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Editorial 

Can Self-sufficient Communities 
survive the onslaught 

of Development? 
While the Amazon falls to the axe, L a d a k h in India 

remains a stronghold of Buddhis t economics . 

by Peter Bunyard 

Ecologist readers hardly need telling that as each 
day passes the world becomes a poorer place. 
Animal and plant species vanish forever, their 
demise hastened, if not actually brought about, by 
the hand of man, and entire environments are des
troyed, the delicate richness of their life bulldozed 
and eroded away to make room for modern man's 
brand of civilization. Adrian Cowell's stark TV docu
mentary of the tragic destruction of the Amazon 
forest in the state of Rodonia in the western part of 
Brazil, makes all the more bitter viewing because 
everything happening there has been utterly 
predictable. Indeed some ten years have passed 
since we published "Brazil — the Way to Dusty 
Death" (The Ecologist, Vol. 4, No. 3). And despite the 
warnings of ecologists, of men such as Jose 
Lutzemberger (The Ecologist, Vol. 12, No. 6), that the 
soils beneath the thick canopy of trees, so 
seemingly rich, are among the poorest in the world 
and incapable of sustaining a temperate style 
sedentary agriculture, the Brazilian Government 
continues to carve up the land into a grid of 
rec tangu lar ho ld ings , i r respec t ive of so i l , 
topography and climate, and promises it to the land
less poor, who in their desperate attempts to scrape 
a living, pass on from one site to another, leaving in 
their wake a totally destroyed environment where 
nothing much will grow. 

That there are Indians living in the forest, who 
since the beginning of time have survived very nicely 
on their hunting and their slash and burn cultivation, 
is simply an embarrassment. To a government 
dealing with demography and development a vast 
acreage populated by a handful of Indians is an intol
erable waste and one that has to be fil led, heedless it 
seems of the consequences for the Indians and 
equally for the environment. But then, the Indians 
are given the option of becoming civilized, if they 
can adapt quickly enough and survive the epidemics 
that strike so rapidly after contact with the colonists. 
2 

The message from Cowell's fi lm is that the 
slightest incision into the forest turns quickly into a 
massive festering wound, despite assurances that 
development will be controlled and the Indians pro
tected, and one cannot help feeling that the entire 
Amazon region is doomed, to be hacked to pieces for 
its wood, ripped apart for minerals, flooded for 
hydroelectric plants and what is left of its meagre 
topsoil washed and blown away when the poor 
peasants and rich landowners have finished with it. 
To see the sky filled with smoke as thousands of 
hectares of forest are made to burn, to see the dust 
swirl in the heat, obscuring the sun, is to be filled 
with foreboding. One's sense of outrage increases 
when one learns that behind much of the destruction 
is money from the World Bank. 

The people flooding into the Amazon are for the 
most part seeking nothing more than a means to 
survive, and with the government and its henchmen 
behind them neither the Indian nor the forest stands 
a chance. But whereas in Brazil the Indian is not 
asked whether he wants himself and his environ
ment transformed, in other parts of the world 
peoples whose traditional way of life has hardly 
changed in centuries will often, when exposed to the 
trappings of the industrial society, fall for what 
appear to be its obvious benefits without seeing the 
drawbacks. For the past nine years Helena Norberg-
Hodge has spent much of her time in Ladakh, that 
outpost of India, north of Jammu, wedged between 
China, Tibet and Pakistan across the Himalayas. She 
first went to Ladakh in the Spring of 1975, just a few 
months after the Indian Government had opened the 
border to tourists for the first t ime since 
Independence, and was soon so captivated by the 
place and its people that after spending an initial six 
weeks there with the German fi lm crew with whom 
she was working as a linguist, decided to return. 
Over the years she has witnessed a slow trans
formation in Ladakh from a way of life that was 
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totally selfsufficient to one increasingly dependent 
on the outside world, for cash, for fuel, for education 
and for technological gadgetry including pumps and 
electricity. She is convinced that as dependence 
grows and as more and more of Ladakh's 100,000 
population get drawn into the cash economy so will 
the ancient traditions crumble, leaving a society, 
once happy and self-sustaining, vulnerable and dis
integrating. 

Just as the Amazon Indians blended their way of 
life to fit in with the forest, not threatening the 
intricate balance of the ecosystem, the Ladakhis 
have adapted themselves to a harsh, difficult 
environment. About the size of Austria much of the 
land is barren, arid desert with an annual rainfall of 
some four inches on average. During the winter 
months night temperatures can fall to - 4 0 ° C . Most 
of the villages, with clusters of up to some 300 
houses, are at around 11,000 feet, the houses being 
built of thick stone walls and adobe. Crops, barley 
being the main staple, are grown at the same alti
tude, using water brought down from the glaciers in 
small irrigation canals, made of mud and stone, 
running along the mountain slopes, and traversing 
the occasional gap by means of carved-out logs. The 
pasture for goats, sheep, donkeys, yaks, cows, 
mules and the yak-cow cross—the dzo—is high, up 
at 15,000 feet or higher, and provides winter feed for 
the animals. The Ladakhis also grow apricots and 
walnuts for food and willow and poplar for 
construction purposes, coppicing and replanting so 
as always to have a supply. Wood is too valuable to 
use as fuel, and instead the Ladakhis traditionally 
burn animal dung. All human waste is composted 
and goes back on the land. 

As Helena came quickly to appreciate, the Ladakhi 
way of life, at least up until 1975, was completely 
self-contained and sustainable. The population too, 
appears to have been remarkably stable, a feature of 
the social system which combines flexibility with an 
intuitive sense of environmental limits. Under 
traditional inheritance laws, land is passed on 
undivided, from father to son the eldest inheriting. In 
the absence of a son, the eldest daughter inherits. 
Nevertheless, depending on the size of the 

inheritance and the amount of work to be done, more 
than one son may stay on, marrying the same woman 
as is married to the eldest brother., Although poly
andry is the preferred form of marriage, both poly
gamy and monogamy may be practised, depending 
on the particular context and its requirements. 

As a result many women do not marry, instead 
becoming nuns. Meanwhile, men, whose ser
vices are not required on the land or in the 
villages go to monasteries, where they are cared for 
by the community and relatives. With a high pro
portion of the population remaining unmarried the 
monastic system, aside from its important religious 
role, provides a benign way of caring for people. 

Overall the health of the Ladakhis is good, the 
worst problem if anything being smoke from the 
burning of dung inside the houses and its effects on 
the eyes and lungs. The Ladakhi medical system is 
based mainly on herbal medicines, the tradition 
being a blend of Chinese and Indian that goes back 
to the 8th century, with a sound recognition of the 
importance of mind in the cause and cure of disease. 

Ladakhis were the first to appreciate how fortu
nate they were to be part of India when the Chinese 
invaded Tibet in the late 1950s destroying some 
1,500 monasteries, wiping out villages and eradi
cating all vestiges of the Tibetan way of life. Ladakh, 
although a separate kingdom from Tibet, having had 
its own monarch until the country was invaded and 
conquered by Dogras from Jammu in 1834, has 
always looked to Tibet and to the Dalai Lama for its 
religious traditions and culture. All books and 
writings were traditionally in Tibetan, using the clas
sical Tibetan alphabet — the alphabet being 
originally derived from India. The spoken language, 
Ladakhi, is actually a dialect of Tibetan. 

Helena, who learnt to speak Ladakhi on her visits 
to the country, helped compile the first-ever diction
ary of the language, writing the words out in the 
letters of the Tibetan alphabet. 'The language has a 
complex, very elusive grammar," she says, "absol
utely nothing is considered to have an existence on 
its own, and for a Ladakhi to think of himself as 'in
dependent' of the rest of creation is an absurd 
illusion. All life is a matter of 'oneness' and the 

Ladakh: Ploughing at 12,000 feet with the yak-cow cross. 
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language reflects that interdependence. For in
stance the Ladakhi has more than twenty different 
ways of saying the word 'to be'. How he says it is 
dependent on his relationship with the objects and 
situation around." 

With Ladakh now severed from Tibet and Tibetan 
culture virtually destroyed, the Ladakhi language has 
gained in importance; indeed Ladakh has increas
ingly become the centre of Tibetan Buddhist 
studies, foremost Buddhist scholars like Tashi 
Rabgyas, being based in Leh, the capital of Ladakh. 

India's interest in Ladakh was triggered in part by 
the Chinese invasion of Tibet, and India quickly sent 
in troops to protect the border. Roads began to be 
laid, with labour and materials from India and a small 
airport built to accommodate the increasing flood of 
tourists and supplies coming in by air from Delhi. 
Tourism has now become a major industry in 
Ladakh, as many as 15,000, the majority European, 
making their way across the Himalayas each year. 
Some hike their way around, by all accounts leaving 
a trail of debris behind, including tins, paper and 
plastic, none of which breaks down quickly in that 
dry environment. Many tourists now fly in and then 
take buses along the newly built roads, rushing from 
one monastery to the next. The tourists in particular 
have had an unsett l ing effect on Ladakhis, 
especially on the young, who get a false notion of 
modern life as one of riches and of not having to 
work. They see more money being spent by an 
individual tourist in a week than they would normally 
get through in a lifetime. The tourist comes with his 
modern gadgets, his camera and watch, with his 
seeming leisure, expects to be fed food that he is 
used to, and to live in a hotel that can provide some 
of the conveniences of modern life, including 
running water and a flush toilet. Some new hotels 
are owned and run by outsiders but most are run as 
family guest houses, and in the capital Leh, it is not 
unusual to see young boys clambering onto the roof 
to pour water into a tank. Pumps are increasingly 
used to get water in the houses. 
Development comes to Ladakh 

India meanwhile is carrying out its own slow, 
development of Ladakh. More and more vehicles are 
to be seen on the roads, especially in the capital, and 
mass manufactured goods are now beginning to 
replace traditional ones. New houses are being built 
of concrete blocks and are provided with kerosene 
heating, while on the land agrochemicals are 
increasingly used. The demands for more water are 
being met through the construction of concrete 
irrigation pipes, despite problems with frost 
cracking in winter, and through pumping water from 
bore holes. Tractors are now being imported al
though most Ladakhis still plough, till and harvest 
using their traditional beast of burden, the dzo. 

"Greater changes have taken place in the last 
twenty years than have during the last thousand" says 
Helena, "undoubtedly the most dramatic being the 
way that Ladakh is being drawn into the cash 
economy with all the growing dependence that goes 
with that kind of development. The problem is that 
once development starts almost everyone wants to 
get on the band-wagon with a subsequent break
down of communal ties and cooperation. And 
whereas in the past everyone participated in the 
maintenance and construction of irrigation canals, 
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today Ladakhis see the government constructing 
permanent structures out of concrete and bringing 
in more water to increase productivity in the fields. 
On the face of things the new imported ideas appear 
better and it is not surprising that Ladakhis from one 
village, seeing the improvements carried out in a 
neighbouring village, want similar treatment. 

"The paradox is that life in Ladakh has been totally 
free; it has cost no money to live; whereas the 
slightest development in the modern sense requires 
money and creates a value for activities that pre
viously have been taken wholly for granted. Ironically 
too, Ladakhis will only remain in control of their own 
lives while they are outside the cash economy. Once 
in, despite the illusion that money confers freedom 
of choice, they will in fact find themselves on a 
treadmill." 

The notion of poverty hardly existed before, today 
it has become part of the language. When visiting an 
outlying village some eight years ago, Helena asked 
a young Ladakhi where were the poorest houses. 
"We have no poor houses in our village," was the 
proud reply. Recently Helena saw the same Ladakhi 
talking to an American tourist and overheard him say 
"If only you could do something for us. We are so 
poor." 

The most damaging aspect of tourism has there
fore been its psychological impact in giving young 
Ladakhis in particular a deep sense of the inferiority 
of their own culture and way of life. To redress the 
balance, Helena has started using the local radio and 
bringing in books and literature from the outside 
world to show Ladakhis that the reason tourists 
come to their country is because they hope to find 
there the very values that they have lost in their own 
societies and have come to cherish. She therefore 
tells Ladakhis how in the industrialised western 
world people are trying to create close-knit com
munities that are basically self-reliant; how they are 
looking for non-polluting technologies such as com
posting lavatories, and solar heating systems; how 
brown bread and other whole foods are now increas
ingly being consumed, and that people actually pay 
a lot of money to get exercise. All of those things, 
community, wholesome food, are freely part of the 
Ladakhi heritage. 

Much of what Helena has said and campaigned for 
in Ladakh ties in well with Buddhist beliefs con
cerning the relationship between individuals and a 
sustainable, life-enhancing, economy. A Ladakhi 
Ecological Development Group now exists and the 
local government has given a prime plot of land in 
the centre of Leh for a centre to be built. Work on the 
site has begun and the building is to have a library, 
restaurant, and exhibition of low impact tech
nologies with working examples. Tourists are expec
ted to come, and the hope is that encounters bet
ween tourists and Ladakhis will reinforce mutual 
respect and make Ladakhis come fully to realise the 
value of their own culture. 

Ladakh has never been completely closed off from 
the rest of the world. On the contrary Leh used to be 
on the silk route between China and India and a 
certain amount of trading always went on. Helena is 
well aware that it would be both impossible and 
impractical to try to stop all outside influence, but 
she hopes that any future development in Ladakh 
can be coaxed along lines that cause minimum 
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disruption to the traditional structure of Ladakhi 
society. Without doubt, the bitter winter cold is one 
of the harshest aspects of life in Ladakh, and Helena 
realised that any means of heating that could be 
easily afforded would make a considerable improve
ment in living conditions. The quick answer is to get 
in kerosene stoves, with all the resulting depen
dence on imported fuels. Instead Helena, through 
the Ecological Development Group, showed the 
Ladakhis how to build a Trombe wall. Such a struc
ture consists basically of a sheet of glass held a few 
inches away from the south-facing blackened wall of 
the house, with vents at top and bottom to allow the 
sun-heated air to circulate. Already proven in France, 
where it was originally designed, the wall is 
particularly effective in the Ladakh winter, with its 
high altitude, dry climate and high level of insolat
ion. The cost of the wall is no more than the 
purchase of a dzo beast of burden; moreover the wall 
can easily be erected by Ladakhi craftsmen and 
already some sixty have been built, twenty of them 
under the instigation of the Ecological Development 

o 

A trombe wall, for passive solar heating, built by local craftsmen, 
fits in well with the traditional Ladakhi house. 
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Group. In addition the group has designed simple 
solar ovens working on the same principle of a black
ened surface covered by a sheet of glass. 

Through such simple technologies, the Ladakhis 
have less need to burn animal dung inside the 
houses for cooking and warmth, and the dung can 
therefore go back to the soil; a far better alternative 
than importing artificial fertiliser. 

From her observations of Ladakhi society, Helena 
believes that certain principles have to be adhered to 
if a society is to be sustainable from the use of its 
own resources. According to her the principles are 
as follows: 
1. All basic needs must be met at the local level. Self-
reliance is essential, although that principle need 
not be exclusive of importing and trade. Much of the 
colourful stones and corals used as decoration by 
Ladakhi women have been imported over the cen
turies from Italy. 
2. Decisions affecting the community should be 
made at the household level and not be delegated to 
some distant representative. In general in Ladakh 
some twenty households are involved in decision
making and organising their affairs. Boundaries 
themselves do not appear to be important. Indeed 
village size and therefore the number of households 
reflects the resources available in the vicinity. In that 
respect the countryside can be divided into 
bioregions, each with its own group of decision
makers. 
3. Small-scale units are essential for self-sufficiency. 
They allow a truly spontaneous and flexible 
efficiency. In such communities there is no waste, 
life close to nature being the only true efficiency. 
4. Everything in a self-reliant community is for free, 
and self-sufficiency can only exist outside the cash 
economy. Yet toil under such circumstances is not 
drudgery. Indeed no rigid distinction is evident in 
such communities between work and play. In Ladakh 
the truth of that is demonstrated in the fundamental 
inner contentment of the people. 
5. Finally the decentralisation found in self-suf
ficient communities must be associated with a strong 
binding culture that is completely accepted, and res
pected by the people involved. That way any de
cisions taken are likely to be to the benefit of all. 

For Helena, one of the most striking aspects of 
life in Ladakh is the overall happiness of the people. 
Ladakhis seem to spend most of their lives with 
humour and laughter derived from an extraordinary 
peace of mind. "That happiness is deep-rooted and 
sincere, and such a contrast to the way our own lives 
are ridden with stress and anxiety," says Helena. 
Compared to many other peoples in the world sud
denly faced with development, Helena believes the 
Ladakhis have as good a chance as any in accepting 
only those aspects that can be incorporated into the 
culture without destroying it. Traditional beliefs, 
with their inherent respect for nature, are a great 
help. One of the activities of the Ecological Develop
ment Group will be to sponsor work that shows the 
relationship between ecology and Ladakhi culture. 
With the scholar, Tashi Rabgyas writing in Ladakhi, 
Ladakhis are in the fortunate position of being both 
an integral part of a basically self-sufficient country 
and of spearheading new, workable ideas and tech
nologies that can be incorporated into such soc
ieties without destroying the basis of their exist
ence. 
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Agriculture in China— 
A deteriorating Situation 

by E.B. Vermeer 

Despite general impressions in the Western world that China has made remarkable strides 
in solving its food production problems, the indications are that China's agricultural 
policies, in particular those pertaining to the bringing into production of marginal lands, 
have been environmentally disastrous. Erosion, salinisation, deforestation, dessication as 
well as contamination of shrinking water supplies are all serious problems besetting China. 
New policies are called for, most important of which are the restoration of marginal land, to 
act as a buffer between man's activities and a vulnerable environment. 

Most of China's 9.6 million square 
kilometres are of little or no use for 
agriculture. Extreme coldness or 
altitude, such as on the Qinghai-
Tibet plateau, extreme dryness, 
such as in the deserts of Xinjiang 
and inner Mongolia and steepness of 
slopes are major factors limiting 
habitation or agriculture. According 
to present statistics, the cultivated 
area is 100 million hectares, or only 
10 per cent or so of China's total 
land surface.1 However, as with 
most statistics on China, that figure 
is dubious. Local surveys show the 
cultivated area to be in the region of 
120 million hectares. 

The Chinese themselves have ex
pressed similar doubts concerning 
the official figure for China's forest 
area: 122 million hectares, or 13 per 
cent of China's total land surface. In 
reality, satellite pictures show that 
China's forest cover is only about 
half that size, 5 per cent according to 
some, 8 per cent according to 
others. 2 Obviously, a matter of 
definition is involved. At present, 
we have little choice but to follow 
the Chinese official figures, but with 
reservations. 

While the rural population doub
led between 1949 and 1980, from 
425 million to more than 800 
million,3 the size of total farmland 
area remained surprisingly stable. 
However, its composition changed a 
Dr. Eduard B. Vermeer is a lecturer in social 
and economic development of modern China 
at the Sinological Institute, Leiden Univer
sity, The Netherlands. He is the author of 
Water Conservancy and Irrigation in China: 
Social, Economic and Agro-technical 
AspectsJ^eiden 1977, and of several articles 
on rural development. 
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great deal. Much prime land was 
taken up by state capital construc
tion projects, rural housing, land im
provement measures and roads, and 
indeed still is. Some farmland was 
converted into grassland or became 
wasteland. Altogether the farmland 
area may have been reduced by 30 
million hectares since 1949.4 Almost 
the same amount of new farmland 
was created by reclamation during 
that period.5 Most of the reclaimed 
land, however, is not very produc
tive because of unfavourable natural 
conditions. 6 Thus the average 
quality of China's farmland has 
changed considerably over the past 
30 years: marginal areas which are 
either saline, marshy, sandy or sub
ject to serious erosion, now consti
tute about one-third of the farmland 
area with average grain yields below 
1.1 ton per ha. 7 Likewise, an average 
one-third of the farmland area, 
probably for a large part overlap
ping with the marginal one-third, 
was struck by disaster each year 
during 1972-1977, a considerably 
larger area than during the 1950s.8 

On the other hand, about one-third 
of the total farmland has seen con
siderable capital investment includ
ing infra-structural measures such 
as pump irrigation and drainage, 
land levelling, mechanical ploughing 
and high levels of chemical fertilizer 
application. That one-third is res
ponsible for two-thirds of China's 
grain production and for almost all 
of its cotton.9 Agricultural modern
ization has actually widened the dif
ferentials between low- and high-
production areas 1 0 to such an extent 

that the question has arisen as to 
whether marginal areas should con
tinue to be used for farming food-
grain or any crop at all. 

Most peasants in history and in 
the present world have answered 
that question with their feet, by 
moving elsewhere when no satisfac
tory income can be derived from 
agriculture in marginal areas. How
ever, the Chinese example is differ
ent for two reasons: first, that al
ready before China's industrializa
tion, all easily accessible and pro
mising land had been opened up and 
taken into cultivation under the 
heavy pressure of population in
crease; and second, that since the 
formation of the People's Com
munes in 1958 members of the pro
duction teams are tied to the soil of 
their native village and are not al
lowed to move. That limitation of 
the peasants' mobility has served to 
keep the city populations down to 
the very low levels of 99 million in 
1957, 102 million in 1970, and 129 
million in 1980.11 By 1978 industrial 
employment, inclusive of industries 
operated by People's Communes, 
was no larger than 50 million, as 
against 295 million agricultural la
bourers. 1 2 Thus, almost all rural 
population growth has been accom
modated within the villages. 

Furthermore, over the past 30 
years, a considerable amount of cap
ital has been invested in the develop
ment of agriculture, both by the 
state and by the local communities: 
120 billion yuan* in water conser
vancy and irrigation, 100 billion 
* Yuan = US $0.5 
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yuan by the state alone in agricul
ture, and an as yet unquantified 
amount in tractors, and the chemical 
fertilizer industry.1 3 According to a 
recent estimate, agricultural mod
ernization—along the lines pre
viously suggested by Hua Guo-
feng's 1978-85 Plan—would require 
a tremendous amount of capital; as 
much as 200 million yuan for half a 
million people.14 Thus, the Chinese 
population as a whole would take 
some 300 billion yuan—three times 
the total annual state budget, and 
therefore an unrealistic figure. As it 
is, most of China's marginal and 
poor agricultural areas will have to 
do without much state investment 
in the near future. Hence the re
curring question: should marginal 
areas continue to cultivate food-
grain or any crop at all? 

Marginal Area Cultivation 
or Not? 

The question has several angles: 
production, productivity, employ
ment, capital requirement and last 
but not least that concerned with 
ecological and long-term conser
vation of resources. There is no easy 
answer, and the question 'if not 
agriculture, then what?' must be 
asked as well. Only very recently 
has the problem been recognized as 
such in China. With accessibility 
and official data being what they 
are, I am in no position to give more 
than a preliminary answer with re
gard to certain areas, based on avail
able literature, satellite pictures and 
visitors' reports. Satellite pictures 
are especially useful in identifying 
natural vegetation and crops, in 
indicating surface water resources, 
in classification of soils, and in ex
panding data based on field work 
and published in the literature. They 
facilitate the drawing of demarca
tion lines between different crop 
zones and the making of inter
regional comparisons. In the follow
ing, I discuss six areas in different 
parts of China, from which I draw 
some conclusions on agriculture, for
estry and possible measures to pro
tect the environment. 

New Oases in Xinjiang and 
Secondary Salinization 

The arid Northwest of China used 
to be inhabited by nomads, who ten-
The Ecologist, Vol 14, No. 1,1984 

ded their cattle on the mountain 
slopes and desert fringes. Generally, 
precipitation in the area is only 
50-100 mm a year and evaporation 
about 2,000 mm; therefore agricul
ture is possible and feasible only in 
some areas with access to water 
from mountain streams or from un
derground water resources. Since 
1949 the reclamation corps of the 
People's Liberation Army has 
undertaken a major effort in re
clamation and grain production, in 
the face of extremely adverse nat
ural conditions. Soils are sandy and 
irrigation water seeps away quickly; 
strong winds in spring and heat in 
summer cause high evaporation; the 
few rivers have a very irregular re
gime. All those factors contribute to 
easy alkalization of the soil. 1 5 The 
oases in the Tarim river area—the 
northern fringe of the Taklemakan 
desert—have a history of agriculture 
dating back to the Han dynasty, but 
they never seemed very promising. 
Nevertheless, the Chinese author
ities have decided that 262,000 hec
tares along the lower reaches of the 
Tarim river are suitable for 
reclamation.16 

Irrigation—a deteriorating Ecology 
Since 1949, the old irrigation 

areas were expanded, and new State 
Farms were built. In the past 20 
years and more, over 70,000 hec
tares have been reclaimed, and new 
oases created. With the increase of 
the irrigated area, the water of the 
Tarim river dwindled, and the qual
ity of lake, reservoir and river water 
deteriorated. In the non-reclaimed 
grasslands near the river the water 
table dropped, and plant cover de
clined from 10 to 15 per cent in the 
past to 2 to 4 per cent now; thus 
grass stands became very poor, fal
ling precipitously from 1200-2250 
kg/ha to 270-375 kg/ha. Similarly 
the forest cover in the upper reaches 
decreased to one-third of what it was 
before reclamation. Without ques
tion the ecological balance had been 
seriously disturbed. 

Along the Tarim river total dis
solved salts constituted no more 
than one per cent of total water 
weight in the late 'fifties and early 
'sixties. By the mid-seventies, salin
ity had increased 5-8 times during 
the spring flow (April-June), and 
after 15 years of cultivation ground 

water in the belt with a width of 
about 10 km. along the Tarim River 
rose from 4-6 metres below the sur
face (3-8 m. in the lower reaches) to 
1-3 metres below the surface. Salin
ity rose from the original 1-3 g/1. to 
3-10 g/1. Groundwater rose because 
of irrigation without sufficient 
drainage, thereby bringing salts up 
to the crop root zone. Commenting 
on those facts, a Chinese author con
cluded that: a) irrigation should be 
used in a more rational and sparing 
way; b) drainage should be im
proved; c) forests and pastures 
should be protected.17 

Indeed the salt levels threaten the 
very survival of the oases them
selves. Moreover, the desiccation of 
the pastures is taking away the eco
nomic basis of the native nomad 
population and bringing the desert 
and sand storms down to the agri
cultural fields. From a purely eco
nomic point of view, only high-qual
ity cotton with its capacity to resist 
fairly high levels of salinity seems a 
rewarding staple crop. In addition 
the establishment of a Han-Chinese 
presence and a food base for the Peo
ple's Liberation Army in that in
terior area does not have the same 
strategic validity as it may have for 
the Northern Xinjiang border. Con
sequently, many good reasons can 
be found for reducing the area under 
agriculture in Xinjiang. 

The Loess Plateau and Water and 
Soil Erosion 

How to manage the serious water 
and soil erosion problems of the 
580,000 sq. km loess plateau in Gan-
su, Shaanxi and Shanxi provinces 
has been the subject of a continuous 
debate during this century. Initially 
focus was mainly on the reduction of 
the extremely heavy silt load of the 
Yellow River, which created prob
lems for containment of the river in 
the North China Plain, and for the 
construction of reservoirs.18 Later, 
the inevitability of a high silt con
tent was recognized and more atten
tion was given to the economic and 
ecological problems of the loess pla
teau itself. The population in the 
area had increased to 60 millions by 
198019, and today the area is ex
tremely poor.20 Northern Shaanxi 
was once rich in water and natural 
vegetation. At the end of the 15th 
century, reclamation started and 
grain was sown. After five centuries 
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A deforested, windswept China. 

of cultivation, most of the area 
turned into a semi-desert and suffers 
from droughts and sandstorms. In
deed, for every hectare of land taken 
into cultivation, three hectares of 
grassland are turned into desert; 
moreover, since 1949 management 
of pastures has not been under
taken. As people wanted only such 
products as meat, wool and hide, the 
best pastureland was put to the 
plough while over-grazing of the re
maining pastures became an ever
growing problem.21 

Guyan County in Gansu is a case 
in point. It is a mountainous, dry 
and seriously eroded area and if any
thing, should have been devoted to 
animal husbandry. Notwithstand
ing, after 1949 the area was instead 
developed for grain production. Bet
ween 1949 and 1979, the population 
increased by 133 per cent, and 
82,000 hectares were reclaimed, so 
that the cultivated area rose from 
203,000 to 285,000 hectares or 0.57 
hectare per person by 1980. The 
average foodgrain yield, however, 
was only 315 kg/ha., so that per cap
ita grain production in 1978 was less 
than half the amount in 1949, hence 
178 kg. in 1978 as against 414 kg. 
three decades earlier. The quantities 
of pork, meat and edible oil sold to 
the state declined greatly, and 
during the 1970s the area has been 
dependent on state relief. 

Chinese plans for the loess area 
stress the development of animal 
husbandry and forestry with a 
reduction in the food grain acreage. 
That is a realistic option only if a 
long-term commitment is made to 
provide the area with extra food 
grain during years of drought (such 
as happened in 1980). Meanwhile, 
communications and transport facil
ities must also be improved, in order 
to be able to move grain in and meat, 
wool, fruit and other products out to 
Xi'an, Lanzhou, Baotou and other 
cities. Green manuring has already 
shown its value and provincial auth
orities are now urging peasants to 
sow green fertilizer crops immedi
ately after the wheat harvest or au
tumn harvest to improve soil struc
ture and fertility, as well as to serve 
as fodder for pigs. One suggestion is 
to try 'unpopular' crops such as 
Irish potatoes and promote other 
economic activities such as coal 
mining. Indeed provincial auth-
8 

orities told me when I visited 
Shaanxi Province in 1979, that cli
mate and soil were probably suitable 
for growing potatoes, but there was 
a lot of resistance from the peasants 
to growing the crop, as they were un
accustomed to eating potatoes. 
Moreover, Irish potatoes still count 
as a vegetable crop and not as a food 
grain crop, which has implications 
for fixing official targets for food 
grain production. Developing coal 
mining would need considerable in
vestment and improvement of exist
ing railways. Local officials are in 
favour, but they are not very optim
istic about the prospects for getting 
the necessary funds. Finally, the 
drawing of underground water from 
depths of over 70-100 metres for irri
gation purposes is increasingly un
economical given rising energy 
prices. Consequently, agriculture 
does not seem to have much of a 
future in this area. On the other 
hand, should the government want 
to promote a major reforestation 
effort along the middle reaches of 
the Huanghe so as to support agri
culture downstream, it should 
subsidize the local peasants for such 
a scheme, or move labourers in from 
outside. However, the latter should 
be unnecessary, as the area is clearly 
overpopulated, with serious unem
ployment. The problem is that 
nature seems to have the upper hand 

in the area, and it is doubtful 
whether large-scale afforestation 
would be possible under the dry 
climatic conditions which char
acterized the 'seventies, or whether 
the continuing process of erosion 
can be slowed down. 

The Sanjiang Plain and the Drying 
up of Marshes and Pastures 

Recently an article in Dili Xuebao 
drew attention to the reclamation of 
marshland area in the extreme 
Northeast of China . 2 3 The San
jiang—three rivers—plain, at the 
confluence of the Heilong river and 
the Wusuli river, is an alluvial 
marshland covering a surface of 
51,300 sq. km. During the early 'fif
ties some 25 per cent of the area was 
marshland, 30 per cent fluctuated 
between marshland and grassland, 
over 30 per cent was grassland, 8 per 
cent forest and 3 per cent bodies of 
water. Previously the marshes con
tained many small lakes, while the 
forest area consisted mainly of 
shrubs, with abundant wildlife, in
cluding bears, deer, otters and foxes. 
Today the wildlife is much reduced 
owing to the retraction of the mar
shy environment. 

In 1949, farmland comprised only 
3 per cent of the area, but 30 years 
later, by 1979 it had been expanded 
to 36 per cent of the total area, thus 
to 1,800,000 hectares. According to 

The Ecologist, Vol 14, No. 1, 1984 



official estimates a further 2,900,000 
hectares of wasteland is reclaimable 
in the long run. 2 4 Located in a 
strategic position on the Soviet 
border, the Sanjiang plain has be
come one of China's prime granaries 
selling more than half its grain pro
duction to the state. 

But the reclamation plan had no 
unity of purpose. North of the Sun-
gari, 30,000 hectares of reclaimed 
sandy soil turned into a sand desert, 
and the forests were almost entirely 
destroyed, merely covering 5 per cent 
of the area in 1974. Marshes then 
covered 1,160,000 hectares and fluc
tuating marsh/grassland 1,120,000 
hectares with the marshes altogether 
covering 47 per cent of the total area. 
Over the past few years the marsh/-
grassland area has decreased by a 
further 53,000 hectares per year. 
Thus, animal life has been consider
ably affected and fish production in 
1979 plummetted to only 17 per cent 
of that in 1960. 

The Dessication of the Marshes 
Meanwhile, the average amount of 

rainfall decreased from 600-700 mm. 
in the early 'fifties to 400-450 mm. in 
the second half of the 'seventies.25 

Surface water flow decreased, and 
the water table fell. Wind and sand 
affected soil fertility, leading to 
desertification, While salinization af-
fected over 60,000 hectares and 
water and soil erosion became more 
serious. Thus, agriculture suffered 
as well. 

The author of the article in Dili 
Xuebao proposed several measures 
to be taken for the rational use of 
natural resources: 
a) Protective forests should be 

planted, and forest renewal 
promoted. Animal husbandry as 
well as fisheries should be deve
loped. 
The tilled land should be limited 
to 45-50 per cent,and grassland 
for animal husbandry to 20 per 
cent. Meanwhile forest cover 
should be no less than 10-15 per 
cent, and an equivalent area 
kept for sideline production and 
protected marshes. Waterbodies 
should be at least 3 per cent of 
the total. 

b) Water management should be 
comprehensive, with under
ground water being exploited as 
well. The region has experience 

with rice growing—85,000 hec
tares % in 1980—and more rice 
should be planted, both because 
it is highly productive and 
because it helps maintain an eco
logical balance. 

c) Soil should not just be exploited, 
it should also be nourished to 
raise its fertility. Green fertilizer 
should be planted, and stalks 
and ashes put back on the land 
as well as other organic fertil
izer. 

d) A certain area of marshes should 
be protected as a necessary fac
tor in the ecological balance. 
They should be designated as 
such. 

In the absence of data on land and 
water resources in the area, as well 
as on economic and demographic 
developments, it is hard to comment 
on those proposals. The picture of 
ecological losses that have occurred 
is much more in evidence, than that 
of possible economic gains from 
agriculture or forestry. The develop
ment of the area seems to be bound 
up with the presence of the Peoples 
Liberation Army and its economic 
demands. 

Tianjin Water Supply 
The northernmost part of the 

North China Plain, with the two 
large cities of Beijing and Tianjin, 
has a severe water shortage.26 Pre
cipitation is only 500 to 550 mm per 
year, three-quarters of which falls 
during the summer months between 
June and September. Tianjin now 
has a population of 9 million. Its 
water consumption is 65 times 
higher than that of 1950 because of 
increases in industrial, human and 
agricultural consumption. Its tradi
tional water source, the Haihe river, 
has been increasingly tapped up
stream for irrigation purposes. Since 
1958 over 20 large reservoirs have 
been built on the upper reaches of 
the Haihe river tributaries, with the 
result that Tianjin receives less and 
less water. In 1980 only 0.7 billion 
cubic metres of water entered the 
sea, or 8.5 per cent of the pre-1958 
amount. In the drought year of 
1972, when precipitation was only 
314 mm., water was let in from the 
Huanghe via the Grand Canal. In 
1975 and again during 1980 and 
1981, the water shortage in Tianjin 
was very serious. 

Tianjin's city districts draw more 
than 0.1 billion cubic metres of 
underground water per year. But the 
water table is steadily falling, so 
that pumping costs have increased 
both for city and for agricultural 
users. Indeed over an area of 7,000 
square kilometres the water table is 
now 60 metres lower than in the sur
rounding areas. The surface of Tian
jin has sunk by 80 cm. during the 
past 20 years, and in one place by as 
much as 150 cm. 2 7 

Not only is surface water getting 
scarcer, but also dirtier because of 
factory discharges.28 In addition the 
seawater entering the Haihe river is 
making the water more saline. To 
solve that problem, reservoirs have 
been built on the plains, some very 
large, but they depend on water 
from upstream and also tend to get 
saline.29 Two reservoirs are under 
construction as a part of the Luan 
river control scheme. These will be 
able to provide the cities of Tang-
shan and Tianjin as well as the coun
tryside with an estimated two bil
lion cubic metres of water per year. 
A diversion project to supply Tian
jin with Huanghe river water was 
completed in 1982.30 Together, the 
reservoirs and the diversions will 
ease somewhat the present situa
tion, which is representative of all 
East coast cities from Beijing to 
Shanghai. Especially in the Beijing-
Tianjin area, the competing de
mands for water for industrial, ur
ban and agricultural uses are bring
ing about a permanent shortage of 
surface water, which can no longer 
be made up by underground water. 
In all likelihood agriculture will 
have to give way. 

Reclamation of Lakes— 4 4 Draining 
the Pond to catch the Fish"? 

Since 1949, China's lake surface 
has decreased by 1.3 million hec
tares, most of that shrinkage along 
the middle reaches of the Yangzi 
river. The silting up and reclamation 
of lakes has occurred throughout 
China's history, but speeded up con
siderably after 1949.31 Over the past 
30 years, the Dongting lake has 
shrunk from 435,000 to 282,000 hec
tares3 2 and many smaller lakes in 
Hubei have been reclaimed33 with 
the result that their total surface 
has diminished by three-quarters. 
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Thus at least 87,000 hectares of the 
Poyang lake in Jiangzi have been re
claimed. 3 4 Meanwhile the flood 
danger along the middle reaches of 
the Yangzi river has increased con
siderably because of the loss of flood 
water storage capacity, a fact which 
became painfully clear during the 
1980 floods.35 

Generally speaking, the drainage 
and reclamation of lakes lowers their 
water retention capacity, so that in 
dry periods the more elevated sur
rounding areas are unable to receive 
irrigation water any more from the 
lake. Furthermore heavy rainfall 
brings about waterlogging, and the 
costs of pumping water out may be 
very high. A recent article also 
pointed to other negative effects: 
after the surface of the Chaohu lake 
in Anhui had been reduced the frost 
free period in that area was consid
erably shortened by as much as 
twenty to forty days, with subse
quent bad effects on production. To 
prove the point a decision to 
maintain the water level of the 
Baiyangding lake (near Baoding, 
south of Eijing) at 1.7 metres has 
favourably tempered the climate in 
that region.36 

Less Fish 
Drainage has also had negative ef

fects on fisheries. Thus fresh water 
fish production went down from 
500,000 tons during the 1950s to 
300,000 tons during the 1970s.37 

Meanwhile the Taihu lake in Jiang-
su, which lost 20,000 hectares 
through reclamation, did not fall off 
in overall production of fish, only 
that fewer and fewer large fish were 
caught,38 the reason being overfish
ing and that large fish are more vul
nerable to water pollution. 

In spite of those negative effects, 
reclamation of lakes in the Yangzi 
river basin appears to be profitable. 
The reclaimed land is very produc
tive, and situated in densely pop
ulated areas with good communica
tions. The surrounding fields can 
usually make up the loss of irri
gation water supply by using under
ground water close to the surface. 
The loss of fish can be compensated 
by meat from animal husbandry. Be
cause of the danger of flooding, the 
suggestion is that the reclaimed 
areas should still serve as flood div
ersion areas whenever necessary and 
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therefore might be best devoted to 
raising cattle. Meat has a ready mar
ket in nearby Wuhan and can be ex
ported via the Yangzi river. Hence 
cattle raising should be more profit
able than the alternative of wheat 
followed by green fertilizer crops 
and safer and less costly than fully-
fledged farming behind high dikes. 

Hainan Island—Slash and Burn 

Hainan has a rich variety of plant 
and tree species, and many valuable 
varieties of timber and medicinal 
herbs. However, because of the in
discriminate felling of trees since the 
1950s the ecological balance has 
been seriously disturbed. The nat
ural forest decreased from 863,000 
hectares to 245,000 hectares in 
1980, therefore a decrease of 72 per 
cent and the overall forest cover 
from 25 per cent in 1954 to 13.6 per 
cent in 1980, with an additional 7.8 
per cent of rubber trees or protective 
forests. A Chinese visitor noted that 
during the year 1979-80 forest des
truction had increased considerably. 

"During a cross-country drive in 
April of this year we saw much 
destruction along the road. Al
though there are many notices to 
protect the forest and forbid fires, 
slash-and-burn farming contin
ues; moreover burning the moun
tain slopes to catch the "Money 
Tortoise", which is sold at high 
prices to Hongkong merchants is 
still on the increase. On the moun
tains everywhere you see smoke, 
and the remains of destruction 
caused by forest fires are a sad 
sight. The protective tree belts 
along the road have been plun
dered terribly at many places."39 

He attributed forest destruction 
to four causes: 1) the policy of grain 
growing as the key to agricultural 
development, 2) primitive slash-and-
burn methods, 3) the expansion of 
state farms, from an area of 27,000 
hectares in 1960 to 35,000 hectares 
in 1979, most of which have very low 
grain yields: Hainan still has to im
port 225,000 tons of grain each year, 
4) the lack of coal, which leads to the 
use of wood as fuel. On average each 
person burns 1.5 kg per day, and 
with a population of 5 million peo
ple, that means that 2.7 billion kg of 
wood is burnt every year—which 
corresponds to 4,000 hectares of 
forest. 

The average grain yield is only 
slightly more than 2.250 kg/ha. But 
investments are extremely high 
(15,000 Yuan per hectare) for the 
clearing of mountain slopes and pro
duction is very low (in 1979 the rice 
yield was only 2,600 kg/ha). Yu De-
chang's proposals for improving the 
ecological balance are: 
a) new tropical forests. Protective 

forest belts should be set up on 
mountains, plains and around 
cities and villages. 

b) new rubber plantations, to be 
carefully established; with 
regard to water and soil con
servation it is necessary to con
struct level fields. 

c) peppers, tea or coffee should be 
planted between the rubber 
trees because those crops are 
profitable (especially pepper) 
and the work provides employ
ment.40 

At the conference on the use of 
China's tropical resources it was 
suggested that the area of rubber 
plantations in Hainan be extended 
from the present 200,000 hectares to 
350,000 or even 400,000 hectares for 
China to become self-sufficient in 
natural rubber. However, opponents 
of the scheme stressed the negative 
effects on plantlife and wildlife and 
said that the wood of tropical forests 
might be more valuable than rubber 
trees.41 

It seems that until now the nat
ural advantages of Hainan have not 
been exploited, especially in view of 
the successful experiences of the 
neighbouring Leizhou Peninsular 
with regard to reforestation.42 In
stead of cultivating low-yield food 
grain, the tropical resources of 
wood, rubber and medicinal herbs 
promise to be more rewarding both 
now and in the future. Labour-inten
sive crops such as tea could be ex
panded, and processed for export. 
Hainan should follow the Taiwan ex
ample, and use its geographical loca
tion for developing harbours, indus
try and trade. Employment could 
then be found along the coast and 
slash-and-burn farming in the inter
ior stopped. If China was unable to 
provide the capital and skilled man
power needed for such a qualitative 
change, foreign participation might 
be brought in. The present exploita
tion of the interior threatens to dam
age agricultural undertakings of the 
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future because of soil erosion, loss of 
humidity, and increased vulner
ability to droughts and floods.43 

Conclusion 
What should be the extent of food-

grain cultivation has been answered 
differently for the six areas. In gen
eral it appears that the most sen
sible strategy would be to reduce the 
acreage of such cultivation in mar
ginal areas as much as possible. By 
comparison reforestation, green fer
tilizer crops and animal husbandry 
seem to be, even if not in the short 
term, both more beneficial and eco
nomical in the long term. From the 
national point of view, the overall 
grain shortage, which is made up by 
imports of about ten million tons a 
year—is seen to be a serious drain on 
foreign exchange. But animal hus
bandry is underdeveloped in China, 
and has good export potential. 4 4 

Moreover, the shortage of timber 
and fuel is just as serious as the 
grain shortage, if not more so, and 
the denudation of upstream areas 
has been shown to have extremely 
negative and costly effects down

stream. 4 5 Furthermore, timber 
prices are expected to rise in the 
future, both within China and in the 
international market.4 6 

Generally timber stands in China 
are poor. Of the forestry reserves 
only one-half to one-third is consid
ered usable. Since 1977 the average 
yearly decrease of forest resources 
has been 100 million cubic metres, 
almost 40 million cubic metres more 
than annual growth. About half of 
the decrease is on account of regular 
timber exploitation.47 Furthermore, 
the pace of felling is quickening, giv
ing rise to a real crisis of resources. 
A major cause is the energy short
age; there being insufficient fuel for 
household use or for village fac
tories, with the result that the vil
lagers are forced to go out and log 
trees as well as cut grass, and use 
plant stalks as fuel. Such practices 
reduce soil fertility. According to a 
recent article: 

'The rural population needs 540 
million tons of plant fuel a year, 
equivalent to almost 300 million 
tons of standard coal—half of our 
country's production. But the 
stalks and wood are also needed 

as fodder, fertilizer or industrial 
material leaving just 300 million 
tons of stalks to be used as fuel. 
The state delivers some coal to 
the villages, but very little and 40 
per cent of the peasants suffer a 
serious fuel shortage. The only 
short-term solution seems to be 
biogas. In 1979, there were 6.6 
million biogas tanks, but only 
half were really usable. They had 
been produced too fast, without 
regard for quality or good man
agement. That should be a lesson! 

Furthermore, the peasants 
should plant forests for fuel, while 
the state should plan to supply 
more coal. In 1985 we should 
reach the minimum standard of 
each peasant having hot meals 
every day. In 1990 we should 
reach the level of 100 kg. of coal 
per peasant."48 

For other uses, such as paper, the 
future need for timber will also grow 
rapidly. The government, however, 
has not given enough support to the 
maintenance of forests. Both the 
general shortage of coal and the clos
ing down of many small coalmines, 
especially in South China, during re
cent years has had the foreseeable 
effect of aggravating the onslaught 
on forests. In fact these small coal 

YOUR COUNTRY NEEDS YOU. 

You live in one of the most beautiful countries in the world. And it's under attack. 

Lakes, rivers and fish are dying under the onslaught of acid rain. 
Hedgerows and natural woodlands are being cut down in the name of intensive farming. 

And native wild animals — the otter, the nightingale — are disappearing. 
You must be concerned about these problems — about the future of our environment — so it's time to 

step forward and 
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mines were closed down because of 
their high production costs which 
were approximately double those of 
large mines. However, external 
costs were not taken into consider
ation, and the decision was an ex
ample of departmental planning dis
regarding the needs of other sectors. 
Nor has the increased supply of 
rural electricity from small hydro
electric power stations, and biogas, 
made any substantial contribution 
to solving the shortage. 4 9 State 
investments in forestry went down 
from 2 per cent of total state invest
ments during the 1966-1970 period 
to 1.35 per cent during 1976-1980, 
and to only 1 per cent in the 
1981-1985 plan. 5 0 In 1979 the Minis
try of Forestry was re-established, 
and a Forestry Law promulgated 
with overly strict stipulations, for 
example, Article 29, stating that "If 
collectives want to fell more than 10 
cubic metres of timber a year, they 
have to ask permission from the 
county . . but with no sanctions 
nor organs of control, so that since 
then the situation has gone com
pletely out of control. According to 
the same law, "whether owned by 
the state or owned by a collective, 
scenic forests, protective forests, 
water and soil erosion protection 
forests, old forests and precious for
ests must all be managed by the 
state in a unified manner." However 
in most instances management of 
forests was essentially handed over 
to the production teams, with differ
ent provinces making different regu
lations. No-one seems to have bo
thered much about the law since 
then. Indiscriminate felling had 
been very serious in 1958, after the 
formation of the People's Com
munes; in the period after 1968, 
when food grain cultivation and self-
sufficiency were stressed; and since 
1978;51 Indeed, the individualization 
of production under the new respon-

, sibility systems introduced recently 
by the Government cannot but wea
ken control and management of for
est resources further. 

Much more successful has been 
the Government's policy of stimu
lating tree planting along roads and 
near villages—a common goal is 100 
trees per inhabitant. Although trees 
often compete to some extent with 
agricultural crops, they also serve to 
reduce wind velocity, improve the 
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micro-climate, supply fuel to the vil
lagers and strengthen embankments 
of roads and canals. The most exten
sive but only partially successful 
effort has been the creation of a shel-
terbelt along the Southern edge of 
the Inner Mongolian desert, the pur
pose being to stop the desert sand 
from encroaching on the pastures 
and farmland of the loess plateau 
and other parts of Northwest China. 
Altogether China has planted eight 
million hectares of protective forest 
belts.5 2 

Apart from the forests for timber, 
fuel and protective forest belts, the 
greater economic freedom granted 
to farmers over the past few years 
has stimulated a considerable plant
ing of orchards. 

Plantations of chestnuts, walnuts, 
tea oil, tong oil, mulberry, and tea, do 
not or hardly compete with food-
grain or other crops, as they are 
usually planted on hillsides. The to
tal area of orchards now amounts to 
8.3 million hectares, and will cer
tainly be expanded further in as 
much as they provide cash income to 
the farmer. Intercropping of those 
plantations with low crops or, in 
chestnut plantations, with grass, 
which cover the bare soil, may help 
to improve water and soil conser
vation as well as improve the micro
climate, such as discussed in the 
Hainan island example. Care, how
ever, is needed when removing the 

original vegetation. In particular 
the coastal areas in Southeast and 
South China, with their good clima
tic conditions, much unused hilly 
land, and access to foreign markets, 
should develop export crops. 

Official data state that during the 
three years (1978-1981) the area 
sown to grain decreased by seven 
million hectares, yet grain output 
rose by fifteen million tons.5 3 That 
suggests grain cultivation was 
abandoned primarily on low-yield 
fields or under disadvantageous 
conditions. For the last few years, 
official policy has supported 
diversification of production instead 
of a one-sided stress on grains. Thus 
the policy formulation reads: 
"Comprehensive development of 
agriculture, forestry, animal 
husbandry, sidelines and fishery/' 
How long the trend will continue is 
Ultimately dependent on foodgrain 
output and the national or local de
mands for self-sufficiency in grain. 
It is not easy to see, however, how 
local governments can influence 
grain output directly, as decisions 
on crop allocation have been taken 
out of their hands and the manipula
tion of grain prices remains a prero
gative of the national government. 
The margin from moving away from 
self-sufficiency in grain is often very 
small, as there is little commodity 
grain for instance available, no more 
in 1979 than 14.7 per cent of total 

The Changchun region of Kirin province: The land has been opened up to agriculture and 
trees planted along the roads. 
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production. Most of that does not 
enter the national market. 

"As for grain, the provinces must 
be the units. They must be largely 
self-supporting. Only Hunan pro
vince exports 3 per cent of its 
grain production, other provinces 
just 1 per cent. We must import 
from other countries grain, cotton 
and oil crops. It is rational to im
port grain and to raise cotton and 
edible oil production."54 

That view was prevalent in 1980 
but has since been called into ques
tion. An interesting proposal was 
made to concentrate state invest
ments and efforts on China's "mid
dle zone" of farmland consisting of 
some 23 million hectares of plain 
areas with irrigation facilities but 
which still had mediocre and un
stable grain yields. Meanwhile in the 
Northwest the focus should be main
ly on "state ecological capital con
struction"; while in the South, fores
try and tropical crops should be 
developed.55 The State Agricultural 
Commission proposed to strive for a 
foodgrain output of about 400 kg. 
per capita in the year 2,000, and to 
build large commodity grain bases 
in the Northeastern provinces, the 
middle and lower Yangzi river re
gion, and to transform the Huang-
Huai-Hai region into a cotton/oil 
crops/foodgrain production centre. 
Others saw solving the problem of 
grain shortage and the establish
ment of a socialist modernized agri
culture as opposite goals in the 
short-term. A more orthodox Maoist 
position was that "China is back
ward and cannot change quickly . . . 
problems facing China are insuffi
cient grain, energy shortage, a deter
iorated environment, and unemploy
ment"—the order seems signifi
cant. 5 6 

Such policy statements may be 
good enough for planners in Beijing, 
but they do not come to grips with 
many of the problems described in 
this article. If anything, one would 
hope that a socialist planned eco
nomy would have the ability to fore
see and protect the long-term inter
ests of its population and economy, 
and to act on them. However, the 
political system seems incapable of 
stopping the continuing destruction 
of the natural environment, through 
the activities of short-sighted 
farmers. The laws enacted recently 
for forest and environmental 
The Ecologist, Vol. 14, No. 1,1984 

protection have been ineffective not 
only because of the lack of penalties 
for individuals and village author
ities, and because of the lack of 
government control, but also be
cause of objective factors: thus pea
sants have to live off too small an 
acreage of farmland in a very vul
nerable natural environment. 
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Dissident Science 
in West Germany 

by Helmut Hirsch 

Within the last five or six years, a new phenomenon has appeared in the scientif ic arena in West Germany. 
Whereas, "crit ical science" used to be a matter of discussion for theoreticians, who reflected on the 
shortcomings of traditional science and on possible alternatives, a number of institutes and groups have come 
into being, consisting mainly of comparatively young natural scientists who do not just reflect in their 
armchairs on 'crit ical', 'alternative', 'ecologically oriented' science, but who actually set out to practice their 
science in a way that is obviously different from established science. 

Many of those institutes are members of an umbrella organisation, the AGOF (Arbeitsgemeinschaft 
Okologischer Forschungsinstitute), which has been in existence since 1980. With about 40 member institutes, 
AGOF today represents about 1000 scientists. Roughly speaking, membership can be divided into three 
categories: Institutes in the strict sense of the word, carrying out research and public information work; 
associations of engineers, with a more technical orientation; and groups connected with universities. 

The following account gives some idea of the activities of AGOF members. Particular emphasis is put on 
the concept of science and on how science should be practised. Such ideas have grown out of the practical 
work of the institutes and are subject to continuous discussions within AGOF. As AGOF is genuinely 
undogmatic in its structure and aims, there is no rigid programme to which all the members have strictly to 
adhere. The outline given here is an account of the present state of development, and not as something final 
and determined. 

The coming into being of most 
A G O F member institutes was (and 
is) closely connected with the great 
social controversies concerning tech
nological development, such contro
versies themselves strongly influ
encing the way in which scientists 
working in these institutes deve
loped their concept of science. Many 
ecologically oriented scientists 
therefore became critical of estab
lished science when they realized 
that science often plays a consider
able part in the conceptualisation, 
realisation and justification of large 
industrial projects. Thus at the poli-
Dr Helmut Hirsch, born 1949 in Vienna, 
Austria, studied physics and mathematics at 
Vienna University, gaining a Ph.D in 1975 
with a thesis on cybernetic and information 
theoretical problems of experimental physics. 
In 1976 to 1978 he was responsible for nuclear 
waste management and other energy matters 
in the Austrian Ministry of Industry and 
Austrian representative in various commit
tees of international organisations (IEA, 
IAEA, INFCE). In 1978 and 1979 he was co
ordinator of an international committee of 
scientists reviewing the plans of the Gorleben 
Nuclear Waste Management Centre, commis
sioned by the State Government of Lower 
Saxony, FRG. Since mid-1979 he is staff 
scientist of the Gruppe Okologie, an 
ecological research and information institute 
in Hannover, which he founded. 
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tical level, criticism and protest are 
silenced with scientific studies and 
reviews, which are presented as pure 
truth that stands above all criti
cism. At the scientific level, al
though shortcomings, errors and 
omissions may be found in those 
same studies, that discovery does 
not make any difference inasmuch 
as an open, fair discussion is gener
ally impossible, well-founded argu
ments being countered through dis
crediting the person or the institute 
who utters them. Many AGOF -
institutes could tell dismal stories in 
this regard, as for example, when 
the Institut fur Energie und Urn-
weltforschung in Heidelberg was 
once attacked as being 'scientifically 
criminal' for its work on the effects 
of low-level radiation. 

Ecologically oriented scientists 
thus strongly reject that corruption 
of science as an instrument of poli
tical power, as equally they do the 
claim for absolute truth of estab
lished science. In effect ecologically 
oriented scientists regard science as 
an instrument, a tool, for enabling 

people, faced with concrete ques
tions, to come to conclusions that 
can be usefully applied in a concrete 
situation. Without question the new 
science, as a tool, must be perfectly 
mastered—but even then with the 
realisation that 'objective truth' is 
possible only in isolated, relatively 
well-defined sub-areas of science. 

In dealing with questions that in
clude larger areas of natural science, 
the concept of truth must be seen as 
relative, scientific 'truth' in such in
stances being no more than a con
sensus of scientists working in the 
respective field. But wherever such 
a consensus does not exist and can
not be created in an open, rational 
discussion, it is often seemingly 
achieved, or rather forced, through 
discrediting certain opinions. It 
would be better for the development 
of science—as well as more honest— 
to accept, when the situation arises, 
the existence of different stand
points (different 'truths', if one likes 
to call them that) and to live with 
them until the controversy can be re
solved. 
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Indeed both in 'established' as 
well as in 'ecologically oriented' 
science, which methods to apply, 
which questions to deal with and 
which decisions to make, are deter
mined not only by purely 'inner-sci
entific' motivations and consider
ations, they are also influenced by 
the personal history, interests, gen
eral philosophy and political convic
tion of the scientist and, last but by 
no means least, the institution in 
which he or she works, its structure, 
history, and ways of financing. Es
tablished science conceals this face 
behind its claim for absolute truth, 
and behind its claim, that its state
ments contain a 'better' truth than 
statements emanating from the non-
scientific sphere of life. Ecologically 
oriented scientists, on the other 
hand, must always take the problem 
of relative truth into consideration 
openly and publicly. 

In particular, ecologically oriented 
scientists recognize the limited 
validity of scientific results. They do 
not demand that their results must 
become the sole basis of action. 
They are willing to consider every
day-knowledge, which has not been 
gained by a scientific process, toge
ther with 'scientific' knowledge in 
their studies. Most important know
ledge from everyday experience is 
not considered inferior to knowledge 
gained by scientific methods. 

Meanwhile conventional scien
tists, whose aim is primarily to own, 
control and dominate nature, tend to 
divide reality in small sub-systems, 
which they then regard as closed 
systems, and to find out steering 
mechanisms. When applied to the 
social and natural reality, this ten
dency leads to deficits and negative 
effects, which through their appear
ance have finally contributed to the 
coming into being of ecologically 
oriented science and the ecological 
movement in general. 

In ecologically oriented science, on 
the other hand, the tendency, in case 
of doubt, is to consider rather a lar
ger, than a smaller part of reality as 
the system to be studied, and to 
overestimate, rather than underesti
mate, its interactions with its envi-
ronment. The paradigm of ecologi
cally oriented science is the open 
system. In that way, the importance 
of each individual case is increased, 
while the importance of general 
rules is decreased. 
16 

Nuclear Power—a dead-end technology 

Topics and Methodology of ecologi
cally oriented Science 

The areas of work of AGOF-in-
stitutes may roughly be divided into 
three parts: first, 'constructive' 
work, the development and study of 
concrete alternatives to existing 
technologies and plans; examples in
clude the development of alternative 
energy technologies, and of new 
farming methods where artificial fer
tilizers and pesticides are avoided. 

Second, 'conditionally critical' 
work, dealing with technologies 
which are not considered as wholly 
ecologically unsuitable, but which 
need considerable modifications and 
improvements to become accept
able; one part of such work is to 
study the effects of such techno
logies. Examples include the use of 
coal for electricity generation, where 
questions of unit size, advanced 
technology and sufficient off-gas 
cleaning arise; and the protection of 
ground water from contamination 
by certain household or industrial 
wastes where there is some diffi
culty in avoiding discharge. 

Third, 'unconditionally critical' 
work, dealing with 'dead-end techno
logies' (Sackgassentechnologien), 
where every compromise would be 
an unacceptable compromise, and 
the aim must be to bring certain 
developments to an end. Nuclear 
power is a prime example of such a 
development: being not only one of 
the earliest topics on which ecologi
cally oriented scientists were work
ing, but one which, alas, will still 
keep many occupied. Large parts of 
the chemical industry can also be 
categorised as 'Sackgassentech-
nologie'. 

In essence A G O F is a very hetero
genous association. Clearly, an en
gineer working on the development 
of simple but efficient solar collec
tors is in a very different situation 
from that of a physicist analysing 
potential radioactivity release se
quences in a nuclear fuel reproces
sing plant. Apart from sharing the 
same general goals, the two persons 
described will have little in common 
with regard to their work. In the 'cri
tical' field—and in particular in the 
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scientific criticism of nuclear energy 
—the working methodology is ra
ther academic, and not so dissimilar 
to that of established science. Conse
quently the situation is potentially 
dangerous inasmuch as ecological 
scientists may be pressed into the 
role of * counter-experts', having to 
answer the other side's arguments 
in a highly detailed manner and 
thereby risking a contradiction with 
their own, alternative understand
ing of science. 

The old, nigh on religious belief in 
science may live on in this w a y -
fixed on a new team of scientists, 
but still based on the old claim of 
being in possession of an absolute, 
'better' truth. So as to prevent a cor
ruption of that sort, ecologically-or
iented scientists working, for in
stance on nuclear energy problems, 
have to transcend the frame set by 
established science. In a way, they 
need a two-fold qualification: they 
must know their counterparts' area 
of expertise at least as well as they 
do; and, in addition, they must 
constantly take into consideration 
the limits of the scientific method; 
those very limits which established 
scientists generally like to forget. 

In the nuclear controversy, the 
discussion is often centred around 
the question of whether certain tech
nologies can be safely used or not -
given the state of scientific know
ledge available. Such a controversy 
is an obvious example of a question 
of both scientific and political char
acter. In established science, where 
the basic desire is to see technology 
develop and flourish, scientists im
plicitly assume that an exact, 
mathematical description of the sys
tems under study is possible with 
sufficient accuracy, and ask only 
how to do it. Ecologically oriented 
scientists in considering the com
plexity of real systems, ask first 
whether such an exact description is 
at all possible, usually coming to the 
answer 'no'. The thinking thus fol
lows different basic patterns. 

In many instances established 
science all too often displays unjus
tified optimism. Take, for example, 
radionuclide migration in a geologic 
formation. To date, no-one has been 
able to prove conclusively that the 
multiplicity of geochemical and phy
sical processes occurring in the 
course of radionuclide interaction 
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with the geologic medium can all be 
described by one single number—the 
absorption-distribution-coefficient. 
Nevertheless, that coefficient is 
used—for the simple reason that 
otherwise, calculations with mathe
matical models, where this coeffi
cient plays a rather important role, 
would be impossible. Furthermore, 
ecologically oriented scientists are 
well aware that questions of a poli
tical nature should be explicitly in
cluded in their considerations. For 
instance questions of sabotage and 
war damage are usually omitted—an 
extremely weak point of official risk 
assessment studies. 

Ecologically oriented 
scientists recognise the 

limited validity of scientific 
results and do not demand 
that their results become 
the sole basis of action 

Despite criticisms of conventional 
science, increasingly the 'alternative 
scientists' working in the 'critical' 
area are establishing analytical 
chemical laboratories which have 
the equipment and necessary qualifi
cation to measure such pollutants as 
chlorinated hydrocarbons in human 
milk, heavy metals in soil samples, 
and nitrites and nitrates in drinking 
water. Depending on the source of 
the pollution, the criticism may be 
unconditional, as for instance con
cerning organic poisons discharged 
by the chemical industry, or may 
aim at lower limits being set for the 
concentration of certain substances, 
nitrates being a case in point. In 
1981 the Bremer Umwelt-Institut 
thus launched its 'Rhine-Action' on 
account of alarmingly high concen
trations of chlorinated hydrocar
bons being found not only in the 
river itself, but also in ground water 
in supposedly protected areas, 
where the ground water was used for 
drinking water. 

The approach used in the working 
method in the 'constructive' field is 
quite different. Theoretical studies, 
are of great importance here, such as 
that on soft energy paths for West 
Germany (Energiewende) carried 

out in the Oko-Institute in Freiburg. 
At least equally important on a 
daily basis, are projects realised in 
direct cooperation with interested 
and concerned citizens. 

Ideally, the aim is for research 
work and practical projects to be in 
complete harmony with each other. 
A good example is a project at pre
sent under way in the author's insti
tute, Gruppe Okologie in Hanover 
The project has a scientific compon
ent—a doctoral thesis on the topic 
"Perspectives for Agricultural 
Development as Part of Ecologi
cally-Oriented Regional Develop
ment"—and a practical component 
entailing the organisation of a co
operative with farmers from a peri
pheral rural area Luchow-Dannen-
berg, or 'Wendland', (a place marked 
out by the nuclear industry for its 
expansion) and consumers from the 
city of Hanover. Both parts supple
ment each other, and together form 
one project. Thus the theoretical 
idea of improving marketing condi
tions for agricultural products, 
while stimulating the conversion of 
farms to ecological farming, is ac
tually being put into practice by the 
' Wendland- Kooper a tive'. 

A Citizens' Science 
Most important to the concept is 

the active role of directly concerned 
citizens. Conventional planning sci
ence includes concepts of 'endogen
ous regional development'; thus em
bracing the notion of development of 
a region without an 'overpowering' 
influence from outside; an exception 
where outside influence is para
mount entails the construction of 
large nuclear plants. But conven
tional planning science strongly em
phasises the clear division of work 
between the planners and those who 
have to live according to those 
plans. Moreover it does not recog
nise the close union between resear
cher and concerned citizen, a process 
which is developing in A G O F and 
becoming manifest in the engage
ment of scientists in the practical 
side of the work. 

Meanwhile, another AGOF-insti-
tute, I B E K in Karlsruhe has been 
developing concepts for household 
waste recycling and management. 
Although large industrial firms are 
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today active in this field, their ap
proach is different from that of the 
ecologically oriented scientists and 
engineers who began by examining 
critically the amounts of wastes to 
be handled, and whose intention is 
to develop concepts whereby gener
ation of waste is minimised. In con
trast conventional engineers are more 
likely to find themselves working for 
an enterprise which needs to sell as 
many large plants as it possibly can. 
Indeed in the alternative system 
problems of waste partitioning, 
transport to central collecting sta
tions are not seen as purely techno
logical ones. Rather, the active coop
eration of the citizens concerned, 
brought in at the design stage of the 
system, can give rise to solutions 
which are efficient, economic and 
give everyone an active role—rather 
than mindlessly forcing him/her 
along a way rigidly planned by tech
nocrats. 

Organisation of Work 
Established science is usually or

ganised into hierarchical and centra
l ists structures with a high degree 
of division of labour, leading to a 
veritable 'class system' entailing 
managers, scientists (with an intri
cate class system of their own), tech
nical assistants, secretaries, skilled 
and unskilled labourers, and student 
helpers. Without doubt a strong 
'structural sympathy' exists bet
ween such a system and the political 
and economic system it serves. In
deed, such a repressive environ
ment, one that is hostile to many 
forms of creative initiative, may 
have provided motivation for many 
ecologically-oriented scientists to 
leave the system, in addition to their 
criticism of the way the results of 
science are used. Both points are 
closely linked: a scientist working 
increasingly as little more than a 
wage earner in a hierarchical system 
will obviously feel less and less res
ponsible for his results and their ap
plication. 

In a way, ecologically oriented sci
ence is not only supporting certain 
new social movements; it has also 
come to represent a new social move
ment within science. An ecologically 
oriented scientist regards questions 
of 'what is science' and 'how scien
tific work should be organised' as in
separably linked. Thus externally, 
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science must not be used as an in
strument of repression; and accord
ingly, institutes and working groups 
should be organised in a non-hier
archical way and be free of domin
ation internally. Taking over 'tech
nical' work such as cleaning equip
ment, typing and copying can help a 
scientist derive a more healthy and 
conscious awareness towards his or 
her work. Different personal histories, 
different degrees of knowledge and 
different psychic make-ups can 
make it extremely difficult for a 
group of scientific workers to deve
lop ways of joint decision-making 
and problem-solving. However ex
perience shows that it is possible to 
solve such problems, as long as 
there is sufficient readiness to take 
the task seriously and to invest time 
and energy. The end result is worth 
the effort as when a group gives sup
port and security to each member, 
without restricting the individual's 
creativity or suppressing her or him 
in any other way, and where com
munication can take place and con-
flicts can be resolved without fear. 
Yet it must be emphasised, that the 
organisational structures of A G O F 
member institutes vary greatly. 
Apart from relatively far developed 
alternative structures, models still 
exist that are very close to conven
tional hierarchies. In order that new 
models are developed it is essential 
for some personal continuity to exist 
over long periods of time. Problems 
can also arise if very different areas 
of work are combined in one insti
tute. In particular, tensions can 
arise between 'constructive' and 'cri
tical' workers; the former tending by 
the nature of their work to a great 
'structural sympathy' for non-hier
archical organisation, whereas that 
of the latter tends more towards 
conventional structures. 

Partners of ecologically 
oriented Science 

By now it should be clear that eco
logically oriented scientists have a 
rather different relationship to inter
ested and concerned citizens, than 
those in established science. It is im
portant for ecologically oriented sci
ence to deal with topics where citi
zens are engaged and in need of sci
entific expertise. The development 
of science is necessarily influenced 

by the interests of those for whom 
the situation works; and 'pure' sci
ence can, at best, exist in small, 
specialised fields. The important 
point is to make those influences 
clear to oneself and to others; with 
the consequence that the work be
comes more transparent and more 
honest. Established science, on the 
other hand, tries to hide its links 
with political and economic inter
ests. Indeed its partners include peo
ple from industry, politics and offi
cial institutions, including among 
the latter, those concerned with 'de
fence' and not, as for ecologically 
oriented science, those 'ordinary' 
people suffering under Industry and 
State projects. 

Active cooperation of 
citizens can give rise to 

solutions which are efficient 
and economic rather than 
mindlessly forcing them 

along a way rigidly planned 
by technocrats. 

Ecologically oriented scientists 
often make their findings known in 
ways that are considered unsuitable 
by those in established science: for 
example by press conferences or 
booklets and journals with large cir
culations, and not just in scientific 
journals read only by a small elite. 
That approach is one way of estab
lishing and keeping contact with the 
general population. Yet A G O F is 
not merely an 'appendix' of the eco
logical or peace movement. Those 
scientific studies, in which the re
sults are predetermined according to 
the intentions of whatever group or 
institution, are not acceptable under 
any circumstances—regardless as to 
whether they are produced for an in
dustrial enterprise or a citizen's 
group. Nevertheless inasmuch as 
the societal partners of ecological 
science are numerically strong, but 
economically rather weak, the dan
ger of becoming corrupted by their 
interests is negligible. 

Cooperation between ecologically 
oriented scientists and citizen's 
groups takes place daily, in many 
different ways, such as providing ex
pertise for a law suit, holding lec-
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tures, supporting the citizen's case 
in panel debates and hearings, but 
also giving advice for and taking 
part in * constructive' projects. 

Increasingly * alternative' scien
tists are cooperating with political 
parties, and supporting their parlia
mentary work, in particular the 
Green Party, which is now repre
sented in the Bundestag as well as 
most Landtage. AGOF-institutes 
thus have the facilities to provide 
members of parliament with data 
and facts to use in their work, while 
in return MPs can use parliament to 
ensure that AGOF's findings are 
made public. In addition one of 
AGOF's tasks should be critically to 
evaluate parliamentary policy, 
pointing out important questions 
that have been neglected. Parlia
ment can also be, for AGOF-insti
tutes, a means of getting informa
tion from the government. 

In principle A G O F is ready to co
operate with all parties. However, 
the readiness of the parties of the 
right (today, that includes F.D.P.) 
for such cooperation is practically 
nil. On the other hand contacts with 
individual social democrat politi
cians of high personal integrity are 
fairly well established. Nevertheless 
the party as a whole was rather un
sympathetic towards A G O F while it 
was in power, a situation that ap
plied particularly to the social-lib
eral government. Since the end of 
1982, the party has suddenly discov
ered the importance of 'ecology'. 
Therefore not surprisingly many 
ecologically oriented scientists view 
that sudden change of opinion with 
a certain suspicion. 

A G O F and public Opinion 
With regard to public opinion, 

A G O F chooses ways that are more 
direct than those of established sci
ence. Corresponding to the wide 
range of different working areas, the 
possibilities are many. For instance 
in the 'constructive' field, studies of 
a general nature often have a far-
reaching echo in the media and even 
in state-institutions, as with the 
study by the Oko-Institute on soft 
energy parths, mentioned above, 
which was included in the work of 
the Enquete-Commission 'Future 
Nuclear Energy Policy' of the Bun
destag. Projects like the 'Wendland-
Kooperative' founded by Gruppe 
The Ecologist, Vol 14, No. 1,1984 

Okologie on the other hand, first be
came known on a local basis, got 
publicity in local newspapers and by 
mouth-to-mouth communication, as 
well as by advertisements. In the 
'critical' area, an effective way of 
reaching the public is to make 
known the scandalous situation pre
vailing at particular sites, as, for ex
ample when the Arbeitsgemein-
schaft Hydrogeologie und Umwelt-
schutz, Aachen, gave the results of 
its analysis of ground water pollu
tion by a poisonous waste storage 
facility at Munchehagen near Han
over. 

An important part of the work but 
one that is often extremely difficult 
to get across, pertains to providing 
soundly-based criticism of official 
programmes which have been set up 
ostensibly to solve problems but 
which, in fact, are often little more 
than diversionary activities. In that 
respect several AGOF-institutes, 
are at present active, together with 
B B U (Bundesverband Burgerinitia-
tiven Umweltschutz), in formulating 
radical measures to be taken against 
the dying of German forests, and in 
criticising the often less than half
hearted official efforts. 

Concerning criticism of nuclear 
energy, AGOF-institutes have had 
some spectacular successes with 
their studies on reactor safety, final 
disposal, reprocessing and the costs 
of nuclear electricity. The problem 
there, however, is that people tend 
to get tired of the debate which ap
pears to go on and on. Moreover, 
since the factual problems to a large 
extent remain the same, so do the 
arguments, the result being a some
what repetitive discussion. Thus, 
the interest of the press, the general 
public, even of some Green parlia
mentarians, and certain BBU-chair-
men, is less than expected and hoped 
for. Still, the struggle obviously has 
to be carried on, at both the scien
tific and political level, as long as 
the nuclear programme continues. 

Financial Problems 
In principle, most members of 

A G O F try to be as independent as 
possible of official funds. That sit
uation may be achieved by several 
means; most important are studies 
and reviews that are paid for by citi
zen groups or environmental organ
izations and parties, as well as 

through donations (preferably in the 
form of a small regularly paid sum) 
from individual concerned citizens. 
That way of financing guarantees a 
maximum of independence and ties 
in well with the general principle of 
close cooperation with citizens. On 
the other hand, such an arrange
ment necessitates the readiness to 
work long hours for little money, 
with citizen groups often expecting 
miracles from ecological research in
stitutes, such as the production of a 
full-scale risk analysis for a nuclear 
installation for DM 1,000 within one 
month. It is sometimes difficult to 
explain to such groups how scientific 
work is done and which resources are 
needed for a certain task. On the 
other hand, it is up to the institutes 
to consider how large a scientific 
infrastructure the ecological move
ment needs and can pay for; and to be 
careful not to create self-interested 
structures which then follow their 
own dynamics. 

The sale of publications provides 
another source of funds, on the other 
hand those institutes that are more 
oriented to engineering work have 
the capability to carry out commer
cial projects, such as the planning of 
bio-gas-plants. Similarly certain 

Planning and constructing a biogas plant is 
UTEC's chief work. 
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analytical laboratories, can perform 
analyses for customers, including 
small industrial firms. Such com
mercial work gives rise to problems 
inasmuch as potential buyers and 
customers are not always ecologi
cally-minded and compromises may 
become necessary: for example 
should ecologically oriented engin
eers take on the contract to design a 
bio-gas-plant for a large farm, on 
which animals are kept in industrial 
feedlots, which is against the prin
ciples of those same engineers? 

In addition, most AGOF-insti-
tutes try to get financial support for 
projects from federal, state and com
munal funds. Yet the basic financing 
of the institute should never depend 
on such sources, and the condi
tions—regarding access to informa
tion, absence of influence on the re
sults, and the freedom to publish— 
must be acceptable. With those con
ditions in mind, the expectation that 
taxpayer's money should go in part 
on ecologically oriented research is a 
justified one and one that should be 
regarded as an element in the demo
cratic struggle for a research policy 
in the people's interest. Often, 'par
allel research' is aimed at; that is the 
commissioning of two working 
groups, one belonging to established 
science, the other to A G O F . If how
ever equal access to information is 
not guaranteed, as is often the case, 
another approach is for a group of 
ecologically oriented scientists to 
analyse a study critically after its 
completion by an 'established' insti
tution. 

Those concepts—parallel research, 
and review—apply primarily to 'cri
tical' work. In the constructive area, 
the first demand must be that suffi
cient funds are made available; thus 
federal spending on soft energy and 
conservation, which was never ade
quate, is actually decreasing under 
the new government. Important too, 
people must be made aware of the 
dangers of having the responsibility 
to organize alternative energy re
search placed in the hands of nuclear 
research centres, as has already hap
pened, and that in other fields, too, 
the wolf is not appointed shepherd. 

In the past few years, A G O F 
institutes have had increasing diffi
culty in obtaining federal financing. 
That trend had already begun under 
the social-liberal government, but 

has become still more marked under 
the present conservative one. 

Official research policy is charac
terised by cutting back on basic 
funds to institutions such as univer
sities—where a small degree of free
dom of choice in the work under
taken still exists—and increasing 
the project funding of institutions 
and research laboratories (Dritt-
mittel-Finanzierung) where the 
scientists have no freedom at all. 
Furthermore, a megalomaniac tech
nology also leads to gigantic long-
term research and development 
efforts, as in the nuclear sector, so 
that funds are committed for a long 
time in advance and flexibility is 
greatly reduced. All that goes con
trary to AGOF's ideas of research 
policy. The presence of the Green 
party in the Bundestag at least pro
vides an opportunity for discussions 
on this point to be forced in parlia
ment and to obtain more informa
tion on the inner workings of the 
apparatus of research policy. It is 
doubtful, however, whether it will be 
possible really to achieve basic 
changes through parliamentary acti
vity under present conditions. 

A scientist working as a 
wage-earner in a 

hierarchical system will 
obviously feel less and less 
responsible for his results 

and their application. 

Only a wide ranging coalition of 
A G O F , of ecological and peace 
movements together with all their 
organizations, of the Green party 
and ecological forces in the other 
parties (as far as they can be taken 
seriously), of trade unions (contacts 

with which are gradually growing, 
but are still in a very early stage) 
and of churches will be of sufficient 
impact to bring about radical 
change. And such a coalition is 
hardly likely under present circum
stances. 

In short, the main characteristics 
of ecologically oriented research are 
as follows: 

A highly critical attitude to
wards the concept of 'science'; in 
which models of thinking are 
partly different from those of es
tablished science, for instance 
with regard to paradigms of the 
open system, and having a scep
tical attitude towards mathe
matical models. 
Close cooperation and conscious 
partnership with the concerned 
population and its organi
sations. 
A connection between the con
tent of work and organisational 
structure, based on non-hier
archical models. 
Taking up politically sensitive 
topics; and in particular the role 
of a controlling body where be
cause of their close links with in
dustry official institutions can no 
longer fulfill their role. 

Note: 
A G O F Office I B E K , Postfach 3405, D-7500 
Karlsruhe 1, Tel. 0721/2 20 65. W. Germany 

A G O F has no permanent office nor staff. 
The member institutes in turn take over the 
function of AGOF-office, it being I B E K for 
1984 and 1985. A G O F publishes a newsletter 
five or six times per year which gives 
information on current activities, projects, 
publications, conferences, and serves as a 
forum for discussion. The newsletter (in 
German) can be ordered from the AGOF-
office. (see above) 

Acidification of the Environment including 

ACID RAIN 
An Introduction for the Layperson. 

From Pyramid Publications Ltd, 
79A Huntback Street, Hanley, Stoke on Trent, Staffs ST1 2BX. 
Price £1.35 inc p&p. 
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Quinua: 
Grain of 
the Incas 
by David F. Cusack 

Quinua has long been shrouded in mystery, intimately connected with the land, the farming communities, 
and cultures of the descendants of the once mighty Inca Empire which ruled the Andes mountains prior to the 
arrival of the Spanish. It has been "discovered" and "rediscovered" many times in the intervening centuries by 
curious outsiders fascinated by its nutritional qualities, its hardiness, and brilliant colours that stand out 
against the bleak landscape and clear skies of the highest continuously farmed region of the earth, yet it has 
never been successfully propagated outside of the Andes. 

It has survived four centuries of neglect and pressures against it,yet it is still an essential food crop for 
millions. Only recently have South American scientists, working with international support, begun to learn 
about quinua from the indigenous farmers and to study ways to improve its production and processing 
technology. It is now also recognized as a potentially important underutilized plant resource, especially for 
marginal Third World areas that are not food self-sufficient. 

The author and several members of Sierra Blanca have known and appreciated quinua for many years. They 
decided in 1982 that now was the time to devote their talents to the study and propagation of this remarkable 
plant in close collaboration with South American scientists. They have successfully grown it in the Colorado 
Rockies where previous attempts had failed, their mission being to make the ancient grain of the Incas better 
known, to help its revival in the Andes, and to make it a viable alternative crop for farmers in the Rockies and 
other mountainous, cool, and semi-arid regions of the globe. 

Quinua (or Quinoa, as it is often spelled in English) is 
the seed of the plant Chenopodium quinoa Willd. 
Quinua is called 'the Mother Grain' by the natives of 
the Andean altiplano. It is an annual herb of the 
goosefoot family and is related to the grain amaranth 
and lambsquarter or 'pigweed' of North America. It is 
most commonly grown at high altitudes throughout 
the Andes of South America especially in the altiplano 
and mountain valleys of Bolivia and southern Peru. 
Closely related Chenopods used for human and animal 
consumption are Canihua (Chenopodium palidacuale), 
known as Kaniwa in Peru, which grows at even higher 
altitudes on the altiplano than quinua; and huauzontle 
(Chenopodium nuttaliae) which was grown extensively 
by the Aztecs in central Mexico but which has almost 
disappeared from modern day Mexico. 
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Quinua was a staple food of the Inca Empire. 
Figures 1 and 2 show the extent of the Inca Empire at 
its peak of power and the modern range of quinua 
production in South America. The two almost exactly 
coincide. The Inca, Garcilaso de la Vega, in his Royal 
Commentaries on the Incas (1609) writes that "Second 
place among the cereals which are grown on the surface 
of the earth (after maize) is given to what they call 
quinua"1. The descendants of the Inca Empire—eight 
to ten million Quechua and Aymara-speaking natives 
of the Andes from southern Colombia to northern Chile 
and Argentina—still use quinua as an important 
component of their daily diet and in some regions it is 
the principal staple. 

Quinua plants vary in height from half to over two 
metres tall and come in a variety of colour pigments 
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from white, yellow, and pink to the darker reds, 
purples, and black. It has thick, strong, woody stalks 
and wide leaves that resemble—in shape—the foot of a 
goose (thus its name). The seed is small, round, and 
somewhat flat (similar to millet) and is produced in 
large clusters on the head of the plant (Figure 3). 

The root system consists of many branches and 
capillaries off a central tap root approximately 12 
inches long. It is a strong, extensive system rarely 
overturned by the wind and varies in depth according 
to the variety and height of the plant commonly 
reaching more than 24 inches and up to 48 inches on 
taller plants. This hardy plant can grow under harsh 
ecological conditions—high altitudes, relatively poor 
soils, low rainfall, and cold temperatures—which other 
major cereal grains cannot tolerate. For this reason 
quinua has remained the principal grain in regions of 
South America where corn and wheat do not grow well. 

The seed is from two to three mm in diameter, there 
being between 250 to 500 seeds per gram. The peri
carp of the seed of most varieties is covered with a 
resin containing two to six per cent saponin—a bitter 
substance with an unpleasant taste—which must be 
removed prior to human consumption. The traditional 
difficulties involved in the removal of this saponin plus 
the apparent ecological limitations to its cultivation 
and the nearly total lack of knowledge (until recently) 
of its agronomic qualities have long hampered quinua 
production and marketing. 

G R O W T H 
O F T H E A r e^ i f* 
1N<A E M P I R E 

HH Huayna Capac I' 

W i t h the rise o f the first 
emperor , Pachacut i , the 
Inca Empire became k n o w n 
as Tahuant insuyu , the 
" f o u r quar te rs o f the w o r l d . " 
Roads t o the q u a r t e r s 
— Chinchaysuyu, Condesuyu, 
A n t i s u y u , Collasuyu 
rad ia ted f r o m Cuzcc 

JH Frequent crops 
Qj Isolated crops 

source: National Geographic Magazine, Cartographic 
D i v i s i o n , ed. Wilbur E. Garrett (National Geographic 
Society, Washington, D.C., March 1982). 

FIGURE 1 The I n c a Empire a t i t s 
peak o f power i n t h e 1 6 t h C e n t u r y . 

Source: Based on Mario Tapia, et. a l . , Quinua y Kafiiwa,  
Cultivos Andinos (Bogota, CUD, Of i c i n a Regional para l a 
America L a t i n a , 1979), pg. 16. 

FIGURE 2 D i s t r i b u t i o n o f qu inua i n South 
Amer ica ( c u l t i v a t e d a r e a s ) . • 

Nutritional Value 
Quinua's nutritional qualities are well-documented. 

The Incas and their modern descendants honoured it 
because it gave strength for arduous work at high 
altitudes. Thanks to a number of nutritional analyses 
in recent years we now know why. 

Because the seed of quinua (and other Chenopods) is 
not a true grain but rather a fruit it has been called a 
pseudo-cereal and even a pseudo-oilseed. This is 
because of its unusual composition and exceptional 
balance between oil, protein, and fat. Cereals store 
energy mainly as starch and protein; oilseeds store 
energy as fat and starch. 

Table 1 compares the nutritional content of quinua 
with other common cereal grains. 

The protein content of quinua is high, from two to 
six per cent above most wheats and even higher when 
compared to other cereals like barley, corn, and rice. 
More important than the percentage of protein 
however, is the quality of protein. In terms of amino 
acid balance, the quality determines what portion of 
the protein is fully utilised by the human or animal 
organism which consumes it. The essential amino acids 

Fig.3. Quinua growing in San Luis Valley of South Central 
Colorado, USA. 
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Quinua originally had many different generic names in South 
America, depending on the tribal region. When the Spanish first 
arrived, the tribes of Quechua-speaking central Peru close to the 
Inca capital of Cuzco called it quina. Owing to the difficulty of 
pronunciation, the Spanish changed it to quinua. To this day, the 
natives of regions more distant from Cuzco still use their own 
names in addition to the hispanicized quinua. In Colombia, it is 
called suba and in some parts of northern Peru chancas. The 
Ay mar a-speaking inhabitants of the Lake Titicaca region call it 
jupa, and some of the Quechua speakers from central Bolivia to 
northern Chile jiura. In southern Chile, at the edge of the former 
Inca empire, the native mapuches call it quingua. To the Indians 
of the Altiplano, quinua has always been la chisiya mama, the 
Mother Grain. The German scientist Willdenow, the first person to 
classify it under the Chenopodium genus, latinized the original 
Spanish in giving it its scientific name quinoa. Generally the 
English-speaking world (and modern Chile) use the scientific V 
spelling although the Spanish generic 'u' is being used with 
increasing frequency in the US and Great Britain. 
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are those that cannot be synthesised by the human 
organism and thus must be obtained from food 
sources. These are especially important for children in 
the early years of growth. 

Table 2 compares quinua to wheat, soy, and to the 
Food and Agriculture Organisation of the United 
Nations (FAO) ideal reference pattern for evaluating 
proteins. Quinua is closer to the F A O ideal balance 
than any other common cereal grain and even 
compares favourably with soy which is valued for its 
high lysine content. Quinua is exceptionally high in 
lysine—a key essential amino acid—which is one of the 
most scarce in the vegetable kingdom. It is clearly 
superior in lysine than other cereal grains and com
parable to major animal food sources. Most quinua 
varieties are also unusually high in the essential 
sulphur-bearing amino acids, methionine and cystine, 
which are particularly important for vegetarian diets 
as well as correcting deficiencies in legume diets. 

Quinua is also very high in phosphorous, calcium, 
and iron in comparison to wheat and other cereals 
(Table 3). It is also high in Vitamin E and several of the 
B-complex vitamins. 

TABLE 1. Nutritional Analysis Comparisons (%). 

Water Protein Fat Carbo
hydrate 

Fibre Ash 

Barley 11.1 8.2 1.0 78.8 0.5 0.9 
Buckwheat 11.0 11.7 2.4 72.9 9.9 2.0 
Corn 72.7 3.5 1.0 22.1 0.7 0.7 
Millet 11.8 9.9 2.9 72.9 3.2 2.5 
Oats 12.5 13.0 5.4 66.1 10.6 3.0 
Quinua 11.4 16.2 6.9 63.9 3.5 3.3 
Rice 12.0 7.5 1.9 77.4 0.9 1.2 
Rye 11.0 9.4 1.0 77.9 0.4 0.7 
Wheat 13.0 14.0 2.2 69.1 2.3 1.7 

Source: After "Fact Sheet" by Stephen L. Gorad quoting U.S. Department of Agriculture 
figures compared to average figures for quinua (Boulder, Colorado, 1975). Unpublished. 

TABLE 2. Essential Amino Acid Pattern (g/16g N) of Quinua 
compared to Wheat, Soy, and FAO Reference Pattern for Evaluat
ing Proteins. 

Quinua Wheat Soy FAO* 
Isoleucine 4.0 3.8 4.7 4.0 
Leucine 6.8 6.6 7.0 7.0 
Lysine 5.1 2.5 6.3 5.5 
Phenylalanine 
Tyrosine 3.8 ) 7 4 

4 5 >7 5 3.0 ) ' ' * 
4.6 ) 
3.6 ) 8 2 )6.0 

Cystine 
2.2 ) 4 6 

2 2 ) 
Q 

i.7 r y 

1.4 f-° ) 3.5 Methionine 2.2 ) 4 6 
2 2 ) 

Q 
i.7 r y 

1.4 f-° ) 3.5 

Threonine 3.7 2.9 3.9 4.0 
Tryptophan 1.2 1.3 1.2 1.0 
Valine 4.8 4.7 4.9 5.0 

*(1973) 

Source: Johnson and Aguilera, Processing Varieties of Oilseeds (Lupine and Quinoa), 
Table 6 (Report to Natural Fibres and Foods Commission of Texas, 1979-80). 

TABLE 3. Comparative Mineral Values of Selected Cereals Per 100 
Grams of Weight. 

Calcium, mgr. 
Phosphorus, mgr. 
Iron, mgr. 

Quinua 
141.0 
449.0 

6.6 

Wheat 
36.0 

224.0 
4.6 

Yellow 
Corn 

6.0 
207.0 

3.7 

White 
Rice 

8.0 
143.0 

Source: Recetas a Base de Quinua, 2nd ed., Ministerio de Agricultura, Servicio 
Cooperativo Inter-Americano de Produccion de Alimentos, October 1953. 

The Ecologist, Vol 14, No. 1,1984 

All of these figures indicate that quinua is an excel
lent source of nutrition for humans and animals. While 
no single food can supply all of the essential life-
sustaining nutrients, quinua comes as close as any 
other in the vegetable or animal kingdoms. White et 
al.2 hold that the value of quinua protein for humans 
and experimental animals is at least equal to that of 
milk—one of the most highly valued food sources. It 
holds exceptional promise as a weaning food for 
infants, especially in nutritionally-deficient Third 
World areas. 

The quality of quinua protein means that a higher 
percentage of it is absorbed by the human body and its 
high quantity means that more of its essential in
gredients are supplied to the human diet. As put by 
Cardozo and Tapia 3, "If we take into account that 
quinua has a larger percentage of protein, . . . We can 
see that quinua offers a larger quantity of the essential 
amino acids than any other of the four most important 
cereals in the world (wheat, barley, oats, and corn). , , 

Johnson and Aguilera4 conclude that: "The unusually 
good balance of amino acids make quinua extremely 
attractive as a source of protein, and for use as a food 
ingredient/• 

Key advantages of quinua as a human food source 
are that its taste is good, it is easy to prepare, and it is 
versatile. A clean grain boiled for 20 minutes in two to 
one proportions of water to quinua produces an 
excellent dish with a light, distinctive flavour and a 
texture similar to barley or wild rice. In the Andes it is 
used in soups and mixed grain dishes and to make 
biscuits, compotes, and a popular drink called 'chicha 
blanca.' A Bolivian woman has put together a recipe 
book entitled A Thousand Delicacies of Quinua5. 

As Johnson and Aguilera4 have shown unusual 
qualities of the tiny and cohesive quinua starch 
granule have been identified which may have 
important industrial uses. Even the bitter saponin 
which is discarded when the quinua is washed may 
have pharmaceutical and industrial uses which have 
not yet been discovered. In fact Andean women use the 
washwater as a hair cleanser and conditioner. 

New Knowledge 
As a result of investigations that have taken place 

over the past decade, researchers have identified at 
least 17 races and over 200 varieties of quinua in Peru, 
Bolivia, and Ecuador not taking into account southern 
Chile, Argentina, and some of the more isolated inter-
Andean valleys. Since 1979, germ plasm-collecting 
expeditions have produced seed banks in Peru and 
Bolivia with over 1800 ecotype samples and related 
information on variety characteristics. These col
lections are the basic material for any future work with 
quinua. Small germ plasm collections also exist in 
Chile and have recently been established in Ecuador. 
With the support of the National Science Foundation, 
University of Texas, A & M biologist Dr Hugh Wilson 
is putting together an extensive US-based seed bank. 

Gandarillas6 has grouped quinua varieties according 
to their botanical characteristics and place of origin in 
the different inter-Andean valleys. Tapia 7 groups 
quinua varieties according to the four major 
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VALLEY QUINUA: These varieties were originally developed in the high Andean valleys of Peru, Ecuador, 
eastern Bolivia, and southern Colombia, at an altitude which varies from 7,000 to 13,000 feet. Most Andean 
valleys have a relatively long frost-free period (6-9 months), with 35 to 79cm of annual rainfall. This environment 
has produced varieties that are large (up to 2.5 metres in height) and slow-maturing (5 to 7 months). At lower 
elevations quinua competes with and is grown in association with corn, and at higher elevations with potatoes 
and barley. 

ALTIPLANO QUINUA: These varieties were developed on and are adapted to the high mountain plains of 
southern Peru, western Bolivia, and northern Chile and Argentina, which are almost all above 12,000 feet 
altitude. Frost is a constant danger and the frost-free period is relatively short. Rainfall varies from a low of 
10cm in the arid southern altiplano to 50cm around Lake Titicaca. This environment has produced varieties that 
are smaller (1 to 1.8 metres), mature relatively rapidly (4 to 5 months), have smaller, more compact seed heads, 
and are the most tolerant of cold temperatures, drought, and poor soils. Corn does not grow in this environ
ment, and few other food crop competitors are as well adapted as quinua. 

SALTFLAT QUINUA: These varieties are specially adapted to the extremely alkaline soils and arid conditions of 
the salt deposit areas of southern Bolivia, at altitudes of 10,000 to 12,000 feet. These varieties are slightly larger 
in size than Altiplano quinua, higher in saponin content and generally slower to mature, but equally tolerant to 
drought and cold. They are also very hardy, relatively salt tolerant, and usually high in protein content. No other 
food crop can compete with quinua in this harsh environment. 

SEALEVEL QUINUA: These are varieties adapted to the cool, rainy, forested regions of southern Chile, where 
they were first observed by the Spanish conquerors. Unlike the quinua of the central Andes, these varieties 
grow well at close to sealevel and are adapted to the long summer daylength of high latitude. They have a 
medium maturing time, are similar in size and yield to most Altiplano varieties, and probably have relatively 
lower tolerance to cold and drought. 

A possible fifth category in Tapia's system is SUBTROPICAL QUINUA, based on a recently discovered variety 
in the tropical low-altitude Yungas zone of Bolivia. 

ecosystems centres of domestication (see box). His is a 
valuable classification system for growers and for 
those interested in transplanting to other regions of 
the world because of the different adaptive character
istics that have been developed over time in those 
distinct eco-regions. Wilson of Texas A & M is 
developing yet another classification system based on 
careful laboratory analysis and comparison with wild 
weed varieties and the Mexican huauzontle relative. 
Gandarillasb has further established that each alti
plano zone requires certain varieties adapted to its 
particular environmental conditions for optimal pro
ductivity. Based on that principle, South American 
scientists are now orienting much of their work toward 
identifying and improving the yields of varieties 
adapted to specific conditions rather than to devel
oping one or two high-yield varieties designed to 
replace traditional strains. The last few years have 
seen a notable increase in Spanish language pub
lications on quinua and in the number of university 
departments and experimental stations that are 
dedicating resources to testing and improving quinua 
and its production technology. 

Yields usually low under traditional farming 
conditions are improving considerably at experimental 
stations and on some farms (from 400-800 up to 
2000-3000 lbs/acre or more). Significant improvements 
are being made to the costly and time-consuming 
traditional harvesting and processing technology. 

The problems and myths that have led to the image 
of quinua as a crop inherently restricted to the South 
American Andes will be explored later on. What is 
clear is that quinua is well-adapted to the Andes where 
a tremendous need for more food and better nutritional 
balance already exists. Peruvian and Bolivian scien
tists agree that the total area of quinua production can 
be expanded many times in both countries, yet pro-
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duction has decreased notably since the 1940s and has 
barely held its own in the 1970s. While it has never lost 
its importance in subsistence farming communities it 
has not been able to compete in commercial markets. 

Neither the shrinking range of quinua cultivation in 
this century nor the lack of strong commercial markets 
in the Andean countries reflect lack of production 
potential or deficient nutritional and culinary qualities 
of the grain. 

The History of Quinua in South America: From the 
Incas to the Modern Era. 

Quinua has been utilised as a food source in the 
Andes since 3000 B C and possibly longer.7 Originally 
altiplano region of Peru and Bolivia was believed to be 
the centre of origin of quinua. While some researchers 
still believe in the specific-point-of-origin theory6, 
others believe that the numerous finds at different 
archeological sites throughout the Andes from 
southern Colombia to southern Chile indicate that 
quinua may originally have been domesticated at 
many different sites7. 

Whatever its origin, it became identified with the 
expansion of the Inca Empire which dominated the 
Andes prior to the arrival of the Spaniards in 1532. 
Quinua was the pre-eminent food crop in the altiplano 
region because corn and other crops could not compete 
with it. Quinua's special adaptability to that high and 
harsh region has enabled it to maintain its com
parative advantage during the four centuries since the 
Spanish conquest. 

The power of the Incas was based on their army, 
their organisational talents, and one of the most 
productive agricultural systems in the ancient world 
which amply fed eight to ten million people. The excep
tional agricultural productivity of the Inca system is 
attributed to several factors: 1, an elaborate terracing 
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system throughout the high mountain valleys; 2, a 
sophisticated irrigation and cultivation technology; 3, 
the development of a great variety of crops and sub
species each adapted to a specific ecological niche; and 
4, an apparently highly accurate system of weather 
prediction based on extensive meteorological, 
astrological, and biological observations.8 

The chroniclers of Francisco Pizarro's small army 
noted in their first campaign of conquest in 1532 that 
Inca storehouses were full all along their route. 
Potatoes, maize, and quinua were the three primary 
staple foods of the populations they encountered. The 
hundreds of varieties and subspecies of quinua that 
exist today are indications of the extent to which it 
was cultivated under the Incas' system and adapted to 
the many micro-climates of their mountain empire. The 
Inca himself with a golden-spaded chaqui-taclla (the 
principal cultivating tool of the Incas and of many 
modern-day indigenous Andean farmers) broke the soil 
and planted the first row of quinua at the start of each 
new season.1 9 

From the moment of the Spanish conquest, the pro
duction of quinua and other Andean food crops began 
to decline. The Spaniards were interested in gold, 
silver, domination, and Catholicism but not in agri
culture. To some degree quinua like amaranth—the 
religious ceremonial grain of the Aztecs—may have 
been actively suppressed because of its honoured 
position in the Incan society and religion. 

The new Spanish landlords took over the fertile 
valley floors and the best grazing lands for their 
European livestock. They developed an irrigated agri
culture on the arid coast near Lima and near other 
European population centres. Corn and potatoes were 
cultivated, improved, and exported but quinua—less 
known and less widely adaptable—was not. The in
digenous farmers were relegated to the rocky, less 
fertile hillsides of the Andes and to the open plains of 
the altiplano where they continue to dominate agri
culture to this day. They were forced to pay their 
masters with free labour and large portions of their 
meagre harvests. 

An Inca instructor gives advice on proper cultivation 
techniques in Pre-Columbian agriculture. 
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From the time of independence from Spain in the 
1820s until the 1940s, quinua and other Andean food 
crops held their own. While Andean farmers accepted 
and integrated into their farming systems European 
barley, cattle, sheep, and other crops and animals, they 
continued to maintain their native animals (llama, 
alpaca, vicuna) and well-adapted native strains of corn, 
potato, quinua, and other traditional crops which 
provided security and nutritional variety. Even today 
over ten million people from northern Chile and 
Argentina to southern Colombia still speak primarily 
their own non-Spanish languages and live by sub
sistence agriculture that is largely outside of the 
national economies. 

After the 1930s the economic importance of Andean 
crops began to deteriorate further owing to factors 
external to the producing countries. Improved trans
portation and the advent on the world market of sig
nificant wheat production excesses in North America 
heralded the beginning of massive wheat importation 
into the Andean countries. The largely white upper 
and middle class urban populations quickly shifted to 
imported cereals and processed foods in preference to 
the unprestigious 'Indian food' of the Andes. Even 
now, quinua is still associated in the public's mind 
with the bitter saponin taste of the poorly cleaned 
open-market quinua. 

During the late 1950s and 1960s Andean crops— 
particularly quinua—were further undermined by 
'foreign aid' efforts to 'modernise' the traditional 
agricultural societies of Third World countries. The US 
Public Law 480 Program (Food for Peace) began to 
flood the 'underdeveloped' Andean countries with 
cheap, surplus US government-subsidised white flour, 
undercutting the still significant production of quinua 
and native wheat.10 

The much-heralded Green Revolution and coinci
dental international drive to "modernise agriculture 
and increase productivity in the Third World" brought 
new pressures. Andean farmers were 'encouraged', 
often put under pressure, to abandon traditional crops 
in favour of high-yielding 'super crops' which would 
supposedly give them increased yields and bring them 
into the national cash-crop economies. A high price 
was paid for this move to 'modernisation' including 
loss of security because new crops were more vul
nerable to climatic variation and disease; loss of land 
owing to small farmers' lack of capital to cultivate, 
fertilise, and manage the new crops; and loss of a way 
of life in the traditional Andean communities. Many 
areas also suffered a significant loss of genetic 
resource material owing to the replacement of tra
ditional native crops with the new hybrids. 

The Revival of Andean Food Crops and Farming 
Communities 

Some of the failures of the Green Revolution have 
spurred a new orientation toward the food production 
problems of the developing countries. There is a new 
interest in identifying and preserving the genetic 
diversity of our planet's agricultural resource base, 
especially with regard to crops or varieties which are 
little known or in danger of disappearing. Many of the 
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Bolivian girls re-enact the sacred ritual of offering the fruits of 

new high-yield hybrids have not worked well under en
vironmental conditions different from those for which 
they were originally developed. In response to this 
many researchers are now placing new emphasis on 
improving crop adaptability to local agroclimatic 
environmental conditions. This has often meant 
working to improve the yields of traditional well-
adapted native varieties rather than replacing them 
with new hybrids, especially in areas of great 
ecological diversity such as the tropic highlands. 
Climatic information and climate-defensive tech
nologies as well as genetic and biological disease/pest 
resistance have also received renewed interest now 
that petrochemical fertilisers and pesticides are 
becoming more expensive and their often negative 
side-effects better known. These developments may 
give hardy food plants like quinua an important role in 
future agriculture. 1 1 1 2 

Such new thinking has coincided with the re-
emergence of a large small-farm peasant-owned agri
cultural sector in the Andes as a result of agrarian 
reforms which began in Bolivia in the 1950s and in 
Peru, Ecuador, and Chile in the late 60s and early 70s. 
Many different organisational schemes have been 
imposed by agrarian reform agencies but the tra
ditional Andean farming community has emerged in 
many areas as the most viable and best adapted 
institution. The structure of these communities, based 
on small private farms closely tied together by strong 
reciprocal relationships and communal hierarchy, is 
virtually unchanged since precolonial times. 6 1 3 These 
communities have existed in almost complete isolation 
from the national economies and until recently there 
was very little knowledge of their food crops or 
farming systems outside of the communities them
selves. In spite of the often over-politicised agrarian 
reforms and imposed Green Revolution crops and 
technologies, these farming communities stil l 
represent the principal source of livelihood for some 
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Quinua harvest to the Inca. 

eight to nine million people in the Andean countries.* 
Ironically, just as these communities are coming out 

of four centuries of isolation and political and social 
domination they are under greater pressure than ever 
before. Rapidly increasing population, over-
exploitation of land, lack of governmental assistance, 
and increasing inroads by capital-intensive farming 
structures have put new stress on their historically 
strong social and cultural bases. Where farms have 
been consolidated and modernised with monoculture 
and machine technology, Andean food crops have 
tended to disappear along with the dissolution of the 
accompanying social organisation. Both the re-
emergence of the communities and the new pressures 
on them have stimulated renewed interest in identify
ing, preserving, and studying native crops and 
indigenous technologies before they pass into oblivion. 

40ne of the most important initiatives in support of 
this objective was the establishment of the Inter
national Congress on Andean Food Crops in 1977 
under the sponsorship of the International Develop
ment Research Centre of Canada (IDRC) and the Inter-
American Institute for Cooperation in Agriculture 
(IICA). The first Congress, held in Ayacucho, Peru, 
was able to bring together only a few persons, mostly 
from Peru and Bolivia, with any substantial know
ledge of Andean food crops. The second, held in 
Riobamba, Ecuador in 1979, increased the number of 
persons to 40 and resulted in a recognition of the 
challenges that would be encountered and the assis
tance needed to preserve Andean food crops and 

• I n Peru, this sector contains 2.7 million persons in over 3,000 
communities, representing a majority of the indigenous Andean 
population. Although it has the lowest per capita income in the 
country, it produces 50 per cent of the total annual food crop. There 
are another 2-3,000 traditional Andean communities in Bolivia and 
Ecuador (combined), representing close to 2 million persons in each 
country, with several hundred more in southern Colombia and 
northern Chile and Argentina. 
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support the farming communities. In 1982 in L a Paz, 
Bolivia, 110 investigations were presented identifying 
almost all the food plants that could be considered 
Andean. The fourth Congress will be held in Pasto, 
Colombia in May 1984, anticipating over 200 rep
resentatives of all the Andean countries. With the 
growth of this Congress and the work on Andean food 
crops and farming systems that it has stimulated in 
the participating countries, a major neglected agri
cultural resource has finally (perhaps just in time) 
begun to receive the attention it deserves. 

The most important quinua-producing region in 
South America is the Central Andes and altiplano of 
Peru and Bolivia. In terms of amount of land planted 
and total tonnage harvested, Peru has always been the 
largest producer of quinua. In recent decades, 
however, total tonnage has dropped close to the level 
of Bolivia. Quinua was even imported from Bolivia to 
satisfy local demand during the mid-1970s when 
Peruvian production reached its low and Bolivian its 
peak. The total area planted in Peru dropped from 
47,000 hectares in 1951 to 32,000 in 1955 (36,000 
metric tonnes), paralleling a period of rapid increase in 
North American wheat imports. The introduction of 
Green Revolution high-yield crops during the 1960s 
and early 1970s continued quinua's decline, reaching a 
low of 15,000 hectares in 1975. Since then, quinua 
cultivation has slowly recovered to the current level of 
about 25,000 hectares. 

Tapia estimates that if Peru were to revive valley 
varieties and stimulate altiplano production, it could 
profitably cultivate 150,000 to 200,000 hectares of 
quinua, this of course assuming improvements in 
yield, processing technology, and urban consumer 
acceptance. In Peru, there is a notable difference 
between the agro-economies of quinua in the north and 
central valley regions and the southern altiplano. 
Peruvian valley quinua is similar to Colombian and 
Ecuadorean. Most of the national production drop has 
come in these regions which acutely felt the impact of 
the Green Revolution and the loss of coastal urban 
markets to imported wheat. Only the indigenous 
farmers of the Andean communities have continued to 
cultivate quinua, which they generally plant in as
sociation with corn in the lower valley floors, and inter
spersed with barley and fava beans at higher 
elevations. 

The southern altiplano province of Puno cultivates 
fully 75 per cent of the total national land surface 
dedicated to quinua. Only here is it generally planted 
in single-crop fields, most often following a crop of 
potatoes which leaves unused nutrients and a soil tex
ture appropriate to quinua. Quinua production and 
consumption in Peru has been affected more than in 
other countries by the cultural and geographic gap bet
ween rural mountain Indians and urban coastal whites, 
with the latter group's import-oriented consumer 
standards and lack of interest in indigenous food 
products. Traditional lack of government support for 
Andean crops research reflects the political priorities 
of the dominant coastal whites. 

Quinua is relatively more important in Bolivia than 
in Peru because the altiplano and its indigenous 
The Ecologist, Vol. 14, No. 1, 1984 

cultures dominate Bolivia much more than they do 
Peru. Gandarillas6 believes that quinua is 4 4the only 
plant in the altiplano that can be cultivated exten
sively with relative environmental security. . . because 
only it can withstand the semi-arid and cold conditions 
of this zone/' Because the environmentally imposed 
agricultural fate of the altiplano is so closely tied to 
quinua, production has been better able to withstand 
the impact of foreign food imports and Green 
Revolution crops and has received more support than 
in other countries from government and international 
agencies. Production in 1981 was 9,000 metric tonnes, 
near the average for the 1970s. The total cultivated 
land surface reached a high of 22,000 hectares in 1977 
and has averaged around 18,000 since the early 70s6. 

In most years, more than half of Bolivia's production 
comes from the arid central and southern altiplano, 
where annual rainfall varies from four to fifteen inches. 
Since no other crop grows well in this region, quinua is 
the principal food crop, in some areas approaching 
monoculture. This area is quinua's stronghold, 
especially around the barren salt flats of southern 
Oruro and Potosi provinces. Here quinua cultivation is 
a way of life for the closely-knit Andean communities. 
It assumes a level of importance that the buffalo once 
had for the plains of Indians of North America, and 
probably best reflects the importance quinua once had 
at the times of the Incas. 

Drought Resistence 
The importance of maintaining quinua and other 

hardy native crops has been further dramatized by the 
devastating altiplano drought of 1982-83, the worst in 
Bolivia's history. As shown in Table 4, quinua pro
duction was the least affected of Bolivia's major crops, 
even though much of it is grown in the hardest hit 
areas. In some parts of Peru, the drier-than-normal 
weather even produced bumper yields of quinua. 

TABLE 4. 1983 Crop Losses in Bolivia and Peru due to drought (As 
of June 30, with 1982—83 season harvests completed.) 

Dollar Value % of Total 
Tons Lost (millions) Producti 

Bolivia 
Potatoes 587,378 180.5 66 
Maize 112,476 19.4 25 
Barley 33,286 6.3 54 
Wheat 28,706 11.1 44 
QUINUA 1,065 .4 7 
Rice 25,095 6.3 29 
Cassava 91,932 17.0 34 
Veg & Fruit 147,918 28.7 40 
Other 78,368 8.0 
Total 1,100,000 277.7 

Peru 
Potatoes 491,000 94.3 27 
Maize 24,000 5.5 6 
Barley 34,000 4.7 26 
Wheat 5,500 1.0 
QUINUA no loss — — 
Olluco 16,500 3.8 48 
Other 8.5 
Total 578,800 120.8 

Source: Latin America Weekly Report, 26 August 1983, WR-83-33, 
P. 9 (USAID estimates 30 June 1980). 
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The same quinua production, processing, and 
marketing blocks that plague other Andean countries 
work against the revival of quinua in Bolivia, but to a 
lesser degree. International and governmental support 
and financing can give quinua producers the edge they 
need to reinstate quinua as a vital part of Bolivia's 
agricultural economy. 

In Argentina and Chile, quinua is also the primary 
staple crop in the northern mountain and altiplano 
areas bordering Bolivia. The indigenous Quechua-
speaking populations and their agricultural systems 
are very similar to the southern Bolivians. They are 
also very isolated from white population centres and 
thus have received very little attention from their res
pective national governments. 

The last significant quinua-growing area is the cold, 
rainy southern part of Chile. Here quinua has devel
oped along very different lines from the rest of South 
America, producing a small dark grain well-adapted to 
cool, high latitude, low altitude conditions. It was first 
reported under cultivation by Spanish explorers in the 
mid-16th century in the Copiapo region at 27° south, 
and on the island of Chiloe at 43° south.1 Aside from 
the altiplano, this is the only area in Chile of strong 
indigenous influence. The Araucanian Mapuche tribes, 
who were never conquered by the Incas nor by the 
Spaniards, apparently adopted quinua from the Incas 
sometime in the century before the Spanish arrival. 

Quinua cultivation in Chile remained confined to 
subsistence, peasant agriculture until the late 60s, 
when farmers and researchers at the University of 
Conception in the south began to investigate its exten
sive cultivation. A significant research and production 
programme got under way in the early 70s, supported 
by the socialist government of Salvador Allende. A 
number of farmers began to produce quinua on a com
mercial scale using modern farming technology. A bio-
engineering laboratory was established at the uni
versity and it successfully developed an efficient 
cleaning and processing technology for quinua (and 
also for Andean lupine). By 1973, Chile was on the 
verge of establishing a viable commercial quinua 
industry in the south. 
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In 1974, government support collapsed as the new 
economic team of the military government which over
threw Allende withdrew agricultural subsidies from all 
but those products in which Chile had a comparative 
export advantage (especially wine and fruit). As the 
agrarian reform of the Allende years was dismantled, 
quinua production dropped, especially among small 
farmers. The commercial farmers continued to 
produce, but ran into a new problem: they were unable 
to develop a significant urban commercial market. In 
Chile, white urban centres around Santiago are much 
more isolated from the traditional quinua area than in 
Peru and Bolivia. Public knowledge and interest in 
quinua was extremely hard to establish, particularly 
under the policies of the new government. The small 
health food market was not enough to sustain large-
scale commercial production. Although quinua pro
duction has again become relegated to subsistence 
farming and local consumption in the south and the 
north, commercial production could probably be easily 
re-established under different conditions. 

The Challenge of Quinua Transplant and Propagation 
It is often argued that if little-known food crops are 

not widely used outside of their local, traditional 
environment, it must be due to some inherent agro
nomic limitations or to lack of appeal for human con
sumption. Experience has shown that this is not the 
situation with other crops recently considered 4new'. 
Soybean and sorghum have risen from relative 
obscurity a few decades ago to world prominence; more 
recent successes are guayule, jojoba, and spirulina. 
Other 'new crops' have aroused immediate support 
and enthusiasm, only to fade when environmental, 
production, or marketing problems proved them to be 
unfeasible or unprofitable on a commercial scale. 

Quinua's short day length requirement is one of the 
most important—and least substantiated—reasons 
put forth for lack of success outside the Andes. It has 
been frequently proposed, and widely propagated by a 
1975 F A O publication14, that quinua will only grow 
well in the cool, short (12 hour) day length of the 
tropical zone Andes9. A few unsuccessful attempts to 
grow quinua from the central Andes in the long day 

The Ecologist, Vol. 14, No. 1, 1984 



length latitudes of North America and Europe (all at 
low altitude) have reinforced this myth without scien
tific evidence that long day length was the reason for 
failure. 

In high mountain valleys of Colorado in 1982 we 
tried to compensate for 16-hour days by growing some 
plots in the shadow of mountain ranges, comparing 
these with other plots grown away from any sunlight-
reducing obstructions. Without exception, the latter 
matured more rapidly and more fully than the former. 
The failure of experimental plantings in Pennsylvania 
and Minnesota may be due to other environmental or 
altitude-related factors, but probably not to day 
length. Quinua's long, productive adaptation to the 
high latitudes of southern Chile (27° to 43° south) is 
further evidence that this limitation is not inherent for 
quinua as a species. Equatorial varieties from Peru, 
Ecuador, and Colombia have not completely matured 
in Colorado, but this is clearly due more to their long 
vegetative cycle than to day length. 

The exclusive high altitude restriction is a similar 
myth, dispelled by the Chilean sea level varieties and a 
recently discovered sub-tropical variety from the 
Bolivian Yungas. The most commonly grown and most 

Why is it that a civilization that fed its population 
so well, and grew up in such a diff icult 

environment, finds its descendants of today in 
such a backward situation? This civilization will 

once again reconstruct its productive system. The 
least we can do is get to know it better. 

Mario Tapia, 1982 

productive varieties appear to be uniquely adapted 
over many centuries to high altitude environments, 
but even with this restriction there are ample areas in 
the Andes and in other mountainous regions of the 
world that could successfully cultivate quinua. Low 
altitude varieties could eventually be crossed with 
more productive altiplano varieties to increase the 
range. 

A third reason given for the failure to transplant 
quinua is the length of its growing season, generally 
observed to be five to seven months in the Andes—too 
long for high altitude regions at higher latitudes. Once 
again, some altiplano (and possibly other) varieties 
have considerably shorter growing seasons. While it 
was once reported that quinua would grow well at high 
elevations in the United States but would never 
mature before being killed by winter cold9, we have 
observed that several varieties mature and produce 
seed equally or more rapidly than they do on their 
native altiplano. Wilson 1 2 points out that the major 
reasons for failure to transplant have to do primarily 
with the limited number of varieties tested in different 
environments. Of over 2,000 ecotypes that exist from 
Colombia to Chile, only a few have been tried outside of 
the Andes (with at best random agroclimatic 
matching) prior to our Colorado experiments. 
The Ecologist, Vol 14, No. 1,1984 

Quinua's traditional reputation for producing low 
yields 400 to 800kg per hectare often observed on 
Andean peasant farms—has been disproved on experi
mental farms using improved cultivation techniques. 
A number of references are made to individual test 
fields yielding as high as 5,000kg per hectare 1 5 , 7 1 which 
translates into 4,300 pounds per acre, or roughly 800 
bushels (54.41bs/bu). Up to 1,700 or even 2,000kg per 
hectare (1,400-1,700 lb/acre) under harsh dryland 
conditions and 3,500kg per hectare (3,000 lb/acre) with 
irrigation or ample rainfall are not uncommon. 
Increasing yield is a function of improved agronomy, 
breeding and improved cultivation techniques. 

Despite these impressive results under ideal con
ditions, yield per unit of land is not the best measure of 
quinua's productivity. More important is its ability to 
produce under less than ideal conditions, often under 
extreme drought in heavily alkaline or saline soils 
where other crops cannot grow. Production per unit of 
land in a marginal area is a meaningless measurement, 
the only valid indicator being production compared to 
other crops under similar conditions. Yields per 
hectare on traditional Andean farms are low because 1, 
little effort was ever made to improve yields, and 2, 
among small farmers whose primary concerns are 
subsistence and security, dependability under adverse 
weather conditions is more important than high yield 
per land unit. 

Wheat is the most commonly used crop for perfor
mance comparison with quinua. In the modern era (in 
South America) quinua has not been able to stand up 
against wheat as a staple grain because of low yields 
under traditional conditions, the extra cost associated 
with saponin cleaning, and the heterogeneity of the 
quinua seeds1. All of these agronomic problems are 
now capable of resolution. Morion1 6 points out that "to 
compare actual yields of quinua in which modern 
agronomic investigation is only at its beginning, with 
wheat may be of value for the farmer producing now, 
but is not valid for judging the potential of the two 
species"—because comparisons have never been 
carried out under technologically equivalent 
conditions. 

Improved, well-adapted strains have been developed 
in Peru, Bolivia, and Chile. Breeding programmes in 
these three countries have aimed at obtaining high 
yield-per-hectare under difficult soil-climate con-
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ditions, high protein and sulphur/lysine amino acid 
content of the seeds, even rates of maturity and seed 
head form, and resistance to shattering in order to 
allow mechanical harvesting. 

Other breeding objectives are more controversial, 
especially the efforts in Bolivia and Peru to develop 
new saponin-free varieties. Apparently the new sweet 
varieties will cross-pollinate with dominant bitter 
varieties and will tend to lose their sweetness in sub
sequent regenerations. Morion16, in criticising over-
enthusiastic promotion of the sweet Sajama, points 
out that campesinos could have selected for sweetness 
at any time over the past centuries but have not. They 
select to minimise the risks, including insect and bird 
predation against which bitterness is a good defence. 
As first priorities he proposes thorough study of the 
raison d'etre of campesino practices and cheaper and 
more efficient ways to clean the grain. Wilson 1 2 further 
warns of the dangers of genetic loss and displacement 
of native species if a genetically uniform strain is 
developed and pushed for commercial production 
throughout the altiplano. 

Quinua in Colorado 
In 1982 and 1983 we identified several dozen ecotype 

varieties from various regions of South America that 
appear to have characteristics that match the con
ditions of our high, semi-arid mountain valleys, mesas, 
and plains. Positive results have reconfirmed the 
soundness of this approach. Most varieties of quinua 
are clearly best adapted to high altitudes and cool 
(especially night time) temperatures. Some work better 
in one micro-climate than another, even within 
Colorado. In general, peasant-developed strains have 
adapted better than those from experimental stations. 
Andean genetic diversity, built up over centuries to 
provide security and quality food under a great variety 
of ecological conditions, is clearly our greatest asset 
for successful transplant. We may be able to move 
quickly to build a sophisticated breeding programme 
and to provide farmers in harsh agroclimatic regions of 
the Rocky Mountains with a productive alternative 
crop. 

Technology transfer in this case is clearly a two-way 
process. International support has helped initiate the 
revival of research and experimentation with quinua 
and other little-known Andean crops. The work being 
carried on by South American scientists on experi
mental stations and in close communication with 
indigenous farmers is in turn the basis of any 
successful transplant to other regions of the world. As 
research and testing experience accumulates in 
Colorado and possibly other regions outside of the 
Andes, the results can be transferred back to help 
solve specific problems of production, processing, 
genetic improvement, and marketing in the Andean 
countries. The Andean campesino, the original source 
of seed and of information about quinua, can thus 
benefit from a successful transplant to another region 
of the world. 

As we have seen, historical and cultural factors 
rather than any inherent problems with quinua have 
determined lack of marketing success in South 
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America. White urban dwellers in the Andean coun
tries reject native foods because they are unfamiliar 
with them, unaccustomed to eating them, have little 
information about their qualities and methods of prep
aration, and are little inclined to find out about 
'Indian' foods. Even in the areas of greatest quinua 
production of the altiplano it is unusual to find quinua 
served in a restaurant. The modern era of prepared 
foods, and radio and television commercials, has 
emphasised and reinforced the growing dependency on 
white flour and white rice and their products. Since 
much of the urban food industry in these countries is 
strongly influenced by multinational food companies 
and their subsidiaries, native food products must 
compete not only against ignorance and cultural 
prejudice but an international capital-intensive food 
system as well. 

The reaction of indigenous Andean communities to 
these impediments has been to emphasise their own 
internal cohesion and economies, and interact even less 
with the urban middle-class sector—a tendency re
inforced by the agrarian reforms of the 1960s and 1970s. 
A sudden end to centuries of exploitation does not 
inspire immediate confidence in the national food 
economy. The number of small subsistence farms in 
the Andes not producing for the urban markets has 
increased in recent years. Only a few enterprising 
peasant co-operatives and producers' associations 
have begun to venture into the area of preparing and 
processing their products for the urban markets. 

Although lack of a cultivation tradition and com
plete unf amiliarity with quinua are greater problems in 
countries outside of the Andes, other countries do not 
face historical and cultural prejudices against quinua. 
If successful transplants can be made, quinua products 
may be readily accepted, moreover a developed 
country health food market is a logical place to intro
duce a new food crop like quinua, especially in view of 
its excellent nutritional quality. This considerable 
market ($2.4 billion in the United States) is made up of 
a clientele which values nutrition, is receptive to new 
products, and is intrigued by the unfamiliar and exotic. 
This market has been the starting point for the entry 
of many new products into the mainstream US market. 

Opening a US market could be a positive stimulus 
for improving the South American market for quinua, 
which is the weakest link in the South American 
system. It can lead to increased consumer product 
variety and attractiveness, which in turn can have a 
significant demonstration impact on the urban popu
lations of Andean countries. A Peruvian researcher 
once remarked that the shortest marketing route for 
quinua from Cuzco (the former capital of the Inca 
Empire) to Lima (the modern capital of Peru) may be 
through the US health food market. In a modern world 
interlocked by instant communications and mass 
media, increased consumer demand may be more easily 
transferred than sophisticated production and proces
sing technology. 
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Nitrate and Cancer 
— a broader view * — 

b y A . H . W a l t e r s 

In a recently published paper1 I described how, quite accidentally, I became involved in the modern nitrate 
controversy in relation to cancer causation. Briefly, the sequence of events was as follows: in August, 1982, I 
learned from Dr. Barbara Latto that a mutual friend, Dr. Geoffrey Taylor, was to address the McCarrison Society 
on September 11th, 1982. His subject was to be 'Nitrates, Nitrites, N-nitroso compounds and Cancer'. Since, in 
1969-71 I had done some research which crit icised the overuse of artificial fertilisers containing nitrates, Dr. 
Latto asked me if I would open the discussion. I readily agreed. Dr. Geoffrey Taylor had previously addressed 
the McCarrison Society Annual Conference at Oxford in 1980 when I was in the Chair. I recalled him as a very 
alert, spry person of considerable personal charisma. But, although I knew him well, at the meeting on 
September 11th, 1982, I failed to spot him. 

In due course the Chairman announced that Dr. Taylor would now give his paper2. Then up rose a thin 
emaciated man, with sunken cheeks, skin very jaundiced and swollen ankles. His clothes literally hung on him. 
Here was an obvious case of terminal cancer. Yet, this dying man of 79 years stood for an hour and gave his 
lecture in a clear voice, his discourse illustrated by lantern slides. It was one of the bravest and most dedicated 
acts I have ever witnessed. A very moving and poignant occasion, the like of which I shall never see or hear 
again. 

Dr. Taylor commenced his lecture 
with the words: 4 'The work of 
Professor Helmut Vogtmann 3 3 & 3 b in 
Switzerland has shown that the 
addition of nitrates in artificial fer
tilisers leads to an increase of nitrate 
and water in plants and grass with
out an increase in the fibrous mat
rix, and a decline in their content of 
vitamin C . " Dr. Taylor then contin
ued: "Recently I discussed the prob
lem of nitrates and tea with an ex-
tea planter from Ceylon. The in
creasing use of nitrate fertilisers in 
tea gardens increases the yield 
dramatically, but, as with vege
tables, it leads to an increase in nit-
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Ecology, Food and Civilisation and 36 
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Materials Vol. 1 & 2, and Biodeterioration In
vestigation Techniques (1977). 
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rate and water content of tea leaves 
with a change of taste. Over three 
cwts of nitrate per acre are now com
monly used in tea gardens." 

At the domestic level, how fre
quently do we hear today of parti
cularly elderly people complaining 
that tea does not taste the same as it 
used to? Dr. Taylor suggested that 
this was because of the uptake of 
excess nitrate into the tea leaf 
plants: whether or not that is so, has 
yet to be determined. Today, vege
tables certainly grow faster and 
much bigger than in former times, 
which is due, of course, mainly to the 
application of artificial fertiliser to 
the soil in which they are grown. The 
uptake of excess nitrate into such 
plants I will deal with later. 

Dr. Taylor was well aware of this 
problem. He concluded that human 
beings or animals eating such crops 
were ingesting excess nitrate. In the 
alimentary tract ingested nitrate 
can break down to nitrite which is a 
known toxic factor. Furthermore, in 
some exceptional circumstances, the 
nitrite can break down even further 
to nitrosamines (N-nitroso com
pounds) which are known to be pot
entially carcinogenic or cancer-pro
ducing. 

The exceptional circumstances 
referred to (as far as is known at pre
sent) are when a person has no nat
ural hydrochloric acid in the sto
mach. This condition is known as 
achlorhydria. It so happened that 
Dr. Taylor was an achlorhydric. Two 
years before giving his last lecture 
he was diagnosed as suffering from 
gastric cancer, for the treatment of 
which he underwent a gastrectomy 
operation. Thus, as a personal mat
ter, he was well aware of the possible 
dangers of contracting gastric 
cancer in association with the inges
tion of food or drink containing ex
cess nitrates. 

In fact, the final words of his last 
paper were: " I have written this 
brief personal note, as my own case 
may speed up these investigations, 
especially regarding the total quan
tities (of nitrate) in food and drink." 
In his lecture Dr. Taylor also drew 
attention to WHO having now offi
cially recommended an upper limit 
of 50mg/l of nitrate in drinking 
water. Most water authorities in the 
EEC and other developed countries 

•Address to the Annual General Meeting of 
the Farm and Food Society held at the 
Farmers Club, 3 Whitehall Court, London 
SW1 on October 29th, 1983. 
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endeavour to adhere to those recom
mendations. But, apart from Swit
zerland, there has been no attempt 
to set a similar upper limit for 
nitrates in foodstuffs. The levels of 
nitrates in water and food are likely 
to rise with the increasing use of 
nitrates in artificial fertilisers, but 
in the U K there is still no definitely 
defined safe nitrate level or thres
hold. One month after delivering his 
last lecture Dr. Taylor died. Before 
he passed on he asked me personally 
if I would do what I could to con
tinue the work he had so vividly 
described. He made this request of 
me because he was aware, as men
tioned earlier, that twelve years pre
viously I had indicated the possible 
dangers which might arise if the use 
of artificial fertilisers was not con
trolled4. 

Earlier Work on Excess Nitrates 
Prior to 1970, the general concen

sus of opinion was that under what 
was then considered as normal farm
ing conditions, at least in Europe, 
the amounts of nitrate added to soil 
were not excessive. However, by 
then, experiments had already been 
done in the Netherlands, Germany, 
USA, and U K on hay, silage, grass, 
sugarbeet, turnips, maize, cocks
foot, rape and green oats. Those 
tests showed that where either none 
or only a light dressing of nitrate (up 
to 60 kg/h) had been applied, the 
uptake and retention of nitrate in the 
plants was averagely of the order of 
0.005-0.05 per cent nitrate-N. 

By contrast, when, under similar 
conditions, the application of nitrate 
had been medium to intensive 
(80-300 kg/h) the uptake of nitrate 
into the plants had been up to ten 
times higher, namely 0.5 per cent. 
Sometimes, according to the type 
and variety of the crops, the terrain, 
husbandry, and weather conditions, 
the nitrate content in the plants was 
even higher. In an area in New 
Zealand, where geological nitrate 
abounded naturally, some crops 
grown in that region showed very 
high nitrate uptake. 

So, from this and other evidence 
available by 1970, it was quite clear 
that the application of increasing 
quantities of artificial fertiliser to 
soil would result in increased uptake 
of nitrate into plants. 
The Ecologist, Vol. 14, No. 1,1984 

Animal Consumption of Nitrate 
and Nitrite 

As long ago as 1957, in the USA, 
the possible dangers of feeding high 
nitrate content plants to animals, if 
not to humans, were recognised. 
Breakdown from nitrate to nitrite as 
a toxic factor had been observed in 
pig-feed mixed with water with a 
high nitrate content, and in minced 
grass mixtures used in moist feeds. 
In the rumen of animals, the rapid 
conversion of nitrate to nitrite was 
clearly established as being due to 
microbial action. Some animals, 
however, appear to tolerate 
nitrate/nitrite conversion very well, 
while others appear to be nitrite sen
sitive. Much seems to depend on 
age, the breed, husbandry and the 
type and method of make-up of the 
feeds. For instance, when beet 
leaves have a high nitrate content 
their accompanying high sugar con
tent appears to nullify, to some ex
tent, the breakdown to nitrite. On 
the other hand, nitrate-rich swedes 
carry little or no oxidisable sub
stances, hence breakdown from 
nitrate to nitrite may be rapid. 
When such stored swedes are fed to 
sensitive animals they may be ser
iously adversely affected. 

Ingested nitrate/nitrite destroys 
vitamins A and E and may also give 
rise to mineral imbalances and hor
mone disturbances in sensitive ani
mals. In the great drought year, 
1954, in the USA, significant nitrate 
levels built up in plants, particularly 
maize and green oats. When used for 
silage, the nitrate broke down to nit
rite and during fermentation nitric 
acid was formed. This caused caro
tene breakdown together with acidi
fication of the silage. Sensitive ani
mals eating such silage woud tend to 
develop a low-grade toxaemia which 
would lead to a decline in produc
tivity. 

In the Farm Quarterly/Winter 
1963-64 (USA), there is a report of a 
farmer whose whole herd was even
tually wiped out as a result of feed
ing 'drought-grown corn silage that 
was loaded with nitrates'. Because 
in such silage the vitamin A and 
carotene levels are low or absent, 
when it is fed during winter it causes 
a progressive lowering of vitamin A 
storage in the liver of the animals. 
If, during the following spring, this 
deficiency is not remedied, sensitive 

animals may suffer during the next 
summer. 

Nitrate and nitrite poisoning of 
sheep has been reported, and in 1963 
observations were published on the 
development of methaemoglobin-
aemia in chicks due to feeding them 
nitrite. In the chicks the vitamin A 
stored in the liver was also depleted 
and the thyroid weight diminished. 
More such evidence was to hand4. 

Early Official Recognition of the 
Nitrate Problem 

In 1970, the first official recogni
tion of the nitrate problem came 
from the USA where a Committee 
on Nitrate Accumulation was set up. 
This Committee comprised eleven 
members and was chaired by Dr. 
Martin Alexander, Cornell Univer
sity. Five members came from var
ious American universities, three 
from other State institutions, and 
one from industry. In addition, 
twenty-four persons from research 
laboratories and industry in the 
USA were invited to provide infor
mation to the Committee, and one 
from outside USA, namely myself. 
This gives some idea of the amount 
of Government-sponsored research 
and interest that was available from 
the rest of the world at that time. The 
answer is none. 

However, in 1972, under the aegis 
of the National Academy of 
Sciences, U S A , the Committee 
issued a considerable report entitled 
'Accumulation of Nitrate'.5 Over 200 
references to published work were 
included, over 90 per cent of which 
related to American work. Neverthe
less, some of the papers quoted, in
cluding my own, which had 186 
references, added in reports from 
many other sources round the world. 

While this Report, the first of its 
kind, was brilliantly compiled and 
presented, it was, like many such 
Government-sponsored efforts, very 
carefully phrased so as not to rock 
the economic or the political boat. 
But read carefully, it revealed, here 
and there, unexpected recommen
dations such as 'The long-term bene
fits of incorporating organic man
ures into soils as a means of recycl
ing nitrogen should be assessed' 
(p.45). This was written in 1972. In 
1980, the US Department of Agri
culture's Report and Recommen
dations on Organic Farming 6 indi-
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cates that in US, organic farming 
represents about 0.5 per cent of the 
total agricultural industry of the 
country. 

The Report includes a table show
ing the nitrate content of vegetables 
grown in 1963 and 1964 analysed 
direct from the field, and a similar 
range purchased from shops in 
Missouri. The results confirmed 
what had already been found in 
other crops. There were low nitrate 
values in vegetables grown in soil 
receiving modest amounts or no arti
ficial fertiliser, while those grown in 
soil dosed with up to 400 kg/h 
showed a nitrate content up to ten 
times greater. Furthermore, the 
Report states that beets, celery, let
tuce, radishes, kale, mustard cress 
and collards may all 'accumulate 
large quantities of nitrate.' 

On the other hand, it was shown 
that nitrite was generally found in 
very small quantities in the fresh 
and processed vegetables (p.47). It 
was noted that 'Nitrite is not com
monly found in packaged fresh spin
ach, but it may appear after storage 
at room temperatures or in the refri
gerator. Similarly, nitrite although 
not found in canned spinach, when 
opened, may form in open cans of 
spinach or in frozen spinach allowed 
to thaw/ 

This raises the question of where 
did this nitrite come from? In the 
case of vegetables, the soil micro-or
ganisms break down the excess 
nitrate taken up into the plant tissue 
to nitrite. So, the longer such har
vested vegetables are stored and 
transported at room temperature, 
the greater the opportunity for the 
micro-organisms (as Aubert has 
shown for nitrite to be produced).7 

For many years now, particularly 
in the USA, vegetables have been 
harvested mechanically, and, in 
many cases, immediately washed, 
packaged and refrigerated. They are 
then kept as far as possible at low 
temperature up to the point of sale. 
This keeps them looking fresh and 
retards nitrite production within 
them. This also explains what hap
pened when cans of spinach were 
opened and left at room temperature 
or when frozen spinach was allowed 
to thaw. As soon as the temperature 
rose and the products were exposed 
to the air, the micro-organisms 
became activated and proceeded to 
34 

Table 1. Spinach at the time of harvesting and after 4 days of transporting 
and storage. 

Quantity of N fertiliser at Harvest time After 4 days of Quantity of N fertiliser 
Transport & Storage 

(kg/N/ha) Nitrates Nitrites Nitrates Nitrites (kg/N/ha) 
(mg/kg) (mg/kg) (mg/kg) (mg/kg) 

0 173 0.5 146 3.6 
80 439 1.8 540 13.1 

160 1449 3.9 1485 205.0 
320 3482 3.0 2557 355.0 

Nitrates in Vegetables by Claude Aubert (1982), Natur et Progres, Publication de I'association Europeene d'agriculture et 
d'hygiene biologiques, 76, 18. 

break down nitrate to nitrite. 
This official Report confirms that 

animals have become ill or died after 
consuming feed or water containing 
high concentrations of nitrite, and 
that the losses are greatest in 
drought-affected areas. While such 
droughts do not normally occur in 
Europe, nevertheless under such con
ditions ingested nitrate and nitrite 
can be a killer. In a single year in the 
US the losses may number in the 
thousands. 

The Report notes that the chronic 
effects of nitrate and nitrite are not 
so well documented as are the acute 
effects. However, several patterns of 
reduced productivity have been 
identified as being the result of long-
term exposure to nitrate and/or nit
rite. As already mentioned, it is ack
nowledged that the sensitivity of 
animals to sub-lethal doses is var
iable. 

The new-born pig is probably as 
sensitive as the human infant. In 
both instances, when nitrate is con
sumed it breaks down to nitrite 
which leads directly on to methae-
moglobinaemia, as has been noted in 
the case of chicks. Very young 
babies and animals in the early days 
usually have no gastric hydrochloric 
acid, and this accounts, to some ex
tent, for their sensitivity, especially 
to nitrite. 

The Report also confirms that 
when ni trate has been fed 
experimentally to sheep, cattle, 
horses, pigs, rabbits, dogs, lambs, 
guineapigs and rats, in the young 
animals methaemoglobinaemia has 
developed. In older animals receiv
ing even higher doses, death has res
ulted. These are, of course, extreme 
circumstances, but they serve to 
show the links between the applica

tion of excess nitrate to soil, its up
take into plants, the breakdown to 
nitrite, and the illness possibly affec
ting those animals and humans who 
may be sensitive. 

Nitrosamines and Potential Cancer-
producing Effects 

We are already aware that nit
rates, after breaking down to nit
rites, may finally break down to ni
trosamines. In 1954, it was first ob
served that dimethyl-nitrosamines 
when used in industrial laboratories 
could cause acute or sub-acute 
effects on exposed personnel8. 
During the next twelve years it was 
shown that many of the nitrosam
ines when fed to rats in extremely 
small doses, such as 2ppm, could in
duce malignant tumours. 

Various workers then reported 
that the nitrosamines vary in their 
ability to produce cancers in ani
mals, and also that the organs affec
ted varied. In rats, nitrosamine-in-
duced cancers were also produced 
experimentally in the kidneys, 
bladder, nasal sinuses, lungs and 
bronchii, the oesophagus, stomach, 
intestine, the nervous system and 
the skin. 

In humans it was noticed that in 
Transkei there was a high incidence 
of oesophageal cancer among Bantu 
men. Here, dimethylnitrosamine 
was found in the fruit of a solan-
aceous bush, the juice of which was 
used to curdle milk. In Zambia, can
cer of the oesophagus had been ten
tatively linked to the drinking of 
locally distilled spirits (kachasu) 
which contain dimethylnitrosamine 
at 1-3 ppm. If fed to rats this concen
tration would produce cancer. 

Another possible sequence might 
be that of nitrate breaking down to 
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nitrite in the upper alimentary tract, 
and then the bacteria in the gastro
intestinal canal could attack the ter
tiary amines and so produce secon
dary amines which are carcinogenic. 

In an epidemiological survey, Dr. 
P. Fraser et al (1980)9 observed that 
4 4 In Chile, although there is a strong 
association between fertiliser usage 
and gastric cancer mortality, this 
does not constitute definite evidence 
of causation in the absence of esti
mates of total nitrate intake in areas 
of differing risk. Even in Colombia, 
where the evidence for a link bet
ween gastric cancer and high nitrate 
ingestion is most persuasive, the nit
rate levels in well water showed con
siderable variation and the number 
of wells was small/' 

Such cautious ambivalence comes 
naturally to the epidemiologist. But, 
of necessity, such surveys are highly 
specific, and so may not influence 
the taking of decisions based on evi
dence obtained from a broader over
all view. In fact, the Accumulation 
of Nitrate Report stated ' Little is 
known about the levels of nitrosam
ines that may be hazardous to 
humans'. And that there was an 
appalling lack of information on 'the 
importance of nitrosamines in 
nature and in foods; the formation of 
nitrosamines in the gastro-intestinal 
tract; and the sub-clinical hazards, if 
any, to man and animals arising 
from the consumption of water and 
food containing modest concentra
tions of nitrate.' 

Additionally, the Report makes an 
interesting comment on hyperten
sion. It quotes the studies of Weiss 
and others (1937)10 in which a dose of 
36mg of nitrate was given to men 
which resulted in increased heart 
rate, decreased blood pressure and 
circulatory collapse. Similar obser
vations were made on sheep. 

In this connection, in the Inter
national Register of Potentially 
Toxic Chemicals (UNEP, Oct. 1982) 
the following notice appeared: 'Pota
ssium nitrate. Having regard to 
their obsolescence in clinical medi
cine and the potential carcinogenic 
risk attached to excessive use of nit
rates, medicinal preparations of 
potassium nitrate were withdrawn 
from the market in France as from 
January, 1981.'n 

Thus, regarding the uptake of 
excess nitrate into plants, the impor-
The Ecologist, Vol 14, No. 1,1984 

tant factor must be for the nitrate 
content in foods to be kept within 
internationally agreed limits. This is 
precisely what Dr. Geoffrey Taylor 
was asking for: but, to date, it 
appears that only one country, Swit
zerland, has set such legal limits 
within the law. 

This is a great step forward. I 
understand from Professor Vogt-
mann that in Switzerland vege
tables are now monitored by random 
sampling, and if found to contain 
nitrate or nitrite above the per
mitted levels, such foodstuffs are 
withdrawn from sale. Indeed, for 
many years, Switzerland has been in 
the forefront of research in many as
pects of environmental pollution 
control. 

In Switzerland vegetables 
are now monitored by 

random sampling and if 
found to contain nitrate or 
nitrite above the permitted 
levels, such foodstuffs are 

withdrawn from sale. 

Historically, in 1972,1 was invited 
by WHO/IRC to give a paper at the 
Technical University in Zurich 1 2. 
There I dealt with the uptake of ex
cess nitrate into plants, and, after 
ingestion, the effects of breakdown 
to nitrite and nitrosamines in ani
mals and humans. I made special 
mention of the onset of methaemo-
globinaemia and the possible con
nections between nitrosamines and 
cancer. Attention was drawn to the 
fact that, at that time, very little 
government money, if any, was 
spent in the U K on independent re
search into the effects of nitrate in 
foods or into the economics of waste 
recycling. 

However, my pleas did not fall on 
deaf ears in Switzerland. There, over 
the intervening years, results of 
research such as I advocated have 
now resulted in the institution of 
maximum nitrate levels for vege
tables, as already mentioned. 

The Present Position 
Modern farming, that is agro-

chemical oil energy-consuming so-

called 'conventional' farming, being 
what it is, must be reliant, to some 
degree, on artificial fertilisers. That 
has always been acknowledged— 
until, if and when, suitable alter
natives become economically 
available. But, since 1970, I have 
consistently opposed the folly of 
excessive use of nitrates. 

According to the House of Lords 
Select Committee on the European 
Communities 1st Report, 1983-8413, 
the artificial fertiliser bill in the U K 
now runs at about £800 million per 
annum. In 1970, it was of the order 
of £300 million per annum. Even 
allowing for inflation these figures 
speak for themselves. 

We have seen that a great deal of 
scientific information was freely to 
hand at least twelve years before Dr. 
Geoffrey Taylor gave his last paper. 
Therefore, through their scientists, 
successive Governments must have 
been well aware of the true situa
tion. Obviously, for economic and 
political reasons they have chosen 
not to heed the clear warnings given 
so long ago. 

At present, the highly specific 
case of the nitrate and gastric cancer 
controversy is being used to mask 
the true issue in the broader view. 
The 'official position' in the U K was 
neatly summed up by Dr. D.D. Bry-
son 1 4. Speaking at the Fertiliser 
Manufacturers' Association Sem
inar held in London, April, 1983, he 
said, "The incidence of stomach 
cancer is significantly greater in 
males than females. Since, in 
general, both consume similar food 
and drink it does not seem likely 
that the intake of nitrates in food 
and drink is an important cause of 
stomach cancer. The incidence of 
stomach cancer is steadily decreas
ing on a worldwide basis. Since, in 
general, nitrates in the environment 
are increasing as everyone moves to
wards a more efficient and intensive 
agriculture, it would be reasonable 
to conclude that whatever causes 
stomach cancer it is most unlikely to 
be nitrates." 

In the face of present uncertainty 
regarding cancer causation in to to, 
such a simplistic explanation is be
yond my comprehension. 

Between 1968 and 1978 some 
700,000 deaths from cancer arose in 
England and Wales. A cartographi
cal study of this period, shortly to be 
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published, will show that the distri
bution patterns are still very 
puzzling. For instance, Liverpool, 
Salford and Jarrow, all have high 
death rates in men and women from 
cancer of the lung and stomach 
which are the two biggest killers. In 
other areas this may not apply at all. 
During my working life of over fifty 
years I have seen many people die of 
cancer. Hence, taking the evidence 
now becoming available, I feel very 
strongly that no stone should be left 
unturned, and no clue, however slen
der, disregarded regarding the cause 
of cancer of any type. I submit that 
excessive nitrates are suspect, and, 
since nitrates in the environment are 
increasing, further research is neces
sary. The question arises, when is a 
state of nitrate pollution reached? 

Lead Pollution vis-a-vis Nitrate 
Pollution 

Dr. Bryson's opinions are doubt
less based on the results of annual 
returns and epidemiological sur
veys. As in the case of double-blind 
trials, owing to the operation of un
known parameters, many workers, 
especially clinicians, are now 
viewing such results with consid
erable caution, if not suspicion. A 
liberal, informed, overall and 
broader view of a problem will al
ways eventually modify, if not 
defeat conclusions derived from spe
cific statistical surveys. 

For example, take the problem of 
lead as an environmental pollutant 
in the atmosphere of towns. Hither
to, it has been postulated by some 
that the most important aspect is its 
effect on the intelligence of children 
so exposed. There will shortly be 
published three independent sur
veys which will show that in three 
large inner city areas in U K there is 
no statistical evidence to indicate 
that the intelligence of local children 
is affected to any significant extent 
by lead fumes. 

While being aware of these find
ings, the Royal Commission on Lead 
in the Environment (9th Report, 
1983) states that lead is a pollutant 
'because of large quantities released 
into the environment, its persistence 
and widespread and potential 
toxicity to life/ The U K Govern
ment has accepted this view and has 
endorsed the compulsory reduction 
of lead in petrol from 0.4 to 0.15g/l 
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by the end of 198515. 
Similarly, despite the fact that the 

case of ingested nitrate derived from 
food possibly causing gastric or any 
other type of cancer, and possibly 
other illnesses in sensitive persons is 
not statistically proven, it is hoped 
that overall clinical judgment and 
commonsense assessment will even
tually prevail. Then, E E C govern
ments will be able to endorse the 
compulsory reduction and control of 
the use of artificial fertilisers. 

Excess is the True Problem 
Even if Dr. Bryson's opinions 

should turn out, in some measure, to 
be correct—albeit for the wrong rea
sons—the principal problem is not 
the causation of gastric cancer. In 
Europe, owing to the E E C Common 
Agriculture Policy the real problem 
is firstly over-production. This turns 
on over-subsidisation which makes 
possible the continued flagrant 
excessive use of artificial fertilisers 
and the herbicides and pesticides 
that go with them. 

Dr. Bryson extolled the move to
wards a more efficient and intensive 
agriculture. Within the context of 
the E E C , what has this meant? The 
answer was perhaps best put by 
Richard Lindley on a recent B B C 
Panorama programme who said: 
"Like farmers throughout the E E C , 
U K farmers are producing more 
food than we could possibly eat and 
are being paid by the taxpayers for 
all of it." Or, as put by Mr. Statham, 
a National Park Officer appearing 
on the same programme, "They say 
if you thought you could grow 
bananas on Ben Nevis, the Ministry 
of Agriculture would pay for it." 1 6 

This all reminds us of that great 
satire, Gulliver's Travels. It will be 
recalled that in Laputa some of the 
resources of the inhabitants went 
into extracting sun out of cucum
bers! Further, how often in the past 
have we heard Ministries quoting 
with solemn approbation—'Who
ever could make two ears of corn, or 
two blades of grass, to grow upon a 
spot of ground, where only one grew 
before, would deserve better of man
kind, and do more essential service 
to his country, than the whole race 
of politicians put together/ How 
Dean Swift would have lampooned 
the present situation where, the far
mers having done just that, and pro

duced more food than Europe wants, 
must now cut production. Mean
while much of the rest of the world 
goes hungry! 

Conclusion 
Taking the broader view, I have 

tried to indicate that the nitrate and 
cancer controversy is part of a very 
far-reaching problem. The problem 
is principally one of excess in many 
directions. One is over-production of 
food. This is the result of excessive 
financial subsidies for agrochemical 
farming. Arising from this is the 
possible danger associated with in
gestion of food containing excess ni
trate affecting sensitive animals and 
human beings. Denial of one aspect 
of such possibilities—namely ni
trates and gastric cancer—tends to 
divert attention from the other main 
issues. This is merely an ostrich 
head-in-the-sand attitude. 

Neither by nature nor by inclin
ation am I a protester. Protest with
out power is powerless and therefore 
mainly a waste of time. But, for over 
half a century, as a technologist, I 
have seen and participated in many 
of the practical benefits of applied 
science. On the other hand, I have al
ways warned of the dangers arising 
in any technological advance where 
there is lack of monitoring. This ap
plies especially in industry. On the 
specific issue raised by this paper, I 
believe the possible connections bet
ween cancer incidence and any form 
of pollution are too potentially dan
gerous to be brushed aside. 

Only a month ago Dr. John Black, 
in Buffalo, USA, recorded that he 
and others had noted high cancer 
rates in freshwater fish in areas 
where there were also unusually 
high rates of human cancer. Such ob
servations must alert scientists to 
threats to human health from chemi
cally polluted waters1 7. 

Recently, Dr. J . Fletcher, at Farn-
borough College of Technology, has 
obtained results similar to those 
quoted earlier of Aubert7. He has 
found in spinach on sale in the U K a 
nitrate content of 2500 mg/kg; and 
very much higher levels in lettuce, 
up to 8000 mg/kg. If we allow for a 
human daily consumption of 250g of 
vegetables, this could indicate a pos
sible intake of over 500 mg of nitrate 
per person per day. Again, the ques-
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tion arises, what is the safe intake 
level of nitrate for sensitive persons? 
In 1973, I wrote: "It may be, of 
course, that relatively few dangers 
exist, but, judging from the evi
dence already quoted with reference 
to animal health and babies, they 
cannot be ignored12". In my view, this 
still applies. Surely, we must now 
get definitive answers. This is not 
being alarmist. Quite the contrary. 
A technical contribution towards 
controlling the excessive use of arti
ficial fertiliser would be to monitor 
nitrate and nitrite levels in food and 
drink. This is already being done for 
drinking water, why not extend it as 
the Swiss have done? That was the 
last wish of Dr. Geoffrey Taylor. 
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Stopping the Desert spread—with a Camel 
by Daniel Stiles 

The Chalbi Desert of northern Kenya is one of the hottest and most arid areas in all of sub-Saharan Africa, yet 
even here people manage to adapt to the harsh conditions and survive from what meagre resources the land 
has to offer. That prodigious feat is made possible by the utilization of a beast which inspires the deepest love 
and affection from its owners, interspersed by moments of profound loathing. Many other desert-dwelling 
peoples of Africa, the Middle East and Asia who would not survive but for the remarkable qualities of the camel 
have a similar love-hate relationship with it. This haughty and cantankerous creature is highly misunderstood 
by the rest of mankind, who are inclined to think that it has nothing to do with contemporary life, belonging 
solely to the dying world of the nomadic pastoralist. They are wrong, inasmuch as the camel could improve the 
lives of untold numbers of people and also save from desertification the remaining rangeland of Africa. The 
future of the dromedary camel concerns us all. So does the history of its past. 

Flying over northern Kenya today it is difficult to 
believe that the sparse Acacia scrub one sees was once 
thick woodland, and that the barren, dusty patches at 
one time were lakes, ponds or waving fields of lush 
grass. Thousands of square kilometres of bleak lava 
cobbles and boulders were once probably covered by at 
least a metre of soil, held in place by trees, shrubs and 
grass. Most of the vegetation is now gone, and so is the 
soil. The Chalbi itself was once a lake that rivalled the 
present Lake Turkana (8,000 km2) in area. Much has 
changed over the past few millennia in terms of 
climate, environment, and the culture and economy of 
man in the region. The dessication of northern Kenya 
is not an isolated case, and what happened there has 
parallels all over Africa and other parts of the world. 
Since the origin of domestic plants and animals—the 
so-called 'Neolithic Revolution'—many parts of the 
world have degenerated from highly productive habi
tats into desert or near desert. A big question that is 
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generating much heat and dust of its own is the cause 
of this land degradation, and what can we do to halt or 
reverse it. 

Are the more recent deserts—those formed since the 
end of the Pleistocene some 10,000 years ago—due to 
desertization or rather to desertification? Desertiz-
ation refers to a situation where rainfall decreases over 
time and becomes low and variable, punctuated by 
extended periods of drought, which leads to a steady 
impoverishment of wild plant and animal life.1 It is a 
relatively slow process and its cause is climatic 
change, on account of atmospheric alterations or topo
graphic changes such as the eruption of a mountain 
chain which blocks moist air from travelling to the lee
ward side. Desertification is caused by the misuse of 
land by man and his livestock. In arid areas the first 
stage is deforestation when people chop down trees 
and bushes to clear land for cultivation or for fuel, 
fodder and construction materials faster than seedl
ings can sprout and grow. The next stage occurs when 
animals overgraze and trample the land, leaving bare 
soil at the mercy of wind and water erosion. The entire 
process takes place much faster than desertization, 
and it can happen even without climatic change. 

It is difficult to disassociate those two processes in 
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Africa because there is good evidence for climatic 
change at the same time that domestic animals first 
appeared and spread, beginning between 7,000 and 
8,000 years ago in the Nile Valley and the Sahara. 2 3 

Did migrating pastoralists in spreading south and east 
out of the Sahara create the arid wastes we see today in 
the Sahel and northern Kenya, or was the cause cli
matic change? If pastoral activities were then more at 
fault, it follows that they still will be today; conse
quently how can the situation best be changed to pre
serve the rangelands that remain? The question is an 
important one for Africa, as the continent is highly 
dependent on livestock. The value of livestock food and 
other products is $10 billion annually, while cereal 
production is worth only about $8.5 billion.4 Neverthe
less Africa still has to import 80,000 metric tonnes of 
domestic animal products a year because of its bur
geoning population. Most livestock production comes 
from pastoralists, but with the steady degradation and 
loss of their land, production will inevitably drop— 
unless something is done. 

The story in northern Kenya can begin some 8,000 
years ago. Approximately 30 kilometres west of the 
present Chalbi 'shore' line samples of fresh water 
snail shells in lake deposits which are located at a 
height between 30 and 40 metres above the floor of the 
dry lake flats have a carbon-14 date of 8 1 0 0 ± 220 b.p.5 

The Chalbi floods today after heavy rains, but never 
extends anywhere near those dated lake sediments. If 
the deposits are the remains of an 8,000 year old Lake 
Chalbi, as is most likely, it would indicate that rainfall 
was significantly higher then than at the present time. 
The Chalbi is an internal basin fed exclusively by run
off waters from rain which falls on the surrounding 
highlands; hence a high lake level is evidence of high 
rainfall. An expanded Chalbi lake at that time is in 
accord with the results of studies conducted on lakes 
located to the north in the Ethiopian Rift Valley, to the 
south in the Kenyan central rift, and also nearer at 
hand around Lake Turkana. 6 7 8 9 

Archaeological research shows that man inhabited 
most of the Saharan region at that time, which was 
then a well watered savannah, with the result that in 
the Sahara and in East Africa fishing became an im
portant part of the economy.10 1 1 Sometime between 
4,000 and 5,000 years ago Late Stone Age pastoralists 
began to filter into northern Kenya from the north. 1 2 

Pollen collected from pits dug into the Chalbi show 
that Podocarpus forests on the surrounding highlands 
were much more extensive than today.13 The region 
was probably one of wooded savannah, tall grasslands 
and with numerous streams feeding the permanent 
Lake Chalbi. Those early pastoralists herded cattle, 
sheep and goats, possibly cultivated sorghum, made 
pottery with a wide variety of styles, pecked out lava 
and pumice cobbles to make vessels, and buried their 
dead under stone cairns. The oldest cairn burial yet 
known from East Africa comes from near Kalacha, an 
oasis on the eastern margin of the Chalbi. The human 
skeleton under the stone mound dates to approxi
mately 1500 BC. Those first East African pastoralists 
probably were Southern Cushitic language speakers 
who were migrating down the Great Rift Valley in 
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Map of Kenya showing most important pastoral peoples. 
search of richer pastures.1 4 

For the next 3,000 years a highly varied procession 
of pastoralists entered Kenya from the north: Eastern 
Cushites such as ancestors of the Rendille, Somali, and 
Oromo (Galla) from Ethiopia and Somalia, followed 
first by Southern Nilotes (Kalenjin ancestors) and then 
by Eastern Nilotes (Maasai, Samburu, Turkana) from 
the Sudan and Uganda. All of those people were origin
ally cattle pastoralists, although they also herded 
sheep and goats. Already 1,000 years ago the lakes 
were much lower than earlier on, but the fact that Lake 
Chalbi still existed suggests that there was still more 
rainfall than today. The Chalbi had greatly shrunk in 
size from the days when it lapped at the foot of Mt. 
Kulal, and charcoal in a hearth buried 90cm under the 
surface of a sand dune near North Horr dated to 
1150± 110 b.p. indicates that dessication and land 
degradation had begun.13 Pastoralists were now living 
on extensive sand dunes on the north end of a lake 
which had once covered the entire area. Geological 
evidence from near Kalacha suggests that the lake had 
almost dried up by the 9th century AD, and that it 
became an ephemeral lake by approximately the 13th 
of 14th century, probably much as it is today.13 1 5 

Coincidentally, it was at about the same time that 
the Chalbi was invaded by a people who built huge 
rings of lava cobbles and pebbles around the graves of 
their dead, some measuring up to 20m (65 feet) in 
diameter.14 Some camel pastoralists today continue 
the practice of putting a stone ring around a grave in 
the Chalbi region, but their rings are much smaller 
than the earlier ones. Could the carbon-14 dated 
200-600 year old giant rings be remnants of the first 
camel pastoralists to immigrate into the Chalbi area? 
The drying up of the Chalbi, which signals more arid 
conditions than previously, fits well with a hypothesis 
that a camel herding people began migrating into the 
region between the 10th and 13th centuries. 
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Over the centuries the camel has slowly been moving 
west and south from out of the Horn, a living indicator 
of a dying environment. The camel has now spread to 
the west of Lake Turkana, to the Nilotic people for 
whom the lake was named. The Turkana were ori
ginally cattle pastoralists when they arrived in Kenya 
in the 18th century. But their large numbers and herds 
soon caused severe environmental degradation. Their 
own oral traditions recount a land rich in rain, trees 
and grass just three generations ago. Today there is a 
desert. In the 19th century they began to raid the Ren-
dille and Gabbra, stealing camels from them. Today 
the Turkana have large camel herds and without them 
they would not be able to survive in their increasingly 
hostile environment. 

The same process is taking place further south in 
Kenya. The Samburu, northern cousins of the Maasai, 
live south of the Rendille in relatively heavy Acacia 
bush country. They are also blessed with several high 
rainfall mountain areas which provide good grazing for 
cattle—once the forests have been burned down, which 
is happening at an alarming rate. The Samburu have 
been compressed into about 60 per cent of their early 
20th century range by pressure from surrounding 
peoples and by land alienation for a national park and 
private ranches south of them, and their population 
has grown considerably over the past 80 years. The 
ancient response of migrating to better pastures is no 
longer open to them. Increased population necessitates 
larger herds to feed the people, which when coupled 
with smaller grazing lands inevitably leads to over
grazing, deforestation and desertification. As a result 
of a drop in the productivity of the land, which is then 
expressed in lower milk, meat and blood yields from 
livestock, the Samburu have recently become inter
ested in acquiring camels. The price is very high, 
preventing the acquisition of as many camels as the 
Samburu would want. 1 6 

The Pokot, who live south of the Turkana and west 
of the Samburu, are also turning to camels. Those 
fierce pastoralists have managed to built up quite sub
stantial camel herds from incessant raiding on the Tur
kana. Camels are now even spreading south of Lake 
Baringo to the Maasai-speaking Njemps (II Chamus). 
Camels cannot move any further south by natural 
means as the land is owned by farmers and ranchers. 
The land used to be occupied by the Maasai, but the 
British colonial government moved the Maasai south 
and opened the land to European settlement. Most of 
the land has now been transferred to indigenous 
Kenyan ownership since independence in 1963, but 
modern agricultural techniques and a private land 
tenure system still prevail. If it were not for that barrier 
of private land and fences in all probability camels 
would continue their southward migration down the 
dry Rift Valley to the Maasai and with them into 
Tanzania and eventually even further south. Kenya 
marks the most southerly extent of camel expansion in 
Africa, yet they would do comparatively well in many 
parts of southern Africa. 

People like the Samburu, Turkana and Pokot have a 
deep emotional attachment to cattle built up over cen
turies of interrelations and mutual dependence with 
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A young Gabbra girl taking a herd of goats to graze. The sharp 
hooves of these goats will tear up the ground surface and their 
sharp teeth will devour every edible scrap of vegetation in their 
path. 

them. A cow or bull is not simply a piece of property or 
a source of food for the Kenyan cattle pastoralist; each 
animal is like a part of the family, being named and 
cared for, and it can have an important social or ritual 
significance. What then is the great attraction of the 
camel for such cattle-loving people? Why do they desire 
it? In a trade a good milch camel will fetch between 

two and five cows and up to 30 sheep and goats—if a 
milch camel for trade could ever be found. The pastor
alists with small camel herds are also constantly com
plaining that available camels are too few and too 
expensive. They want to increase their camel herd, but 
are unable to do so. 

There are some excellent reasons why the camel is so 
sought after. Some the pastoralist realizes, others he 
does not appear to be conscious of. Indeed anyone 
interested in combating desertification should be 
interested in the unique qualities of the camel, some of 
which have only recently become appreciated as a 
result of detailed research within the last decade. The 
camel is significantly superior to other livestock 
animals in terms of food production, its effect on the 
environment, and even in controlling human popu
lation growth. The camel should not be thought of as a 
specialized animal, adapted only to deserts. In fact, the 
camel is an extremely versatile animal, while it is the 
cow which is the more specialized in terms of its needs 
^nd potential uses. 

Milk Production 
The average female camel in northern Kenya pro

duces from five to ten times more milk per lactation 
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period than a cow. A camel will lactate for more than a 
year after giving birth while the cow usually ceases 
giving milk within nine months or less. During the 
rainy season when pasturage is good the camel will 
give an average of about 10 litres of milk a day; a cow 
will produce less than 5 litres. In the dry season the 
cow will practically dry up while the camel will con
tinue throughout to give from 3 to 5 litres a day of 
milk—approximately that which a cow will give at the 
best of times. Thus, a camel will consistently provide a 
substantial quantity of milk for human consumption 
oyer the course of an entire year, while cow's milk pro
duction is relatively small and highly variable.1 7 

Because of the very low milk producing capacity of the 
cow during dry periods, and their poor resistance to 
drought, the cattle pastoralist tries to have the largest 
herd that he can. There is no thought of culling unpro
ductive animals to take pressure off the pasture; the 
expectation being that an unproductive animal may 
survive the next drought and then be used to trade for 
grain or for some calves to rebuild the herd. With 
everyone trying to maximize his herd the limited 
rangeland inevitably suffers. 

The feeding habits of cattle and small stock are 
also much more destructive than those of camels. 
Cattle and sheep feed almost entirely on grass, as long 
as it is available. They also eat the green leaves of 
shrubs and herbs in the understory. The goat will de
vour almost anything within its reach, including 
Acacia seedlings, which seriously reduces tree repro
duction. All three species travel to and from grazing 
areas and watering points in bunched up herds with 
their hard and sharp hooves kicking up clouds of dust 
as they scuff the earth. The cumulative results are the 
stripping of ground cover and the very destructive 
trampling of that barren land. Erosion gulleys that end 
up carrying away tons of top soil often start out as 
livestock trails. 

Camels, on the other hand, have a very wide diet and 
eat the leaves of shrubs, trees and herbs, as well as 
grass. 1 8 They do not overgraze any type of vegetation, 
and they can eat into the upper stories of vegetation 
that other animals cannot (except for tree climbing 
goats), thus lessening pressure on the lower vegetation 
levels. Camels also disperse much more and travel 
farther than other livestock types while feeding, a trait 
which again lessens the effects of vegetation 
consumption. The dispersed movement pattern of 
camels also reduces the effects of trampling, although 
with their soft, flat hoofless feet little damage is 
caused anyway. In short, camels do not strip and kick 
up soil from the ground with the result that soil loss is 
minimized and trees have a much better chance to 
reproduce.19 

Food Conversion Efficiency 
The camel is also much more efficient that the cow in 

converting vegetation into milk. Studies in northern 
Kenya show that a camel can produce one litre of milk 
for human consumption from about two kilograms of 
vegetation dry matter. To produce an equivalent litre 
for human use a cow must consume more than nine 
kilos of dry matter.1 7 The camel, then, is more than 
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four times more efficient than cattle in converting its 
food to human food. The implications of this finding 
for the future of pastoral economies in semi-arid and 
arid lands cannot be underestimated. 

Another environmental plus for the camel is the type 
of settlement pattern it permits for pe6ple. The more 
dispersed settlements and livestock are, the less the 
land is affected by tree and bush cutting for firewood, 
and stock enclosures, and by livestock grazing and 
trampling. Camels are justly famous for their ability to 
go for long periods without drinking, and they can 
carry water long distances to settlements for human 
needs. Camel pastoralists can thus live in areas where 
there is good pasture but no water. Cattle pastoralists 
have no such option since their animals have to be 
watered at least every three days, making it necessary 
to live within a maximum radius of about 40 kilo
metres from a water source, although 15 to 20 km is 
more common. This tends to concentrate cattle people 
in certain parts of the range, putting excess pressure 
on natural resources, while leaving other areas unused. 
Camel pastoralists can live up to 80 km from water, 
allowing a more even distribution of settlements over 
the land. 

The surest—and perhaps only—way to 
halt desertification is to stabilize human 
population growth and reduce livestock 

herd sizes. It is very unlikely that either of 
those desirable objectives can be 

achieved as long as pastoralists depend 
primarily on cattle. 

Camel Herders on the Move 
In norther Kenya and most other semi-arid and arid 

areas rain falls unpredictably in patches over the land
scape. It is rain that spurs plants to grow, so the pas
toralists must be ready to go where the rain has fallen. 
Mobility is therefore essential, and it is that perpetual 
chase for patches of good grazing that makes the 
pastoralist a nomad. If a settlement stays in one area 
too long overgrazing results and the people create a 
surrounding circle of uprooted bushes and grotesque 
trees with lopped off limbs. Camel pastoralists like the 
Gabbra will move ten times in a year, but cattle people 
like the Samburu might stay in the same place for 
several years. It is a very great effort for cattle pastor
alists to move, but camel people can pack everything 
on the backs of their beasts and be on the move with 24 
hours notice. 

The last environmental advantage of camel pastor-
alism over that of cattle pastoralism is one of the most 
important. Cattle pastoralists burn bush, forest and 
savannah to create grasslands, because cattle depend 
on grass. Camel pastoralists do not need to burn 
because camels do very well in a bush environment. 
Fire has undoubtedly done more to modify the earth's 
terrestrial habitats than any other single factor, and 
most fires have been and are anthropogenic. In high
land areas where rainfall is high the creation of grass
land plains might not be environmentally deleterious. 
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The Serengeti, for example, is a very productive 
habitat for animal biomass as is well known. The long 
term effects of repeated burning in lowland areas can 
have disastrous consequences, however. Rainfall tends 
to be much more unreliable in areas below approxi
mately 1200 m in East Africa, and once protective 
bush has been burned off a prolonged drought can 
result in severe erosion and environmental degrad
ation. 

Population Restraint 

In addition to the food and environmental advantages 
provided by the camel's physiological and behavioural 
attributes, the camel is also the only domestic animal 
that has demonstrated its ability to control human 
population growth. If livestock are the primary source 
of food, and if they regulate the creation of new 
families by their availability, then without outside 
economic inputs human population cannot grow faster 
than the herd. Cattle herds can increase up to 15 per 
cent a year under ideal conditions, and this is after 
counting those that have been eaten. Normally, how
ever, over the long term a herd will grow at a 3.4 per 
cent annual rate. 2 0 Small stock herds grow at rates up 
to 30 and 40 per cent annually, but high off-take rates 
keep real growth lower. A camel herd usually grows at 
an average rate of only 1.5 per cent a year, and a 5 per 
cent growth would be considered extremely good by 
most pastoralists. Because of the slow growth of camel 
herds societies dependent on them practice many 
different types of social controls to regulate marriage 
and birth. 

For example, the Samburu (cattle herders) and 
Rendille (camel people) are neighbours and they occupy 
roughly similar habitats in northern Kenya, though 
Samburu-land receives on the average somewhat 
higher rainfall. Between 1969 and 1979 the Samburu 
tribe grew by 34.4 per cent, or at a 3.0 per cent annual 
rate. The Rendille increased by only 16.4 per cent, or 
about 1.6 per cent a year, one of the lowest growth 
rates in Kenya (the national average was almost 4 per 
cent for this period, the highest in the world).21 These 
human growth rate figures are remarkably close to 
expected herd growth rates. Just the overall size of the 
two groups demonstrates that cattle people tend to be 
more numerous than camel people; Samburu number 
more than 75,000 while there are fewer than 20,000 true 
Rendille. The difference is probably even greater 
between the closely related Boran cattle and Gabbra 
camel peoples, but no accurate growth figures are 
available since these two peoples commonly cross back 
and forth to and from Ethiopia. 

The surest—and perhaps only—way to halt desertifi
cation is to stabilize human population growth and 
reduce livestock herd sizes. It is very unlikely that 
either of those desirable objectives can be achieved as 
long as pastoralists depend primarily on cattle. The 
history of the spread of camels has shown that their 
southward movement was not due to climatic change 
alone. It is a history that chronicles what an economy 
based on cattle and small stock can do to the 
environment. The fast growth of the herds encourages 
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A Rendille man preparing to milk a camel. This camel in the course 
of a year will give between two and three times the amount of milk 
for human consumption as a cow. 

and makes possible high human population growth. 
When the range is in good condition and rainfall is 
plentiful there is copious milk, meat and blood to feed a 
growing population. When the grazing deteriorated 
the people simply moved on. Woodland is destroyed by 
tree-felling and by burning each year to regenerate the 
grass that the cattle need. A forest is transformed into 
a savannah, and the savannah into a treeless plain. 
Trampling and overgrazing finish off the ground cover. 
Wind blows dust into the atmosphere, a devegetated 
land reflects the sun's rays back into the sky, heating 
the dust. There is little moisture to evaporate into the 
air from such a land, and when humid air moves into 
this dry region from elsewhere it has difficulty forming 
rain clouds. Precipitation decreases over time, lakes 
and streams dry up, and a desert is created.22 2 3 Man 
has created it, and he has actually modified the climate 
himself. The notion that land is merely a passive factor 
in climatic change, reacting helplessly to the vagaries 
of rain and temperature, can no longer be accepted. 
Conditions of land surface are inter-active with 
variables determining climate, and changes in the land 
can cause micro-climatic changes, with as yet unknown 
effects at the macro level. 

Near the end of the desertification process, when the 
rains become more erratic and unpredictable, and 
cattle begin to die from drought, the camel makes his 
appearance. The camel can resist the drought, allowing 
life to continue. When the drought ends the cattle 
herds rebuild themselves, humans reproduce to replace 
those who died, and the cycle begins anew. Over cen
turies or millennia of these cycles a desert so desolate 
results that no cattle at all can survive, except in 
favoured spots. It was not global climatic change alone 
that degraded these lands; the process of deserti
fication was greatly assisted by man and his beasts, 
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and it is still happening today in northern Kenya and 
other parts of Africa. 

It would be interesting to see what would happen if 
cattle, sheep and goats could be reduced in northern 
Kenya substantially, to be replaced by fewer numbers 
of camels. If managed well there would be no loss of 
food production and the land and its wildlife would 
benefit considerably. Bringing camels into an area 
before the desert is created might well halt the 
desertification process, if it is integrated with an 
overall programme of education and training to teach 
the pastoralists care and management of camels and 
good land use methods. Camel breeding stations, 
centres where cattle and small stock could be traded 
for camels, a marketing scheme with incentives to 
trade and an efficient system to supply beef and 
mutton to the towns could all lead to a healthier people 
and environment. 1 7 I t is not realistic to expect 
pastoralists to give up cattle entirely, they are too 
important culturally, but the herds could be greatly 
reduced if the attitudes of the people could be slightly 
modified and if the incentives were there. 

It would be a long, slow process, as societies need 
time to develop new ways of organizing labour and for 
adapting their institutions and beliefs to a modified 
economy. Camels are not easy animals to live with, 
which is a main reason why people do not adopt them 
until forced to by environmental circumstances, but a 
desert is not easy to live with either. If camels can help 
to halt the spread of deserts then they may be the 
animal of the future rather than one of the past. The 
people who want camels should be given help to obtain 
them—that alone might do more to improve the 
life of pastoralists than many expensive, socially 
disruptive development projects. The pastoralists, at 
least, would appreciate the camels more than an irri
gated field of cotton. In the long term, so would the 
land. 
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Books 
Putting Man in his Place 

MAN AND T H E N A T U R A L W O R L D , 
Changing Attitudes in England 
1500-1800. Keith Thomas, Allen 
Lane, £ 1 4 . 9 5 . 

The three centuries between 1500 
and 1800 saw an intense debate about 
man's place in nature. During the 
course of that debate, argues Keith 
Thomas, many of the seeds of 
m o d e r n - d a y e n v i r o n m e n t a l i s t 
thought were first sown. Many people 
thus began to challenge man's pre
viously unquestioned ascendency 
over other species and even to sug
gest that there was no rigid dividing 
line between animals and men. In 
many quarters, there was a new 
awareness of the natural world and 
numerous long-established dogmas 
about man's right to exploit nature 
came under attack. In short, not 
everyone espoused the mechanistic 
view of nature propounded first by 
Bacon and later by Newton: there 
were many who could not accept that 
the world was a machine or that 
science should be used to give man 
dominion over other creatures. 

In tracing the development of such 
environmental sensibilities, Thomas 
begins by considering the dramatic 
change which occurred in attitudes 
towards human ascendency over 
nature. Thus, at the beginning of the 
modern period, "the long-established 
view was that the world had been 
created for man's sake and that other 
species were meant to be subordinate 
to his wishes and needs." Indeed, the 
world of the Tudors and Stewarts 
was, says Thomas, "breathtakingly 
anthropocentric" in its attitude 
towards nature. "It was with human 
needs in mind that animals had been 
carefully designed and distributed . . . 
Every animal was thus intended to 
serve some human purpose, if not 
practical, then moral or aesthetic." 

Apes and parrots were considered 
to have been ordained "for man's 
mirth": singing birds "to entertain 
and delight mankind": wild animals 
ato foster human courage and provide 
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useful training for the arts of war": 
and horse-flies "so that men should 
exercise their wits and industry to 
guard themselves against them". As 
for the lobster, it was held by the 
Elizabethan George Owen to serve 
several purposes at once: "it provided 
men with food, for they could eat its 
flesh; with exercise for they had first 
to crack its legs and claws; and with 
an object of contemplation, for they 
could behold its wonderful suit of 
armour." 

Human ascendency over nature 
was considered to be central to God's 
divine plan. So much so that "some 
divines thought that after the day of 
Judgement the world would be an
nihilated: it had been made only to 
accommodate humanity and would 
have no further use." 

Closely allied to the anthropocentric 
view of nature was the belief that man 
had the right to subjugate other 
species. Underpinning that belief was 
the deeply entrenched view that man 
was fundamentally different from 
other forms of life. Quite where that 
difference lay seems to have been a 
subject of much conjecture. Some 
held that man was unique because he 
could 'speak'; others because he 
could 'choose'; others because he had 
'reason'; and still others because he 
had a 'soul'. (In the late eighteenth 
century, the aesthete Uvedale Price 
was to add a new dimension to the 
debate by arguing that only men had 
noses: "Man is, I believe, the only 
animal that has a marked projection 
in the middle of his face." 

On the continent, the attempt to 
establish a rigid boundary between 
animals and men reached its apothe
osis with the works of Rene Des
cartes. For Descartes, the vital differ
ence between man and other species 
lay in man's ability to cogitate; both 
animals and men were machines but 
within the human machine there was 
a mind and therefore a separable 
soul. As Thomas observes: "Descartes 
denied souls to animals because they 
exhibited no behaviour which could 
not be accounted for in terms of mere 
natural impulse." He goes on to com
ment: "Descartes' explicit aim had 
been to make men 'lords and posses
sors of nature'. It fitted in well with his 
intention that he should have por
trayed other species as inert and 
lacking any spiritual dimension. In so 
doing he created an absolute break 
between man and the rest of nature, 
thus clearing the way very satisfactor
ily for the uninhibited exercise of 
human rule." 

In England, according to Thomas, 
Descartes' philosophy never really 
caught on. "Many physiologists 
agreed that the body had its mechan
ical and involuntary movements. But 
the theologian Henry More was more 
representative of English opinion 
when he bluntly told Descartes in 
1648 that he thought his a 'murder

ous' doctrine. Most later English 
intellectuals felt with Locke and Ray 
that the whole idea of beast-machine 
was 'against all evidence of sense and 
reason' and 'contrary to the common-
sense of mankind'. As Bolingbroke 
remarked, the plain man would per
sist in believing that there was a dif
ference between the town bull and the 
parish clock." 

The belief in human uniqueness did 
not, therefore, go unchallenged. 
Indeed, Thomas offers good evidence 
that in many quarters it became pro
gressively weakened as the nine
teenth century approached. "The 
attack on conventional orthodoxy 
came from two separate directions," 
he notes. "There were those who said 
that men were morally no better than 
animals, possibly even worse: and 
there were those who said that 
animals were intellectually almost as 
good as men." 

In 1683, for instance, Thomas Tyron 
was to write that, in his opinion, lions 
and tigers "were not more savage and 
cruel, geese and asses not half so 
stupid, foxes and donkeys less knavish 
and ridiculous, wolves not more raven
ous, nor goats more lascivious than 
abundance of those grave, bearded 
animals that pride themselves with the 
empty title of rational souls." Boling
broke went further still: humanity, he 
opined, had certainly shown itself 
capable of 'superior attainment' but its 
achievements "though they are great 
(do) not take us out of the class of 
animality". 

The idea that man held a monopoly 
on reason also came under attack 
from sceptics, as did the idea that only 
humans possessed language. Mar
garet Cavendish, Duchess of New
castle, was among those who rejected 
the anthropocentric notions of the 
majority of her contemporaries. 
"Beasts", she maintained, "could experi
ence the whole range of human pas
sions and had their own type of reason 
and language, which was very pro
bably as deep and expressive as any
thing available to humans. Man's 
advantage stemmed solely from his 
shape: and it was mere arrogance 
which made him think himself intel
lectually superior. His 'pride', 'self-
conceit' and 'presumption' had misled 
him into judging other creatures by 
human standards, not realising that 
language and reason could take non-
human form." 

By the later seventeenth century, 
argues Thomas, the anthropocentric 
tradition itself was being eroded. In 
1691, for instance, John Ray was to 
write: "It is generally received opinion 
that all this visible world was created 
for Man; (and) that man is the end of 
the Creation, as if there were no other 
end of any creature but some way or 
other to be serviceable to man . . . But 
though this be vulgarly received, yet wise 
men nowadays think otherwise. " 

That view echoed earlier criticisms 
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of man's anthropocentric attitude 
towards nature. The revelations of 
astronomers made it 'absurd', 
according to Henry Oldenbury, writ
ing in 1659, to think "the heavenly 
hosts, which are so many times 
bigger than our earth, are made only 
to enlighten and to quicken us." 

Instead of seeing the world created 
for man's sole benefit, many thus 
came to argue that all creatures had 
the right to exist—and that man was 
a steward of nature. Indeed, some 
expressed an eminently ecological 
view ot the world and even warned of 
the dangers of upsetting the balance 
of nature. "We dispute in schools," 
wrote John Bulwer in 1653, "whether, 
if it were possible for man to do so, it 
were lawful for him to destroy any one 
of the species of God's creatures, 
though it were but the species of toads 
and spiders, because this were taking 
away one link of God's chain, one note 
of his harmony." 

Thomas argues (in my view, some
what unconvincingly) that one of the 
major forces making for a less anthro
pocentric view of the world was the 
development of the study of natural 
history. At the beginning of the 
modern period, plants and animals 
were classified almost exclusively in 
terms of three categories: edible and 
inedible; wild and tame; useful and 
useless. Those 'man-centred' cate
gories were gradually replaced by the 
"more detached, more objective" 
system of classification developed by 
naturalists. 

But in banishing the 'man-centred' 
categories of the past, natural history 
also banished much of the symbolism 
popularly associated with wildlife in 
the early modern period. Such sym
bolism, as Thomas himself points out, 
reflected a very different attitude 
towards nature to that preached by 
theologians and debated by the aca
demics at universities. Indeed, as des
cribed by Thomas, the vernacular 
view of nature saw no sharp boun
daries between animals and men but 
rather it "presupposed that men, 
plants and wild creatures were inex
tricably bound up in one great com
munity." If certain trees protected one 
against witchcraft or the gathering of 
medicinal herbs had to be accom
panied by 'innumerable charms and ob
servances', it was, says Thomas, 
because countrymen believed man 
and nature to be "locked into one inter
acting world. There were analogies 
and correspondences between species, 
and human fortunes could be sym
pathetically expressed, influenced and 
even foretold by plants, birds and 
animals." 

Such ideas were increasingly depra-
cated as interest in natural history 
grew. Indeed, as botanists came to 
learn more and more about the botani
cal properties of plants, so traditional 
husbandry—and with it folk wisdom — 

"came to seem riddled with ignor
ance." Naturalists expressed outrage 
that husbandmen did not know the 
names of grasses or that some plants 
did not even have vernacular names. 
Popular country lore—the belief, for 
example, that "robins would bury dead 
persons with moss" or that "the hare 
changed its sex and slept with one eye 
open"—came to be dismissed as 
vulgar errors. The days when the fly 
would be regarded as "a reminder of 
the shortness of life" or the glow
worm as "The light of the holy spirit" 
were thus numbered. 

The vernacular view of nature was 
undermined still further by the intro
duction of Latin names for many 
plants and animals. In so doing, 
argues Thomas, "the naturalists . . . 
completed their onslaught on the 
long-established notion that nature 
was responsive to human affairs." He 
goes on to comment: "This was the 
most important and the most destruc
tive way in which they shattered the 
assumptions of the past. In place of a 
natural world redolent with human 
analogy and symbolic meaning, and 
sensitive to man's behaviour, they 
constructed a detached natural scene 
to be viewed and studied by the obser
ver from the outside, as if by peering 
through a window, in the secure know
ledge that the objects of contem
plation inhabited a separate realm, 
offering no omens or signs, without 
human meaning or significance." 

Natural history may thus have 
brought a less 'man-centred' view of 
nature, but it also played a funda
mental role in shattering the almost 
animistic world of the common man. 
Indeed, in a curious way (which, sadly, 
Thomas does not explore) it may well 
have helped to foster a far greater gulf 
between man and the natural world 
than the previously anthropocentric 
categories of classification reflected. 
Natural history may indeed have 
encouraged a greater appreciation (and 
even a greater understanding) of na
ture—but it was a nature 'out there', 
apart from man. 

In his concluding chapter, Thomas 
argues that whilst human ascendency 
over nature was still the "aim of most 
people and one, moreoever, which at 
last seemed firmly within reach", there 
had arisen "doubts and hesitations" 
about man's place in nature which 
would not go away. "A growing 
number of people had come to find 
man's ascendency over nature increas
ingly abhorrant to their moral and 
aesthetic sensibilities," he writes. "By 
1800, the confident anthropocentrism 
of Tudor England had given way to an 
altogether more confused state of 
mind. The world could no longer be 
regarded as having been made for 
man alone, and the rigid barriers 
between humanity and other forms of 
life had been much weakened . . . The 
early modern period had thus 

generated feelings which would make 
it increasingly hard for man to come to 
terms with the uncompromising 
methods by which the dominance of 
their species had been secured." 

It is a fascinating thesis, meticu
lously documented and written with 
supreme elegance and erudition. If I 
have one criticism, it is that too little 
attention is played to those other in
tellectual developments which would 
ultimately provide the justification for 
the industrial revolution. For whilst 
Margaret Cavendish was busy break
ing down the barriers between 
animals and men, the mechanistic 
philosophers who followed Isaac 
Newton and Francis Bacon were 
equally busy seeking means to trans
form the natural world to man's ends. 
So too, whilst Sir Richard Blackmore 
extolled the value of weeds ("each 
shrub is sacred, and each weed 
divine"), the dark satanic mills which 
would ult imately produce the 
herbicides of the modern age were 
growing up throughout England. 
Indeed, as Thomas points out, in that 
new industrial world, the landscape 
gardens and animal sanctuaries set 
up by early environmentalists could 
only end up "as artificial oases or 
peepshows into an idealised world, 
whose very existence underlined their 
essential opposition to the fun
damental values of ordinary society." 

That criticism can be applied with 
equal force to the national parks we 
have set up today—Thomas rightly 
calls them "fantasies which enshrine 
the values by which society as a 
whole can no longer afford to live." 
The question which the Margaret 
Cavendishes, Blakes and John Rays 
of this world raised—and which we 
have still not answered—is not how 
those fantasies can be preserved but, 
rather, how we can create a society 
that no longer needs them. Perhaps, 
along with the Ranter Jacob 
Bauthumley, we need once more to 
appreciate that "God is in all crea
tures, man and beast, fish and fowl 
and every green thing". It is a 
message which is hard to knock. To 
learn more about it, I can only urge 
that you read Thomas' excellent 
book. 

Nicholas Hildyard 

Beyond the Pale 

H A Z A R D O U S W A S T E I N 
A M E R I C A , S. Epstein, L . O . Brown 
and C . Pope. Sierra Club Books, 
$12.95. 

"No environmental problem poses 
more starkly than hazardous wastes 
the d i l e m m a of i n d u s t r i a l 
civilisation," write the authors of 
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Hazardous Wastes in America. "Mat
erials . . . that have come to be taken 
for granted as fundamental features of 
modern life are dependent upon an 
exponentially increasing, prolifer
ating and dangerous array of hetero
geneous chemicals. These chemicals 
generally serve a useful purpose, but, 
when the purpose is completed, their 
dangerous properties often remain in 
the wastes—sometimes for a brief 
time, sometimes virtually forever." 

Almost six years after the disaster 
at Love Canal , billions of pounds of 
toxic wastes are still being disposed of 
improperly. Of the 80 billion pounds 
of hazardous waste generated every 
year in the U S A , only 10 per 
cent—according to the Environ
mental Protection Agency (EPA) —is 
disposed of safely. The rest is dumped 
into insecure pits, ponds, and lagoons 
(or else abandoned illegally) without 
apparent regard for its potential effect 
on both human health and the envir
onment. Indeed, Epstein and his coll
eagues go on to claim that toxic 
wastes "have become the number one 
environmental problem" in America. 

Apart from radioactive wastes— 
which the book does not deal with, 
except in passing—the wastes which 
pose the greatest dangers are heavy 
metals (such as lead, zinc, arsenic, 
cadmium, copper and mercury); as
bestos; and such synthetic organic 
chemicals as benzene, D D T , endrin, 
dieldrin and vinyl chloride. 

The dangers posed by such wastes 
are treated admirably in the first 
chapter of Hazardous Wastes in Amer
ica, thus paving the way for the six 
case studies which go to make up 
Part II of the book. Those case studies 
look at the Love Canal story; the his
tory of dumping in rural America; 
how the dumping of waste motor oil 
(where co-mingled with hazardous 
wastes) has contaminated large parts 
of the state of Missouri; and the grow
ing threat of illegal dumping. 

That last chapter on illegal dump
ing is of particular interest—for, as 
controls on hazardous waste begin to 
bite, so many unscrupulous operators 
have turned to illegal dumping in 
order to avoid the law. At times, the 
methods used by 'midnight dumpers' 
are simply mind-boggling. Thus Ep
stein et al quote an Associated Press 
report on illegal dumping in Connec
ticut: "One operation that allegedly 
runs out of Hartford . . . only works in 
foul weather. A driver watches the 
forecast for rain or snow, then picks 
up a tanker load of chemicals. With 
the discharge valve open, he drives 
on an interstate until 6,800 gallons of 
hot cargo have dribbled out. 'About 
60 miles is all it takes to get rid of a 
load', boasted the driver, 'and the 
only way I can get caught is if the 
windshield wipers or the tyres of the 
car behind me start melting.' " 

A particularly serious problem is 

the contamination of groundwaters 
by hazardous wastes—either directly 
from unlined dump sites or, in
directly, through pesticide and fertil
iser run-off; mining; domestic septic 
tanks; underground petrol storage 
tanks; and petrol and gas exploration. 

British readers should not be put off 
by the American slant to this excel
lent book. Even the history of U S leg
islation on hazardous wastes is of in
terest (though it is clearly not of direct 
relevance to a European audience). 
Not least, it shows how the efforts of 
those who have attempted to tackle 
the problem of hazardous wastes 
have constantly been stymied in their 
efforts by both industry and those pol
iticians who oppose greater govern
ment control over industry. 

Epstein and his co-authors are at 
pains to stress that the solution to the 
problem of toxic wastes lies not only 
in applying new technologies in order 
to treat the wastes before disposal 
('narrowly-based technological fixes 
are at best make-shift, as they fail to 
confront the fundamental problem') 
but also—much more to the point—in 
reassessing our general attitude to
wards the environment. 

As they put it; "We will not solve 
the problem of hazardous waste 
dumps until we recognise that we are 
part of life and that we cannot destroy 
it for our immediate convenience 
without ultimately destroying our
selves." It is a lesson which Euro
peans, as much as Americans, have 
surely got to learn. If we do not heed 
it, then there is little hope for any of 
us. For, in dealing with hazardous 
wastes, we are dealing with the ulti
mate in human detritus—and that 
detritus, as Epstein and his coll
eagues point out, is often of a nature 
which is alien to our evolutionary ex
perience. 

Nicholas Hildyard 

The World's Racketeers 

P R E S C R I P T I O N S F O R D E A T H : T H E 
D R U G G I N G O F T H E T H I R D 
W O R L D , by Milton Silverman, Philip 
R. Lee, and Mia Lydecker. University 
of California Press, $16.95. 
P I L L S , P E S T I C I D E S , A N D 
P R O F I T S : T H E I N T E R N A T I O N A L 
T R A D E IN T O X I C S U B S T A N C E S , 
by Ruth Norris, Karim Ahmed, S. 
Jacob Scherr, and Robert Richter. 
North River Press, $10.95. 
D I E T F O R A S M A L L P L A N E T : 
T E N T H A N N I V E R S A R Y E D I T I O N , 
by Frances Moore Lappe. Ballantine, 
$3.50. 

The charge that multinational 
companies use the Third World as a 
dumping and testing ground for 

hazardous chemicals is not exactly 
new, but two recent books provide 
useful documentation. 

Prescriptions for Death focuses on the 
trade in pharmaceuticals. The heart 
of the book consists of a detailed 
examination of the labelling of selec
ted drugs, with these conclusions: 
that many products which have been 
banned in the U S and the U K , or were 
never approved for sale there, are not 
only available but heavily promoted 
in the Third World; that serious or 
lethal side effects are often played 
down or totally ignored; that ex
aggerated claims are made for 
many drugs; and that both large and 
small companies engage in such 
unreliable labelling practices. 

Silverman et al. also describe the 
promotional practices of drug 
companies in the Third World. Doctors 
are not only sent glossy advertising 
materials, but are visited by the com
pany representative or detail man. 
Overworked doctors often rely on the 
company reps for their information on 
drugs and treatments, and yet the 
reps' information is partial and 
tailored explicitly to the goal of 
making a sale. 

Doctors may also be bribed, with 
gifts or with "free samples" of drugs, 
which they then re-sell. More power
ful individuals—the head of a medical 
organisation or a hospital, say—may 
be given a car or an expenses paid trip 
to the U S or Europe. 

The drugs which such doctors buy 
and prescribe may not only have 
serious side effects, but may be in
appropriate to local conditions; 
doctors are encouraged, for example, 
to prescribe vitamin pills for mal
nutrition. Research on tropical 
diseases has never aroused much 
enthusiasm in the industry, which 
sees little prospect for a lucrative 
return on investment. 

In compiling their list of drug-
company abuses the authors main
tain a careful tone of "fairness" 
toward the industry; as viewers of 
television news know, "fairness" lends 
itself to many interpretations, some of 
which make the teeth hurt and the 
blood boil. Their closing remarks are 
in this vein: "It is our belief that, 
within the international drug industry 
in general and the American industry 
in particular, change is possible. . . 
There seems to be a new generation 
of industry leaders who are willing to 
move in the direction of decency, 
dignity, and social responsibility." 
Pills, Pesticides, and Profits takes the 
opposite view, based not on per
ceptions of corporate management's 
incipient goodness but on economics: 
as demand in the developed world 
levels off, and controls on harzardous 
materials become tighter, the 
industry will look increasingly to the 
relatively unregulated markets of the 
Third World. 
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As its title indicates, the book 
doesn't confine itself to the drug 
trade. Many of the same abuses are 
found in the case of pesticides: prod
ucts that are prohibited for use in the 
U S and Europe are freely applied in 
the Third World, often on food crops 
which, with their toxic residues, later 
find their way to kitchens and tables 
in Cleveland or Coventry; the label
ling of a pesticide may be such that 
not only its potential toxicity but even 
its identity is uncertain, and spraying 
crews are inadequately if at all protec
ted. Every year, according to the 
World Health Organisation, direct 
contact with pesticides results in the 
death of 5000 people, half of them 
children, and the poisoning of more 
than half a million. 

Lack of regulation may also prompt 
multinational companies to export an 
entire part of their production cycle. 
Asbestos plants servicing the U S 
market have been set up in Mexico, 
Taiwan, and Brazil since 1969, as 
enforcement of U S controls has 
intensified. Companies have even 
sought contracts to ship their toxic 
wastes to small countries in Africa 
and the Caribbean, rather than 
finding appropriate means of disposal 
in the U S ; the export of pollution is 
not usually so brazen. 

Norris et al. end with a look at pos
sible solutions. They conclude that 
improvements can only come 
through a combination of efforts by 
governments, international agencies, 
and citizens' groups. In the Reagan 
era, governmental and international 
initiatives are moribund, but there are 
vigorous consumer groups around the 
world; one of the largest is The 
Consumer's Association of Penang, 
Malaysia, which monitors toxic 
hazards and conducts extensive 
educational programmes on nutrition, 
health, and consumer-rights issues. 

All in all, Pesticides, Pills, and Profits 
is a concise overview of the subject, 
but community groups might be 
better advised to hire the documentary 
films by Robert Richter called Pesti
cides and Pills: For Export Only, 
transcripts of which are printed as an 
appendix to the book. Covering es
sentially the same material, these 
give, even in transcript form, a much 
more vivid picture of the human suf
fering that the trade in toxic chemi
cals engenders and the human 
mendacity that sustains it. 

The global trade in food is another 
s y s t e m t h a t res t s on , a n d 
perpetuates, exploitation and human 
misery. Frances Moore Lappe has 
been exposing that system since the 
publication of her first book, Diet for a 
Small Planet, which has now been re
issued in an expanded, tenth-
anniversary edition. The lapse of time 
shows: whereas the first edition was a 
book built on a single idea, the latest 
version reflects a coherent political 
analysis. 
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The single idea was that, in the 
words of one of the author's friends, 
"eating that chunk of meat is as crazy 
as driving a Cadillac." Ten years 
later, the sections on protein myths 
and protein complementarity—the 
way in which combinations of plant 
and dairy foods may be used to meet 
n u t r i t i o n a l p r o t e i n r e q u i r e 
ments—remain, as do the recipes, 
but there is also scrutiny of the 
system of food production and dis
tribution, and of the industry's 
marketing and advertising techniques. 
Moore Lappe discusses the impact of 
energy-intensive, meat centred agri
culture not only on the health of eco
systems and individuals but on 
democracy itself, as control of the 
land and the marketplace comes to 
be concentrated in ever-fewer hands. 

Even if your original copy hasn't 
long ago fallen apart, or become 
hopelessly encrusted with Garbanzo 
Bake and Chameleon Spice Cake, it 
would be worth buying the new 
edition for the author's account of her 
own political development: of how 
she has grown in understanding and 
self-confidence of what it means to be 
an activist in the struggle for a more 
humane world, and of the demands, 
and rewards, of that life. As she 
points out, working for change is a 
long and ever-continuing process, but 
what other work can offer the same 
sense of satisfaction and meaning? 

Bernard Gilbert 

THE SOCIAL AND ENVIRON
MENTAL EFFECTS OF BUILDING 

LARGE DAMS 
The Wadebridge Ecological Centre announces the 
publication of 3 Reports on this essential subject 

I OVERVIEW 
by Edward Goldsmi th and Nicholas 
Hi ldyard—approx. 90,000 words 
The report considers such issues as the politics of damming, 
resettlement and social effects—land-use, water-logging and 
salinisation, flood control, earth-quakes, water-borne diseases, 
management and maintenance. 

II CASE STUDIES 
Edited by Edward Goldsmi th and 
Nicholas H i l d y a r d 
This book contains 14 case studies from India, Sri Lanka, 
Bangladesh, the Phi l ip ines, Egypt, Tunis ia , Tasmania, 
Newfoundland, New Zealand, the USA, Ghana and the Senegal and a 
number of shorter press-reports 

III ANNOTATED BIBLIOGRAPHY 
by Edward Goldsmith and Nicholas H i l d y a r d 
Provides a brief description of approximately 400 relevant articles and 
books. 

PUBLICATION DATE FOR ALL THESE REPORTS: APRIL 1984 

Price for each report—£15.00 for Institutions. 
£9.50 for Individuals, Environmental Groups and 
Third World Institutions. 
Special Price for complete set—£38 for Institutions. 
£24 for individuals, Environmental Groups and Third 
World Institutions. 

Please send your order (made payable to Ecosystems Ltd.) to: 
Wadebridge Ecological Centre, Worthyvale Manor, Camelford, 

Cornwall PL32 9TT, UK. 

Letters 
Permaculture: Give it a chance 

Dear Sir, 
Lawrence Hills in his letter (The Ecologist 

Vol 13 No 5) does indeed show that the yield 
of black walnut trees is no greater than that 
of wheat, per acre. However, he does not 
take into account the large amounts of 
energy used to produce such yields of 
wheat. Conventional agriculture prides 
itself on high output per acre; but a true 
assessment of productivity must relate 
input to output. If I follow Lawrence Hills 
right, he says that in the US, an acre of black 
walnut trees could produce a yield in ker
nels roughly equal to an acre of wheat; take 
into account the much lower energy input, 
the advantage to the soil, the water cycle 
and the microclimate, plus the very valuable 
timber crop, and the trees compare very 
favourably with broadscale annual crop
ping. Although there are only a limited 
number of trees which will produce worth
while yields of food crops in Britain, trees 
could be used here more than they currently 
are for human food and animal fodder if 
effort were put into developing and im
proving varieties. 

I do not understand why Lawrence Hills 
attempts to discredit permaculture itself 
from this one dispute figure. Surely the 
important thing is whether or not the prin
ciples (based on criteria for a sustainable 
agriculture) are right, and then, how to apply 
them in Britain. The Permaculture Associ
ation in Britain is less than a year old—it is 
unreasonable to expect us to have detailed 
results to show. We are not offering advice 
as experts, but think it is worthwhile to 
share the ideas. This is the only way we will 
get a range of examples to show how per
maculture can work in Britain. 

A permaculture system is based on high 
diversity of species and activities, the yield 
coming in the form of many different pro
ducts. It is easy to see why this is not 
immediately attractive to commercial 
growers who are geared up for a single pro
duct or a narrow range. Isolating such ideas 
as using chickens or reflecting ponds to 
heat a glasshouse is against the ideas of 
permaculture, in which these would form 
part of a system, in which no single method 
is relied on to heat the glasshouse, and the 
benefit or yield of the combination is re
ceived in more than one form. 

In Australia and the USA, where perma
culture is more established, designers 
include people with experience in forestry 
and fruit and nut growing. In Britain, 
designs have been favourably received by 
foresters with whom they have been dis
cussed. 
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Finally, I agree with Lawrence Hills that 
permaculture "could be a very important 
development in world agriculture and horti
culture". I am doing my best to develop its 
ideas and discover its relevance to Britain. I 
am saddened that Lawrence Hills, whose 
excellent work on organic gardening and 
interest in trees are of great relevance to 
permaculture, should seek to discredit it 
before it has been tried here. 

Yours faithfully 
Penny Strange 
Permaculture Association, 
Nottingham. 

The Naked Experts 

Dear Sir, 
My attention has been drawn to the above 

article (The Ecologist Vol. 12, No. 4, 
July/August 1982, pp 149-157) in which I 
appear to occupy the 'centrefold' and which 
does not appear to have been referred in any 
way. 

On a recent official visit to Britain, my 
former colleagues, who know my back
ground and are familiar with my technical 
expertise and publications, expressed 
incredulity at the offensive, incorrect, and de
famatory nature of the article and expressed 
amazement that I have not taken legal action. 

Martin shows complete dishonesty and 
reckless discourtesy in writing that 'Leslie 
Kemeny declined to comment'. He and Die-
sendorf have in their possession material 
sent by certified post related to the only two 
topics upon which comment was possible or 
meaningful. Both received material in ample 
time for correcting their manuscript. Neither 
have acknowledged that popular journals or 
newspapers cannot and will not canvass all 
aspects of highly technical issues. Yet, much 
of their criticism is based on out of context 
quotes from such sources. 

The irony of this situation is that Martin, 
who may never have left the sterile corridors 
of academia, seems to be 'cutting down to 
size' one who has spent a decade admin
istering technical aid projects amongst the 
villages of South East Asia. This experience 
led to my Chairmanship of Australia's First 
International Conference on Technology for 
Development. At this conference, papers 
from authorities in the field of 'alternative 
energy' were welcomed. Furthermore, whilst 
Martin, Diesendorf and Walters seek to 
silence any advocacy of nuclear technology, 
they personally claim the right to promote 
any and every form of 'alternative' or 
'renewable' energy. Is this a form of 'naked 
expertise' or 'naked inexpertise'? 

The paper on 'The Naked Experts' is dis
honest, defamatory and actionable. An 
apology for its publication is required from 
its author, his own collaborators, and the 
editors of The Ecologist. The apology 
should be published in your letters section 
as soon as possible. It should contain the 
admission that Leslie Kemeny did supply 
technical information which was ignored. 
The author should also apologise in print 
for publishing a personal attack against a 
technologist of repute under the pretext of 
writing a 'Scientific Paper'. 

Yours faithfully 
Leslie G Kemeny 
Senior Lecturer in Nuclear Engineering. 
Fellow, Australian Institute of Energy 
Kensington, NSW, Australia 
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Dear Sir, 
Leslie Kemeny's letter concerning my 

article 'The Naked Experts' (Ecologist, 
July IAugust 1982) illustrates quite well the 
style of Mr Kemeny's pro-nuclear writings. 

In my article my purpose was to point out 
the problems of trusting the experts blindly. 
To illustrate my case I analysed the pro-
nuclear writings of Mr Kemeny, who is a 
leading Australian advocate of nuclear 
power. Here is a summary: 
"In quite a number of ways, Kemeny in his 
public advocacy of nuclear power does not 
fit the image of the objective, trustworthy 
expert: he addresses only some of the 
issues and seldom replies to anti-nuclear 
arguments; he presents large amounts of 
irrelevant material; he is subject to inaccur
acy, and on occasion fails to acknowledge 
his mistakes; he continually denigrates 
opponents; he speaks from a position repre
senting a potential conflict of interest; and 
his expertise is mostly irrelevant to the 
issues, or of doubtful quality." (page 154) 
Mr Kemeny in his letter offers no 
information to challenge this assessment. 
In particular, he does not refer to even a 
single statement of mine which is offensive, 
incorrect or defamatory. 

Mr Kemeny in his letter refers to material 
sent to me and to Dr Mark Diesendorf "for 
correcting their manuscript". The back
ground is this: On 25 March 1982 I sent to 
Mr Kemeny a draft version of my article 'The 
Naked Experts', inviting him to offer 
comments on it. (It is routine practice for 
me to offer my articles in draft for com
ment.) On 27 April 1982 Mr Kemeny replied, 
stating that "I am afraid I have neither the 
time nor the inclination to become involved 
in the preparation of this type of paper". (I 
had not asked Mr Kemeny to become in
volved in the preparation of the article but, 
to repeat, simply to offer comments.) He 
offered no comments on the substance of 
the paper, but said at some length that he 
thought it was "dishonest, devious and 
actionable". It was on the basis of this 
response that I said that Mr Kemeny 
declined to comment. 

The so-called "technical material" which 
Mr Kemeny supplied me mostly consisted 
of letters sent to Mr Kemeny about his work. 
In my view none of it had any direct rele
vance to the issues treated in my article. 

Mark Diesendorf and Rosemary Walters 
did offer comments on the draft of my 
article, and I included them in the acknow
ledgements to my article in the usual way. 
They are not responsible for the article, nor 
were they my "collaborators" as Mr Kemeny 
seems strangely to think. 

Mr Kemeny is completely wrong to say 
that I "seek to silence any advocacy of 
nuclear technology". On the contrary, I have 
frequently defended the right of individuals 
to advocate a variety of views, including 
ones with which I strongly disagree. It 
would seem that it is Mr Kemeny, by 
threatening an action for defamation, who 
seeks to silence views with which he dis
agrees. 

Mr Kemeny seems not to recognise or 
agree with a key point in my article, namely 
that many issues concerning nuclear 
power—I would say the most important 
issues — are non-technical, and that 
participation in decisions about energy 
futures should involve all concerned 
members of the community. The issue is 
not one of expertise but one of social 
choices involving political, economic and 
social values in the widest sense. 

There is no need for me to apologise, for 
Mr Kemeny has not presented a single bit of 

evidence to sustain his derogatory 
allegations about my article. I suggest that 
readers will find that Mr Kemeny's letter 
vividly illustrates many of the points about 
Mr Kemeny's style of argumentation which I 
made in my article 'The Naked Experts'. 

Brian Martin 
Dept. of Mathematics, Faculty of Science, 
Australian Nat. University, Canberra, 
Australia. 

Dear Sir, 
In his letter about Dr Brian Martin's 

article 'The Naked Experts', Mr Leslie 
Kemeny labels me incorrectly as a 
"collaborator'. The fact is that, like Mr 
Kemeny, I was invited to comment on the 
draft manuscript, but unlike Mr Kemeny I 
did offer comments on the substance of the 
manuscript. 

As President of the Australasian Wind 
Energy Association (AusWEA) I have 
already expressed concern publicly that Mr 
Kemeny erected a windmill in Bangladesh, 
with the partial support of the Australian 
Development Assistance Bureau, at a site 
where there was known to be essentially no 
wind. Is this the kind of 'technical expertise' 
which qualified Mr Kemeny to chair a 
conference on Technology for Development 
and to write ill-informed articles, such as 
'Alternative Energy: the Myth and the 
Reality', attempting to denigrate renewable 
energy? 

Mr Kemeny accuses Dr Martin of dis
honesty, but cannot provide a single 
example. I have checked all the points 
documented by Dr Martin, involving Mr 
Kemeny, and I am satisfied that Dr Martin's 
account is honest and fair. I see Mr Ke
meny's wild charges as an unsubtle attempt 
to silence, through threat of legal action, 
public debate on an important issue. 

May I offer an additional point about 
naked experts in general? It seems to me 
that nuclear power proponents, who are 
usually trained as nuclear technologists or 
scientists, and whose public credibility 
generally rests on specialised expertise in 
these areas, face a dilemma. To promote 
nuclear power, some of them must try to 
criticise renewable sources of electricity 
such as wind power, which is already more 
cost effective, in appropriate locations, 
than nuclear power. How are these narrow 
experts to extend their expertise, or at least 
the public image of it, to renewables? 

Unfortunately, this has been achieved in 
some countries by governments which 
handed over R & D in renewable energy and 
much energy policy-making to former 
nuclear energy researchers and admin
istrators, respectively. Furthermore, where 
wind and solar energy associations seek 
high status with governments, they have 
sometimes appointed as office-bearers 
senior engineers or administrators from 
electricity utilities and corporations, which 
tend to be strongly pronuclear. (So far this 
situation has not occurred in AusWEA.) 
Finally, in rare cases, claims to expertise in 
renewables are achieved through partici
pation in government foreign aid pro
grammes, which are not always noted for 
their emphasis on aid going 'from people to 
people'. 

Yours faithfully 
Mark Diesendorf 
Australasian Wind Energy Association, 
Canberra, Australia. 
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Classified 
M I S C E L L A N E O U S 

Martlet Health foods 

Martlet 

Lpplejuice 

Martlet 
Apple Juice 

bojHes.lnwhr 

{rem Health Food shops. 
T H E R I D E FOR L I F E . This will take place 
along the coastline of Wales from April 27th I 
to May 6th. A group of cyclists are trying to 
raise money for various anti-nuclear and 
peace/ecological causes. Anyone interested 
to take part or offer accommodation for over
night stops please contact Tony Fletcher, 
Rainbow's End, 27 Portia Terrace, Mount 
Pleasant, Swansea SA1 6XW (Tel: 49825 or 
468500). 

VITAMIN-C P O W D E R BP. No V A T added. 
£3.75 for 240 gms, £7.30 for 480 gms (UK 
only). Renehall Ltd,m 261 Dunchurch Road, 
Rugby. 

S I T U A T I O N V A C A N T 

S M A L L S C A L E I N D U S T R I E S Specialist/ 
Technician needed for a Development 
Programme in the Port Sudan. Please send 
detailed CV including names of two 
professional referees plus a statement of 
your views on development to: Euro Action 
Acord, Personnel Dept., Francis House, 
Francis Street, London SW1. 

C O N F E R E N C E S 

E C O L O G Y P A R T Y S P R I N G C O N F E R 
E N C E will be held at the Floral Hall, The 
Promenade, Southport, Merseyside from 
22nd to 25th March 1984. For full conference 
papers and details ring Tony Jones on 01-735 
2485. 

P E A C E D E V E L O P M E N T and OUR
S E L V E S . A Study Weekend on Global 
Issues and Personal Responses. 17th and 
18th March 1984 at Sterts Centre, Upton 
Cross, Liskeard, Cornwall. For details ring 
Christine Godwin, Plymouth 20429. 

The Seventh European Heritage Landscapes 
Conference will be held at Losehill Hall from 
April 23rd to 27th, 1984. The subject will be 
Land Management for Conservation in Pares 
Naturels, Naturparke, National Parks and 

equivalent reserves. For details please con
tact Ms Rosie Simpson, Peak National Park 
Study Centre, Rosehill Hall, Castleton, 
Derbys. S30 2WB. 

N A T I O N A L S O C I E T Y FOR C L E A N A I R 
1984 Workshop: Regulating the Impact of 
Air Pollution. Held on 28th and 29th March 
1984 at Lincoln College, Oxford. Enquiries to 
Jane Dunmore at the NSCA. Tel. (0273) 
26313. 

B O O K S AND P U B L I C A T I O N S 

The University of Arizona Press wishes to 
announce the establishment of a new series 
of scholarly books in human ecology, under 
the editorship of Dr Robert M. Netting. The 
aim of the series is to publish exemplary 
monographs and other books of original 
work, addresssed to both scholars and the 
wider public, on the relationships between 
humans and their environment, in a variety 
of fields, especially cultural anthropology, 
biology, geography, psychology, and socio
logy. Manuscripts and proposals are now 
being welcomed. Please direct all corres
pondence to: Dr Robert Netting, c/o The Uni
versity of Arizona Press, 1615 E . Speedway 
Blvd., Tucson, AZ 85719, USA. 

H O L I D A Y A C C O M O D A T I O N 

MID D E V O N . Country lovers' cottage, close 
to brook in very quiet wooded valley. All 
mod. cons, sleeps 4/6. Terms £40-100 per 
week. Tel. Ashreigney 340. 

FOR R E N T 

TWO C O T T A G E S with 7 acres orchard, 
vines, kitchen-garden, surrounded by 
National Forest. Fantastic views, bird-
watching, climbs, rides. £200 p.m. including 
gardener. Eichler, Estacion Gaucin, Malaga, 
Spain. 

FOR S A L E 

E I G H T A C R E S arable and mixed orchard 
with water, ruins (permission to build), 
access road, surrounded by Forested Nature 
Reserve. £15,000. Eichler, Estacion Gaucin, 
Malaga, Spain. 

HAFOD. Still untouched by Agrimerchants 
Consumer Service Barons. Beautiful small 
Mansion, Aeron River, 57 acres old meadows, 
Naturalists Paradise. Substantial so-called 
Improvement Grants plus perhaps undesir
able planning permission two dwellings avail
able. Special Price to bonafide organic Eco 
Trust. Box No.149. 

CLASSIFIED ADVERTISING 
(Pre-paid only) 
Display £2.00 per s.c.c. Min 3cm. 
Semi-display £1.40 per s.c.c. Min. 

3 cm. 
Word rate: 15p per word. (Minimum 

£3.00). 
Box Nos. £1.00 extra. 

No circulars or packets can be 
forwarded. 

SCHUMACHER BOOK SERVICE 

MAIL ORDER 

Wendell Berry 
Three great books from this outstanding 
American writer/farmer 

The Unsettling of America 
Gift of Good Land 
Recollected Essays 

Fritjof Capra 
International bestselling author 

The Turning Point: science 
society and the rising culture 

£5.95 
£6.95 
£6.95 

£3.50 

Leonie Caldecott & Stephanie Leland (eds) 
Reclaim the Earth: women speak £4.95 
out for life on Earth 

M.K.Gandhi 
Autobiography: The Story of my 

Experiments with Truth 
2.95 

Masanobu Fukuoka 
The One-Straw Revolution £6.95 
An introduction to Natural (Hardback) 
Farming published by Rodale Press 
USA. His account of the revolution 
in his life and work, the change 
from microbiologist and agri
cultural inspector to thirty-five 
years of natural farming 

John Seymour 
The Lore of the Land £8.50 
How to husband ponds, 
grassland, woodland, walls, 
hedges, trees and lakes 

Die Grunen: The Programme of the 
Green Party £1.50 

Second edition with preface by 
Jonathon Porritt. Explains in 
detail the philosophy and policies 
of the Green Party 

Diana Schumacher & Cleland McVeigh 
Going Solar: a practical guide £1.35 
to solar water heating 

All these, plus books by E.F. Schumacher, 
Ivan lllich, Gary Snyder, Hazel Henderson 
and others are available by post—add 20% 
to the price to cover postage. Full list of 
over 100 titles will be sent on request. 
Please include SAE. 
Cheques payable to 'Schumacher Society.' 
Schumacher Book Service, Ford House, 
Hartland, Bideford, Devon. 

Please send me the books as ticked. 

I enclose £ 

Name 

Address 



The environment 
isn't committing suicide, 

it's being murdered. 
There's a lot of talk about saving nature. 

Greenpeace does something about it . 
Action by Greenpeace has led to a ban on 

commercial whaling, effective 1986. 
Action by Greenpeace has curbed the 

brutal slaughter of seal pups. 
Action by Greenpeace has thwarted the 

dumping of radioactive waste at sea. 
Action is needed now to stop millions of 

gallons of toxic liquids from poisoning the seas. 
To stop the slide towards environmental 

genocide. 
Greenpeace offers effective campaigning 

agai nst these th reats to us al I • 
By initiatives that make sense. Through 

peaceful but uncompromising direct action. 
But we need money. We need people with 

the guts to stand up and be counted. 
Join us. The returns are worth it. 
Now and for the future. 
Send your donation and sae for member

ship details. 36 Graham ipr^75Tr^7^5^3 
Street, London N1 8LL. 


