev. (See ‘GM crops:
time for a reasoned stance’ in Ag4Dev18 - Ed).
Yours sincerely
Richard Smith
PS: Theo Friedrich’s article is useful, with reference to Brazil as a pioneer user of paraquat, which I believe is now ‘out-of-bounds’
in the UK, as glyphosate has taken over!
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Note on weed control for zero tillage organic
soybeans in Brazil1
John N Landers and Marcio Challiol

John Landers has pioneered zero tillage in tropical Brazil since 1976, and led the widespread
adoption of this technology in the Cerrado (wet-dry savannah) region by founding, in 1992, the
Associação de Plantio Direto no Cerrado. He has a particular interest in the interface of the
environment with agriculture and works actively to gain payment for farmers’ environmental
services, especially through the Round Table on Responsible Soy, where he is an international board
member. John is Consultant to Gebana Brasil and former director of the Associação de Plantio Direto
no Cerrado (Brasil). john.landers@uol.com.br.
Marcio Challiol works closely with farmer-suppliers, whose products are processed and marketed
by Gebana Brasil, where he is CEO. He travels widely in Brazil and Paraguay, supporting smallholder
farmers with improved technology and assisting them to comply with legislation and certification
requirements. He also interfaces with research institutions and private industry to improve
agronomic approaches to organic farming. marcio@gebana.com.br.

Summary

Organic Zero Tillage

Weed control with herbicides is not permitted in organic farming.
Studies have been initiated by Gerbana-Brazil on a twopronged approach to weed control in organic soybean production.
The Eletroherb passes a high-voltage current through weeds
brushed by electric plates, and kills their roots. Weeds
germinating after the initial desiccation are controlled by an
inter-row horizontal rotating plate cultivator. The work rate for
the Eletroherb is up to 1 ha/hr. Two problems to be overcome
are older, lignified plants and prostrate weeds, both of which
are proving difficult to control.

A two-pronged development project for weed control in
organic soybeans is based on pre-planting desiccation with
high-voltage electric shock treatment, followed by inter-row
cultivation with a horizontal rotating disc cultivator. Original
research was carried out on the former in the UK (Diprose et
al, 1978), but was discontinued for economic reasons. A Brazilian
venture capital company picked up the idea and has begun
commercial production, collaborating with Gebana in field
testing on organic soybeans. Over the last two years, test results
have been encouraging. Some weeds resistant to Glyphosate
(eg Conyza bonariensis, Commelina spp. and Lolium italicum)
have been controlled satisfactorily. Earthworms and ants
apparently survive the shock treatment.

Introduction
The barrier to weed control without herbicides has always
imposed severe restrictions on the adoption of zero tillage by
organic farmers. The authors have long desired to bridge this gap
between organic producers and zero tillage as the potential
synergy is very high. Working the soil as a means of weed
control in organic systems reduces soil health and results in
erosion. Tropical zero tillage farmers, while promoting soil health
and controlling erosion, still have a lot to learn about managing
natural controls of diseases, pests and, to a lesser extent, weeds.
In an integrated supply chain project, Gebana Brasil (a branch of
the Swiss organization GEBANA), based in Capanema, Paraná
state, is working with organic farmers supplying organic products
to the European and Brazilian markets. Long-time zero tillage
farmers converting to organic soybean production have
encountered difficulties in weed control, but eschew soil
manipulation for this purpose, since they have already perceived
the benefits to soil health from eliminating the practice.

Figure 1. Field test of the Eletroherb (Photo: Gebana Brasil).

The Eletroherb machine (Figure 1), manufactured in Brazil,
consists of twin PTO-mounted generators with a 60 kW capacity,
1
No endorsement of named products is intended nor is any criticism implied
of other alternative, but unnamed, products.
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and a battery of flat, trailed, electric shock plates. The operating
height is controlled hydraulically via the 3-point hitch. A highvoltage current passes through the weeds brushed by the electric
plates and kills their roots. It is more effective with young
weeds than older, lignified ones. Alternative methods with
superheated steam and flame throwers have not yet been
tested by Gebana, but would not appear to be so effective in
killing roots. In the first year (2011/2012), 282.5 ha were
treated on 46 farms in Paraná and Rio Grande do Sul states,
averaging 0.8 ha/hr. The manufacturer indicates a maximum
work rate of 2 ha/hr under ideal conditions. Full control (100
percent) was reported on 40 farms; the reasons for lower control
(30-90 percent) were investigated with a replicated trial in
2012/13 (paper under preparation), where over 92 percent of
weeds present just prior to desiccation were controlled. Areas
with high proportions of older, lignified perennial weeds (eg
Sida rhombifolia) are not suitable, requiring more than one
pass, but on farms with low infestations of mature weeds but
high populations of immature ones, the success rate was high.
The need to control weeds that germinate after initial desiccation and the relatively high cost of the prototype machine or
hand weeding, has dictated recourse to mechanical inter-row
cultivation. Initially, this was done with tined cultivators,
which clogged with the crop residues in zero tillage. A
discarded old model of a horizontal disc cultivator was found
in a scrap yard and tested (Figure 2).

Challenges to be overcome
(i)

the relatively low work rate of about 0.7 to 1 ha/hr, is
compensated for by the economy of not working the soil
for a seedbed;
(ii) the danger of straw fires under dry conditions: a water
applicator is under trial;
(iii) the high purchase cost of the Eletroherb: this is normal
at launching, with low sales quantities, but if this
machine permits the practice of organic zero tillage,
there are other direct and indirect benefits to be taken
into account: work in progress;
(iv) safety: the driver uses a trip switch attached to his belt
which automatically cuts power off as he begins to
dismount; there have been no accidents so far, and other
safety aspects are under study;
(v) very prostrate weeds such as Chamaesyce hirta do not
make adequate contact with the plates and control is
deficient;
(vi) lignified weeds – eg Sida rhombifolia − need to be
brought down to an acceptable population level prior to
entering the system, or hand hoed (not favoured by farmers).

Conclusions
The Eletroherb machine appears to have wide potential
application for organic farmers. Having identified some
challenges, the Gebana team is working with the manufacturer
on satisfactory solutions. It should also be noted that the
considerable premium paid for organic soybeans compensates
for rather lower yields under the organic system.

Reference
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Figure 2. Early version of the disc cultivator. Note the wheat straw
between rows of organic soybeans. (Photo: JN Landers).

It proved to have a very high degree of self-cleaning, due to the
rotation of the ground-driven discs. This success encouraged
Gebana’s support to a local manufacturer in order to supply this
equipment to organic farmers (Figure 3). It is being employed
successfully to complement the electric shock desiccation treatment.

Figure 3. New version of the horizontal disc cultivator. Note the
depth wheel with central disc, to reduce side-slip. (Photo: Gebana Brasil).
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Membership Secretary’s Update
2013/2014 Membership fees
Thanks to all members who paid their membership fees by
standing order on 1st August. This is much appreciated,
because unfortunately we are not in a position to remind
members when payment is due. Annual Standing Order
payment enables simple updating of membership for the
following year, and of course it benefits us all since it means
there is one less thing to remember! If you are not already
paying by Standing Order through your bank, and you would
be happy to do so, then please contact the membership
secretary for details.
Members who have not updated their subscription fee, and are
continuing to pay the wrong fee level, will be given partial
online membership for the year, in fairness to those paying the
correct fees.
Missing members
We have lost contact with the following members; if you know
the current contact addresses or emails of any of those listed
below, please advise the membership secretary, or ask them to
contact us:
Dann AE; Cracknell JW; Squire GR; Liney RS; Weare PR;
Brown Ral & AH; Ormorod, Dr Andrew; Steph Mrs & Dr.
Lin Blunt
Membership Secretary

Publications and Communications
(P&C) Committee Update
Guest Editor of Ag4Dev20
Chris Finney is thanked for his excellent contributions as Guest
Editor of the current special issue of Ag4Dev, on the theme
‘Water in Agriculture’. The efforts of the contributing authors,
many of whom are members of the International Commission
for Irrigation and Drainage (UK), are also much appreciated.
Together, they have ensured a full issue, covering the many
aspects and scales of water in agriculture.

Climate Change. Any members wishing to contribute to this
issue, or with suggestions on its contents, should contact the
Guest Editor (Paul Harding).
Reminiscences and Reflections
This is a new regular feature, appearing for the first time in
Ag4Dev20. Hugh Brammer is kindly coordinating this
feature, and he is looking forward to receiving contributions
from members at h.brammer@btinternet.com or by post at
37 Kingsway Court, Hove, East Sussex BN3 2LP.
Succession planning for the P&C Committee
We are looking ahead to the time when members of the P&C
Committee will want to stand down, in order to give other
members an opportunity to serve their association. Therefore,
the Chairman of the Committee (Paul Harding) would
welcome any expressions of interest from potential new
members of the Committee. Possible roles include Coordinating
Editor of Ag4Dev, Technical Editors of Ag4Dev, coordinating
reviews for Bookstack, coordinating obituaries, providing
international agricultural research news, coordinating the new
feature Reminiscences and Reflections, coordinating the
Corporate Members’ Page, and providing Upcoming Events.
Volunteers would work alongside the current incumbent for a
number of months, until the time comes to take over the role.
Occasional Technical Editors
The Coordinating Editor would be pleased to hear from
members who would be willing to act as Occasional Technical
Editors, editing items for publication in Ag4Dev from within
their field of expertise. The idea is to establish a network of
expert Occasional Technical Editors, to be called upon as and
when needed, to complement the efforts of the two regular
Technical Editors.
Paul Harding
Coordinating Editor, Agriculture for Development

Land Husbandry Group (LHG) Update
Activities related to CAP

The next issue of Ag4Dev, the Spring 2014 issue, will be an
‘open’ issue with no specific theme. We already have some
articles and other items for this issue, but we would be happy
to hear from any members wishing to contribute an article, or
News from the Field, or a Newsflash, to this issue. The deadline
for receiving material is 31 January 2014.

Amir Kassam and Andrew Bennett are serving on the Scientific
Committee of the European Conference on Green Carbon
being organised by the European Conservation Agriculture
Federation (ECAF) in Brussels from 1-3 April 2014. Amir Kassam
and Tony Reynolds have been invited to make keynote
presentations. The Conference is aimed at raising awareness
regarding the role of Conservation Agriculture in ‘making
sustainable agriculture real’ in Europe. Details of the
Conference are available at: www.greencarbon-ca.eu.

Ag4Dev22 – a Special Issue on Climate Change

Conferences and presentations

The Summer 2014 issue of Ag4Dev will be a Special Issue on

A joint IIED-TAA seminar was organized on 4 July at IIED for
Professor Norman Uphoff from Cornell University to make a

Ag4Dev21 - an Open Issue
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presentation on Agroecological opportunities for sustainable
production intensification: dealing with both food security and
climate change. There was an excellent turnout, including
several TAA members. Keith Virgo and Amir Kassam
represented TAA and LHG, and copies of TAA brochures and
the Ag4Dev journal were on display. A couple of new TAA
members were recruited at the seminar.
Amir Kassam made an invited presentation at the World Water
Week in Stockholm on 1 September 2013 at a meeting entitled
Nature based solutions: opportunities for collaboration
to meet water objectives from WASH, Agriculture and
Conservation. The title of the presentation was Working with
farmers: conservation agriculture in practice. The meeting
was convened by Conservation International, CBD, RAMSAR,
World Vision and others.
Articles and books
Amir Kassam was invited to submit an article for the Society
of Chemical Industries (SCI) journal called Chemistry &
Industry (www.soci.org/chemistryandindustry). The article
entitled Saving our Soils is now in print in the May 2013 issue
of the journal. An electronic copy is available from Amir.
Amir Kassam and Francis Shaxson along with other
international colleagues contributed an invited chapter for a
book edited by Rattan Lal and Bob Stewart called Principles of
sustainable soil management in agroecosystems (2013, CRC
Press/Taylor & Francis, Boca Raton, Florida). The title of the
chapter is Sustainable soil management is more than what
and how crops are grown. An electronic copy of the chapter is
available from Amir.
Brian Sims translated a book from Spanish entitled Forest
management and conservation agriculture: experiences of
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smallholder farmers in the Eastern Region of Paraguay. Amir
Kassam, edited the final draft. The publication is available at:
http://www.fao.org/docrep/018/i3371e/i3371e.pdf
Amir Kassam has submitted an invited article entitled
Sustainable intensification and conservation agriculture to
the Technical Centre for Agricultural and Rural Cooperation
(CTA) for their widely-used Knowledge for Development
website (http://knowledge.cta.int/).
Francis Shaxson is drafting a paper about Land Husbandry,
Land husbandry: an ecology of disciplines, for the new
Journal of International Soil & Water Conservation Research
(related to WASWC) based in Beijing.
Brian Sims and Amir Kassam, with their FAO colleagues
Theodor Friedrich and Josef Keinzle, have submitted a
contribution to the III World Congress of Agroforestry, 10-14
February 2014, New Delhi, India. The title of the article is
Agroforestry and conservation agriculture: synergistic
components of sustainable production. An electronic copy is
available from Brian Sims.
CABI will be printing a book in December 2013 entitled
Conservation agriculture: prospects and challenges across the
world. The book is edited by Ram Jat from ICAR (India), Kanwar Sahrawat from ICRISAT (India) and Amir Kassam.
Future
Amir Kassam, Tony Reynolds and David Dent have been invited
to speak at the meeting at the Alecu Russo Balti State University
in Moldova on 10-11 October 2013. David Dent is helping to
organise the meeting. The topic of the Conference is
Rational use of natural resources: the basis for sustainable
development.
Amir Kassam
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The Southwest Group
The work of UK charity Bees Abroad
John Home, Mary Home and Pam Gregory

John is a retired commercial UK bee farmer who is currently Chairman of Bees Abroad. Together with his wife Mary, a
retired nurse, he oversees the Bees Abroad projects in Kenya on a voluntary basis. They have been responsible for
extending beekeeping there to include production of bee-suits from discarded maize sacks (the A-maizing bee-suit)
and the use of beeswax for value added products. Pam Gregory is the former Regional Bee Inspector for Wales, and
holds the National Diploma in Beekeeping. She has a post-graduate teaching qualification and an MSc in Overseas
Rural Development. She has worked as a Bees Abroad project leader in Cameroon and Malawi.
It was a pleasure for John and Mary Home to attend the TAA South
West branch seminar To BEE or NOT TO BEE at Cannington on
14 March 2013, and to speak on the work of the UK charity Bees
Abroad. The first part of their presentation extolled the benefits of
beekeeping in developing countries. These include the potential to
produce hive products that enhance the income for subsistence
farmers and the knowledge of how the use of local materials
together with natural skills can keep down the management costs
of beekeeping. No large area of land is needed for hive placements,
but, above all, beekeeping can be undertaken by both genders of
all ages. A side effect of great benefit is the pollination of crops that
produce better quality and quantity, and the general environment
also is improved and not just for the beekeepers.
The way Bees Abroad (BA) selects the groups depends on having
volunteer project leaders available and the funds to cover the
commitment to the groups, often in remote areas, for possibly
three to five years, so that at the conclusion of the project they
will be self- sustaining.

Figure 1. John Home examines a
beehive with local partners.

The rest of the presentation featured our work with the seven
groups in Kenya, but in order to give an overview of the
projects being undertaken by the charity, the following is a
summary of what we have achieved. There are currently 14
projects with two more under development. They are in
Cameroon, Kenya, Ghana, Malawi, Uganda, Zambia and
Tanzania. Hopefully, we will be able to resume our activities in
Nepal, and possibly elsewhere in Asia, in the near future.

Cameroon
Brian Durk and Jo Hiscox are the project leaders of the Akwaya

project, centred on Ote village. It is being undertaken in
conjunction with the local NGO, Food and Rural Development
Foundation (FORUDEF). A small honey fund was made
available in early 2011 with which honey was purchased direct
from local producers, thus increasing the price to the beekeepers.
During the year, 205 litres of honey were purchased and
transported to Buea for sale. Bees Abroad helped to fund an
extension worker/trainer who has been working with the local
beekeepers. In 2012, this post has been fully funded and more
money will be made available for buying honey. Brian and Jo
ran a training course in Mamfe with assistance from Idris 'Bee',
a very experienced beekeeper working in the Zaria region.
While in Cameroon, Brian and Jo visited the former BA
projects at Beruda and Tombel to find that beekeeping and the
communities were prospering.

Ghana
The aim of BA's project here is to link four effective NGOs in the
four major regions of the country. Work has commenced with
three of the NGOs. Adrucom Ghana is led by Elias Ayeebo with a
membership of 325 women. A training centre and apiary are to
be established in this northern region. The focus of the group is
currently honey marketing, which has resulted in a 40 percent
increase in capital, enabling more honey to be purchased and sold.
BA is encouraging the Resource Link Foundation (RLF) and the
Progressive Beekeepers' Association in the Wenchi area to work
together. It is hoped to hold a Beekeeping Trainers' Workshop in
2013. In the Central Region, the Beekeeping Learning and Honey
Marketing Centre (BLHMC) has excelled in its honey buying
success by trebling its honey fund. Training sessions have been
held in the Volta region for groups belonging to the Royal Bees
Association. It is hoped that honey buying will increase following
the EU certification of honey from Ghana.

Kenya
John and Mary Home have been working with and encouraging the six BA projects in Kenya. There has been a particular
emphasis on developing value-added products produced by the
43

News from the Regions

women and the development of small businesses. All the projects
are located in the Rift Valley which has been seriously affected
by drought for three years. Training courses have been given
by BA's in-country trainer, David Njguna. David has joined the
staff of NGO Desert Edge and will continue to oversee the BA
projects.
BA's formal commitment to the New Nessuit project has come
to an end after six years. Over 70 families in the area now keep
bees. The women's group, with 30 members, has registered as
the Nelbem Self-Help Women's Group and is making valueadded projects with a 50 percent profit margin. The tree nursery
continues to provide benefits to members and the group headquarters is used for meetings, training and honey packing.
They have a full order book for honey which sells at a relatively
high price for Kenya.
Wings of Mercy is working in the Nairobi slums. The BA project
is working with the Mutini and Konza groups to establish
whether peri-urban village beekeeping can help to stop the
rural-to-urban drift, but this is a long-term project. There are
now 61 members of the Mutini group which has increased its
number of hives from 10 to 46. Value-added beeswax hand
creams are being sold successfully. The progress of the Konza
group has been hampered by various problems which have
hopefully been resolved. At the Gucha Orphanage, the number
of hives has been increased to 20 and these are providing food
and income for the orphans. Two 18-year-old boys have left
the orphanage, taking a hive and beekeeping knowledge with
them. This project is expected to become self-sufficient in the
long term.
At the SMART project near Kitale, beekeeping is being
introduced to give additional income to 500 subsistence farmers.
Lack of funding has hampered progress with this project. The
Kerio Valley project has moved ahead rapidly since receiving
funds from the Trevor Roberts School in London. Two
independent beekeeping groups, Chepsigot Women's Group
and the Rochoko Group, are working with BA which is also
supporting the Cheptebo Rural Development Centre (CRDC)
and Chepsigot Primary School. Used protective bee-suits,
kindly donated by the UK National Bee Unit, were presented
to CRDC and will be a very useful resource when the training
apiary is established.

smaller, efficient grassroots organisations.

Malawi
Over 100 beekeeping self-help groups, representing over 1,000
families, are involved in the Nkhata Bay Honey Packers'
Co-operative. BA facilitated the creation of this farmer-owned
co-operative marketing organisation to provide an honest outlet
for beekeepers to sell their honey. The project has been so
successful that the price of honey has risen by a factor of three
since it started. In 2011, over 12 tonnes of honey were sold
under the trade name Forest Gold. The project employs six
full-time staff with 10 field-based trainers. In 2011, 500 people
were given training with the support of the Waterloo Foundation
and a further 50 groups will receive training in 2012. Two
community mobilisers oversee the quality of the training and
give particular help to the women trainers who are less
experienced than the men.

Sudan
Pam Gregory visited North Sudan to investigate, design and
plan a beekeeping project to improve the incomes of peoples
in the desert area near Dongola. The project will be
implemented by Ms Abdelwahad from the University of Sudan.
A demonstration and training apiary will be established and 30
people trained in tree growing, apiary management and
beekeeping.

Tanzania
David and Margery Blower are the new project managers for
the KASIWOCO project in Moshi, Tanzania, which is introducing
beekeeping for those with spinal injuries. This project will use
the local stingless bees, which produce a valuable medicinal
honey. Cosmetics and medicinal products will be among the
value-added products made by the group. The group is
supported by Motivation UK.
David and Margery also made an evaluation visit to the
Mwanza project for the Muelba Association which is for women
living with HIV/AIDS. They were able to offer training and
supply copies of Pam Gregory's Basic African Beekeeping
Manual. It is hoped that a project can begin in 2013.

Uganda
Figure 2. Demonstrating the
protective bee-suits

The Sinyati Women's Group near Lake Baringo continues to
make and sell the A-maizing bee-suits, made from maize sacks,
and is now making and selling value-added creams. Caroline
Lentupuru from this group received the International
Campaigner Award, which is for those working outside the UK
achieving social or environmental justice in their home countries.
When Caroline visited London to receive her award, she was
able to meet two MPs influential in overseas development and
stress the increased effectiveness of UK aid when given to
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The EMESCO project, led by Roy Dyche, was completed in
2011. Overall, 40 groups have been formed and trained,
comprising 466 members, benefiting around 2,500 household
members. Five tree nurseries have been established with
seedlings being distributed to members. Further training will
be given by 14 community-based persons (CRPs). Over 5,000
existing and new beekeepers stand to benefit from the formation
of the honey business which has purchased six tonnes of
honey, worth around £15,000 to the local economy.
An evaluation visit was made to the BISUDEF Women's Project
in Hoima. This aims to develop modern beekeeping with 120
women in 12 groups. Initial training has been given. On a visit
to Mbale, Dave Bonner identified the Oluwa Youth Activity
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Group as being sufficiently organised to benefit from input
from BA and a project is being planned which will include basic
farming training and tree planting as well as encouraging
beekeeping. BA will be involved in the last two aspects.

Zambia
The Monza project began in September 2011, led by Roy
Dyche. It aims to provide two women's co-operatives with a
sustainable income from beekeeping and to ensure that
beekeeping is conducted so that it does not damage the natural
environment and provides a benign alternative to activities such
as charcoal burning. About 150 vulnerable women are involved.
Apiaries were established for the two groups which were
supplied with smokers and food grade containers. BA's Zambian
partner, the Sustainable Rural Development Agency (SRDA),
has been given seed capital for honey purchasing. This has
been very successful when sold under the Southern Pride label.

Other Activities
BA volunteers and supporters continue to give their time to a
range of fund-raising and publicity activities including talks
and attendance at beekeeping, agricultural and gardening
events. Particular thanks are due to Jeff Bee who has overseen
the BA presence at the events and ensured there has been a
wide range of different items available for sale. Thanks are also
due to BA Administrator, Veronica Brown, and BA Fundraiser,
Polly Mason, who do so much in the background to ensure the
smooth running of our charity.
I think you will agree that what we have achieved is considerable.
We have made further strides in 2012 which will be reported
in our annual report shortly. We welcome support for our work
to enable us to report on even greater progress in the years to
come. You can download a copy of our annual report from our
website, www.beesabroad.org.uk, or contact our Administrator,
Veronica Brown, on info@beesabroad.org.uk.

The SW Group
Summer Outing 2013: Visit to the Mendip Hills and Chew
Valley, 17th- 19th July 2013
A group of 20 members and guests stayed for two nights at
Folly Farm, which is owned by the Avon Wildlife Trust and
located near the village of Bishop Sutton in the Chew Valley,
south of Bristol. The programme consisted of four visits on the
day of arrival at the Western end of the valley, three nearby
visits during the stay, and two visits on the day of departure.
Two common themes became apparent during the tour:
• Farm businesses that had adapted to challenges through
diversification;
• A significant effort to educate urban dwellers on the role of
farming in the area.
Generally it was a most interesting and inspiring experience
which was assisted by the good spell of summer weather at the
time. The highlights from the farms and businesses visited are
listed below.

Junction 24, Sedgemoor Livestock
Centre
This was the assembly point located just off junction 24 of the
M5, as the name implies. Between coffee and a light lunch (all
local produce) a tour of the facilities was led by Nathan, a local
farmer on the Somerset Levels, who in common with many of
his colleagues earns sufficient from his employment to
supplement the income from his holding, which would
otherwise be uneconomical. Enthusiastic and knowledgeable,
the advantage of having such employees in the livestock yards
was obvious.
The Centre was established by a local entrepreneur farmer, and

is the 21st century equivalent of the old market towns, which
are now outdated due to lack of space and traffic problems.
At Junction 24 there is plenty of room for livestock
handling/auctioning and parking, and a host of other amenities.
It is now a social centre for the rural community (and towns
people – there is a large farmers’ market once a week) with
banking facilities, some retail outlets (even a barber’s shop)
and offices, and a Conference Centre. It is already exceeding
its capacity, with possible expansion plans in the offing. Finally
there would appear to be options for use of the slurry in energy
production – at present it is handled on site to prevent contamination of the local stream; and also the possibility of solar
panels on the extensive roof.

Pool Farm, Banwell
Last year during a visit to the Duchy College in Cornwall, the
South West Healthy Livestock Initiative (SWHLI) was
explained. This visit was a chance to see the programme in
action. Fran Ford and her father David run a 70 cow Simmental
suckler herd, and a flock of Suffolk cross Mule sheep, on 380
acres of grass (80 acres owned and 300 acres leased) in North
Somerset. David retired from the police and Fran attended a
farm business course about 20 years ago.
Prior to receiving advice from SWHLI, which is provided by a
local participating vet practice and Duchy staff, mortality of
young stock was so high that beef production was uneconomic.
Advice was received on vaccination programmes, tied to a
limited calving season, and there has been a transformation.
Three important issues were noted:
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• Other local farmers are invited to regular meetings on the
farm to learn ways of increasing their own profitability. Fran
is an excellent speaker and with the help of the extension
staff must have a big impact locally.
• Of great importance to the management is the need to have
docile animals that are easy to handle and that will perform
better. The culling policy is very much aimed at this parameter,
and with the price of cull cows having improved
enormously, every effort is made to achieve this aim.
• This is an excellent example of father and daughter working
together as a team. Each obviously respects the other.

Wyndhurst Farm, University of Bristol
Vet School, Langford
A quick visit was made en route, and as a follow up to our TAA
meeting last year at the School. It has an impressive facility for
indoor feeding of the dairy herd, since half the farm is across
the busy A38, and is unavailable for grazing. The emphasis is
on teaching rather than research. All students have practical
sessions with the dairy herd, including those who will go on
to small animal practice.

• Importance of instructing volunteers adequately and
continuously monitoring them.
• The farm is educating, and providing opportunities for,
urban folk to connect with the countryside.
• Support is not only provided through financial inputs, but
also in-kind, for example the provision of apple trees and
some of the equipment.

Fernhill Farm, Mendips
The second day was memorable for meeting enthusiastic and
innovative individuals. These included Andy and Jen Weir, who
hosted a visit to their farm and provided an excellent lunch at
their visitor centre. Andy and Jen have rejuvenated a very old,
run-down farm, for background, see www.fernhill-farm.co.uk.
Highlights of the visit included: the wood fuel burner, the
reedbeds for water recycling, and Andy’s background with
sheep. Known as the ‘Mendip Shepherd’ he has experience of
shearing locally, in Australia, and in New Zealand. He recently
qualified at the Great Yorkshire Show to represent England in
the world sheep-shearing championships, due to be held in
Ireland in 2014.

Alvis Brothers, Regilbury farm
Alvis Brothers are among the leading farm businesses in North
Somerset. We were too late to see the cheese making factory
in operation, so we proceeded to their farm near Bristol Airport
to see the relatively new 60 cow rotary milking and feeding
parlour. Even the large South Devon bull squeezes into a
cubicle following the last cow for a quick feed!
This is a family-run business, with father John having handed
over most of the management to sons John and Peter. A large
range of cheeses are produced, and Alvis is the largest producer
of organic cheese in the UK. A large quantity is exported to
over 30 countries worldwide. We were told that ‘cheese making
alone does not give added value, but added cost’. However, it
is packaging, especially into small 20g packs (over 60,000
daily), where the profit is made. John senior established
FarmLink, which aims to link primary school children with
farms. This has now become a national organisation, with
around 18,000 primary school pupils visiting farms each year.

The Community Farm, Chew Valley
Lake
We were shown around by the farm manager Andy Dibben,
whose enthusiasm is infectious, despite the trials and
tribulations since the launch of the farm three years ago. For
details of the structure and operation of the farm see
www.thecommunityfarm.co.uk. Highlights from the visit
included:
• The work contributed by the volunteers saves employing
one extra field worker, worth up to £16,000 per annum.
• The first year saw reasonable progress and a small profit;
last year was very wet and difficult; this year, having
invested in blight tolerant potatoes, was much drier and
produced lower yields, but the farm has broken even.
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TAA members enjoy a lunch of local produce at Fernhill farm on the Mendips
prepared by Jen Weir, wife of Andrew, who is standing top left in the photo

Warren Farm, Charterhouse, Mendips
Continuing a superb day, mostly up on the Mendips, Warren Farm
was visited in the afternoon. We toured the farm with James Small
in a modified trailer pulled by a tractor driven by his father.
This is another outstanding family farm. James is currently the
chairman of the Somerset NFU, and is on the committee of the
Mendip Area of Outstanding Natural Beauty (AONB). The farm
concentrates mainly on sheep (1,200 ewes) and cattle (235
Shorthorn X), and part of the farm is leased for a large outdoor pig
unit. It is necessary for the latter to move onto a clean area every
second year, and then there is a major exercise to move the soil
from the bottom of the field back to the top! The family owns 550
acres and rents an additional 450 acres from the National Trust.
Some of the grazing is poor, so poor in fact that ‘the rabbits need
to take a packed lunch’. The farm maintains a closed herd,
improved through AI synchronised breeding. There were some
impressive clover leys, where some experimental work was
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on-going. The farm takes part in the Countryside Stewardship
scheme; and also operates an upmarket camp site which
receives excellent reviews.
We enjoyed the company of several of the farmers at dinner that
evening in the Woodford Lodge, next to the Chew Valley Lake.

Chosen Hill Fruit Farm
Just over one mile from Folly Farm, with a fine view of the lake,
this pick-your-own business is run by Jean Phippen. After a string
of difficult years weather-wise, and a late spring, at last decent
weather was bringing some relief. In fact picking (mainly
strawberries) commenced three weeks later than normal, and Jean
was interviewed on the Radio 4 Today programme in late June
lamenting the cold weather. The main variety of strawberries was
Symphony, some being grown on a table top, and some on the
ground. Irrigation is from a piped supply, because the local
borehole water contains too high a boron content. Nutrition is
provided through the water supply. It is necessary to spray with
potassium bicarbonate against powdery mildew during the season.
Raspberries are grown in pots, and the variety Ample is good for
bees. A beekeeper has hives on the farm and so there are no
problems with pollination. Some members of the Group were able
to pick fruit to take home!

Farrington Farm Shop, Farm and
Country Park
A Duchy of Cornwall tenanted farm run by Andy and Trish
Jeffries, who have really made a name for themselves in the
locality. Andy worked as a Regional Marketing Officer with the Milk
Marketing Board, before taking on the farm in 1989. The farm ran
a successful dairy herd, with Andy doing the milking. An extra
230 acres were taken on, in order to expand the herd, but

unfortunately an outbreak of mastitis was brought in by the new
cows. The herd was sold in 2006. From the sales proceeds, a farm
shop was started, but this was faltering until Andy attended a
workshop on management of farm shops. By simply changing
the shelving and repositioning the till, the success of the shop was
transformed ‘on day 3 after the reopening of the shop a second
till was acquired, and 3 months later another one’.
During a tour of the farm some interesting local history relating
to the church, and former coal mining in the area, was shared.
Recently an old 9-foot diameter mine shaft opened up, which
luckily did not quite swallow up the tractor. The vegetable
production on the farm is organic since ‘the banning of any
chemical that works’ persuaded Andy to do so. The farm is
continually innovating, and has recently established a farm park,
a good cafe next to the farm shop, a plant nursery, and the latest
venture, a ‘pick your own tulips’. This is another farm business
where school parties are welcome.

Summary
With the large urban populations of Bristol, Bath, Midsomer
Norton and Radstock within easy reach, most of the farm
businesses visited have taken full advantage of their location
and provide a good example of how town and countryside can
work together for local food production and protection of the
environment. The excellent document ‘Who feeds Bristol? –
towards a resilient food plan’, published in March 2011, bears
testament to the efforts of local producers. It can be accessed
on: www.bristol.gov.uk/whofeedsbristol.
Tim Roberts
Editor’s note: As one of the fortunate participants, I can testify
to the success of this event. This was largely due to the
excellent planning and organisation, and endless energy and
enthusiasm, of Tim Roberts. Thank you Tim on behalf of all
the participants.

TAA Coordinator for SE Asia
We welcome Dr Wyn Ellis as our coordinator/representative/
contact point in Thailand and SE Asia. Wyn has had a long
career in agriculture, commencing with work as a consultant
with WS Atkins in Cambridge, followed by an MSc under Hugh
Bunting at Reading, where he met his wife Sunny.

Thereafter, he moved to SE Asia, where his career has included
crop protection, agro-biotech, distance learning, agriculture
innovation, enterprise competitiveness and certification in
fisheries. Based in Bangkok, he is currently coordinator of the
UNEP Sustainable Rice Platform. Wyn recently completed
a PhD at Chulalongkorn University after research into
'Technopreneurship and Innovation Management'. Members
should feel free to touch base with Wyn if they are in the
Bangkok region (seasia_organiser@taa.org.uk).

Wyn and Sunny Ellis
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Understanding the interplay between
agricultural opportunities, livelihoods and
REDD+ implementation among contemporary
Amazonian communities in Peru
David Sabogal

David Sabogal is an anthropologist, with experience working with rural and indigenous communities,
and sub-national governments in South America and Central Africa on environmental policy, land
tenure, natural resource management, and recently on climate mitigation initiatives, namely
REDD+. David currently works at a tropical forest think-tank, called the Global Canopy
Programme, coordinating a community-based monitoring programme in North Rupununi, Guyana,
and in the state of Acre, Brazil.
David has an MA in Social Anthropology with Development Studies from the University of
Edinburgh (2010); and an MSc in Anthropology, Environment and Development from University
College London (2012). David received a TAAF award in summer 2012, which enabled him to
undertake field research in Peru for his MSc at UCL, and on which the following article is based.

Summary
In the Peruvian Amazon, frontier expansion and growing market
integration, coupled with the influx of internal migrants, is
generating new pathways for local-level development that
impact the way forests are perceived, valued and therefore
exploited. By focusing on the ‘social variables’ that enclose and
underpin agricultural practices and land-use patterns, this
paper offers valuable insights into the variety of local-level
responses to these emerging economic opportunities.
The complexity of communal configurations and heterogeneity
of resource-use strategies found among local populations, pose
particular challenges to emerging schemes aimed at reducing
deforestation through financial incentives and livelihood
alternatives. This study reflects on some of the trade-offs and
opportunities for implementing such initiatives in dynamic
landscapes found in the Amazon region.

Introduction
Reducing carbon emissions from deforestation and forest
degradation (REDD) has come to occupy a prominent role in
current climate mitigation agendas in developing countries.
These schemes aim to curb carbon emissions in the tropics by
tipping the economic balance away from forest loss through
financial resources in the form of compensation or incentives
payments (Kanninen et al, 2007). In recent years, REDD+ has
emerged, seeking to go beyond reducing carbon emissions by
incorporating conservation goals, the sustainable management
of forests and the enhancement of forest carbon stocks (Parker
et al, 2009). These developments go hand-in-hand with a
growing adoption of a ’pro-poor’ approach, in which the
expected financial flows of carbon funds generated through
these initiatives are to be geared towards the creation of
multiple co-benefits and livelihood alternatives among local
forest communities (Pasgaard, 2012). As such, REDD+
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initiatives are currently being put forward as an important
mechanism to address the on-going anthropogenic
encroachment of tropical rainforests, while fostering poverty
alleviation and sustainable development.
In the department of Madre de Dios, located in the south-eastern
Amazon region of Peru, current land-use changes underscore
the urgency of REDD+ activities (Hajek et al, 2011). The
on-going expansion of the agricultural and extractive frontier,
along with a recent increment in migratory influxes and market
demands for natural resources, threaten one of Amazonia’s
most bio-diverse forest regions. Given the significant role of
agriculture in driving deforestation and forest degradation
(DD), and more importantly its livelihood contributions,
successful REDD+ initiatives in the region and elsewhere are
likely to include actions and interventions in this key economic
sector (Graham & Vignola, 2011). However, because these
schemes are still largely in their inception, understanding the
particular context in which interventions take place and the
dynamic relations among the various actors still requires
further inquiry. Addressing the complex drivers of DD while
pursuing conservation and sustainable development agendas,
results in a number of practical concerns and implications over
the feasibility and potential impacts of projects. In sum, the
relationship between REDD+ projects and the intended
co-benefits directed at participating populations and their
livelihoods, is still barely comprehended.
In a bid to illuminate this relationship, this paper draws
principally on a case study research project conducted in the
community of Infierno. This community is currently
participating in a pilot REDD+ project implemented by the
Association for Integrated Research and Development (AIDER1)
in Madre de Dios. Drawing on two months of fieldwork, funded
through a TAAF award, this study used a cross-sectional mixed
1

h t t p : / / w w w. a i d e r. c o m . p e / 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Article 8

method approach (household survey questionnaires, in-depth
interviews, participatory rural mapping, and participant
observation) to generate qualitative and quantitative socioeconomic data on the community. The study aimed foremost
to provide an anthropological analysis of communal dynamics
shaped by repeated waves of in-migration and frontier expansion,
with a particular focus on communal cohesion, land-use
patterns and commons resource management. In doing so it
also aimed to provide critical and constructive insight into
REDD+ implementation processes.
For this particular article, however, attention is centred on
highlighting the constraints in addressing forest disturbances
linked to agriculture activities within a REDD+ framework. By
emphasising the ‘social variables’ that enclose and underpin
agricultural practices and land-use, this paper enriches the
understanding of local-level responses to recent agricultural
opportunities and highlights some of the potential trade-offs
and indirect costs of REDD+ interventions among participating
communities. Ultimately, this article contributes to the current
literature surrounding climate change mitigation initiatives by
yielding insights into the challenges and synergies between
REDD+ and agriculture among contemporary Amazonian
communities in frontier landscapes.

Resource-use
opportunities

and

agricultural

A diversity of historical and on-going socio-economic factors
− linked to frontier expansion in particular − renders local
communities in Madre de Dios highly dynamic and complex.
In the case of the community of Infierno, its peri-urban location
and proximity to the departmental capital Puerto Maldonado
has contributed to a high level of integration; as such, the
population today is significantly heterogeneous, composed of
families with various cultural origins and differing periods of
permanence in the community. The different ethnic elements
have, in turn, contributed to varied land-use practices in
household plots or chacras. Although the most important
economic activity is swidden, or shifting, agriculture2, both for
subsistence and market-orientated purposes, there are varied
scales of land conversion, intensities and crop diversity within
this system that depend on particular household livelihood
portfolios.
The varied land-use models found among social groups in the
community can be understood as a direct result of different
engagements with nature and, more importantly, based on
rational responses to the nutritional, material and cultural
needs that characterise each group. Furthermore, the agricultural
diversity among households means that there are also significant
variations in vegetation composition and levels of degradation
in chacras. A closer examination reveals that the combination
and ratio of biomass cover, in terms of primary and secondary
forest, and productive areas (agricultural or fallow lands)
within each plot, is relative and dependent on household
cultural origins.
The recent boom and propagation of external large-scale farming
investments in the department provides a pivotal continuation
to the discussion so far. Improved road networks as a result of

regional infrastructural investments have reduced costs of
transportation and opened new enclaves and markets (for the
agricultural sector) in the region. These factors, coupled
with the emergence of crop diseases in other productive
departments, have attracted land leasing and capital investments by individuals and associations of migrant farmers
involved in papaya fruit production, also known as papayeros.
Because of Infierno’s key location and connections to road and
river networks, papaya cultivation has been the most salient
development in recent years – yet, with key implications for
REDD+ implementation and livelihood alternatives agendas
in the community.
Papayeros are attracted to forestlands due to the rich nutrients
found, cheap maintenance costs and the relatively short timeframe in which plantations become productive. Because
leasing of land and papaya cultivation occur mainly among
family plots with considerable forest cover, community members
are exploiting this pathway of economic development
differently. In addition, new actors and agricultural activities
in the communal sphere put significant strains on the
communal tenure regime, regulations and cohesion through
land conversions and resource depletion. The current increment
in forest clearance for papaya production has brought, inter
alia, clear environmental impacts (plant diseases, soil erosion,
and nutrient imbalances from pesticides and fertilisers) and
repercussions for carbon sequestration in the community.
More importantly, however, it is producing a change in the
value of standing forest.

Challenges and opportunities for
climate mitigation and agriculture
REDD+ implementation is significantly constrained, as the
current agricultural developments in Madre de Dios highlight,
by economic determinants; namely the opportunity cost of
carbon schemes. A REDD+ approach relies on the faith that a
financial mechanism can make standing forest a more
economically viable and attractive alternative, yet the reality is
that market demands along with the relative low costs and
high returns for large-scale agricultural activities in forestlands
are undermining these efforts. These concerns are echoed in
many tropical rainforest regions and in current discussions on
carbon markets.
In the case of Infierno, the economic opportunities from
papaya production have the potential to out-weigh carbon
finance mechanisms that are failing to be competitive and
attractive enough among community members; many are put
off by the long-term implementation phase involved and the lack
of tangible benefits when confronted with the ‘easy cash’
opportunities offered for land leasing. Ultimately, REDD+
initiatives will only be possible if the perceived benefit to local
users is greater than that of forest transformation. Therefore,
interventions aimed at curbing the current drivers of forest
clearance (ie agriculture) must adopt sound economic
alternatives while providing the necessary livelihood parameters
The majority of households grow mainly maize, banana, citrus fruits and
manioc.
2
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on which to sustain growth and development – something
easier said than done. It must be understood that these
overlapping agendas are laced with complexity. In the community
of Infierno, for example, two fundamental questions arise: who
will incentive payments be addressing and with what adequate
alternatives?
Differentiated land-use strategies based on particular sociocultural determinants have contrasting levels of carbon offsets,
which complicate any homogenised approach in addressing the
underlying factors and actors driving forest loss in Infierno. This
means that indirect costs will vary when different households
refrain from practising certain forms of land-use, including land
leasing. Similarly, varying levels of vegetation cover and composition found in each individual household plot produce different
levels of carbon sequestration, which further accentuates the contrast among particular actors in the community and their role in
emissions reduction. These issues are paramount in any attempt
to guarantee equitable benefit-sharing mechanisms or incentive
payments from carbon funds.
As such, the success of REDD+ schemes will depend on the ability
to recognise and compensate livelihood opportunities foregone
(Ghazoul et al, 2010), with tailored alternatives that encompass
the full range of resource-use activities found among participant
households. In doing so, projects must also engage and adapt to
the changing nature of external land-use pressures and socioeconomic conditions that affect communities. It is only by
endorsing livelihood pathways and approaches that take advantage
of market demands and levels of integration, that synergies between
agriculture and REDD+ can be maximised. More importantly,
there is a need to find strategies and policies that augment the value
of standing forest, while maintaining its key contributions to local
populations and addressing overarching climate mitigation agendas.
A promising approach in making the forest sector more
competitive is agroforestry practices as they can be explicitly
designed to be multifunctional, providing a multitude of products
and services with different economic dimensions that could
buttress carbon schemes (Pearce & Mourato, 2004). These could
include, for example, the use of domesticated timber trees in crop
plantations or the adoption of canopy shade systems with cacao
production; these would provide species that can be readily
harvested for timber or fruit, and even contribute to carbon
sequestration in the process. This said, it is also important to
recognise the role of non-timber forest products (NTFPs) in rural
livelihoods (Shackleton et al, 2011). Brazil nut and aguaje3 palm
fruit, for example, could become potential sources of income
generation, while contributing to conservation incentives in the
community.
Given the reliance on agricultural produce and the level of market
integration, there is also a need to support agricultural
intensification in order to improve agricultural yield and
competitiveness among households. Furthermore, there are
employment opportunities derived from project monitoring,
patrolling and boundary demarcation which are important in
guaranteeing participation, agency and assuring the longevity
of these initiatives. Ultimately, it is only by drawing on a multitude of approaches and programmes that can integrate the
development, biodiversity and climate dimensions of forests
that we can truly achieve a comprehensive REDD+ strategy.
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Concluding remarks
Amazonian populations − like those in Infierno − are
continuously adapting to the changing environmental and
economic conditions of the region. The opportunities that have
emerged in large-scale agricultural activities are having considerable,
albeit varied, effects on local populations. This poses particular
challenges for REDD+ implementation. The heterogeneity of local
populations means a straightforward approach to emissions
reductions is highly improbable in departments such as Madre de
Dios. This constant adaptation to external pressures calls for equally
malleable project interventions that take local complexities into
account. The ‘blue print’ approach of REDD+ architecture and its
inherent logic − in that the key drivers of DD and forest actors can
easily be addressed through economic means − casts fundamental
concerns on the effectiveness of these initiatives.
REDD+ agendas could prove futile if the very contexts in which
these initiatives are employed are not adequately explored. External
pressures from frontier expansion and the penetration of a variety
of new actors affect the way forests are valued and perceived.
REDD+ implementation processes must be informed by an
understanding of how socio-economic processes influence
participating communities. They must also be complemented with
an array of livelihood alternatives that address the differentiated
needs of local populations, including sustainable agricultural
intensification, agroforestry, NTFPs and employment opportunities
associated with project implementation and monitoring.
Such considerations are insightful and largely lacking in the
implementation of these schemes. Yet, as this article has argued,
they will be key in shaping and designing better REDD+ strategies
in the Peruvian Amazon and elsewhere.
3
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Obituaries
John Neil
Auckland
(19352013)
John Neil Auckland was born on 7th
April 1935 in his uncle’s grocery shop in
Wharncliffe Side, near Sheffield. He had
one brother Keith, 3 years older than
him. He attended the local primary
school, then Ecclesfield Grammar
School and from there went to Reading
University to read agriculture from
1954-57. He then did a post-graduate
year at Cambridge followed by the
ICTA/DTA course in Trinidad. He served
in Tanganyika (Tanzania) from 1959-63,
stationed at Moruka Research Station

working on tea and Arabica coffee. This was
where he met Hannelore, who was a
German radiographer stationed at a
Lutheran hospital. They came back to
England and were married in May 1964. At
this point John was carrying out research
at Quaker Oats, where he completed a PhD
in poultry nutrition at Reading.

John worked at the former Huddersfield
Polytechnic, lecturing in nutrition and
law, having qualified as a solicitor. He
retired to full-time farming at the age of
55, and enjoyed his farm to the end.

Rebecca and Rachel were born to John
and Hannelore at Reading, then in 1970
the family moved to Northern Ireland,
where Daniel was born in 1972. John
was teaching animal nutrition at
Loughry College, where he won a
prestigious research prize. He also
began studying law.

David Gollifer (with much assistance
from Rebecca, Rachel and Daniel)

John’s passion was always farming, and
in 1979 the Aucklands moved to
Mortimer House, a small farm close to
Bradfield in the Peak National Park.

He died on 15th March 2013, leaving
behind his wife Hannelore, their three
children, and six grandchildren.

The Association regrets to announce that
M E Daw passed away on 4 October 2013.
Note from the Editor: In Ag4Dev19,
Obituaries, on page 45, it implied that
Tanzania became independent in 1964.
Brian Robinson has kindly pointed out that
Tanzania became independent in 1961 thank you Brian for this correction.

TAAF News
TAAF awardees’ reports
Eight MSc and MA students from seven UK universities
undertook field research for their dissertations in
summer 2013, with financial support and technical
back-up provided by TAAF. Four of these awardees
have now submitted their reports, which are
summarised below. Others will follow in the next
issue of Agriculture for Development.
One new long-term TAAF awardee, Harriet Smith,
is now in Malawi working on the impact of charcoal
production in forested areas around Zomba. Her
reports will feature in a future issue of TAAF News.

TAAF's budget continues to be tightly squeezed.
Demand for awards is strong and, other than the
regular contributions from TAA membership fees,
no new sources of funds are in sight. The situation
has been temporarily eased by generous donations
received this year from a number of TAA members.
These will enable us to continue our
operations at least until 2014, but beyond that the
situation is very uncertain. Any further donations or
legacies which TAA members feel able to offer
to enable a new generation of UK tropical
agriculturalists to get a foot on the career ladder will
be enormously appreciated.
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Emma Bush, MSc Conservation Science,
Imperial College London.
Mosquito net fishing in coastal East Africa
Many people refer to anecdotal evidence of mosquito net
fishing (MNF) in tropical inland and marine waters. However,
there have been few studies addressing the issue to confirm the
extent and frequency of the fishing technique. MNF
concerns the health sector if it diverts mosquito nets (MNs)
from their intended use as malaria protection, and the natural
resource management sector because of the small mesh size of
the net and the possibility of recruiting more fishers into an
overburdened fishery. Because of the paucity of information and
serious consequences to the activity, I chose MNF as the topic
for my MSc thesis and sought to understand the extent,
frequency and character of MNF in East Africa to form a baseline
for further study. My approach was to use social survey
techniques, first to involve experts and key informants through
semi-structured interviews in an extensive survey of the East
African coast with a particular focus on Kenya, and second, to
conduct an intensive survey of homesteads at a particular site,
Mida Creek, Kenya.
I interviewed 16 sources concerning 25 sites through the East
African coast and found MNF to be a common fishing activity
throughout, with varied descriptions of those involved and the
techniques practised. In Kenya, I interviewed representatives of
51 homesteads at Mida Creek, collecting information regarding
1,008 people. I found MNF to be commonly practised at this
site; half of all those who accessed the creek for fishing used a
MN alongside other gear, and MNs were the second-most
popular gear. Men and children mostly practised MNF which

contrasted with reports from other sites in Tanzania and
Mozambique where women are mostly involved. Most used
MNF to catch small fish and prawns for subsistence, selling if
they had surplus. The technique is unselective and a variety of
mostly juvenile reef fish are caught: see Figure 1. Some MNs
were used still in the form of a bed net but most persons adapted
the net by re-sewing it and attaching sticks or floats and weights
to retain the structure for use (see Figure 1).
Most people reported using old MNs for fishing − that is old
bed nets previously used for malaria protection that have been
replaced by new nets. Thus we conclude that, at Mida Creek,
the practice of MNF is not negatively impacting malaria
protection. However, as a common fishing gear, further
research is necessary to quantify and identify the catch and to
analyse the sustainability of targeting juvenile fish.
At Mida Creek, there is strong local conservation leadership in
the form of the Mida Creek Conservation Community (MCCC).
I approached both the MCCC and the community health
network (AphiaPlus) before conducting my study and
presented my results to them at the end. They were very
interested and gave the research their full support. I will be
keeping in touch with them and sharing my final report to help
them target their conservation action and fisheries management.
This study was very successful in terms of data collected but
also in terms of community partnerships and capacity building.
The subject matter is highly topical in the fisheries literature
and I hope to publish the results from my research in the
coming year. I would like to thank the TAA both for their funding
towards this study and for Antony Ellman’s supervision, as it
really wouldn’t have been possible without this support.

Figure 1. Emma and her Research Assistant with mosquito net adapted for fishing, and the catch.

Clare Stott, MSc Anthropology, Environment
and Development, University College London.
The relevance of knowledge flows for responding
to climatic impacts in coastal Bangladesh

My research study examined knowledge flows with relation
to climate change adaptation in Bangladesh. In recognition
that global and local interpretations of climate change
contrast greatly depending on the specific discourses of
individual and group stakeholders, it aimed to investigate the
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frictions apparent in sharing knowledge. As such, it explored
the dissemination of global climate change adaptation
knowledge from the national to the local level, examining
the channels employed, the audiences targeted and the
obstacles challenging smooth dissemination. At the locallevel, it investigated agricultural responses to climatic
problems. Subsequently, research analysed perspectives on
the sources of knowledge utilised to inform responses. In
doing so, it assessed whether external or specialist knowledge
facilitates climate change adaptation.

TAAF News

The research has highlighted that the global focus on climate
change does not translate directly at the local level. The specific
context of each community and of the individuals within
each community must be taken into account. With regards
to the format of knowledge provision, face-to-face interaction
appears to be the most common. Moreover, the knowledge
must be site-relevant, not just in terms of likely climatic
impacts, but in acknowledgement of power structures, social
perceptions and personal actions.
My research indicated that the specific understanding of
climate change does not have a significant impact on the
techniques that are employed for responding to agricultural
problems. Internal knowledge sources are preferred for informing
agricultural practice. However, external knowledge is sought
when internal solutions are not available. The motivation to
experiment is crucial for adopting new agricultural

techniques and personal drive therefore has a major impact
upon adaptation action. Community based approach (CBA)
projects generally target and disseminate knowledge to the
most poor and vulnerable community members. However,
increased community inclusion may benefit adaptation
endeavours, by encouraging widespread action. Processes of
reciprocal knowledge sharing exist between farmers and
external knowledge providers. Therefore, widespread inclusion
can allow increased experimentation of adaptation options
and knowledge can spread internally, through witnessed
proven success of external knowledge in agricultural practice.
In completing this research, I have gained valuable insight
into the research process itself. Here, flexibility, perseverance,
and creating connections with participants and supportive
networks were key to achieving my aims.

Figure 2. Group session with small-scale farmers.

Figure 3. Clare and participant discussing crops.

Jessica Street, MA in International
Development, University of Sheffield.
Youth livelihoods, gender and caste in rural
India: A study of the impact of institutional
power relations on youth livelihoods and strategies
for avoiding exacerbation of inequalities

inequalities. The research implemented a mixed, but predominantly
qualitative methodology, conducting interviews and focus
groups with organisational staff, volunteers and project
beneficiaries. This facilitated an identification of the project’s
theory of change, its initiatives and the impacts of these
initiatives on different beneficiaries’ livelihoods. Secondary
livelihoods baseline data were analysed and utilised to
supplement the qualitative data.

This research is based on an evaluation of the NGO Restless
Development’s Youth Livelihoods Project (YLP) in Tamil
Nadu, south India. The YLP aims to diversify livelihoods
through employment generation and entrepreneurial activity.
Livelihoods are greatly influenced by the power relations
bound up within multiple societal institutions. In India, gender
and caste are two factors which heavily influence power
relations. If livelihood projects fail adequately to address
constraints posed by unequal power relations, then they are
likely to exacerbate them, thus intensifying inequality and
marginalisation of certain groups.
This case-study based approach facilitated an exploration of
the ways that institutional power relations influence the ability
of young people to pursue and claim livelihood-enhancing
assets and the ways that livelihoods projects must acknowledge
and address these power relations to avoid exacerbating

Restless Development’s lack of consideration of institutional
power relations led to the exacerbation of existing gender
inequalities and the creation of new inequalities between lower
caste groups. By attempting to increase young people’s access to
different forms of capital (such as human capital in the form of
education and skills) without considering the power relations
which mediate this access, only certain beneficiaries were able to
claim access to capital. This research argues that livelihoods
initiatives demand an analysis of power relations in order to
inform initiatives which avoid exacerbating inequalities and
enhance livelihoods more equally.
The research findings should help Restless Development to
implement changes in their livelihoods project in order to
enhance the livelihoods of female beneficiaries more
effectively by addressing the inequalities which perpetuate
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their inability to claim and make use of livelihood assets and
forms of capital. This should, in turn, promote gender equality
within beneficiary villages. The results should also encourage
the organisation to consider their impacts on caste and to
implement projects which avoid creating new inequalities
between lower castes. In a wider sense, this research
contributes to the livelihoods literature concerning societal
institutions and their associated power relations and provides
lessons for other NGOs which adopt a livelihoods approach
to development, particularly in the south Asian context.
This research process has been extremely valuable to my
personal and professional development. It reinforced my
aspirations for an NGO-based International Development
practitioner career. I have gained experience in managing a
developing country context research project including
planning, implementing and writing up. I also gained extensive
knowledge of livelihoods, gender, caste and youth development.

Tina Andersson, MSc Anthropology, Environment
and Development, University College London
Social-economic factors influencing the take-up of
coral farming and its benefits. A case study of
coral farmers in Marau Sound, Solomon Islands
In Marau Sound in the Solomon Islands, most people derive their
main livelihood from subsistence fishing and other forms of
marine harvesting, and are therefore completely dependent on
the health of the reefs. There has been an increased interest
among development and conservation organisations to find
supplementary livelihoods for these coastal people which could
relieve the pressure on the coral reefs. As a result, a variety of coral
farming initiatives have been set up to encourage participation
in the international aquarium trade, and to replace wild harvesting
of corals which is highly detrimental to reef health.
Coral farming is a simple procedure based on coral fragmentation
whereby pieces of branching parent colony hard corals or pie
sliced segments obtained through soft coral parent colony biopsy
are attached to a base using, for example, string and then grown
to marketable size. The grow-out rate ranges from 4-18 months
depending on species and desired size. Coral farming projects
have had a complicated start across the Solomon Islands. Having
started in the late 1980s, it has remained very small scale with
many reviews suggesting that coral farming remains an
unattractive alternative and many who take it up subsequently
leave. Recent export figures from the Solomon Islands, however,
show that the coral trade is on the rise, creating a greater potential
for increased coral farming. To explore this potential and explain
its drop-out rate, there is a need for a greater understanding of
the social context within which coral farming projects operate,
something which this project aims to tackle.

Figure 4. Jessica with research colleagues and some staff members in Delhi.

remain coral farmers in Marau, Solomon Islands. This was done
by comparing socio-economic characteristics and perceptions
regarding livelihoods and coral farming between non-coral farmers
and coral farmers, and between coral farmers in two different
villages. I conducted a range of participatory rural appraisal (PRA)
activities, 36 surveys, 36 interviews and six key informant
interviews within the two communities. The two villages covered
differed greatly in participation and success of coral farming with
key determinants being leadership levels, work divisions and
technological characteristics of the types of coral grown. The
research findings identified the complexity of factors involved in
establishing coral farming as an additional livelihood strategy and
the need to consider not only social factors but the connectivity
between the social, technical and environmental factors.
This information can be of use to local communities, organisations
and government programmes that are interested in developing
coral farming and similar additional livelihood activities within
the area in the future. This research has also been invaluable for
my personal and academic development, and it has inspired me
to continue within a similar research area in a future PhD study.

Figure 5. Woman planting
soft coral, in Marau Sound,
Solomon Islands.

For the completion of my MSc on Anthropology, Environment
and Development at University College London, I carried out
research in two coastal communities in the Solomon Islands. The
research aimed to understand local rationalities and social and
economic factors which influence both take-up and interest to

Figure 6. Coral-farmers
packing hard coral for
transport, Marau Sound,
Solomon Islands.

Antony Ellman
TAAF Chairman
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Alistair Stewart
Awardee Representative
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average annual flow of more than 80 km3 annually, which is
about 70 percent of the total flow in the Aral basin1 (most of
the remaining 30% is from the Syr Darya). The Afghan portion
of the Amu Darya has a surface area of approximately 96,000
km2 (37,000 square miles) or 5 percent of the total basin area,
and contributes approximately one third of the total water flow.

Landell Mills Limited is a global development consultancy. It
was founded in Bath, England, in 1975 by John Landell Mills,
and others, to carry out research and to provide management
services in the natural resource sectors. Some of the firm's
early work included farm management in Zambia, as well as
advice on commodity trends and opportunities. In the 1980s
and 1990s, the company provided technical assistance and
advice in many aspects of agriculture, fisheries and rural
development on contracts financed by the Asian Development
Bank, the European Commission, and the World Bank, as well
as the bilateral assistance programmes of the UK government.
(Editor’s note: the company was involved in the development
of the Mpongwe Project in Zambia, which is described
elsewhere in this Special Edition). During the 1990s, it was
particularly active as demand for expertise increased dramatically
in Eastern Europe and the former Soviet Union, under the
PHARE and TACIS programmes of the EC.

The river has two major tributaries in Afghan territory which
form a series of fertile flood plains enclosed by mountains.
Major crops cultivated on these plains are barley and wheat
during the winter and rice, melons, cotton, fodder and maize
during the summer season. The area is also famous for its
fruits, grapes, apricots, peach and nuts, including almonds,
walnuts and pistachio. The climate in the floodplains is
characterised by cool winters, when the majority of precipitation
falls, and hot, dry summers. Except for pistachio, reliable crop
production is possible only through irrigation. Natural
pistachio trees are found on the higher slopes of rainfed lands,
the nuts being valued for their good taste and, because of their
high colourant content, are highly appreciated in the Italian
icecream industry.

In recent years, the firm has widened its scope of activities to
reflect the changing needs of beneficiaries and funding agencies
as well as embracing new opportunities. We are active across
a range of economic development and environmental
programmes. A number of our assignments are in countries
recovering from conflicts or natural disasters.
We estimate that we have completed over 700 projects
throughout the world and on all continents - involving almost
150 countries. We employ a combined total of some 400 people
on our assignments at any one time. Our head office is in
Trowbridge, Wiltshire, UK.
We are an active member of our industry association, British
Expertise, and a regular winner of their annual awards. In
2009/10, the EC-funded Kunduz River Basin Programme in
Afghanistan, implemented by Landell Mills, was commended
as one of the major consultancy projects of the year, and its
team leader was awarded the individual consultant of the year.
The successive project, the Panj-Amu River Basin Programme,
is also co-ordinated by Landell Mills and is considered as
a flagship project of the European Union Development
Cooperation to Afghanistan.
The Panj-Amu Basin Programme supports the Afghan
government in its implementation of a new integrated water
resources management approach of the sub-basins of the Amu
Darya Basin. The Amu Darya, also known as the Oxus River,
which features prominently in classical literature, is the major
river in the Aral Basin of Central Asia, with an estimated

Figure 1. A farmer of the Panj-Amu Basin showing SRI cultivated rice (left)
and traditionally cultivated rice (right).
1
There are no consistent data among various sources on this highly
controversial issue and the numbers here should be regarded as a rough
estimate only........................................................................................................
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The Panj-Amu Basin programme comprises four components:
(i) capacity building, (ii) institutional reforms and change
management; (iii) irrigation rehabilitation and improvement
of agricultural production and (iv) watershed management. In
this article we concentrate on the last two components.
Instead of investing in new seeds, using high doses of fertiliser
and pesticides, and using large quantities of water to flood
fields, the application of SRI promotes local varieties, organic
manure, manual weeding and light irrigation. Worldwide, it
has been shown to result in higher yields and lower costs. In
the Panj-Amu Basin Programme we managed to increase
paddy rice yields from 3 t/ha to almost 6 t/ha, while reducing
water consumption by more than 50 percent. The system was
initially introduced through an agricultural university and a
few interested farmers, but has rapidly spread to many
hundreds of farmers.
Other measures introduced include the construction of weirs
and headworks for better control of inflow into more than 50
main canals and distribution structures, and field intakes for
better in-canal water distribution. All projects are being carried
out with the strong participation of the local farmers and other
water users, organised through the social medium of Water
User Associations (WUAs), which are involved at all stages of
the project including planning, design, and operation and

VSO - Voluntary Service
Overseas
Creating sustainable solutions to climate change:
South and South East Asia
Climate change has had a serious impact across South and
South East Asia. Floods and droughts are becoming more
frequent, and the World Bank warns that climate change is
severely undermining economic development. One billion
people in Asia could face water shortages, leading to drought
and land degradation, by the 2050s. The threats posed by
climate change are adding to pressures affecting poor people’s
livelihoods. The people dependent on access to land and natural
resources such as water, forests and fisheries now face
increased competition. VSO is supporting disadvantaged
communities to adapt to the extreme and variable weather patterns by exploring alternative livelihood opportunities and
building national and community resilience to environmental
shocks.

VSO Bangladesh
The Indo-Gangetic Plains, the most densely populated area of
the region and covering large parts of India, Pakistan, Nepal
and Bangladesh, are under the combined threat of increasing
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maintenance. As a result more than 500,000 direct beneficiaries
now have better control over the water flow in their canals and
are obtaining higher yields, or are able to cultivate a second
crop in the summer. Yields are estimated to have improved by
at least 20 percent from about 150,000 ha of land because of
new improved irrigation and cultivation techniques.
Finally, improved natural resources management, in close
coordination with community-based organisations in
watersheds, has resulted in better rangeland management,
reforestation of hundreds of hectares with hundreds of
thousands of trees, including pistachio and other fruit-bearing
trees, reduced erosion and silt loads in small tributaries, and
improved livelihoods for at least 50,000 beneficiaries.
While initiatives to-date have been largely successful, much
still needs to be done. An emphasis during the remainder of
the project is ensuring that project activities and achievements
are ‘institutionalised’ so that initiatives can continue in a
sustainable manner post-project. This means working with
government agencies to ensure they have the capacity to fulfil
their role as regulators, and ensuring that WUAs and watershed
community-based organisations are able to stand on their own
feet from a financial, technical and governance perspective.
Jelle Beekma
Senior Consultant
population and climate change. The Bangladeshi people in
particular are the most vulnerable due to the country’s
geographical and socio-economic circumstances. Cyclones
have devastated large areas of the country, and the lands and
water often remain saline afterwards. Besides the impact of
climate change, many tubewells are contaminated by arsenic.
At the Bangladesh water standard of 50 ppb As, about 15% of
the population are exposed and, at the WHO standard of 10
ppb As, about 30% are exposed. A number of large dam
operations are also increasing water stress. International NGOs
are working to mitigate the consequences but the efforts are
often not sufficient to reach all those affected.
VSO Bangladesh has been working with a number of youth
clubs since 2011. The programme is educating young farmers
about food sustainability and building climate resilience.
Climate change is being considered throughout all VSO
Bangladesh’s operations and programmes. The most recent
project of 2012-2013 has seen the initiation of ‘integrated
model village’ projects. The projects aim to build the capacity
of youth groups by different kinds of activities relating to
climate resilient development, such as introducing salinityresistant crops. VSO Bangladesh’s strategy involves supporting
youth clubs by influencing policy and linking them to markets.
This way, the young people become active agents for change
and can develop information and knowledge for community
improvement. They are then enabled to take control of their
own communities in the future.
Mohammad Rashid, Programme Development and Volunteer
Support Officer for VSO Bangladesh, has said that: ‘food crises
from agricultural damage will be a huge issue in the future in
particular. People are aware of the impacts of climate change
and they need appropriate knowledge to cope with them. We
need technology and financial support for sustainable
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livelihoods in the changing climate’.

VSO Cambodia
In Cambodia, the monsoonal wet season sees the Tonle Sap
Great Lake swell with water descending from the Mekong
River’s upper reaches. This seasonal ebb and flow of water
makes people working in certain regions particularly susceptible
to the devastation of both floods and droughts. As in
Bangladesh, the people are simultaneously feeling the effects
of over-exploitation, pollution and other global pressures from
markets, food prices and economic imbalances. Increased
industrialisation and the construction of hydroelectric dams
on the Mekong River have had a devastating impact on fish
resources, altered ecosystems, and directly affected the
livelihoods of those who depend on one of Cambodia’s main
industries – fisheries.
A rich natural heritage, this industry is a major source of
employment, fiscal revenue, food, foreign exchange and
economic growth for the people, contributing between eight
and twelve percent of Cambodia’s GDP. The impact of climate
change on fisheries could be huge, considering more than six
million people are dependent on it. In order to safeguard the
fisheries, it is essential to understand how climate change
could severely affect the existing monsoonal weather patterns
and alter river flows.
The Cambodian government is now pushing all ministries to
mainstream climate change strategies into their policy
implementation. VSO Cambodia has set five objectives of
climate change programmes for 2012-2017. It is in contact
with the Cambodia Climate Change Alliance (CCCA), a
network of NGOs with funding to support those who are most
at risk, in order to focus specifically on livelihoods diversification,
natural resource management and capacity building. Here,
they have joined a sub-group of CCCA in order to closely
monitor the impact of climate change on fish resources, as well
as to share knowledge and develop networks.

of a complete sector of the country’s economy. Richard has
been awarded the Medaille du Sahametrei, a prestigious award
from the government acknowledging people from overseas
who have significantly helped the people of Cambodia (see
Figure 1).
Pheng Reth, the Senior Manager for Livelihoods at VSO
Cambodia, has said ‘Capacity building is the key of adaptation
activities. People need access to resources and services.
Livelihoods activity in community through diversification is
important. Raising awareness to promote community-based
activities is another important plan. Ensuring all the services
take account of climate change is the key’.
These two programmes are part of VSO’s global programme
on secure livelihoods. The objectives of that programme are to
strengthen the ability of disadvantaged people to access
sufficient food and income, and to have more control over how
and when they access these lifelines. VSO is mainstreaming
climate change into its secure livelihoods programme in order
to ensure that all communities, particularly those relying on
agriculture, have the resilience to withstand short- and longterm impacts. If readers are interested to hear more about VSO
and the way in which we work, please call +44 208 780 7640,
or visit our website at www.vso.org.uk.
Steve Morris
Programme Development Adviser for Secure Livelihoods

Figure 1. VSO Volunteer Richard Wintertlon and his Medaille du Sahametrei

VSO Volunteer, Richard Winterton, has been working as a
Management Advisor to the Fisheries Administration of
Cambodia since April 2010. He has put a climate change
strategy in place, established a climate change working group
within the sector, advocated on hydro-electric dam construction,
and planned a strategy for a new coastal Marine Aquaculture
Research Centre. His work has contributed to the development
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Soil surveying in the Gold Coast/Ghana,
1951−1961
Hugh Brammer

Hugh Brammer worked on soil surveys in the Gold Coast/Ghana 1951-61, East Pakistan 1961-71,
and Zambia 1972-74, and as FAO Agricultural Development Adviser in Bangladesh 1974-87.

Introduction
Like many long-in-the-tooth old colonials
I suppose, I often reflect on how fortunate
those of us were who started our careers
in the tropics in the 1940s and 1950s, and
how sorry I am that young people seeking
a career today do not have the seemingly
boundless opportunities that we had
for secure, fulfilling and sometimes
adventurous employment on the frontiers
of scientific knowledge and development.
I came into the colonial arena in a
different way from most old colonial
agriculturalists. My first boss, Cecil
Charter, deliberately recruited geographers
in setting up what became the Gold Coast
Soil and Land Use Survey Department
(SLUS) in the early 1950s. At that time,
soil science was dominated by chemists.
However, Charter recognised that soils
were more than an assemblage of their
physical and chemical constituents. He
saw soils as part of the landscape,
recognising the important role that
geomorphology and climate played in
their formation, use and management.
I was recruited on contract terms by the
UK Crown Agents for the Colonies for
service with the Gold Coast Government
on the then princely salary of £532 a year.
I went out to the then colony in April 1951
to participate in the soil survey of the
Accra Plains, which it was intended would
be irrigated from the Akosombo dam on
the Volta river, then at the planning stage.
My first headquarters was in the Aburi
botanic gardens on top of the Akwapim
hill range, about 30 miles north of the
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capital Accra.

In at the deep end
I was immediately thrown in at the deep
end: a succession of deep ends, in fact. A
government advance equal to my annual
salary quickly enabled me to buy a
Standard Vanguard estate car which I
needed for fieldwork. I didn’t drive then,
so I went to Accra with a driver to pick it
up, let him drive it out of town, then took
over myself – including double
declutching in those days! − intending to
let him resume driving when we reached
the foot of the hills with a succession of
hairpin bends up the 1,300-foot
escarpment. But I seemed to be managing
satisfactorily, so continued driving,
dropped off the driver at Aburi, picked up
my servant and chop box, and set out
back down the escarpment and then
north along the foot of the hills for my first
field camp 75 miles away at Akuse. My first
day’s driving was enlivened by having to
ease my way – after nightfall – through
exuberantly drunken crowds in two villages where the paramount chief had died,
then experiencing my first corrugated dirt
road, looking like a newly-ploughed field,
and having to cross a deep gulley on two
seemingly loose planks guided by my servant. I was an experienced driver by the
time that I confidently took my driving
licence test in Accra six weeks later!
Deep end No 2 opened when I arrived at
the Akuse rest-house and found the
colleague who was supposed to introduce
me to soil surveying sick in bed. I

evacuated him to headquarters two days
later, where he was transferred to the
laboratory on his recovery. Fortunately,
Charter had trained a cadre of local staff
in cutting and marking traverse lines,
collecting soil samples and recording
vegetation and land use at regular intervals
along the lines. My job was mainly to
examine the soil samples brought in
each day, classify them and make a map.
That first survey was a detailed survey
of the Kpong Pilot Irrigation Area –
which threw me into deep end No 3.
The soils were so-called black cotton
soils (now Vertisols) developed over
basic gneisses, about which little was
then known, and especially about their
suitability for irrigation. Charter was 75
miles away, and we didn’t have field telephones then. My geographical education was fully stretched!

In deeper and deeper
The Kpong survey completed, I moved
on to the reconnaissance soil survey of
the Accra Plains where deep end No 4
quickly opened up. A newly-recruited
colleague who joined me for the survey
did not adapt well to fieldwork
and withdrew to headquarters, and
simultaneously another survey closed
down. So, six weeks into my career, I
found myself in charge of a party of 300
men living under canvas in an area near
the present port city of Tema − then a
fishing village of 300 inhabitants −
where all food and water had to be
brought in for 25 miles by lorry every
day, while simultaneously trying to keep
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track of field observations coming in
from ten field traverses every day but
Sunday. In retrospect, I don’t remember
feeling overwhelmed by this. I think
other members of that generation will
recall their similar reaction to such
challenges. We just got on with it.

Figure 1. Treading the straight and narrow in the
Gold Coast forest zone.

I picked up my soil science as I went
along, from Charter, the literature,
attending soils conferences and study
while on long home leaves (effectively
six months in a two-year cycle). Charter
gave me lots of international experience,
sending me to conferences in North
Africa and the Congo, and arranging
visits to neighbouring countries, including
a one-month field trip through Haute
Volta (now Burkina Faso), essentially on
a spying mission to see what the French
were doing in the upper Volta river
catchment that might interfere with
downstream flow to the Volta dam at
Akosombo which was then under
construction.
The SLUS headquarters moved to
Kwadaso near Kumasi in the interior in
1953, but I stayed at Aburi for another
two years in order to maintain liaison
with relevant government offices in
Accra and the newly-opened Soil
Science Department at Achimota
College (later University of Ghana at
Legon) where Peter Nye and Dennis
Greenland later did their classical study
of soils under shifting cultivation. At
that time, while writing up the report on
the Accra Plains survey, I was put in
charge of soil surveys of the country’s
two savannah zones in the south-east
and the north where I introduced other
newly-recruited staff members to soil
surveying.

In deeper still
Deep end No 5 came in 1956 when
Charter died (aged only 51) and I was
asked to take over as head of SLUS,
which was eventually reabsorbed into
the Agriculture Department in 1957.
That involved promotion to Principal
Agricultural Officer rank ten years ahead
of when, following Government rules, I
would normally have become eligible for
such elevation. By then, the Gold Coast
was moving towards independence,
which came in 1957. The ten UK soil
surveyors who had been recruited in the
early 1950s had reached, or were coming
to the end of, their 5-year contracts and
were not being replaced from overseas
(mine had been extended for another
five years). Our individual experiences
are described anecdotally in Tony
Young’s book on UK colonial and postcolonial land resource surveys (Young,
2007). The first graduate Ghanaian field
officer was appointed late in 1956 and a
soil analyst in 1957, but no more until
1961. I struggled on with decreasing

There could have been a deep end No 6.
It was while attending the Independence
Day celebrations in Kumasi in 1957 that
I noticed a wriggly red line on one of my
hands. The doctor identified it as caused
by Larva migrans, a small worm that he
said was associated with dog faeces in
the soil: ‘did I need to have my hands
in soil?’ he asked. He said the worm
would die naturally, but advised that I
have a check-up at the Tropical Diseases
Hospital in London on my next home
leave, which I did. There they turned
up onchocerciasis (river blindness) –
transmitted by Simulium damnosum,
the aptly named flies that had sometimes driven us off the tennis courts
near the Kpong rapids where they bred
− and filaria transmitted by a mangrove
fly which would eventually have caused
elephantiasis. Fortunately, the treatments
were successful, and I had no other
serious health misadventures while
working in the tropics.

Enjoying the swim

Figure 3. With Herbert Greene, Tropical Soils
Adviser, visiting Uganda.

Figure 2. Visit by Prince Philip to SLUS headquarters,
Kwadaso.

senior staff, my main objective being to
ensure the writing up of the vast
amount of new information on soils,
vegetation and land use that had been
acquired. Inter alia, that included making
the first soil map of Ghana, and
organising and contributing to the book
Agriculture and Land Use in Ghana
(Wills, 1962).

Hard work was enlivened by hard play.
At weekends during Aburi days, we
would go down to the coast at Accra to
swim and surf, then drink and dance the
evening hours away at the Accra Club
before driving back − on mercifully
near-empty roads by then − to our cooler
hill station. Our houses there were built
over large metal tanks that collected
rainwater run-off from the roofs. We had
to use this water sparingly: Aburi’s
annual rainfall was only 48 inches,
spread over two short rainy seasons, but
was supplemented by run-off from
cloud water for about 300 nights a year.
We had electricity from a noisy generator
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from 6 until 10 in the evening (when
not interrupted by a storm), otherwise
we used Tilley lamps; the fridge was
kerosene-operated; and hot water for
bathing was brought up by servants
from the kitchen. Conditions were more
comfortable in Kumasi: rarelyinterrupted electricity supply; fans in
rooms and offices; and, eventually, an
air-conditioned bedroom.
In the field, I recall my cook-bearer
producing traditional English meals
from local produce – including the
universal colonial egg-custard – using a
charcoal-heated, 4-gallon kerosene tin
as an oven. I recall with nostalgia
evenings spent sitting outside a tent
marvelling at the myriad stars filling
night skies unpolluted by artificial
lights; the sound, too, of frenzied drum
rhythms and multiharmonic singing
from distant villages. From such camps

on the Accra Plains, in the late
afternoon or at weekends, I would
sometimes drive to mission stations
along the foot of the Akwapim hills for
a game of tennis or badminton and
different company.
I recall one weekend, while visiting the late
Alan Stobbs in the Nasia Basin in the
north of the country, taking our field staff
in our pick-up trucks on a short cut
through northern Togo en route to and
from an agricultural fair at Bawku in
north-eastern Gold Coast, risking
embarrassing explanations that might
need to be made in case of interception,
breakdown or accident in what was then
French territory. In the Nasia Basin, too,
local women traditionally used bunches of
the strap-like leaves of the shea butter tree
fore and aft to protect their modesty, and
I recall Alan’s growing excitement as an
infestation of caterpillars rapidly stripped

the leaves off these trees. Women’s dress
fashion quickly changed, of course.
Ah, those were the days! For me, they
came to an end with Ghanaianisation of
my post in April 1961. However, while
attending the VIIth International Soil
Science Congress in Madison, Wisconsin,
in August 1960, Louis Bramao, then head
of the FAO soils service, had invited me to
join FAO with a view to my carrying out a
soil survey of the Amazon Basin, to which
I had readily agreed, of course. But that is
another story!
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Somaliland/Somalia, 1951−1959 and 1986
Andrew Seager
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1973-86; and undertook various consultancies, 1986-2002
I was an agricultural officer in
Somaliland in the 1950s. On the
instigation of our Director, I tried to
persuade locals to switch from the thengrown sorghum to a different variety. The
one grown was about 6 feet tall. We tried
to introduce an American dwarf variety
that yielded better, but we failed completely. We could not figure out why, until
I cottoned on to it in the 1980s. Then, crop
production had to be expanded in Somalia
to feed the growing population. This
meant providing more arable land: ie
ploughing up more of the grazing area.
This was agreed generally, but here comes
what was missed in the 1950s. The
condition imposed by the locals on people
who increased the cultivated area at the
expense of the grazing area was that they
harvested the crop, took the grain and –
please note – had to leave the stems on the
land to make up for lost grazing. With a
delayed brainwave, I figured out that the
dwarf sorghum was not accepted in the
1950s because of the need of the stems for

animal fodder, which was twice as much
from the indigenous varieties as from our
brilliant dwarf sorghum
A second incident was also in
Somaliland in the 1980s. By then, they
were implementing the second phase, with
World Bank support, of a soil and water
conservation/harvesting project that my
colleague Roy Green (known in
Somaliland as Gadleh, the bearded one)
and I invented. This was to build water-retaining bunds on one-third of a stretch of
land and channel the run-off from the
other two-thirds into the bunded area.
What the consultants of the continuation
project did was to build bunds three times
as far apart as we did, cultivate one-third
of the area just above the bunds and allow
the runoff from the rest to go to this
cultivated bit. I saw this in a supervision
mission, asked the locals how they liked it
(in Somali: we all had to learn it) and they
grunted an indifferent answer.
I went back to the area the next day, this

time with the rest of the mission. The
same farmers, armed with heavy sticks,
came to me. They said: ‘yesterday we
did not know who you were’ – it was in
an area that was never my district – ‘but
we found out who you are. You know
better. If you do not stop this
nonsense, we will hit you with our big
stick’. The reason was, of course, that
the uncultivated two-thirds could not be
grazed because there was no way to
keep stock out of the cultivated strips,
whereas the way Green and I had
invented the system, herders could keep
the animals out of the contiguously
cultivated area. The system the
consultants had used was undoubtedly
more efficient in providing water to the
cropped area, but it prevented it from
being grazed, which was, of course, vital
to them, The fact that I am alive to write
this is proof that I was not killed,
although, had I not prevented what the
consultants did, I would undoubtedly
have deserved to be murdered.

Note from the Editor: Reminiscences and Reflections is a new regular feature in Ag4Dev, which we hope members will
enjoy. Contributions from members will be gratefully received by Hugh Brammer, who is coordinating this new feature,
at h.brammer@btinternet.com or by post at 37 Kingsway Court, Hove, East Sussex BN3 2LP.
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Upcoming events
TAA AGM RALPH MELVILLE
MEMORIAL LECTURE, AND ANNUAL
REUNION RECEPTION
Date and time: 27 November 2013, 17.00
Details: The TAA 2013 AGM and Ralph Melville Memorial Lecture.
The guest speaker will be Sir John Beddington, presenting a
lecture on Challenges of the 21st Century.
Venue: To be held at the Royal Over-Seas League Club, Park Place,
London.
Contact: To reserve tickets for the meeting and the buffet supper
please contact Elizabeth Warham, TAA General Secretary
(elizabeth_warham@hotmail.com). Price £25.00 per person.
Cash bar open from 4.30 pm.

4TH INTERNATIONAL CONFERENCE
THE CONSERVATION AGRICULTURE
NETWORK IN SOUTHEAST ASIA
(CA-SEA4)

OF

Date and time: 09 December 2013, 09.30
Details: The CA-SEA4 has the theme: ‘Conservation Agriculture and
Sustainable Crop Production Intensification - producing more while
enhancing ecosystem services’. Soil health is a key component of
sustainable crop production intensification (SCPI). Conservation
agriculture (CA) is producing food while mimicking the forest through
minimum soil disturbance (no-tillage), continuous mulch, and diverse
species. This is an approach that enhances soil health. The organisers
are soliciting presentations about conservation agriculture production
systems (CAPS) being developed in several regions of the world,
covering CA research, teaching and extension. To submit an abstract
(<500 words) for consideration, please email Dr Victor Ella. See
website for more details.
Venue: University of Battambang, Cambodia
Contact: To register, email the Program Chair: Dr Victor Ella
(vbella100@yahoo.com)

CAMBRIDGE CONSERVATION FORUM
15TH ANNUAL SYMPOSIUM
Date and time: 09 January 2014, 0930
Details: To be announced. See CCF website for developments.
Venue: The Judge Business School, Trumpington Road,
Cambridge CB2 1AG.
Contact: Visit the CCF website for further news
(http://www.cambridgeconservationforum.org.uk/)

CONFERENCE: SOIL CHANGE
MATTERS 2014
Date and time: 24 March 2014, 10.00
Details: Soils change in response to land use, land management

and climate. Understanding the mechanisms and rates of change
in fundamental soil properties, and their extent across the landscape,
is critical for management of soil and land to ensure enduring
productivity and provision of ecosystem services. Soil Change
Matters will bring together scientists who can explain the critical
changes in soils, particularly during the past century, of increasingly
intense land use. Soil Change Matters will include dialogue
between policy makers and scientists to clarify policy needs, as
well as the current capability of soil knowledge systems and soil
monitoring approaches. We invite you to be part of this international
workshop organised by the Victorian Government's Department of
Environment and Primary Industries, and supported by Soil Science
Australia and the International Union of Soil Sciences.
Venue: Bendigo, Australia
Contact: Please visit www.soilmatters.org. For registration, click
here www.soilmatters.org/registration.html

GREEN CARBON CONFERENCE
Date and time: 1-3 April 2014, 10.00
Details: The European Conservation Agriculture Federation
(ECAF) is pleased to announce the Green Carbon Conference. The
Conference theme aims to clarify and highlight the often invisible,
yet vital, link between Soil Organic Carbon (SOC) and soil health,
and the role this link plays in the sustainability of agricultural
production and the flow of ecosystem services. However, the topics
to be addressed by the Conference will not be restricted only to
the importance of SOC for overall soil quality and health, but will
also include other sustainability and landscape issues intimately
related to the role of soil carbon. Such issues include ecosystem
functions and services, climate change mitigation and carbon
offset, and socio-economic and policy aspects. For more details see
http://www.greencarbon-ca.eu/.
Venue: Bedford Hotel & Congress Centre, 135 Midi Street, B1000 in Brussels.
Contact: Register on the website or contact Paula Trivio-Tarradas
(Tel: +34 957 212 663; +34 957 422 168).

6TH WORLD CONGRESS ON
CONSERVATION AGRICULTURE (WCCA)
Dates: 22-26 June 2014
Details: Growers, researchers, policy makers and others interested
in conservation agriculture are encouraged to attend the WCCA to
network with peers from around the world, discuss policy affecting
adoption of conservation practices and review the application of
the latest research in the field. Anticipated audience of more than
600 people. Concurrent session tracks will explore the following
areas of conservation agriculture: Growing more with less the
future of sustainable intensification; Weatherproofing agriculture the adaption of farming practices to address climate variability;
Increasing conservation adoption around the world.
Venue: Winnipeg Convention Center in Winnipeg,
Manitoba. Visit WCCA
Contact: Registration is now open on:
https://www.ctic.org/registration/22/step/0/
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