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Appreciation Address

An appreciation of
HUGH BUNTING given at
the inaugural Hugh Bunting
Memorial Lecture at the
University of Reading, 6th June
2006—more an account of his
scientific methods than a
purely biographical note…

A.H.BUNTING
by Andrew Bennett, Jeremy Elston
and Amir Kassam

Andrew Bennett,
TAA President,
delivering the
appreciation
address

Hugh Bunting read Chemistry and Botany at the
University of the Witwatersrand, graduating in 1937
and taking a M.Sc. in 1938. John Philips was
Professor of Botany and gave Hugh’s studies a field
and ecological bias and he continued to enjoy field
botany throughout his career. In 1938 he was elected
Rhodes Scholar for the Transvaal and came to Oxford
to work on glycolysis in barley seedlings with W.O.
James. These laboratory studies led to his first
published work in an international journal. Doctoral
studies are generally more about learning than
startling contributions to scholarship and Hugh’s was
of the first kind. The papers are tidy and tight but
seem vague, as there are no comparisons of the
differences between the few means or any other
statistical analysis. However, the large differences
between means are likely to be biologically
significant. Statistical analysis was such a prerequisite
for publication then. The whole of the volume of the
New Phytologist for 1941 contains 26 research papers,
11 dealing with experiments, and none contain
statistical analysis of any sort.
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Hugh went to Rothamsted Experimental Station as
Assistant Chemist in 1941, working with E.M.
Crowther on organic manures, especially comparisons of stages of sewage sludge production with FYM,
straw compost and straw/sludge compost. The
contrast with a plant physiology laboratory must have
been dramatic and the experimental design and
analysis awkward and complex. It was, what Hugh
would never let us call, a frying pan/fire situation.
The long-term fertilizer trials at a number of sites over
several seasons have a remarkable complexity. No
smart, young agronomist, keen for quick success,
would willingly undertake them. Hugh, at least in
retrospect, enjoyed them. There were a large number
of treatments at each experimental site since the
responses to different levels of N, P and K were
required to calibrate the response to different levels of
different forms of sludge and of FYM. The designs
were factorials and errors were estimated from the
high order interactions, some of which were
confounded.
To briefly summarise 113 experiments at 56 places
during seven years is difficult. Each site and each year
shows general and specific characteristics and
interactions. In essence, FYM is the best of the organic
manures, sludge is really just a source of N and K and,
occasionally, of pollutants, and a “well-rotted strawsludge compost, applied at around 30 tons per acre,
can approach a similar quantity of farmyard manure
in its effect on crop yield”.
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This work, both in intellectual breath and in intricacy,
and in the intellectual and leadership skills that he
learnt with Crowther, prepared Hugh for his next two
major jobs: the East African groundnut scheme from
1947 to 1951 and the Central Rainlands Station at Tozi
in the Sudan from 1951 to 1956.

forces involved, coupled with a readiness to learn
from them. Pride in the strength and ability of the
organization in which one works, and in its past
achievements, is a very proper emotion; but an
arrogant attitude to the task itself is a sure prelude to
disappointment.”

We have had some difficulty in getting details or even
annual reports of the work at Tozi. We believe that, at
both, he was the director and co-ordinator of the
whole research programme but did not have his own
individual research programme. The groundnut
scheme was, according to Wood, an incredible work
of rush and improvisation. The use of stripped-down
Sherman tanks as tractors must be one of the high
points of “make-do” farming while the motto “give us
the job and we will finish the tools” shows the
difficulties encountered with some of the soils. At
both, he was, in effect, Chairman of the Research
Board and his staff included some very able
agricultural scientists. The work at both operations
required practical recommendations based on
estimates of probability and so was firmly in the
Rothamsted school of experimental design and
statistical analysis. The experience of 113 experiments
at 56 places was paying off.

A crude analysis of categories of papers published by
A.H. Bunting and an even cruder assignment into
“research” or “reviews etc.”

In 1956 he was appointed to the Chair of Agricultural
Botany at Reading, with instructions to widen the
research base of the department and to appoint new
staff. This was a “very large frying pan/small fire
situation”. He taught ecology to a large class of firstyear agricultural students and experimental design to
an honours-year class of agricultural and horticultural
botanists. He was tutor to all the students in his
department and started supervising research students
and developing connections with the surrounding
research institutes.
The nature of his publications began to change at this
time. In 1985, Hugh prepared a bibliography of his
work until then, classifying the publications into eight
groups. His classification and our assignments
within them (see Table) are bound to be arbitrary.
Hugh had, throughout his career, published work
with an ecological slant. His summaries, in 1956 and
1960, of the programme at Tozi are ecological in both
structure and approach. His more substantial survey
of the work for the groundnut scheme, which he
almost dedicates to Canute, ends with a paragraph on
the need for humility: “A final word is necessary on the
need for humility. In all great technical undertakings,
as in scientific research , the mental attitude of those
charged with the direction of affairs must be one of
respect for the facts and humility towards the natural
4

Taxonomy
Biochemistry
Agronomy
and soils
Crop
physiology
Climatology
Development
(technical)
Development
(social and
economic)
Miscellaneous

Total

Research papers

Dates
published

Reviews,
Dates
surveys and published
symposia

12
4
12

5
4
6

1939-82
1941-42
1942-72

7
0
6

1962-80
n/a
1945-79

10

3

1966-71

7

1957-80

10
21

3
1

1975-82
1951

7
20

1961-79
1949-84

10

0

n/a

10

1968-81

10

1

1964

9

1964-84

Few people remain equally wedded to the laboratory
bench or to field plots throughout their careers. Views
of wider fields attract, and attempts to systematise and
generalise call. Hugh, however, had always felt the call
to be useful and doubted, not the usefulness of
science, but his ability and interest to contribute to the
experimental science of his time. The establishment
of the Journal of Applied Ecology in 1964, the “Change
in Agriculture” conference in 1968 and its subsequent
publication, the conversion of his Chair to that of
Agricultural Development Overseas in 1974, his
lectures at the Royal College of Defence Studies from
1970, his work for the International Foundation for
Science from 1982, together with numerous ad hoc
boards, committees, visits, and reports both marked
and fed this change.
An enjoyment of complexity, of people, soils,
landscapes, crops and their environments, and an
ability to work well to awkward deadlines made his
interest of especial value. His courtesy in helping
younger and less robust colleagues and his enjoyment
of discussion are known to many here today. His
ability to accept the need to examine topics
analytically for which standard errors of means could
not be calculated was important and his use of a wide
experience and of intuition was helpful in making
connections and assessing where the important
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relationships lay. His acceptance of schemes and
models was early. (One of us, fresh from the entirely
false triumph of helping erect a model of leaf growth
with double integrals, was surprised that one so old
understood it).
Through his career Hugh changed and developed.
The Arthur Bunting who wrote “We feel it necessary to
state at the outset that we have no intention of
attempting to answer the question, which our
comprehensive title implies” would have been made
minced meat by the pencil, or even worse the green
ballpoint, of the editor, Hugh Bunting.

Hugh wrote of his master, E.M. Crowther,
“Grateful thanks are due ……… above all
to the late Dr E.M. Crowther, under whose
kindly guidance the work was done and
to whose genius this paper is a modest
tribute”. Much the same tribute might
have been paid to Hugh’s unusual ability
to synthesise.
We have been helped by Dr D. Andrews, Dr M. Dennett, Dr P.
Goldsworthy, the British Library, Wincanton Public Library, and
especially by Dr P. Le Mare.

Agriculture Futures: can production and
ecosystem services be delivered?
Peter J. Gregory
Chief Executive and Institute Director,
Scottish Crop Research Institute, Invergowrie, Dundee
My first interactions with Hugh Bunting were as an undergraduate attending lectures in agricultural
botany coupled with a memorable public lecture in the spring of 1970 focusing on the needs for more food
production. This was an exciting time for agricultural scientists as the CGIAR institutes were being
initiated and the skills of researchers, technologists and communicators were in much demand. I have
shaped this lecture around the conversations that I had with Hugh over a period of about 25 years or so;
our meetings were spasmodic but, I think, show how thinking about crop production has changed with time
and, importantly perhaps, what the future may hold.

Trends in crop production
Projected increases in human population together
with an improved diet indicate that current
production of food will need to be raised substantially
over the next few decades. The world’s population has
already risen from 2.5 billion in 1950 to its current 6.5
billion and is projected to be about 8 billion by 2025
(Fischer and Heilig, 1997). Much of this increase will
occur in cities of the developing world and the rising
per capita incomes of this urbanised population will
result in significant increases in the demand for food
crops, meat, fish and forest products (PinstrupAndersen et al., 1999). Cereal production has
increased from 740 Mt in 1950 to about 2,228 Mt in
2005 and will have to increase by another 600 Mt to
meet projected demand in 2025. The increased
taa Newsletter September 2006
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demand is not only for direct human consumption but
also to meet the projected 1.4% annual increase in
cereal feed for livestock production over the next two
decades.
Past increases in agricultural production have
occurred as a result of both extensification (altering
natural ecosystems to generate food products for
human consumption) and intensification (producing
more of the desired products per unit area of land
already used for agriculture). All studies agree that the
future potential to enhance food provision systems
will rely more on the intensification of existing
production systems rather than further extensification. This will be achieved largely by increased yields
per area rather than increased number of crops grown
in a seasonal cycle. For instance, average cereal yield
has already increased from 1.15 Mg ha-1 in 1951 to 3.3
Mg ha-1 in 2003 and is projected to be about 4.2 Mg
ha-1 in 2020. Simultaneously per capita arable land
area has declined from 0.235 ha in 1951 to 0.11 ha in
2003 (Fig.1).

Environmental changes
When last we spoke, Hugh was sceptical about the
importance of climate change to agriculture
suggesting that the major increases in production
would need to occur before climate change became a
serious cause for concern. Nevertheless, other global
environmental change (GEC) has already occurred as
a consequence of increased agricultural activity
including changes in land cover (especially the
conversion of forests to pasture), changes in the
global nitrogen cycle (N fixed anthropogenically now
exceeds that fixed by natural ecosystems) and
increases in the exploitation of rivers and aquifers for
irrigation of crops and for watering of cattle. Such
changes have raised questions about both the
sustainability
and
potential
environmental
consequences of current and future production
systems (Matson et al., 1997). GEC will bring
additional complications to the already difficult task
of providing sufficient food of the right quality to
many sections of society. Improving food provision in
the face of GEC, while at the same time minimizing
further environmental change, is a crucial scientific
issue (Gregory et al., 2005).

Food security

Figure 1. Changes in mean cereal yield (solid line) and mean area per
capita (dashed line) since 1960 (data from FAO; modified from Dyson,
1996).

These long-term increases in cereal production, while
a success story at one level, hide several important
issues. First, although there have been significant
gains in Asia, food is not equally provided for the
world’s population either between or within countries
and in Africa per capita food production has not
increased since 1980. Second, the yields of cereals in
some countries (e.g. Bangladesh and China) are
projected to reach their calculated potential at or
about 2020; sustaining yields at these high levels
indefinitely will pose many challenges especially as
cereal yields are either decreasing or increasing less
rapidly than hitherto in many countries. Finally, it is
the increased production per unit area that is at the
heart of many environmental concerns (Gregory et al.,
2002).
6

By the early 1980s, development agencies had
appreciated that increasing food production alone
was insufficient to ensure that all people had food.
Hugh told the story of his trips to African countries
where food production in peri-urban areas was
stimulated by the establishment of a network of
busses that allowed access to an urban market; he also
remarked that he had never seen a starving man with
money in his pockets. Recognition that food security
depends on robust food systems that encompass
issues of availability, access and utilisation (not
merely production alone), led the international global
change research community to establish the joint
project Global Environmental Change and Food
Systems (GECAFS) in 2001. GECAFS is an
interdisciplinary research programme that aims to
improve understanding of the relationship between
food systems and the earth system. Food systems,
then, involve much broader considerations than
productivity and production alone (Gregory et al.,
2005). They underpin food security, which is the state
achieved when food systems operate such that “all
people, at all times, have physical and economic
access to sufficient, safe, and nutritious food to meet
their dietary needs and food preferences for an active
and healthy life” (FAO, 1996). Food security is
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diminished when food systems are stressed. This can
be caused by a range of factors in addition to climate
and other environmental changes (e.g. conflict,
changes in international trade agreements and
policies, HIV/AIDS) and may be particularly severe
when these factors act in combination.
Climate variability is one of many interacting factors
that affect food security. For example, in studies of
household food security in southern Africa,
climate/environment was only one of some 33 drivers
mentioned as important by householders. Overall,
though, climate/environment was one of the seven
most important factors influencing food security (Fig.
2; Scholes and Biggs, 2004), because of its role both
as an ongoing issue (57% of cases where it was
mentioned) and as a “shock” (43%). The impacts of
sudden shocks such as drought are felt, then, on top
of ongoing long-term stresses, and the low ability to
cope with such shocks and to mitigate long-term
stresses means that the employment of coping
strategies that might be available to others, is at too
high a cost or, simply, unavailable. This effect of
shocks on human societies finds resonance with the
studies on natural ecosystems undertaken by ecologists where the resilience of the system to change
(sudden and/or gradual) is a major indicator of
sustainability. Opportunities are emerging for social
scientists and agroecologists to share their understandings of vulnerability/resilience of food systems
(gecafs.org).

Sustainability and ecosystem services
Hugh’s lectures in agricultural botany stressed the
ecology of systems and the need to think beyond the
needs of producing a crop today. He was, though,
deeply suspicious when we spoke last of the modern
habit of using the word “sustainable” to justify the
continuation of particular production practices. Many
organisations are developing definitions of what
constitutes sustainability, which usually involve
elements of profitable production, environmental
(including biodiversity) protection, and societal wellbeing. For example, Unilever have evolved a definition
that suits their purpose (Sustainable agriculture is
productive, competitive and efficient while at the
same time protecting and improving the natural
environment and conditions of the local communities) and a series of indicators (soil fertility and health,
soil loss, nutrients, pest management, biodiversity,
energy, water, product value, social capital, and local
economy) which are measurable and can be used to
indicate the sustainability or otherwise of combinations of production practices.
Most recently the Millenium Ecosystem Assessment
(2005) used the emerging concept and understanding
of ecosystem goods and services to evaluate the
“health” of the global and regional ecosystem. The
concept brings together the expertise of many
scientific disciplines. Ecosystem goods and services
can be categorised as follows (Constanza et al., 1997):
1. The provision of primary goods such as food, fibre
and bioenergy
2. The regulatory effects of ecosystems on biogeochemical, pest and disease cycles
3. The supporting services such as water cycling and
soil formation
4. The subjective cultural services of landscape
aesthetics and diversity

Figure 2. The seven most frequently cited drivers in 49 studies of
household-level food insecurity in southern Africa. The numbers in the
arrows indicate the number of citations, as a percentage of 555 citations of
33 possible drivers. The drivers shaded in grey were noted as being
chronic, while those in white indicate drivers experienced mainly as
“shocks”. The shaded arrows indicate drivers that acted primarily via
reductions in food production, while the white arrows indicate those
which acted by restricting access to food. (From Scholes and Biggs, 2004.)
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Preliminary monetary values have been ascribed to
this range of services and these show, for example, the
high value of wetlands because of the essential
regulatory and supporting services that they provide;
the provisioning service for produced goods such as
food and fibre represents only about 7% of the total
global services. Much work is still required to develop
these ideas but it has been embraced by many
biogeophysical and socioeconomic scientists as a
framework for analysing the compromises that are
necessary in actually managing land to fulfil multiple
objectives.
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In crop production, while there is at one level an
increasing interest in embracing concepts such as
integrated nutrient management to ensure the
optimal use of fertilisers and manures, and to ensure
the long-term fertility of soils (services 1, 2 and 3
above), in practice there are often constraints to the
sustenance or adoption of such practices. In the midhills of Nepal, for example, cattle manure has long
been the lynchpin of crop production but this system
is currently threatened by the increase in fertilisers
such as urea and by the lack of female labour to collect
fodder from the forests. This is a real challenge to the
future sustainability of cropping in this region. Crop
production, too, makes use of diversity of different
sorts in different regions to sustain it. For example, in
the Andes of Chile, farmers grow multiple types of
potato in the same field to provide a range of different
tubers for different occasions. Similarly, increasing
the genetic diversity of rice and wheat cultivars has
contributed to their improved disease resistance and
yields. Recent research at the Scottish Crop Research
Institute has shown that if barley is to be used for feed
then there are multiple advantages of growing fields
containing mixtures, including reduced incidence of
leaf diseases, reduced lodging of taller cultivars, and
increased yields. The value of arable “weeds” and field
hedgerows for biodiversity and other aesthetic
benefits is being re-assessed by many landowners,
and the increasing participation of UK farmers in
organisations, such as LEAF (Linking Environment
and Farming), which encourage a self-auditing
approach to land management is evidence of the
increasing awareness of the range of ecosystem
services that farmers can influence.

8

The future
Delivering the food and other ecosystem services that
will be required for the expanding, and more
demanding, global population in the early part of this
century poses considerable challenges. Not all
regions of the globe will experience the same
pressures but those of note include:
K For Africa, the challenge to increase production is

considerable, while in much of Asia both
increasing and sustaining present production at
near potential yields will pose many challenges.
The ability of these regions to import food may also
change quickly in the near future if biofuel
production is adopted to any large extent by the
USA, South America and Europe.
K Global environmental changes have occurred in

the last 50 years and the spectre of climate change
is adding uncertainty to projections of food
security. Adaptation of food systems to changed
conditions will undoubtedly be possible in some
regions but other societies will become less
resilient.
K Concepts of societal and ecological resilience are

emerging which may provide a framework in
which sensible compromises for land use may
emerge to meet the multiple objectives of different
groups within societies.
K There will be increasing emphasis on sustaining a

wide range of ecosystem services especially in the
land-demanding societies of Europe and the USA.
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K Research that embraces “an ever-green or doubly

green revolution” is essential both to increase/
sustain agricultural production, but also to
improve the efficiency of use of nutrient, water and
other inputs and thereby reduce their deleterious
effects on other ecosystem services. Technological
improvements such as improved crop/tree
rotations to reduce nutrient leaching and soil
erosion, genetic improvement/enhancement of
crops to take up nutrients and water more
efficiently, and new processes to convert waste to
useful fertilisers will all play their part in this
century. However, people to do this research and to
develop it into practical interventions are also
required and in that regard the future contribution
of the UK appears to be limited.
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