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The ripe, golden grain fields had once been the sym-
bols of well-being. But already in the period of a united
world the unprofitability of annual farming has been
acknowledged. The demanding toil of cultivating
annual plants and bushes was stopped... There were
thousands of different varieties of breadfruit, berry and
nut bushes, each bush producing hundreds of kilograms
of protein-rich fruit. These forests extended round
the world for hundreds of millions of bectares in two
wide belts. They were the real Belts of Ceres, named
after the mythical ancient God of Fertility.

—The Utopia of Ivan Jefremov, a soviet sci-
ence fiction writer, about the world in the fourth
millennium, in The Galaxy of Andromeda, 1958
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Introduction

IN His oLD AGE, Gandhiji decided to start eating food that was only
produced by trees. Besides this, he also drank some goat’s milk. Even
many of his closest followers did not understand the point, and
considered the decision an old man’s folly. However, Gandhiji, as usual,
saw much further than other people in this matter too. His decision
demonstrated a very important point, which is also the main focus of

this book.

Another giant of human history, the Buddha, also emphasized the
importance of food produced by trees. Buddha instructed his follow-
ers to plant five trees every year and to ensure that they remained alive.
Each one of us can make a very important contribution towards solv-
ing the problems of hunger and environmental degradation by plant-
ing various food-producing trees, especially trees that can attain a larger
size, and by letting them grow to an old age.

Trees can produce, for the same area of land, more food than
other kinds of food-producing plants, especially if various trees of
different sizes are grown together. Trees can produce food in rocky
and marginal soils, mountain slopes and dry lands, where ordinary field
farming is impossible. And most tree species will keep on producing
food even during drought or flood or during periods of war when
the cultivation of annual crops is interrupted by mindless fighting. By
planting and growing food-producing trees we could, perhaps, make
hunger and malnutrition things of the past.

In human history, the ordering of the construction of large palaces
and cathedrals or pyramids that have sometimes been preserved for
hundreds, or even thousands, of years, has been the privilege of avery
small and select group of emperors, sultans and kings. However, if we
want to do so, every one of us can, on a personal or community basis,



i Introduction
plant things that are much larger, tremendously more beautiful
and much more useful than all the cathedrals and palaces in the
world put together.

We can plant small forests of sequoia trees, that can achieve heights
of 100 or 120 metres and diameters of 10 metres, and that can live for
6,000 years. Or we can plant majestic baobab trees that can keep on
producing nutritious fruits, nuts and leaves for human consumption
even when they are 4,000 or 5,000 years of age.

Or we can plant aspens, organisms that are almost eternal, whose
vast root systems can sometimes live for more than a million years. If
we manage to establish a growth of useful mycorrhiza fungi-pro-
ducing edible mushrooms into the root systems of the aspen trees
before we plant them, we might be able to establish aspen forests
that will still be producing food for humans after a million years.
In this way, a small act carried out in our own lifetime would
benefit people and animals that will inherit the earth after us, for
50,000 coming generations, or more.

Or we can contribute to the preservation and protection of the
already existing larger trees, and ensure that they will have the chance
to reach an old age typical to their own species, and that they will
be given the chance to die as slowly as they have lived - in their
natural way. In this way, we can make the world a much more wonder-
ful and beautiful place, a place where every square kilometre would,
after afew thousand years, be full of great wonders and the splendour
provided by the trunks, branches and leaves of gigantic trees.

December, 2003
New Delbi, India Helsinki, Finland

1

Trees as Food Producers

ACCORDING TO JonN Sholto Douglas and A.J. de Hart, only about
8-10 per cent of the world’s land area is currently being cultivated,
but this area already includes a very large majority of all existing
good-quality farmlands. Tree crops, however, could theoretically
be grown on at least 75 per cent of the world’s land area. Trees can
also be grown on lands that are not suitable for conventional field
farming, including arid and semi-arid lands, steep hill slopes and
rainforest lands.

This fact might turn out to be very important during the next
century, because there are already about twelve hundred million
people suffering from hunger in the world—and the pressures on
our present food production system are increasing with a frighten-
ing speed.

We might have, in 2100, 10 or 12 billion people living on earth—
up to twice the present number. Even much more than the growth
of the human population in itself, the so-called consumption explo-
ston is increasing the pressures on our agricultural production sys-
tems at an alarming rate. The production of biomass fuels for cars
and lorries, the production of wood for paper mills, the production

1



2 The Book of Trees

of fodder for European and North American cows and pigs, as well
as other new consumption needs of the global upper and middle
classes, are competing for the same, limited, shrinking resource base.
This could be even more serious than population growth.

The American Worldwatch Institute has estimated that, if the
world’s food production is raised by 15 per cent, the world could
provide a typical Indian diet for 10 billion people, an Italian diet for
five billion people but an American diet only for 2.5 billion people.
Indian diet, in this context, means an amount of mostly vegetarian
food that is sufficient to cater to the nutritive needs of a person.
Italian diet refers to adiet that, on average, contains somewhat more
meat than Indian food, and the American diet refers to the con-
sumption patterns typical for the United States of America, where
most of the grain, milk and fish production is fed to cattle in order
to produce meat for human consumption.

Perhaps the most serious issue, in this context, is the way the
middle and upper classes in Asia are rapidly abandoning traditional
vegetarian values, and starting to imitate western eating habits—
which means that they are rapidly increasing their consumption of
meat. However, the more people abandon their vegetarian values,
the less food will be left for the poorer segments of the population—
and for the animals.

At the same time, humanity is in danger of losing a major part
of its most productive farmlands. According to the Worldwatch
Institute, about 65 per cent of all agricultural land in Africa, 45 per
cent in South America and 38 per cent in Asia has already been
degraded, at least to some extent.

According to the UN Food and Agriculture Organization, ero-
sion might reduce the overall productivity of the world’s rainfed
farmlands by 30 per cent within afew decades. Even larger areas are
suffering from declining fertility. Phosphorus deficiency affects 73
per cent of farmland in China and 80 per cent in Pakistan. Between
one-third and one-half of the world’s 230 million hectares of irri-
gated farmland is suffering from salinization or waterlogging.

In most of India, Pakistan and Bangladesh, in practically every
important agricultural area of China, and in much of the USA,
Middle East and North Africa, groundwater reserves are being de-
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pleted because of the overuse of water for irrigation purposes and
because of the loss of tree and vegetative cover, which has reduced
the recharge of the water resources. According to the International
Irrigation Management Institute, India is already consuming its
groundwater resources twice as quickly as they are being replen-
ished, and the level of groundwater is declining by 1-3 metres a
year in many parts of the country.

Population Action International has predicted that between
2,800 and 3,500 million people could be suffering from acute water
shortages by the year 2025. According to the GEO 2000 programme
of the United Nations, up to two-thirds of humanity might soon
suffer from a lack of water.

The situation is likely to get worse because of global warming,
It has been estimated that if the global temperature rises by four
degrees Celsius, the tropics will receive 12 per cent more rainfall—
but the evaporation rate will increase by 30 per cent. This means
that the tropical and subtropical regions would, in practice, become
much drier.

The Intergovernmental Panel on Climate Change (IPCC) has
estimated that the flow of the Nile could be reduced by 75 per cent
because of global warming, and that the Indus might suffer almost
as dramatically. If the climate becomes hotter and the evaporation
rate increases, more irrigation water will be needed to produce the
same results. The growth of the human population also increases
the pressures on the decreasing water resources. This means that
many countries need to look for alternative strategies for producing
enough food for their citizens. At the moment, 70 per cent of China’s
and 50 per cent of India’s grain comes from irrigated fields, but the
present food production system may not be on a sustainable basis.

More and more good-quality farmland is being lost due to ur-
banization and automobilization. For example, in the United States
each additional automobile has meant the loss of 0.06 hectares of
cultivable land. Smaller areas of cultivable lands are also lost due to
various pollution problems, or due to big dams, mines, factories
and other development projects, which—according to a recent World
Bank report—have annually displaced eight or nine million people
during the last decade. If global warming leads to a rise in sea levels,
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we may also lose a major part of the fertile farming lands in the
coastal areas.

When all these factors are counted together, it becomes very
clear that the pressures on the world’s remaining uncultivated lands
will increase tremendously during the twenty first century.

The main problem here is that the remaining uncultivated lands
have remained uncultivated because they are marginal lands—moun-
tains, (rain)forests and drylands—that are difficult to cultivate and
especially vulnerable to erosion. If they are cultivated in the wrong
way, their inherent meagre fertility can be rapidly depleted, and
after that, the peasants will have to move on to find new areas to be
cleared for cultivation—if they can still find any.

The growing of various food-producing trees—together with
other kinds of plants—is likely to become one of the most impor-
tant, or perhaps even the most important, answer to these prob-
lems.

Trees can be grown on all kinds of marginal lands where con-
ventional agriculture would be impossible, or next to impossible—
on poor and rocky soils, in arid and semi-arid regions, rainforest
Jands and steep hill slopes. Moreover, multi-storey farming systems,
mixing tree crops with other kinds of plants, can, in practically
every conceivable ecosystem, produce more food per hectare—in
terms of calories, proteins and other nutrients—than conventional
farming.

The tree components alone can, in most cases, produce much
more food than conventional farming systems. The explanation for
this fact is simple: trees are much taller and they have much deeper
roots than annual plants. For these reasons, trees can collect alarger
amount of sunlight and carbon dioxide from the air, and also uti-
lize—besides surface water—moisture and nutrients from the deeper
soil layers.

The emergence of tree planting as a widespread custom seems
to be a more or less spontaneous and automatic process that is takes
place when the population densities reach certain levels and con-
tinue to grow beyond them. This can already be seen in many re-

gions of the world. Wherever population densities have reached a

How the Coconut Came to Earth

Trishgnku was a famoug king of the Solar dynasty. He was a pious ruler, renowned for his
devot!on to the gods. Trishanku had only one desire. He did not want to wait till he died
and his soul went to heaven. He wanted to go there with his mortal body intact.

f Trt\erfet r\:va:. a %reat fﬁ:nine in the country. Sage Vishvamitra and his family lived in a
orest of tne kingdom. The sage had gone away to another country and his fami
starving. Trishanku helped ¥ @ famly s
them with food.

When Vishvamitra
returned to his hermitage
and heard of Trishanku's
deed, he promised to help
the king achieve his desire.
He started a yagna or
sacrifice to the gods. As the
fire and the prayers grew in
strength, Trishanku started
rising off the ground. Soon
he was far above the earth,
above the clouds, and had
neared the gates of
svargaloka where the gods
lived.

As socn as the gods saw
a mortal at the gates, they
ran complaining to their
king, Indra. Indra, angry at
the daring of Trishanku,
pushed the king down again.

As Trishanku fell, he
cried out in fear to
Vishvamitra. The sage
looked up and saw the
unfortunate king falling fast
through the sky. His anger
knew no bounds. He
shouted: ‘Let Trishanku stay
where he is.’

Trishanku stopped in mid-air. But the sage knew that the king would enly be able to

stay aloft for a little while and soon the magic chant would wear off i i
et g r off. So he held him up with

In time, this pole became the trunk of the coconut tree and Trishanky's head became
the coconut fruit.
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certain level, they have also led to the development of multi-storey,
multi-species agroforestry systems known as tropical home gardens.

In southeastern Nigeria, where population densities range as
high as one thousand people per square kilometre, the high popula-
tion densities are usually linked with more trees.

Similar trends can be observed, for example, on the densely
populated slopes of Kilimanjaro and Meru in Tanzania and Kenya,
on the island of Zanzibar, in Rwanda, China, India and Java—where
tropical home gardens cover 75 per cent of all agricultural land.

In Kenya, both the government and dozens of non-governmen-
tal organizations have actively encouraged people to plant their own
trees. This has made Kenya the first country in Africa that has re-
versed the decline of living biomass. According to the latest studies,
the biomass—the combined amount of trees and other vegetation—
is now growing in 39 out of the 42 districts, of Kenya. And in many
districts the growth has been rather spectacular.

The reason for these trends is obvious: home gardens involv-
ing various tree crops are more productive. For example, in the
heavily populated areas of Nigeria, the production of the multi-
storey gardens is, in monetary terms, five to 10 times higher than
that of conventional field farming,

It has been estimated that fruit trees only occupy 2-3 per cent of
the world’s agricultural land, but contribute 5-7 per cent of the
gross food production and 10-35 per cent of national income from
agricultural production. It must be pointed out here that, at the
moment, much of the commercial fruit production concentrates on
fruits that have a relatively low nutritive value but that are com-
mercially valuable, like the citrus fruits.

As the population densities of many Third World countries are
projected to multiply before the end of this century, it could be
expected that the various agroforestry and tropical home garden
systems involving tree crops are likely to become the dominant mode
of small-scale agricultural production in many, if not most, Third
World countries.

Trees as Food Producers 7

Dry Areas: The Hunger Zone

In areas that have very uncertain rainfall, the security of food
production is the number one consideration of the poorer segments
of the population. In such areas, tree crops are especially important,
because trees are likely to provide a crop even during bad drought
years, when all the (rainfed) annual crops will fail.

The world has altogether 6.1 billion hectares of drylands, if hy-
per-arid, arid and semi-arid lands are all included. Already about
one billion people live on drylands, which will most probably have
to feed a growing percentage of the world’s population in the fu-
ture. Because the trees and other plants growing in arid places have
never received the attention of plant breeders, people moving to
drylands usually attempt to cultivate familiar plants which require
large, or relatively large, amounts of water to survive and produce
crops. This results in very insecure food crops: in drought years
there may be no crop at all. For this reason, already 90 per cent of
all international food aid is going to drylands.

The domestication of various wild fruit and nut trees growing
on drylands might be the single most important answer to these
problems. Tree crops are likely to constitute one of the, (or the),
agricultural technologies best suited to very arid conditions.

Food-producing trees can be grown also on lands that cannot be
used for conventional field farming. Moreover, food-producing trees
can probably produce much more protein, fat and carbohydrates
per hectare than any other food crops that can be grown on drylands.

Because of their longer root systems, trees are able to utilize
moisture and nutrients that lie far beyond the reach of annual crops.
Many of the trees that have evolved in the dry areas produce fruit
crops even during the worst drought years. And properly managed
tree plantations can provide good and permanent soil cover, both
directly and through their litter production.

The dryland food-producing trees could also benefit the areas
receiving much larger amounts of rainfall. Most of them can also be
grown in more humid conditions, but they will still keep on using
water very sparingly. This could be important in a situation where
billions of people are already threatened with water shortages even
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in areas that receive quite a lot of rain: we need to look for plants
that can produce more food with less water.

It is probable that many of the trees that are likely to become
important tree crops for the drier parts of the world, will come
from Africa. None of the presently cultivated tropical and subtropical
fruit and nut trees have originated in Africa. All the domesticated
tropical fruits come from Latin America, Asia, the Middle East,
Oceania or Australia. African fruits have never received similar at-
tention. They have never been domesticated and bred to become
new, important food crops.

So, in Africa, we are still dealing with essentially wild trees,
trees that often produce relatively small fruit or fruit and nuts in
which the relation of the non-edible portion and the edible portion
is not very favourable for human consumption. African fruits often
have a thick, inedible cover or they are full of inedible seeds. How-
ever, in the long run, Africa may have a lot more to offer than any
other continent, in terms of food-producing trees that can thrive in
extremely harsh and dry conditions.

First, Africa is the hottest continent and, after Australia, the
second driest. It also has the oldest deserts in the world. For these
reasons, Africa has, by far, the most interesting collection of wild
food-producing trees that can thrive and produce food for human
consumption in very arid conditions. So far humans have only do-
mesticated two such fruit tree species: the date palm (Phoenix
dactylifera) and the desert apple (Zizyphus mauritiana).

Dryland trees have not received much attention because only a
few people have been living on drylands. Now the situation is chang-
ing rapidly and there is more and more pressure on drylands.

Many African dryland fruit trees produce good fruit crops even
in drought years, and they have a capacity to produce huge quanti-
ties of food for humans with only a few hundred millimetres of
rain per year. For example, mature mongongo (Ricinodendron
rautanenii) trees can produce, annually, 200-600 kilograms of fruit
per tree.

The nutritional value of the fruit flesh is about the same as that
of maize, and the nut inside the flesh is still more nutritious. The

Trees as Food Producers 9

average production of selected adult marula (Sclerocarya caffra) trees
is more than 500 kilograms of fruit and nuts per tree. In areas re-
ceiving 300-400 millimetres of rainfall, it might be possible to grow
at least 50-60 large trees per hectare.

This means that marula and mongongo trees can produce very
large quantities of food in conditions where ‘drought-resistant” mil-
let varieties only yield, on average, a few hundred kilograms per
hectare. The difference in productivity is even more striking if we
include the fallow years the calculations. This further reduces the
statistical average annual production of ordinary fields.

In Botswana, ordinary field farming quickly depletes the fertil-
ity of the soil. After a few years of farming, the land has to be left
fallow for 10-20 years. Tree crops, on the other hand, can be grown
continuously, without any fallow periods. Because of the litter pro-
duction of the trees, and because there is no need for intensive weed-
ing of the undergrowth, there is very little erosion. Also, the deep
root systems of the trees prevent the leaching of valuable nutrients
into deeper soil layers.

The dry and hot conditions of Africa have produced a large
number of fruits which have hard wooden shells (like baobab and
the wild oranges, or Strychnos fruits). Such a shell can be seen as
Mother Nature’s answer to industrial canning, Most fruits with a
wooden shell can be preserved for a longer time than the presently
cultivated tropical fruits. For example, Strychnos cocculoides (mon-
key orange) has a shelf life of up to three months. Also, the fruits
are not so easily spoiled by mechanical damage during transporta-
tion. These are major benefits for the rural people, who usually
want to sell part of their fruit crop to the urban areas.

Many wild African fruits have exceptionally high calorific val-
ues. For example, the baobab fruit contains 1300 kJ/100 g. This is
almost twice more than the energy value of avocado, which is usu-
ally considered the most nutritious fruit.

Different wild fruit tree species of Africa also bear fruit during
different times of the year. Some of them could, therefore, be grown
to provide fruit during the seasons when only a few of the presently
cultivated fruit trees bear fruit.
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Some of the African fruit and nut trees might also become a
source of healthy food oils for Africa—and for other continents as
well. Most food oils consumed in Europe and North America—and
in Africa~are very unhealthy, and cause cardiovascular disease.
However, the oils that contain a lot of oleic acid, like olive oil, have
an opposite effect: they reduce the risk of cardiovascular disease. In
the Mediterranean region, cardiovascular mortality is much less than
elsewhere in Europe, and the main factor seems to be the consump-
tion of olive oil. The use of olive oil could, in theory, prevent mil-
lions of deaths every year in North America and in Europe.

For example, marula oil is 70 per cent oleic acid. It might be
possible to produce very healthy food oils in the drylands of Africa
with more competitive prices than in the Mediterranean. This might
have a very important impact on national health in Africa, America
and Europe, perhaps even in Asia, and produce a lot of foreign cur-
rency for Africa.

It is likely that by the year 2050, the African, Asian and Latin
American drylands will have to feed many more people than their
present population of less than one thousand million. Food-produc-
ing trees thriving in dry conditions are likely to become an integral
part of the farming systems on drylands.

‘Therefore, if we can identify some of the most promising candi-
dates for new food trees for drylands and if we manage to grow
them in orchards—and breed productive varieties of them—it is likely
that the planting of such trees will become 2 very common habit
among the rural populations of the drylands in Africa, Asia and
Latin America.

Mango is not indigenous to Africa, but because it has a very
tasty fruit, it has spread more or less spontaneously over the whole
continent, so that large areas of Africa are now a kind of ‘mango
savannah’. All the other trees have been cut down and you can only
see mango trees for miles and miles and miles. Similarly, bananas
and papayas have spread, more or less spontaneously, to practically
every village and every household in areas where they can be grown.

Something similar might happen with the new desert fruit and
Dut trees as well. With mangoes, the process took several centuries.
Today similar things are likely to happen much quicker: the gov-
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How the Coconut Got its Face

A young man from Kerala, bom into a fisherman’s family, did not kpow how to catch fish.
He tried every way, with poles and nets, but he never caught any fish and got poorer and
hungrier. Everybody in his village laughed at him. So he decided to Ie'arn some magic. He
went to a teacher of magic and leamt how to remove his head from his body.

When the beach was deserted in the evenings, when all the fishermen had retured to
their villages with their daily catch, he would come to the beach and, in a secluded corner,
take off his head from his trunk and dive into the water. The fish had never seen such a
strange sight and they always clustered around. All the small fish enterad h|§ body through
his neck. The man would then swim ashore, take the fish out, and replace his head. He
would go back to his village and show the villagers all the fish that he had caught.

He told no one his secret. The villagers, who saw no poles or nets in his hut, nor'caught
sight of him at the beach, grew exceedingly curious. One day, a little poy followed him to
the shore. He saw him take off his head and dive into the water. The little boy darted
forward and snatching the head, ran away. After a few yards, he found it too heavy and
threw it into a bush.

The man came out of the water and could not find his head. He searched all over and
then, because his magic was running out, he threw himself back into the sea and became
a fish.

The little boy brought all the villagers to show them the miracle of the head. But when
they came to the bush near the sea, they found that it had alrgady grown into a tall and
slender palm with nuts on it. Each nut had the man’s face on it. And thus the coconut tree
was created.

—A folktale from Kerala
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As long as the rapid recycling of nutrients, the actual basis of
the whole rainforest ecosystem, is maintained, crops can be grown
on rainforest land on a permanent basis, for thousands and thou-
sands of years. In theory, it should be possible to continue this kind
of cultivation even much longer than this: some rainforests have
probably existed for a hundred million years or more.

Tf cultivated by conventional farming methods or turned to pas-

ture, rainforests are among the world’s poorest and most unproduc-
tive lands. However, when multi-storey home gardening in prac-
tised, and a permanent tree cover is maintained, they can be ex-
tremely productive, because of the combination of high tempera-
ture and extreme humidity. Tropical rainforests are situated in ar-
eas that would anyway receive a lot of rain, but in some cases the
amount of rainfall is doubled or multiplied by the trees. Huge
amounts of water evaporate from rainforest trees. At the same time,
they produce aerosols (tiny particles) that contribute to rapid cloud
formation over the forest. Researchers have found that some
rainforest areas have an ability to circulate up to 75 per cent of the
rainwater back to the atmosphere. This superefficient, superfast re-
cycling of nutrients (and water) leads to very high biological pro-
duction.

In one study, the natural rainforest of Panama was found to
produce about 40 tonnes of fruit (with a net dry weight of eight
tonnes) per hectare in a year. This is a lot, when we remember that
not all the trees growing in the rainforest produce fruit.

" At its height, the Mayan civilization supported populations of
700-1150 people per square kilometre on rainforest land in the
densely populated parts of their empire. According to Clive Ponting:

Excavations in the outer areas of Tikal suggest that, at its height,
the population was at least 30,000 and possibly as high as 50,000
(of the same order as the great cities of Mesopotamia). Other
cities, though not quite so large, would have followed the same
pattern of dense urban settlements and so it seems likely that the
total population in the Maya region at its peak might have been
near to five million in an area that now supports only a few tens

of thousands.
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The Lacandon system already gives us a vague idea of what could
be done if the rainforest lands were cultivated in a somewhat simi-

lar way.

However, the Lacandon system is not the optimal system we
should have in mind. It should be relatively easy to develop multi-
storey rainforest gardening systems that are still much more pro-
ductive. The Lacandon Mayas only grow relatively small fruit trees
in their Milpas, and many very productive and promising food-
producing trees like peach palms, ingas, breadfruits, jackfruits and
plantains are unknown to them.

According to C.R. Clement and H. Villachica, Amazonian peach
palm cultivation can yield up to 30 tonnes of fruit per hectare, an-
nually. In other words, peach palm plantations can produce between
500 to 2,500 times more protein and calories suitable for human
consumption than cattle-ranching. And this is a short term com-
parison: in the long run, the difference is still more dramatic, be-
cause cattle-ranching can typically be continued for five or seven
years only, before the land has to be abandoned.

A patch of rainforest growing (mostly) selected varieties of le-
guminous trees might annually yield much higher crops of edible
pods than those that have been achieved in temperate regions. The
hectare yields might well amount to 100 tonnes or even more.

Tropical Wetlands

Indonesian peatlands can contain, on one hectare, almost one
hundred times more carbon than the rainforests surrounding them.
When a peatland area is ditched and transformed to agricultural
land, the peat reserves start to decompose, releasing huge amounts
of carbon dioxide into the atmosphere.

According to studies done in Indonesia, the draining of tropical
peatlands for agriculture typically releases about 30 tonnes of car-
bon per hectare per year into the atmosphere. This can go on for a
long time while the peat is slowly disintegrating, layer after layer.

There are, altogether, about 150 million hectares of tropical
peatlands. If a major part of them are drained and transformed into
conventional agricultural land, they could make a major addiion.il
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Commercial prawn farming has become one of the most im-
portant reasons for the destruction of the mangrove forests. Prawn
farming increased fourfold during the years 1985-1994, and the an-
nual value of exports climbed to about US$ 8 billion. However, the
social and ecological impact has been disastrous.

In West Bengal, research has shown that more than 90 per cent
of the marine fish species found in the region spend one or more
periods of their life cycle in the mangrove forest, and it seems that
many of the species cannot survive without mangroves. In the Gulf
of Mexico, it has been estimated that 97 per cent of the commer-
cially valuable fish species are dependent on coastal wetlands, and
that the annual fish catch has been reduced by 2.5 tonnes for each
hectare of destroyed salt marshes (the temperate equivalent of the

mangrove forests).

In Thailand, 100,000 hectares of mangrove swamps have been
cleared for prawn farming. This has caused the loss of up to 800,000
tonnes of fish in the natural catches. According to the proponents
of prawn farming, this has been amply compensated for by the
120,000 tonnes of prawns that have been produced in the area that
used to be mangrove forest. In monetary terms, 120,000 tonnes of
prawns may have more value than 800,000 tonnes of fish—but from
the viewpoint of the fishermen, or of the poorer segments of the
population, the situation may seem different. Prawns are predators
that are fed by pellets made of fish-meal. About one tonne of pellets

is usually required to produce 170 kilograms of prawns. This means
the further loss of seven tonnes of fish for each hectare converted to

prawn farming.

However, even this isn’t the whole story yet.

Mangrove forests also catch and stabilize sediments brought by
rivers and thus effectively create new coastal land areas. The des-
truction of mangrove forests causes accelerated erosion: without the
mangroves, large land masses can simply disintegrate and be washed
out by the sea. This means that the clearing of mangrove forests is
perhaps the single most significant threat to coral reefs, which also
have major importance for marine fisheries. In the Philippines, the
cutting of the mangrove forests in Bacuit Bay increased the load of
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(sif.:dlment's on the'coral reefs by 200 times. Five per cent of the corals
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Perhaps the worst way to utilize the mangrove forests is to clear
them for prawn farming, It would be far more advisable to grow
nipa or sago palms in them, together with the mangrove treesg and
utilize ;uch semi-natural stands for the production of starch s, ;
gnd edible fruit. This kind of harvesting would not endan ’ Ugﬁr
important biological functions of these forests. Ber e
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High Mountains and Northern Regions

The world’s mountainous areas cover an area of about 30 million
square kilometres and are home to about 600 million people.

In steeply sloping hills and mountains, topsoil is quickly lost if
annual crops are planted without complex terracing systems. The
fertile topsoil layer, accumulated during tens of thousands of years,
may be washed away in a few decades.

Besides terracing, this problem can be avoided by using suitable
combinations of perennial crops (trees and shrubs) and annual crops.
Trees thrive on steep hill slopes, even in places where hardly any
soil can be seen. Their roots can penetrate deep into small cracks in
the rock to acquire the necessary nutrients and moisture. Trees and
bushes grown on densely planted rows along the contour lines can
also capture soil and thus create, little by little, level terraces on
which other types of crops can be grown also. Or, alternatively,
trees can be used to stabilize more conventional terraces, in order to
reduce the heavy maintenance work on them.

Thousands of years ago, ancient Greece had already lost almost
all its topsoil due to intensive farming and grazing. After this the
Greeks started to grow olive trees on eroded mountain slopes where
other crops could no longer be grown. This saved the economy of
the Greek civilization. Tree crops could become as important for
most other mountain ecosystems as well.

One option that is yet to receive the attention it rightly de-
serves, is cooperation between the northern areas and the high moun-
tain regions of the Hindukush-Himalayas and Andes. The climate
cools, on average, by half a degree Celsius for each additional 100
metres in altitude. A place one kilometre above the sea level should
be roughly five degrees Celsius cooler than a coastal plain. This
means that many crops that grow on high mountains could also be
grown in the northern regions—and vice versa.

Such cooperation might, in the very long run, have major im-
portance for the whole of humanity. During the peak of the last Ice
Age, the northern glaciers covered most of north and central Eu-
rope, Canada and the northern parts of the USA. Southern Europe
and most of China and the USA were treeless tundra. The northern
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I»flmlm ol the boreal forest zone cut through India and southern
Cohina

I'his kind of situation will be repeated again, sooner or later
During the last two or three million years, the climate on earth has.
been charagterized by the alternation of warm interglacial periods
usuglly 1as§1ng 15,000-20,000 years, and slightly longer glaciation,
periods or ice ages. This periodical alternation is likely to continue
for tens of millions of more years.

Hurpan civilization was born and has flourished during our
present interglacial period, which has now lasted for about 12,000
years. I'n spite of the greenhouse gas emissions, it is almost cer,tain
that this warm interlude is not going to continue for ever. After a
few thousand years, the glaciers will again begin their m‘arch to-
wards the §outh and bury vast areas under two kilometres of ice. At
the same time, the tundra and northern evergreen forest zones évill
also shift towards the south, and tropical and temperate areas will
contract to small nuclear patches from their present much larger
size. Most of humanity will then have to feed itself with crops t}glat
can t'ol.erate severe cold and which can be grown in the climatic
conditions of the northern evergreen forest zone.

A number of such species can be found in the northern regions
but they are much more numerous in the high Andes and Himalayas’
From this perspective, specific attention should perhaps be paid té
the food-producing trees and other food plants growing on the south-
ern slopes of the Himalayas, in India, Nepal and Pakistan.

In the areas where the trees and other plants had a clear escape
route—a continuous land mass which enabled them to withdraw
farther to the South while the glaciers marched forward—glaciation
perxc?ds did not do too much damage: species could fall back in a
rel'atwely good order. For example, in North and South America
this was the case: because the Rocky Mountains and the Andes forrr;
the spine of the double continent in the north-south direction, the
did not block the escape routes of the tree and plant species. )Evez
then., the numerous back-and-forth changes in the climate favoured
species that spread and matured quickly. This led, for example, to
the near extinction of the redwood family. ’ o
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How the Pandavas’ Weapons Were Saved

In South Asia, the shami tree (Prosopis spicigera) has major cultural importance. Prosopis
in Greek means ‘obscure’. Spicigera is taken from Adrian von der Spiegel, a physician of
the sixteenth century. The Sanskrit word shami means pod.

The Vedas endowed the shami tree with the property of containing fire. A Rigvedic
legend says that Pururavas, the ancestor of the Lunar race of kings, which included the
Kurus and Pandavas, generated the primeval fire by rubbing the two branches of the
shami and asvattha (Ficus religiosa) trees together.

The shami tree is revered because Rama is supposed to have worshipped it before he
set off with his army to recover Sita. Among the Rajputs, the chief or king goes in
procession to worship the tree on the tenth day of Dashera and liberates Jay, the sacred
bird of Rama. In the Deccan, the Marathas shoot arrows at the shami tree on the same
day and put the falling leaves into their turbans. It is also considered one of the abodes of
Shiva. One of Shiva’s names is Shamiroha or ‘one who ascends the shami tree’.

The Bharvads of Gujarat make their marriage
posts of the branches of this tree, believing it to be
the home of the dreaded ghost Mamo, or maternal
uncle. In Punjab, when the bridegroom goes to fetch
his bride home, he cuts down a branch of this tree.
The intention is to intimidate the evil spirits that
abide there and who are alieged to interfere with
wedding rites.

One of the most famous legends refated o the
shami tree is from the Mahabharata.

The Pandavas lost everything to the Kauravas in
a game of dice between Yudhisthira and
Duryodhana. The latter promised that he would
retum their kingdom to the Pandavas if they stayed
in the forest for 12 years and incognito for another
year. If they were recognized during that last year,
they would have to repeat their exile.

After 12 years in the forest, the Pandavas came to the kingdom of Virata and decided
to disguise themselves and live in the court of the king there. Before they assumed their
disguises, they took off their weapons, given to them by various gods, and hung them on a
shami (Prosopis spicigera) ree. They found a corpse close by and suspended it from the
branches, saying that ‘this is the body of our mother. It must remain here for a year, after
which we shall take it down and bum it. So, of course, no one dared to touch the
weapons. When they retumed a year later, still unrecognized, they found the weapons safe
in the branches of the shami tree.

Before taking their weapons down, the Pandavas worshipped the tree to thank it for
keeping their weapons safe. When the Pandavas won the battle of Kurukshetra, the
worship of the shami tree on Dashera day became a custom that is followed to this day.

— from the Mahabharata
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In areas where the escape routes were blocked by high east-west
mountain ranges, the results were more dramatic. In central and
northern Europe (where the Alps and the Carpathian mountains
created an insurmountable barrier) and in western Siberia (where
thf: escape routes were blocked by the Altai and by the Hindukush-
Himalayas) a great majority of plant and tree families were wiped
out by the glaciation periods following one after another.

~ For these reasons, the vegetation in eastern Siberia is much richer
in plant aqd tree genera than that in western Siberia or Europe. The
same applies to the southern parts of Hindukush-Himalayas, when

compared with the areas that are situated north of these mountain
ranges.

There are about 200 species of wild trees and about 120 species
of wild shrubs producing edible fruits, nuts and berries that grow
on the mountain slopes of the Hindukush-Himalayan region. This
is much more than what is found in north Europe or Siberia. The
domestxcation of these species could benefit both the people living
in the Hindukush-Himalayan region, the peoples of the Andes and
the people living in Russia and other northern countries. During
the next glaciation period, they could be of major importance for
the.whole of humanity, and provide humans with a major part of
their food for 50,000 or 100,000 years.

Mycoforestry: An Underground Revolution?

Mycorrhizae are fungi that form an association with the roots ofa
tree or anqther kind of perennial plant. There are two main types of
mycorrhizae. One group is called the endomycorrhizae.
Endomycorrhizae can invade the tissues of a plant and grow inside
them. The second type—which we are interested, in here—are the
ectomycorrhizae. The ectomycorrhizae form a kind of mantle
around the roots of trees and plants, including the very smallest

ones, but they are external and do not penetrate the insides of the
roots.

Mycorrhizae form a symbiotic relationship with trees. They
takg sugar from the trees but assist them in acquiring nutrients and
moisture from the ground, so the relationship is mutually benefi-

cial.
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According to the latest estimate, there could be 13 million spe-
cies of fungi in the world, but only a tiny fraction of them are
ectomycorrhizae. Ectomycorrhizae produce growths that consist
of innumerable spores (tiny, asexually-produced ‘seeds’). Such
growths—or sporophores—are often so small that they cannot be
seen by the naked eye. Many species produce their sporophores under
the ground.

However, thousands of ectomycorrhiza species produce larger,
above-ground growths that contain their spores. Such growths are
commonly known as mushrooms. Some mushrooms are deadly poi-
sonous. Some are not poisonous but still inedible. Some are edible
but so small that it would be too much trouble to collect them for
food. Some are edible but very rare. Some are edible and produced
by tree roots in large quantities.

In rainy years, Finland’s 26 million hectares of forests can pro-
duce four or five million tonnes of edible mushrooms. Most of the
crop consists of different mycorrhizae. During such wet years, the
average hectare yield can rise to 200 kilograms of wild mushrooms.
In the 1970s there were four years like this. In dry years, the average
yield could be around 1.5 million tonnes.

Recently clear-felled areas produce very little mushrooms be-
cause there are no trees to support the mycorrhizae, and because the
unprotected soil heats up too much during the summer time. While
the forest grows older, the yields of mycorrhizal mushrooms tend
to rise and diversify. In Finland, the annual hectare yields of wild
mushrooms can exceed two tonnes on the best sites. Temperate re-
gions produce even better yields. An old German study estimated
that the average annual mushroom yield in the German forests was
more than one tonne per hectare, five times more than the yield in
Finland in good years.

The calorific value of fresh mushrooms is rather low (on aver-
age 150 kJ/100 g) because they contain a lot of water. But a notable
part of their dry weight consists of protein, which increases their
nutritional value. They also contain different minerals, and some
species are rich in vitamin D.

Even though the natural yields of edible mycorrhiza mushrooms
can be impressive, it might be possible to multiply them with proper
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forest management practices. The Coalition for Environment and
Develppment (CED), the research and development cooperation
organization of the Friends of the Earth Finland, has coined the
term ‘mycoforestry’ for various practices aiming to increase the
natural yields of edible mushrooms.

In the natural forests of Finland, certain sites produce good crops
of mushrooms every autumn, except in very dry years. For example
a single root of an old birch tree growing near one of the researcl;
sites of CED has, in most years, produced several kilograms of mush-
rooms. In the autumn of 1997, this single tree root produced 10.4
kilograms of mushrooms within an area of only a few square metres.
The mushrooms constituted an impressive line along the root. How-
ever, the same tree had dozens of other large roots and there were
qther big trees growing nearby. Even though the external condi-
tions related to factors like soil fertility, nutrient content and mois-
ture should have been similar, the other roots of the same tree and
the roots of the nearby trees produced hardly any mushrooms.

.The most probable explanation for this is that only a small mi-
nority Qf all the tree roots growing in the Finnish forests have formed
a symbmsis with a mycorrhiza that regularly produces good crops
of edible mushrooms. The endomycorrhizae, that do not grow
mushrooms, are probably more common than the ectomycorrhizae
and only some of the ectomycorrhizae produce larger mushrooms?

If it were possible to increase the percentage of trees (or tree

rogts) growing mycorrhizae that regularly produce good crops of
§d1ble mushrooms, mushroom yields could probably be increased
in a very significant way.
- In the tropics, this kind of management practice could—at least
in theory—increase the mushroom yields even more than in the
nort.her.n and temperate zones. An estimated 95 per cent of all tree
species in natural tropical forests are mycorrhizal exclusively with
endqmycorrhizae. This means that the remaining five per cent of
tropical trees that can also form a symbiotic relation with
e.ctomycorrhizae-producing edible mushrooms offer a notable addi-
tional benefit that the other species do not have. Such species should
perhaps be given special attention in the planning of various
agroforestry and multi-storey home garden systems.
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However, textbook information about which species are exclu-
sively endomycorrhizal should be treated with caution. People in-
terested in mushrooms have said that many tree species that are
officially supposed to be exclusively endomycorrhizal sometimes
seem to form a symbiosis with an ectomycorrhiza, and produce
good crops of mushrooms. Based on such anecdotal evidence, we
might assume, that there are at Jeast some (and perhaps very many)
tree species that prefer endomycorrhizae and normally form asym-
biosis with them, but which are, in suitable circumstances, also ca-
pable of adopting an ectomycorrhiza. Sometimes it could be a ques-
tion of who gets there first.

Mycorrhizal mushrooms could be an important additional prod-
uct in all humid and sub-humid ecosystems in the temperate, sub-
tropical and tropical regions. In the more humid areas, mushrooms
could be produced continuously throughout the year. In the sub-
humid areas, they would only be produced during the rainy season,
but the quantities might still be significant. Mushrooms can be dried
in the sun and stored for long periods of time, so they can be eaten
during the dry season as well.

The most attractive aspect of mycorrhizal mushrooms is that
they do not replace other forms of land-use but complement them.
Besides providing an additional product in the agroforestry systems,
mycorrhizae could increase the wood or fruit production of the
trees, instead of reducing it.

Some of the tropical and subtropical forest ecosystems are domi-
nated by clearly ectomycorrhizal species. Such forest ecosystems
include the dipterocarp forests of south and Southeast Asia and the
savannah woodlands dominated by trees belonging to the cassia
(Caesalpinioideae) subfamily of leguminous trees in Africa. In the
mmiombo woodlands in Tanzania, only 20 per cent of tree species are
ectomycorrhizal, but they constitute more than 60 per cent of the
wood volume of the natural forests. Trees with ectomycorrhizae
probably attain, on average, a larger size than other kinds of trees.

Because some mycorrhizal mushrooms command a high price
in the North American, European and Japanese markets, several
countries have experimented with the growing of mycorrhizal mush-
rooms. However, it has turned out that this is far from easy. Myc-
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orrhizal mushrooms can be grown in sugary solutions in labora-
tory conditions, but their growth without the mother trees is pain-
fully slow, and they are very vulnerable to attacks by bacteria.

Besides the laboratory experiments, people have, during the cen-
turies, done their own experiments. They have often tried to estab-
lish new growths of popular mycorrhizal mushrooms in their back-
viards or homesteads by throwing pieces of them on the ground or
burying them near the tree roots. Every now and then this may
have produced the desired results, but most often it has not. When
a tree seed germinates and begins to produce roots, it is almost im-
mediately attacked by the closest mycorrhizae. After this, the myc-
orrhiza that has conquered the root keeps it tightly wrapped and
defends it against other mycorrhizae. Therefore, the newcomers are
not able to establish themselves unless they happen to land on seeds
that have not yet started to produce roots.

Perhaps the most successful programmes have been carried out
by Japanese and French scientists, who have been able to establish
growths of certain mycorrhizae into the roots of tree seedlings be-
fore they have been planted. This has produced mushroom yields
that are substantially higher than the natural yields. Also, the Afri-
can researchers working in ICRAF’s (International Center for Re-
search in Agroforestry) research station in Zomba, Malawi, have
been able to establish mushroom-producing mycorrhizae into the
root systems of Mmilo (Vangueria infausta) trees before planting.

However, these trials have used technologies and techniques
that require research laboratories, and which cannot be replicated
in the village level by the people themselves.

The Coalition for Environment and Development (CED) has
mainly been interested in methods that do not require expensive
equipment and can easily be replicated by any villager. To find out
whether the semi-cultivation of mycorrhizal mushrooms is possible
with such methods, CED has organized field trials to test the feasi-
bility of some (theoretically) promising techniques.

However, because both the trees and the mycorrhizal mush-
rooms that occupy their root systems grow very slowly in the north-
ern conditions of Finland, it will take a long time before the trials
actually produce any useful information. It would, therefore, be a
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good idea to establish similar trials, testing the same methods, also
in tropical and subtropical regions, where the trees can grow 10
times faster than in Finland.

CED has been interested in four different sets of methods which
might have wide applicability at the village level. The first method
is to identify the trees whose roots (one or several large roots) have
clearly formed a symbiosis with a mycorrhiza that produces valu-
able mushrooms. In most cases, it is not possible to say exactly what
tree has produced certain mushrooms. But in some cases, the mush-
rooms grow in neat clear lines along the roots of a certain tree, so
that you can even deduce the pattern of branching of the roots from
the lines of mushrooms.

In this method, a patch of commercial forest is carefully investi-
gated before it is thinned. The trees that are clearly growing valu-
able mushrooms in their roots are marked and left standing when
the other trees are felled.

When the surrounding trees are cut down, most of their root
systems and the mycorrhizae growing in them die. At the same
time, the trees that are left standing expand their root systems be-
cause they will suddenly have access to more nutrients, more water
and more light. The mycorrhizae producing edible mushrooms
should expand with the root systems of the remaining trees, and
conquer more ground from other, less fortunate fungi.

If the forest regenerates naturally, from the seeds or root suck-
ers of the trees that have been left standing, there is also a very good
chance that many of the new trees will select the valuable mycorrhi-
zae and integrate them into their root systems.

A small number of old trees with valuable mycorrhizae could
be left standing permanently on each hectare of land. If they remain
there for centuries, while the consecutive crops of younger trees
surrounding them are cut down, the old giants would spread their
root systems and the mycorrhizae growing in them over the whole
area. In such a system, there should be, generation after generation,
more edible mushrooms. Because some of the larger trees would
remain standing, this kind of land-use system would also have ma-
jor benefits from the viewpoint of carbon sequestration and nature
conservation, not to mention aesthetic values. In an ideal situation,
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The King and the Drum

Once upon a time in central India, there lived a king who was handsome but very vain. He
looked at himself constantly, in mirrors, in pools of water, even in other people’s eyes when
they spoke to him. 'l am the handsomest king on earth,” he said to his courtiers. He paid
less attention to ruling his kingdom than he did to having his hair styled and his body oiled.
As a result, his people grew poorer and unhappier.

But the king did not care. ‘Why!" he boasted one day in court. ‘t am probably more
handsome than all the gods.’

Unfortunately for the king, a particularly bad-tempered god happened to be flying by
and was incensed at what he heard.

‘Something will have to be done about this king.’ He searched in his mind for an
appropriate punishment. Then his eyes fell upon a bull. ‘Homs!" The god clapped his hands
with malicious glee. ‘| will see how His Handsomeness likes himself with homs."

When the king awoke the next morning, he followed his normal routine. First he drew
his mirror out from under his pillow and gazed into it.

Suddenly the guards outside the king’s chamber heard a loud shriek. They came
rushing in to find the king sitting upright in bed with a large pillow on his head.

‘Out...out...” he waved a trembling finger at them. As they backed away, he shouted
after them, ‘Send for the royal barber immediately.

The royal barber was a cheeky, talkative little man. He came in briskly.

‘You're up early today, Your Majesty, but why the pil...

The king broke in, ‘Stop your patter and come close to my bed.’

As the surprised barber drew close, the king said in his most commanding voice,
‘Barber, | am about to show you something. But if you talk about it to a single living soul |
will have you flogged and hanged.’ The king slowly removed the pillow from his head.

‘Oh!’ The barber clapped his hands to his mouth in horror.
‘Well, don't just stand there,’ said the king impatiently. ‘Do something to cover them up.’

The barber tugged the king’s hair this way and that and managed to cover the homns
partially. The king put his nightcap on to hide the rest. ‘Now go and tell the court | am
unwell. | will not see anyone.” He sat up and glared at the barber. ‘And remember my
warning.’

The barber fled. As soon as the door of the bed-chamber closed he started laughing.
The palace people stopped him and asked him the reason for his mirth, but the barber only
shook his head helplessly and ran laughing through the halls.

‘I will die if | don't tell someone,” he groaned. ‘My stomach is welling with the secret.’

He saw the tamarind tree standing in the middle of the royal courtyard. He went up to it
and whispered the secret to its trunk.

That night there was a fierce storm and the tamarind tree was blown down. The king
was informed through the door, for he would not see anyone, and he commanded the tree
to be given to the royal musician. ‘Let him make a drum from the trunk of the tamarind and
play it outside my door.’
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Soon the drum made of tamarind wood was ready. The courtiers assembled outside the
king’s door and the musician began to play. But instead of the thum thum.thum that .
everyone expected, the tamarind drum intoned, ‘The Raja has homs.on h|.s head. The Raja
has homs on his head.’ The court burst out laughing, and the king cried with rage.

| won't stay in the palace a moment longer,” he shouted, ll go to thg forest and Iiye by
myself. He tore the nightcap off his head and ran out of the palace, seizing the tamarind
drum on his way out.

The king lived for several years in the forest. He learnt about the beauty of the worlq
around him. He learnt to care for creatures smaller than himself. He grew strong and wise
and selfless. His only companion was the tamarind drum and the drum, \fvhen he bgat it,
gave him all the advice and experience of the old tree. He learnt to play it so beautifully
that even the spirits of the trees were charmed and they went to meet the god who had
given him the homs. '

‘Forgive him,’ they pleaded. ‘He has changed. Remove his homs and give him back his
kingdom.’

The god waved his hands and the homs disappeared.

During the day the king went down to a forest pool to drink water. While F:uppipg his
hands he saw his reflection, and his lean, sun-tanned face looked back at him, without any
horns. And, as he sat up in surprise, several horse-riders burst into the clearing and he saw
his courtiers. They knelt before him. ‘Your Majesty, forgive us and come back. The
kingdom needs you.’

The king went back to his realm. He kept his tamarind drum beside him always and he
ruled wisely. And yes, the barber kept his head, but lost his job!
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most of the remaining old trees would be species that also produce
fruits, nuts, pods or seeds that are suitable for human consumption,
besides the mushrooms.

Needless to say, when the stands of the young trees are thinned,
trees that are clearly growing the desired mycorrhizae in their root
systems should be given preference over other trees. Through such
practices, it should be possible to produce notable increases in the
yields of edible mushrooms.

Another set of methods investigated by CED concentrates on
identifying natural forest sites that are clearly dominated by certain
mushrooms, and by germinating seeds or root cuttings at such spots.
If a certain square metre of land is producing two or three kilo-
grams of certain mushrooms—and no other mushrooms can be seen
at the same spot—it is very likely that the seeds or cuttings planted
at this spot will pick up the same mycorrhiza. After the seedlings
have grown some roots, they can be removed and planted at other
sites. Ordinary layering could also be tried. The shoots used for this
could come from the shoots of the trees growing in the same place,
or they could be shoots of plants that are brought to the site in pots.

One of the problems with these methods is that the best mush-
room sites in the forest often have too much shade. Another prob-
lem is that it is obviously not possible to produce large numbers of
seedlings with such methods.

A third set of methods involves the production of seedlings (from
seeds or cuttings or through layering) in sterilized soil. The idea is,
first, to kill all the mycorrhizae in the soil by heating, and then
introduce large amounts of the desired mycorrhiza spores. If the
sterilized soil is soaked and mixed with crushed pieces of mush-
rooms, the seeds or cuttings producing roots in the soil are very
likely to pick up the right mycorrhiza.

Perhaps the easiest way to sterilize the soil so that all the myc-
orrhizae are killed is the method developed by the Zambian-
Botswanian researcher Stanley Mateke, working for the Veld Prod-
ucts Research and Development (VPRD). The trick is to fill part of
a steel barrel with water, after which a steel net or a sieve with a
very small eye-size is put on top of the water. The soil that is to be
sterilized is then laid on top of the steel net. A small fire is lit under
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the barrel for eight hours, and the steam produced by the fire kills
all the germs and fungi in the soil.

Through this method, it might be possible to produce a larger
amount of seedlings which have the desired mycorrhiza mushroom
in their root systems.

CED is also investigating the propagation of trees from root
cuttings that contain a desirable mycorrhiza. Many tree species can
be propagated from root pieces. If a root is clearly producing a valu-
able edible mushroom along a length of three or four metres, we
can cut the root to small pieces and grow a new tree from every
piece. If we manage to choose pieces of root that are mantled by th.e
desired mycorrhiza, we might be able to propagate these mycorrhi-
zae with the tree. Through this method, it might be possible to
produce trees whose every major root will be covered with the same
mycorrhiza. The mycorrhizae should grow together with the new
root systems!

If this method works in the trials, the establishment of new
clones of aspen that grow a certain valuable mushroom in their root
systems will become a very tempting option. Some of the aspens
growing in the Rocky Mountains probably are more than a million
years old. Individual stems do not live more than 150-200 years,
but the root system that links the stems together is almost eternal.
If we were able to produce aspen clones that produce valuable ed-
ible mushrooms in all their major roots, such clones might still be
around a million years from now. They could perhaps produce food
and other benefits for 50,000 future generations of human beings.

Many of the ideas described above could be a bit new. It is pos-
sible that some of them have never been tried before. Therefore, it
is not possible to guarantee that the methods described above will
work. It is possible, and it might even be plausible, that they will
work with a certain statistical probability, but there is no certainty
about this before we get the results of the first trials.

However, we warmly urge you to join us in conducting experi-
ments along these lines. It is not difficult, and in the annexes there
are some more practical instructions on how you might design your
own investigations. You can still be one of the world’s first
mycoforestry researchers.



32 The Book of Trees

There are lots of things to study. There are thousands of edible
mushrooms, many of which can form a symbiotic relationship with
numerous different trees. Many others, however, are always associ-
ated with only a certain tree species.

In this book, the importance of mycorrhizal mushrooms has
been emphasized because they can be grown together with living
trees. However, we should not forget the rot fungi (fungi that get
their nutrition through the decomposition of wood and other plant
matter) and mushrooms produced by them.

Rot fungi have been cultivated by humans for thousands of years
and by termites and ants for a very long time, probably more than
a hundred million years. The fact that the combined weight of both
the termites and of the ants exceeds the weight of the planet’s hu-
man population says something about the potential of such farming
systems.

At the moment, rot fungi do not play a major role in the world’s
food production, even though growing them is easier than the grow-
ing of mycorrhiza mushrooms. The methods that have been in use
are somewhat complicated and the original investment costs, often
a bit high. In most of the present systems of intensive mushroom
cultivation, the temperature and moisture levels have to be moni-
tored and controlled carefully in order to ensure a good crop.

It is also possible to develop low-cost methods of rainfed rot
mushroom cultivation that do not require heavy investment. Like
the mycorrhizae, the rot fungi could also form an additional com-
ponent in the agroforestry systems, without competing with other
types of production. They would not even compete with the myc-
orrhizal mushrooms.

When a tree falls down or is cut, the wood in the stumps, roots,
branches and trunks that are left on the ground will always decay
within a number of years. The wood is eaten by various micro-
organisms and fungi: it is only a question of what kind of fungus

will do the job.

Most rot fungi do not produce edible mushrooms, but some of
them do. Whenever the forest is thinned or logged, or some indi-
vidual trees are felled, it might be a good idea to drill a hole into
each stump and install some fungal root growth of a desirable rot
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fungi. This would ensure, that the right type of rot fungi would
invade most of the stumps and major roots of the felled trees. Some
species of rot fungi can produce 300-600 kilograms of edible mush-
rooms for each tonne of dry matter they decompose. About one-
third (and often more) of the biomass of the trees is often under-
ground, so the mere stumps and roots of the felled trees can actually
produce rather handsome crops of edible mushrooms.

In the northern forest zones, individual tree stumps that have
caught the right fungus often produce amazing crops of edible mush-
rooms for adecade or two. CED has also initiated a number of field
trials, in which all the stumps of the felled trees in the experimental
areas are treated in the above-mentioned way. The final aim is to
develop an agroforestry system that would simultaneously produce
large amounts of timber and fuelwood, fruit, nuts and berries, my-
corrhizal mushrooms and rot mushrooms. The new trees that will
be planted between the old stumps have been treated with mycor-
rhizal fungi, and the stumps are used in the cultivation of rot mush-
rooms. The older trees that start to produce especially good crops
of mycorrhizal mushrooms are never felled, until they start dying
of natural causes.

The Big Trees of the Oceans

The oceans too have their giant trees. The sequoias of the sea are
called giant kelp. They are algae that can reach lengths of 70 metres
or more. Individual fronds do not live for a very long time, but the
holdfasts, the rootlike clumps of strands that attach the plant to the
bottom, can be relatively long-lived. The holdfasts of the giant kelp
can sometimes be up to three metres thick.

Giant kelp, some other species of algae and a number of other
water plants grow faster than any other plants in the world. Giant
kelp can grow 60 or 70 centimeters in one day, and up to 130 centi-
meters per day if the upper parts of the fronds are being harvested.
The daily growth of the water hyacinth mats in sweet water can
amount to 25 tonnes of wet biomass or 800 kilograms of dry matter
per hectare. Eucheuma seaweeds can increase their weight by 5-11
per cent in one day.
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It has been estimated that humanity can, at the moment, catch
only 1/2500 of the oceans’ biological production in the form of
fish. This is because we mostly eat fish that have eaten smaller fish
that have eaten animal plankton that have eaten smaller animal plank-
ton that have eaten phytoplankton (tiny floating plants). The food
chain or food net of the ocean is normally very long and compli-
cated, which means that a great majority of the production is wasted,
from the human viewpoint.

By growing edible seaweeds, it would be possible to cut all or
most of these extra links from the food chain, and to increase the
production of food for human consumption in a very important
way.

Many people in Asia, especially the Chinese and the Japanese,
cultivate a number of edible seaweeds for human consumption. In
the former Soviet Union and Norway, several different seaweed
species used to be harvested and ground to flour. The algae flour
was then mixed with ordinary bread flour in order to add some
more protein and nutrients to it. Algin extracts made of giant kelp
are used by the food industries in California.

However, the possibilities are limited by the fact that the very
shallow sea waters where seaweeds grow naturally only cover a tiny
part of the oceans. The seaweeds are dependent on sunlight and can
only grow relatively close to the surface of the sea.

The Gandhian inventor, C.V. Seshadri, proposed some time
ago, that simple floating fish-aggregating devices should be installed
in shallow waters along the entire coastline of India. The devices
would have benefitted small fishermen by increasing their catches
and by deterring modern trawlers from fishing in the shallow wa-
ters, for fear of entangling their trawler nets.

Such fish-aggregating devices spread along the coastline within
a kilometre or so from each other might also—at least in theory—
enable people to use up to 30 million square kilometres of shallow
seas for the cultivation of edible algae. These drowned parts of the
continental shelves constitute less than 10 per cent of the oceans’
combined area, but are responsible for a major part of their biologi-
cal production.
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The tish-aggregating devices could, perhaps, be linked to each
other with complex systems of ropes (besides being anchored to the
bottom). The ropes could be set so that they do not float, but sink
to adepth of five, 10 or 20 metres. Pieces of soaked wood, coconut
hulls, stones, large seashells or things of this sort could perhaps be
tied into the ropes, and small seedlings of edible seaweeds could be
rooted on them. With some species, it would even be possible to
merely cut a piece of the stem of the seaweed and tie it to the rope
by a smaller string. When the crop is to be harvested, the rope can
be drawn closer to the surface so that the upper part of the seaweed
can be cut off.

Another option would be to use slightly modified forms of a
method that has often been used by Indian fishermen to attract fish,
and to sink whole trees (with branches!) into the bottom of the sea.
The trees could be anchored into the bottom with rocks so that
they would stand in an upright position, crowns towards the sur-
face. If edible seaweed would be planted on the branches of the trees,
a few underwater trees like this could give us one more hectare of
marine seaweed farming area. The obvious limitation of the method
is that the deeper the water gets, the longer the trees would have to
be in order to enable the seaweeds to grow.

Health Aspects of Tree Crops

The most important factor influencing people’s health is their
nutritional status. People who have inadequate diets are much more
likely to suffer from or die of communicable diseases than people
who have been adequately nourished. When the quantity and variety
of food available in Europe increased in the nineteenth century, the
mortality rates—especially infant and child mortality—also declined.

The death rate from tuberculosis had already declined to one-
eighth of the previous level before the first effective medical treat-
ment for the disease, streptomycin, was discovered. Similarly, in-
fant mortality caused by measles had, in the industrialized coun-
tries, dropped to one in a thousand before the measles vaccination
was developed. Before the vaccines, the mortality rate due to measles
in Mexico used to be 180 times higher than in the USA. In Guate-
mala, it was 268 and in Ecuador 480 times higher.
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There are currently about 1,200 million people suffering from
hunger in the world. If we also count the people suffering from
deficiencies of vitamins or other important nutrients, the number
rises to two or three billion.

Tree crops can increase food production. They can also diver-
sify and improve the quality of the food that is being produced. For
example, many fruits, berries and edible tree leaves contain large
amounts of vitamins and other nutrients.

Vitamin A seems to be especially important. Eighty to 90 per
cent of children in many southern countries suffer from vitamin A
deficiency. The United Nations Children’s Fund (UNICEF) has
estimated that vitamin A deficiency doubles infants’ risk of dying
of acute respiratory infection, which annually kills four or five mil-
lion babies. It was recently discovered that lack of vitamin A also
increases malaria mortality. In a study done in Papua New Guinea,
it was ensured that all children got enough vitamin A. This reduced
malaria mortality by 30 per cent. Adequate supply of vitamin A
also seems to reduce the death rate caused by diarrhoeal diseases.

In the beginning of the 1980s about a million children were
annually blinded by xerophthalmia, caused by a lack of vitamin A.
Various governmental and non-governmental health and education
programmes have now improved the situation, but hundreds of
thousands of children still lose their sight because their diet does
not contain enough vitamin A.

Most of the edible oils currently consumed in the world are
very unhealthy ones. They contain a lot of saturated fat that con-
tributes to the development of cardiovascular diseases. While the
people in industrialized countries are becoming more aware of the
issues related to food and health, people in most Asian, African and
Latin American countries are rapidly increasing their consumption
of dangerous animal fats. The World Health Organization (WHO)
has estimated that unless these trends change, the annual mortality
caused by cardiovascular disease in Asia, Africa and Latin America
will rise to 14 million by the year 2020, most of which will consist
of clearly premature deaths.

Many trees like olives, avocados, marula and mongongo pro-
duce fruit and nuts that can be used to make healthier, mono-unsat-
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urated fats. Such food oils can actually contribute to the prevention
of cardiovascular diseases, instead of causing them.

Besides vitamins and nutrients, fruits also contain large amounts
of dietary fibres. It has been proven that a diet with an adequate
fibre content significantly reduces the risk of several types of can-
cer. A diet that includes a lot of fruits also reduces the risk of cardio-
vascular disease.

The so-called antioxidants are compounds that slow down or
prevent certain harmful chemical reactions in the tissues of our bod-
ies. It seems that they have a very important role in preventing
cardiovascular disease and cancer. Our bodies produce their own
antioxidants, but we can also acquire more through our food. The
antioxidants produced by plants are called flavonoids. Many fruits
and berries, as well as red wine, are rich in flavonoids, which means
that they probably assist our bodies in fighting off cancer and car-
diovascular diseases.

Water polluted by different pathogens and disease vectors liv-
ing in water cause between five and 10 million deaths every year.
Sometimes, the best way to provide pure water for people is to use
natural coagulants that can purify the water efficiently. For example,
an extract made from the seeds of horseradish tree (Moringa spp) or
the seeds of the desert date (Balanites aegyptica) is used in this man-
ner by many African tribes. The same technologies might have a
wide applicability in other areas too, where it may be, for some
reason, difficult to provide people with clean water. Another im-
portant solution is to boil the water, but this is only possible if the
poorer households have access to solar cookers, or have an adequate
supply of other kinds of cooking energy.

Wood and biomass fuels also have important health implica-
tions. For at least a million years, humans and their ancestors have
been cooking most of their food with wood. About three billion
people in the world still use wood, straw and cow dung as the source
of their cooking energy. About one quarter of the people who use
fuelwood for cooking live in India.

Studies have linked fuelwood smoke to an impressive number
of ailments. They include acute respiratory illnesses like bronchitis
and pneumonia (both among children and elderly people); lung can-
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cer and a number of other cancers; chronic lung ailments like asthma
chronic obstructive lung disease and emphysema (and the heart prob-
lems that are often related to such lung diseases); tuberculosis; se-
vere coronary heart disease; adverse pregnancy outcomes, like an
increased risk of low birth-weight, stillbirth or neonatal death; eye
diseases and anaemia.

A survey carried out in Jumla, a cold mountain district of Nepal,
where the average indoor smoke levels are very high, reported an
infant mortality rate of 490 per 1,000, 335 of which were due to
acute respiratory illnesses. The very high infant mortality rate in
the area is most probably caused by woodfuel smoke. Studies made
in western India have estimated that the exposure of pregnant women
to woodfuel smoke increases the risk of stillbirths by 50 per cent. In
Nepal, 15 per cent of non-smoking women suffer from chronic bron-
chitis.

According to the World Health Organization, smoking by preg-
nant women doubles the possibility of the children being born un-
derweight. This, in turn, increases the babies’ risk of dying during
their first year of life by three or four times. There is no reason why
exposure to smoke from cooking would not cause similar damage
to the unborn child.

According to one estimate, particulate air pollution from the
fuelwood smoke is, in India, responsible for 900,000 to 3,600,000
deaths, annually. Another study has estimated that outdoor air pol-
lution in the Indian cities is responsible for 40,000 to 50,000 deaths
annually, while the smoke from cooking stoves kills 2.2 million
people in ayear. If the mortality rates among the other three-quar-
ters of the people who use such fuels for their cooking are some-
what similar, the impact of the fuelwood smoke becomes one of the
most important health problems in the world.

In China, where much of the cooking is done on small stoves
burning mineral coal instead of charcoal, mineral coal is probably
causing similar adverse health effects as the burning of biofuels in
open stoves has been reported to causing. In spite of all this, it has
been estimated that more than 99 per cent of the world’s air pollu-
tion research and control expenditures concentrate on reducing out-
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door air pollution—which is responsible for less than 40 per cent of
the total worldwide human exposure to particulates.

One solution to the problem is to spread the use of smokeless
chulbas: if the stoves are equipped with a flue (chimney) through
which the smoke can escape, exposure is greatly reduced. Such cook-
ing devices can be made of clay or mud to reduce the cost, so that
even the poorest families can afford them. Another simple solution
is to improve the ventilation of the kitchen. According to Indian
scientists, if a roof hatch the size of one square metre can be opened
when food is being prepared, it can reduce the exposure to smoke
by almost 90 per cent.

Paradoxically, to increase the production of good-quality
fuelwood might also be one of the easiest and cheapest ways to im-
prove the situation. The worst alternative is to burn cow dung or
very small and moist branches and sticks. When the burning tem-
peratures are low, a lot of different toxic compounds are produced.
Also, the agricultural production suffers, because the cow dung
would have great value as fertilizer. It is important to dry the wood
properly before burning. Finnish studies have shown that the burn-
ing of moist wood can produce a hundred times more dangerous
particulate emissions, compared to properly dried wood.

Proper firewood produces less smoke and less toxic compounds
than cow dung or small sticks. Also, some species of trees are better
suited for firewood than other species. Their wood burns cleanly
and produces only little smoke. Unfortunately, it is the poorest
who are forced to use the worst firewood: the better fuelwood is
often too expensive for them. More extensive growing of high-qual-
ity firewood would be a partial solution to the problem.

Charcoal produces much less harmful emissions than fuelwood.
Most of the harmful particulates and other toxic compounds are
released during the charcoal-making process. Because of this, char-
coal burns quite cleanly, even though it can produce high carbon
monoxide emissions if the burning is not complete enough.

However, charcoal is more expensive than fuelwood. Another
problem is that it is often produced by simple earth kilns that waste
up to 90 per cent of the energy value of the wood. Part of the loss is
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compensated for by the fact that charcoal is more efficient to use
than wood. Because it burns well, it can be used in smaller quanti-
ties and in a more economic way than wood. This reduces the amount
of wastage by a factor of two or three. Improved charcoal kilns can
preserve up to 70 per cent of the wood’s energy content, but they
are, in most cases, too expensive for the poor charcoal makers. The
development of improved earth kilns, as an intermediary stage in
the charcoal production technology, might be a partial answer to
the dilemma.

From the viewpoint of public health, the use of biogas, fuel
alcohol or solar cookers are still better alternatives. For example,
nipa palm stands could annually produce about 11,000 litres of fuel
alcohol per hectare, but it would probably still be too expensive for
the poorest families. In South Asia, the average cost of a biogas gen-
erator sufficient for the needs of one family, has been about US$
200, which is also very expensive for low-income households. Some
of the new models developed in Vietnam cost only US$ 20, which
is already much more affordable. Besides cow dung and human waste,
the Vietnamese biogas generators, which are, in practice, large plas-
tic bags, can also use food waste, crop residues and other plant mat-
ter.

Solar cookers are even cheaper. Many models cost US$ 20-40,
but it is also possible to construct a solar cooker that only costs
around one rupee. Such a one-rupee-solar-cooker can be made, for
instance, by taking some mud, clay or cow dung and by moulding it
to a parabolic shape (the shape of a satellite antenna). Besides this,
only some thin aluminium foil and some glue is needed. When the
aluminium foil is glued on the parabolic-shaped base, it will act as
an efficient reflector that concentrates the sun’s rays on a pot that is
hung over the cooker.
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Why the Leaves of the Tamarind are so Small

Long, long ago, when both gods and demons walked the earth, Bhasmasura was the chief
of the Asura or demon army. He challenged Mahadeo or Shiva, the god of destructior, to a
duel. The winner, it was decided, would become the ruler of the earth. Mahadeo took up
the challenge.

The two fought and Bhasmasura was wounded several times. He ran for his life, fleeing
through the forest looking for a place to hide. Then he saw a tamarind tree with huge
spreading branches and giant leaves. Mahadeo found that the demon had vanished. He
looked everywhere and as he passed under the tamarind tree Bhasmasura shifted
nervously and the leaves rustled. Mahadeo looked up. He knew his enemy had been
found, but he couldn’t see him. He tried with one eye, then with both, but the leaves hid
the demon from sight.

Mahadeo's patience was exhausted. With a roar of rage he opened the magical third
eye in the centre of his forehead. Each leaf disintegrated into small pieces. Mahadeo saw
Bhasmasura and killed him. The earth was saved from the demons, but the leaves of the
tamarind have always remained small.

—A Sambalpur tribal legend
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Cooling the Globe with Trees

GLOBAL WARMING Is rapidly becoming the single most serious threat
to the future of humanity. According to climate scientists, the
emissions of carbon dioxide, methane and other greenhouse gases
might increase the average global temperatures by 1.5-6 degrees
Celsius in the twenty first century.

According to the International Panel on Climate Change
(IPCC), an authoritative scientific body aiming to coordinate re-
search on global warming, the higher temperatures could lead to a
rise of seven to 13 metres in the sea levels during the next 500 years.
If sea levels were to rise by 10 metres, about 10 million square
kilometres of land and most of the world’s fertile farmlands would
be inundated. About half of the world’s people would lose their
homes to the waters. Most of our great cities would also be sub-
merged.

The predicted rise is caused by two factors: heat expansion of
the sea water and the partial melting of the Greenland and west
Antarctic glaciers. According to the IPCC, the thermal expansion
of the water ‘would continue to raise sea levels for many centuries
after stabilization of greenhouse gas concentrations’. It will take
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about a 1000 years before the warming will reach the bottom of the
sea, but during this time, the warming predicted for the next cen-
tury could raise the oceans by four metres.

Another problem is the glaciers. IPCC scientists now predict
that a rise of 2.7 degrees Celsius in temperatures in Greenland would
trigger an ‘irreversible’ melting of its ice sheet. This would raise sea
levels by seven or eight metres during the next 1,000 years.

Some researchers claim that the west Antarctic ice sheet is also
showing signs of becoming unstable. According to the latest satel-
lite pictures, the largest glacier of the west Antarctic ice sheet, the
Pine Island Glacier, is already losing ice faster than snowfall can
replenish it. If the glacier continues to melt at the current rate, it
will disappear in 600 years, raising global sea level by five more
metres. And these five metres would come on top of the rise caused
by heat expansion and by the melting of the Greenland ice sheet.

If these scenarios become true, the continuous rise in sea levels
could become the single most important factor sustaining and deep-
ening absolute poverty in the world—for 1,000 or even 10,000 years.
A major part of the world’s population would be pushed into the
coastal areas threatened by the rising sea and by hurricanes, because
no one else would like to live in these areas, and because the rich
and powerful would appropriate for themselves all the good farm-
land in safer regions. When the sea levels would rise, little by little,
the poorest people would have to escape and move, over and over
again, losing their homes and a major part of their scarce properties
each time.

In Bangladesh, about 10 million people are already living like
this: the poorest families have been pushed on lands that will sooner
or later be swallowed by the great rivers that are continuously chang-
ing their courses. Many families have been forced to move more
than 10 times, and each time they have been forced to construct
new huts for themselves—which has eaten away whatever little
money they have been able to save.

The areas that lie on somewhat higher ground would also be
likely to suffer. Various extreme weather conditions like floods and
droughts would become more common. The incidence of devastat-
ing typhoons and hurricanes might increase by a factor of 10, if the
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world becomes five degrees warmer than now. At the same time,
the destructive power of the worst storms might increase by 50 or
60 per cent because of the higher temperatures—and higher wind
speeds caused by them. This would be very bad news for the coun-
tries that are suffering from typhoons or hurricanes. A major hurri-
cane or typhoon can already now wreck the economy of a whole
country for decades. Super-hurricanes created by global warming
would do still more damage.

Besides the rise in sea levels, the most serious consequence of
global warming could be the drying of the tropical and subtropical
areas. Even though rainfall is likely to increase, evaporation would
increase even more. According to one estimate, a four-degree rise in
global temperatures would increase rainfall by an average of 12 per
cent and evaporation by 30 per cent in the tropical and subtropical
areas. This would most probably cause a disastrous decline in agri-
cultural yields, unless the emphasis is shifted to crops that do not
require much water.

According to the second IPCC report of the drying, the tropics
might reduce the flow of the Nile by 75 per cent, which would be a
catastrophe for Egypt and its neighbours. Many other large rivers
in India, Pakistan and China—including the Indus—would also suf-
fer because of the increased evaporation rates.

A further threat comes from the melting of the Himalayan gla-
ciers. The quantity of water in the Himalayan glaciers is not large
enough to raise the sea level in a significant way, but the issue is
extremely serious because of other reasons. If the snow and ice masses
in the Himalayas continue to melt, the water supply of much of
Asiawill be affected. The Indus, Ganga, Mekong, Yangtze, Huangho
and many other major rivers get most of their dry season flows
from the Himalayan glaciers.

It has been predicted, that the Himalayan glacial area alone will
shrink by one-fifth within the next 35 years, to 100,000 square
kilometres. In the last 50 years alone, some 15,000 glaciers have
already vanished in the Himalayas. The Gangotri Glacier of the
Indian Himalayas—the source of the holy Ganga—is now retreating
at an average speed of 30 metres a year, compared to 18 metres a
year between 1935 and 1950 and only seven metres a year between
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1842 and 1935. The Pindari Glacier is now retreating at an average
rate of 135 metres a year. Indian scientists have projected that by
the year 2030 many of the rivers originating from the.mealayas,
including the Ganga, Kali and Indus, to name a few, will all be dry
during the dry season.

These are grave predictions, especially because the groundwgter
resources in South Asia, Southeast Asia and China are also being
depleted at a frightening speed.

Many tropical diseases that require high temperatures would
spread with the increasing temperatures. For instance, global warm-
ing might greatly increase the number of pepple thaF are threatened
by the deadliest form of malaria, Plasmodium fal.czpﬂmm, arlld'by
schistosomiasis. Falciparum malaria is already killing three million
people every year, and the situation 1s gett.ing worse becguse the
malaria parasites are rapidly developing strains that are resistant to
most of the known medicines. At the same time, the mosquitoes
that spread the parasites are becoming resistant to pesticides.

Schistosomiasis already affects 250 million people, and causes
permanent damage and disability to many of the carriers. Large parts
of Asia, Africa and Latin America have thus far been spared the
problem, because their winter temperatures have been too low for
these parasites. But this could soon change because of global warm-
ing.

According to the IPCC, the world has probably alregdy warmed
by 0.6 degrees Celsius because of the greenhouse gas emissions from
the burning of fossil fuels and from the destruction of tropical for-
ests. This might be only 50 per cent of the warming we have already
committed ourselves, by emitting carbon dioxide and other green-
house gases into the atmosphere. According to the IPCC, a certain
increase in the concentration of greenhouse gases in the atmosphere
will, in the long run, warm the global climate by a certain number
of degrees. But because the oceans warm only very slowly, at amuch
slower pace than the atmosphere itself, there is a long delay bf:fore
the whole impact is actually realized. In other w.orvds, even if we
eliminate all our greenhouse gas emissions today, it is possible that
the climate would still go on warming by another 0.6 degrees.
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The most frightening possibility is the so-called runaway green-
house effect. Thus far, the oceans, soils, peatlands and forests of the
earth have absorbed a significant part of all the greenhouse gas emis-
sions. This has slowed down the warming process. But many scien-
tists are afraid that, if the climate warms too much, the global warm-
ing will start to feed itself—in other words, to accelerate.

It is possible that the oceans can be transformed from a carbon
sink to asource of atmospheric carbon dioxide: if their surface tem-
peratures are warm enough, they may start to release carbon instead
of absorbing it. Similarly, the soils could be transformed from a
carbon sink to a new source of carbon dioxide emissions. If the
areas covered by ice and snow in the northern latitudes are reduced,
this could also trigger a feedback loop, because snow and ice reflect
sunlight much more effectively than soil or vegetation.

In the worst case, the result might be a kind of vicious cycle.
The more carbon dioxide is released from the oceans, the more the
climate heats up. And the more the climate warms, the more car-
bon dioxide is released.

Large areas of the continental slopes and the sea bottom are
covered by thick layers of mud. The typical thickness of these sedi-
ments is a few hundred metres, but it can sometimes be more than
two kilometres. The average carbon content of the sediments is about
eight per cent. This means that truly enormous amounts of organic
carbon have been stored in these sediments during the time life has
existed on earth.

Unfortunately, a part of this organic carbon has been stored
inside the sediment layers in a potentially dangerous form. Inside
the mud there are large quantities of methane gas trapped within
ice. Such compounds are called methane hydrates or clathrates. The
Russians found the clathrate deposits a few decades ago when they
were looking for new sources of commercial energy.

Nobody knows exactly how large the methane clathrate depos-
its are. The lowest estimate is 10,000 billion metric tonnes, but the
largest quoted estimate is 1000 times larger. The smallest estimate is
equivalent to 2000 times the current amount of methane or 15 times
the amount of carbon dioxide in the atmosphere. This is potentially
worrying, because methane is 63 times more effective as a green-
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house gas than carbon dioxide, and because a lot of methane could
be released from the sea bottom if the sediment layers warm so
much that the methane ice starts to melt.

Russian scientists have already reported methane plumes hun-
dreds of metres wide, that have come bubbling to the surface on the
Sea of Okhotsk, off the coast of Sakhalin Island. Scientists have also
found traces of vast, prehistoric methane eruptions from the sea
bottom. About 8,000 years ago, some 5,600 cubic kilometres of sedi-
ments slid a distance of 800 kilometres from the upper edge of the
continental slope into the basin of the Norwegian Sea. This vast
landslide was most probably triggered by the melting of methane
clathrate deposits, due to the warming of the sea. The scientists have
also found 700-metre-wide and 30-metre-deep craters, created by
explosive releases of methane from the bottom of the Barents Sea.

According to this theory, a runaway greenhouse effect would
only stop by itself when the climate reaches a new state of equilib-
rium.

We do not know whether a runaway greenhouse effect is a real
possibility. In any case, it is probably the most serious environmen-
tal catastrophe that could possibly happen. In the earth’s long his-
tory there have been a number of astonishingly rapid shifts in the
climate. It sounds plausible that these extremely rapid changes, that
have sometimes taken place in a few decades—which is, in geologi-
cal time, only a blink of an eye—have been caused by a combination
of different positive feedback loops, or, in other words, by a kind of
natural runaway greenhouse effect.

The Governments have still been dragging their feet in the glo-
bal climate convention negotiations. There has been the utmost re-
luctance to take the issue seriously. The oil, coal and gas industries
and the manufacturers of aircraft and automobiles have spent large
amounts of money lobbying against any measures aimed at curbing
greenhouse gas emissions. They are, in effect, gambling with the
future of human kind, not to say anything about the other species
on our planet. ,

This is very irresponsible, to say the least. It has already become
obvious that we have to move away from fossil fuels to biofuels,
wind, solar, geothermal and hydrothermal energy—and to other
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renewable sources of energy. Besides this, we have to abandon the
idea of a global marketplace and reduce the amount Qf goods tbat
are transferred to us from other continents by freightships or, which
is the ultimate madness, by an aircraft. We have to renew the local
economies so that a majority of everything we need—including our
food and clothes—can be produced as close to home as possible.
This would basically mean taking Gandhiji’s vision about strong
but somewhat modernized local economies (Gram Swaraj) seriously.

According to the conventional breakdown, the transport sec-
tor is responsible for about one-third of the consumption of fossil
fuels in the industrialized countries. However, a Spanish study con-
cluded that when the indirect energy use of the transportation sec-
tor is also included, it is responsible for more than half of the qusd
fuel consumption. The study also included in the transportation
sector the energy used to manufacture cars, planes, ships apd trains;
the energy used in building docks, airports, roads, multl-stgreyed
car parks and other infrastructure, as well as the energy required to
produce the packing materials that become necessary because of the
longer transportation distances.

The greenhouse gas emissions caused by the transpgrtation sec-
tor in the industrialized countries have increased significantly over
the last 40 years. This has not happened because more goods are
being consumed, but because roughly the same Wexght of good; is
being moved over longer distances due to increasing concentration
of production—which is also causing large-scale gnemployment. In
Britain, the number of freight-ton miles almost tripled between 1.9'52
and 1992, even though the production of most bulk commodities
fell.

The larger the economic units or ‘free trade areas” grow, the
longer the average transportation distances of various goqu become.
The United States of America is the only continent-wide modern
free trade area that has existed for a somewhat longer time. It might
not be a coincidence that the per capita carbon dioxide emissions of
the USA are almost three times higher than that of Japan or west-
ern Europe. The USA annually produces about six tonnes of car-
bon emissions for every inhabitant of the country.
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If the whole world were to become a truly global free trade
area, so that all the goods were to be produced wherever they could
be manufactured at the cheapest possible price, and then transported
to the other side of the world, the carbon dioxide emissions caused
by humans would multiply, and there would be no hope of pre-
venting the melt-down of the Greenland ice sheet or the drying of
the Tropics.

On the other hand, if we can make our countries abandon the
madness of the present neoliberal free trade policies that are de-
stroying both our environment and hundreds of millions of jobs,
we can cut the world’s carbon dioxide emissions in a very signifi-
cant way. This can be done simply by strengthening local econo-
mies and by protecting different national and local production in
agriculture, forestry, fishing, handicrafts and village industries.

However, all this will inevitably take some time. To make things
worse, it seems that there is already too much carbon dioxide and
other greenhouse gases in the atmosphere. The Himalayan glaciers
are already melting at an alarming rate and the melting the west
Antarctic ice sheet has already begun, according to recent satellite
pictures. And it seems that the climate would still go on warming
for some time, even if we eliminated all the emissions today, be-
cause of the delay caused by the exchange of heat between the atmo-
sphere and the oceans.

Therefore, it seems that, besides reducing future emissions, we
also have to remove some of the carbon dioxide we have already
produced from the atmosphere, in order to prevent the drying of
our rivers and a one-thousand-year-long rise in the sea levels. This
can be done by planning and developing land-use systems that pro-
duce food, fodder, fertilizers, firewood and timber for the people—
in other words, by growing trees that can attain a substantial size.

The first priority must be to stabilize the situation, to build
energy production systems based on renewable energies and to cut
the greenhouse gas emissions back to a sustainable level: we have to
first mend the hole from which the oil is leaking into the water.
However, after we have mended the leak, we should try to do some-
thing to mop away the oil that has already entered the water and
which is poisoning the fish and the other animals.
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The Ancient World of Giant Trees

About four billion years ago, the earth had an atmosphere that was
much denser than now. It contained perhaps 30,000 times more
carbon dioxide than now. Because of the greenhouse effect created
by this massive carbon dioxide atmosphere, the average temperature
of the earth was probably somewhere between 240 and 340 degrees
Celsius. Since then, volcanic eruptions and other volcanic processes
have emitted huge amounts of carbon dioxide. In spite of this, the
carbon dioxide content of the atmosphere has reduced by 99.997
per cent. Because of this, the average temperature of the earth is
now only 16 degrees above zero, in spite of the fact that the sun is
30 per cent hotter than three billion years ago.

Different chemical processes started, little by little, to absorb
carbon dioxide and to tie it into various minerals containing car-
bon. However, these processes accelerated tremendously with the
beginning of life. According to one estimate, they have probably
removed from the atmosphere, during the last three billion years,
about 140,000 times the amount of carbon dioxide currently exist-
ing in the atmosphere. This huge amount of carbon has been stored
in limestone and other minerals, in coral reefs, in coal, oil and other
fossil fuels, and in the sediments of the continental slopes and ocean
floors. According to scientists, the sediments of the ocean floors can
be more than two kilometres thick, and roughly eight per cent of
them consist of organic carbon.

The world’s forests, peatlands and soil also contain large amounts
of carbon. The forests currently contain roughly 500 billion tonnes
of carbon. The carbon store in peatlands is probably somewhere
between 500 and 1,000 billion tonnes. The litter, humus layer and
topsoil have been estimated to contain 1,600 billion tonnes of car-
bon.

However, it is likely that the present amounts of carbon stored
in the forests and soils of our planet are considerably smaller than
the amounts stored before the arrival of our ancestors.

Of the 15 billion hectares of land on earth, approximately six
billion are hyper-arid deserts, Arctic tundra, more or less untouched
tropical rainforests, various kinds of wetlands, high mountains, gla-
ciers or other lands whose existing vegetation has scarcely been af-
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Rama’s House in the Forest

King Dasharatha of Ayodhya reluctantly exiled his son Rama fo the forest for fourteen
years. Rama smiled and went obediently to his new home. With him went his wife Sita and
his younger brother Lakshmana.

Rama and Lakshmana looked for a part of the forest where they might be the most
comfortable. They built a small hut under the shade of the tamarind tree. The tree had
large leaves and these sheltered the hut from both sun and rain.

But Rama was not happy. One day he mused to Lakshmana: ‘My father has sent us to
this forest to see how well we cope with hardship. 'm sure he never meant us to shelter
ourselves from ali that the gods send us.’ Even before he had finished his sentence
Lakshmana, who loved his brother dearly, understood his dilemma. He drew his bow and
shot a series of small arrows into the branches of the tamarind tree. The large leaves split

into thin fringes which could not protect the princes from any of the elements, and so they
have remained to this day.

—From the Ramayana
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fected by men. But on the remaining, roughly nine billion hectares,
the influence of the human hand has been dramatic.

" In most cases, humans have greatly reduced the amount of car-
bon stored in forests and soils. The forest and bush fires lit by our
ancestors have been burning trees and other vegetation in Africa
and Australia for at least 700,000 years. The African savannah lands
with relatively sparse tree cover are probably a result of repeated
wildfires caused by humans: when a savannah area is protected from
fire, it soon becomes a closed forest with a much thicker tree cover.
The wildfires have also reduced the carbon storage in the litter and
humus layers.

The clearing of forests for fields and pasture and the cutting of
wood for fuel, timber and, somewhat later, for making paper, have
also contributed to the thinning of the tree and vegetative cover of
the earth. Grazing by domestic animals has also contributed to the
process: by eating the young tree saplings, domestic animals often
prevent the natural regeneration of the forest. The 300-500 million
people that still earn their living from shifting cultivation, burn
vast areas of forested land every year.

The earth has already lost about one half of its original forest
cover. And on the four billion or so hectares that are still covered
by forest, the average size of the trees is usually much smaller than
what it used to be.

Practically every human civilization has produced myths and
legends about huge world trees, vast trees that rose up to the heav-
ens or which surrounded the whole world.

When these myths were born, forests growing on good soil were
most probably full of very large trees. They were, especially before
the discovery of iron, a real problem for humans, because the larg-
est trees often grew on the most fertile soils that were best suited for
agricultural purposes. Even with iron axes, the felling of such trees
was a daunting task.

The oldest myths of humanity tell us about sacred world trees
which were either gods or belonged to the gods. In these myths, the
felling of such trees would have been an ultimate sacrilege.

Somewhat later, however, a very different category of tree-re-
lated myths appears. These legends tell us about great heroes who

Cooling the Globe with Trees 53

filled the world trees and killed the horrible demons who protected
them. -

A famous example of such a story is the Sumerian Gilgamesh
epic, thch had a great influence, for example, on the older parts of
the Bible, the holy book of the Christians.

The epic begins 4,700 years ago, when Gilgamesh, the king of
Uruk, decides that he wants to become immortal by building a
magnificent new capital for himself. In order to acquire enough
construction material, Gilgamesh goes to Lebanon, which is famous
for its ancient cedar (Cedrus libani) forests.

When Gilgamesh enters the forest he is moved to tears by the
beauty of the vast cedar trees. He cries and says that he just can’t
destroy anything that is so magnificent, sacred and beautiful. How-
ever, alittle later, the great king becomes himself again. He kills the
horrible demon which protects the forest, lets his men cut the trees
and builds himself a great new capital. Somewhat later, Gilgames};
achieves his greatest victory by destroying Huluppa, the sacred world
tree of the Goddess Ishtar.

The Sumerians once considered Gilgamesh the greatest hero of

all humanity. But the story is also highly symbolic in a much sadder
sense.

In Lebanon, there is still a small patch of old forest which has
bgen saved from the axe by a small miracle. The forest only con-
tains about 400 trees that are about 2,500 years old. The trees are
not very tall, none of them exceeds the height of forty metres, but
all of them are very thick. Many are five metres or more in diam-
eter. It may be that the cedars that covered Lebanon during the time
of Gilgamesh were still older and larger. In any case, these 400 old
cedars are the last, sad remnant of a vast uniform belt of oak, beech
chestnut and cedar forests that once surrounded the whole Mediterj
ranean Sea, covered most of central and southern Europe, North

America and the Middle East, and stretched from Morocco to Af-
ghanistan.

At present, mostly low, thorny bushes grow on these lands.
Only 10 per cent of the original forest area remains, and the trees

growing in the remaining patches are mostly young plantation for-
ests.
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Many parts of the ancient Mediterranean forest belt probably
got substantially more rain than the cedar forests of Lebanon, so it
could be assumed that they grew trees of an equivalent size to, if not
exceeding, that of the Lebanese cedars. The few spared individual
tree giants give us an idea of what these forests may once have looked
like. At the end of the nineteenth century, there still was a vast
chestnut tree, growing on the slopes of Mt. Etna, with a circumfer-
ence of 61 metres. The largest known lime tree in Germany is eight
metres in diameter, and the largest oaks in southern Europe are still
more massive.

Three million years ago, before the beginning of the ice age,
giant redwood forests grew on a wide belt that covered most of
North America, Asia and Europe. Numerous periods of glaciation
and the competition from other more modern plants and trees that
were able to spread and grow faster, wiped these magnificent trees
out from most of their natural range. At the end of the latest glacia-
tion period, the last remaining refuge of the giant redwoods was
California, where these giants still covered about 400,000 hectares.

When the European settlers discovered the redwood forests they
almost could not believe their eyes, because some of the trees were
120 metres long and 10 metres in diameter. But, as with the case of
Gilgamesh, their awe didn’t last long. They soon recovered from
their wonder and started to attack the giant trees with an almost
religious fervour. Today, only small fragments of the redwood for-
est are left.

In northern USA and Canada, there were other giants that grew
on vastly larger ranges. The Douglas fir, sitka spruce and hemlock
forests covered vast parts of the continent. The largest Douglas firs
growing today reach a height of 100 meters and can be almost four
metres in diameter. But the Canadian scientists claim that the larg-
est trees growing in the country used to besstill larger. According to
a report published by a group of Canadian scientists in 1940, the
largest Douglas fir tree they had measured was 139 metres tall and
had a diameter of 8.5 metres.

It may be that these figures were a case of scientific fraud, and it
is impossible to check them because the trees in question have long
since been cut down. But it is logical that timber-traders would have

Cooling the Globe with Trees 55

attacked the best virgin forests first. Therefore, it is conceivable
that t.he largest trees in a forest were cut down before anybody had
the time to measure their size. Today only small patches of the
virgin Douglas fir, sitka spruce, hemlock and thuja forests remain.
These remaining virgin stands often contain 2,000-3,000 cubic metres
of trunk wood per hectare.

‘ The same fate has be fallen the strobus, ponderosa and sugar
pine, as well as beech, oak, walnut and chestnut forests growing in
the Eastern and central parts of North America.

.China had already lost all its virgin forests 200 years ago, and
Indialost its last virgin cedar forests, growing 60-metre long g’iants
(Cedrus deodara), in the first half of the twentieth century. Very
little is known about the climax forests of China and India—we do
not know what they were like and what kind of giants grew in
them. Australia used to have vast forests growing gigantic eucalyp-
tus trees, but the existing virgin stands are only a sad remnant.

Africa also had its own giants. In the West African rainforests
there were giant terminalia trees. The geographer, Ivan T. Sanderson’
once estimated that the largest of these trees were about 80 metre;
tall apd thicker than the largest known sierra redwoods. Today
practically nothing remains of these forests, and the largest hardj
Wood trees were taken long before the forest that surrounded them
disappeared as well.

In the drier parts of Africa, there were large numbers of huge
baobab trees, the largest of which were 18 metres in diameter. The
number of the baobab trees had probably been reduced, to a major
extent, by the bush fires destroying the younger trees, but they were
SFIH very common until people started to make paper out of their
fibres. Lgckily, the strong protests of botanists saved the species
from extinction, and baobab trees still dot the African landscape in

many countries, even though most of the largest specimens were
probably lost.

Similar stories are repeated over and over again wherever hu-
man habitation and technological culture has spread. The main dif-
ferences are that in some regions the process took place earlier than
in thers, and in some regions the story about the destruction of the
virgin forests was recorded in greater detail.
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However, it took thousands of years before the victory of
Gilgamesh over Ishtar was completed, and it is possible to argue
that the struggle is still going on.

People in India and in the other South Asian countries still con-
sider many trees and whole groves to be sacred., and are extremgly
reluctant to cut trees belonging to a certain species Or trees growing
in a sacred grove.

In Finland, people used to worship trees. When they killed a
bear, they brought the skull under a revered tree, because they
thought that the tree formed a channel through which the soul of
the bear could enter heaven. Like practically all ancient civiliza-
tions, the Finno-Ugrian people also had their own sacred forests, in
which it was strictly forbidden to cut down trees or even branches.

The Roman Pope, the leader of Western Christianity, dictated
in 1228 that the sacred forests in Finland should be destroyed and
replaced by Christian churches. However,.the people were reluc-
tant to participate in the process and did their utmost to protect Fhe
sacred forests and trees. The practice of tree worship and offering
sacrifices to trees was common even 600 years after the Church had
started its campaign, and these traditions have, to a rpinor extent,
survived till our own days. At the moment, they are in the process
of being revived again.

When the ancient trees were cut down, fields, pastures, thorny
bushes or secondary forests replaced them. Whenever this happened,
most of the carbon that was stored in the trunks, branches and roots
of the trees and in the litter and humus, was released into the atmo-
sphere as carbon dioxide. Some of this carbon dioxidg was later
absorbed again by the growth of the secondary vegetation. How-
ever, the secondary growth was only able to absorb a minor frac-
tion of the original carbon storage.

When a tropical forest is cleared and transformed intoa f'uf,ld or
pasture, the amount of carbon stored in the vegetation 1s tyglcally
reduced between 90 and 99 per cent. Even today, the destruction of
the tropical forests annually releases about two billion tons of car-
bon into the atmosphere, which is about 40 per cent of the carbon
emissions from the use of fossil fuels.
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Moreover, the litter and humus in the soil start to decompose
when the forest is transformed into farmland. For example, the open
savannah forests of Africa typically contain between 50 and 70 tonnes
of organic carbon per hectare in their humus layer. Most of this is
released into the atmosphere within a few years after the land has
been transformed into a field.

When an ancient virgin forest is transformed into a much
younger forest, the results are not quite as dramatic, but the basic
pattern still remains the same.

Tropical rainforests can contain up to 700-800 tonnes of car-
bon per hectare. The average for the Amazonian rainforests is about
200 tonnes of carbon per hectare, even though large parts of these
forests are not real virgin forests. However, when the forest is cleared
for pasture and then abandoned, the secondary forests that emerge
will only contain 20-25 tonnes of carbon per hectare.

In Finland, the commercial forests contain, on average, only 80
cubic metres of trunk wood per hectare. Their average carbon con-
tent is 34 tonnes of carbon per hectare (excluding litter, humus and
topsotl), of which 17 tonnes is in trunk wood, five tonnes in branches,
three tonnes in leaves and needles and nine tonnes in tree roots.

One-hundred-year-old pine forests growing on drier lands con-
tain, on average, 350 cubic meters of trunk wood in southern Fin-
land, about 300 cubic metres in the middle parts of the country, and
about 150 cubic metres in Lapland, the most northern part of Fin-
land. This is already considerably more than the average for a com-
mercial forest.

Somewhat older natural forests often contain 700-800 cubic
meters of trunk wood and 200 tonnes of carbon in the biomass of
the trees. However, it is impossible to say what would have been
the average for Finnish virgin forests. Many natural forests contain
less than 200 tonnes of carbon in their tree biomass, but such forests
are often not very old. Also, there are no real virgin forests left in
Finland outside the very northern parts of Lapland.

Also, the carbon storage in the litter is much less in the younger
forests. In a study made in the USA, Mark Harmon and his co-
workers estimated that a 450-year-old Douglas fir and hemlock for-
est contained 125 tonnes of carbon per hectare in the litter. One
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hectare of a 60-year-old Douglas fir forest only held 10-26 tonnes
of carbon in the litter. Such figures relating to the carbon storage in
the litter imply that old forests probably also contain much larger
quantities of carbon in the humus and topsoil than the younger
forests.

D.P. Turner and his co-workers have proposed a model in which
the whole tree biomass constitutes, in North America, approximately
30 per cent of the total carbon store on different forest sites, of
which two-thirds consists of trunks, branches and leaves and one-
third of the tree roots. According to this estimate, the carbon in the
topsoil, litter and humus would constitute about 70 per cent of the
carbon in North American forest ecosystems, besides which a fur-
ther 10 per cent would be in the form of living tree roots. In this
model, the carbon store in the litter, humus and topsoil becomes
greatest the older the trees become—and the larger the living biom-
ass the trees acquire.

Finnish forest researchers have often based their calculations on
the opposite starting point, and assumed that the carbon store in
litter, humus and topsoil always remains the same. In other words,
these carbon stores would not depend, at all, on whether the forest
is clear-felled or whether it is a climax forest that has not been touched
by fire for 1000 years.

It is likely that the model proposed by Turner and his co-work-
ers is much closer to the truth, but the reality is likely to be some-
what more complex. The main problem is, that there is very little
empirical research evidence on how different forestry practices and
the age of the forests affects the carbon stores in humus and topsoil.
For this reason, researchers have been forced to use very simplified
models as a basis for their calculations.

So it seems evident that the world’s forests and soils have, be-
fore the coming of humans, contained a much larger amount of
carbon than today. The four billion hectares of forests growing in
the world today only contain 500 billion tonnes of carbon in their
tree biomass, which gives us a rough world average of 125 tonnes
per hectare. Here it must be remembered that this figure is the aver-
age for all the presently existing forest types. Most of the carbon
storage is in virgin rainforests. The commercial plantations only
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Buddha and the Monkeys

Once upon a time, the Buddha was born as Mahakapi, the king of the monkeys. He and

his 80,000 monkeys lived on a single mango tree in the middie i
ofath
banks of the Ganga river. o foreston e

_I\{Iahaka‘pi told h{s tribe not to let a single mango fall on the ground. 'If a man tastes this
fruit,” he said, *he will want it all and he will destroy us for it

Qne day, quite by chance, a mango escaped the attention of the monkeys. It fell into
the river and was carried downstream. Brahmadatta, King of Kashi, was bathing in the
river. He saw the strange fruit in the water and, reaching out, he seized it. He smelt its
freshness and squeezing it put a bit of the juice in his mouth.

He was enchanted by its sweetness. ‘l must have the tree that grows this fruit,” he said.

He ordered his courtiers to row upstream in boats till the
. y found the tree, and he o
his army to follow the course of the river, rred

Many days later, the men came to the mango tree, its branches laden with fruit. King

Brahmgdatta saw the monkeys. ‘Surround the forest,” he ordered. *Kill all the monkeys
otherwise they will eat my fruit. ,

The monkeys went trembling with fright to Mahakapi. ‘Save us, Lord, they begged.

.Ma'hakapi climbed a branch that stretched to the other bank of the Ganga and
springing from it, he jumped to the other side. He cut a bamboo and fastened it tc; the
branch to make a bridge, so that all the monkeys could climb over and escape. But the
bamboo was shor, so he stretched out his body to complete the bridge.

. The monkeys climbed over the body of their lord and escaped to the other bank of the
river and away from the army.

But one monkey, Devadatta,
Buddha’s cousin, who had
also been born in that
incarnation, hated him. When
his turn came to cross, he
stamped so heavily on
Mahakapi's back that it broke.
Mahakapi was alone and in
great pain. King Brahmadatta,
who had been watching the
great escape and felt nothing
but admiration for the monkey
king, had him brought down
from the tree.

Mahakapl was received with honour. He was washed and oiled and his body clothed
He |nstruct§d the king on his duties to the lowest of his subjects and then, his body '
wracked with pain, he died. King Brahmadatta put up a shrine at the foot of the mango tree
to honour the memory of Mahakapi, the king of the monkeys.

—From the Mahakapi Jahata
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contain rather negligible amounts of carbon per hectare, due to their
short rotation periods: in commercial plantations, the trees are usu-
ally cut down before they have grown very thick.

However, even though human beings and their ancestors have
been reducing the carbon storages in the soil and in the forests for at
least 700,000 years, they could also do the opposite. People can also
increase the amount of carbon stored in the trees and soils, and
bring it back to the pre-human levels. Humans could even improve
upon nature, and grow forests that contain more carbon per hectare
than the natural climax forests.

Improving Upon Nature in Carbon Sequestration?

Different tree species attain different sizes, variable heights and
differing trunk diameters. In a natural forest, the giant trees are
usually relatively rare. In a rainforest, there could be one or two
somewhat larger trees on one hectare. In the mountains of California,
the giant sierra redwoods grow here and there, surrounded by smaller
trees. In Africa, there can be kilometres between two baobab trees.

By increasing the number of the most valuable trees attaining a
very large size—and letting them grow to an old age—we can obvi-
ously create forests that contain much larger carbon storage per hect-
are than the average natural forests.

For example, by growing 50 baobab trees on one hectare, we
could, in time, achieve a vastly larger carbon store than that of the
surrounding, more or less natural forests or woodlands.

If we assume, conservatively, that the average trunk diameter of
the trees would finally be about four metres, and that the average
trunk height would be somewhere around 10 and 15 metres, we
would get almost 10,000 cubic metres of trunk wood per hectare.
When the branches, roots, litter and humus are also counted, this
could mean about 2000 tonnes of carbon on one hectare. Such a
plantation need not be a monoculture, because there is plenty of
room for smaller trees and vegetation between the baobab trees. By
growing uniform stands of coastal or sierra redwoods or Montezuma
cypresses, still larger per hectare carbon stores could be achieved.

However, our thesis probably holds water even if the relative
shares of the various tree species in the vegetation are not altered.
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The forests of Finland are an illuminating case, in this context,
bf:cause 95 per cent of the woody vegetation consists of three spe-
cies only. These three species are the Scots pine (Pinus sylvestris),
the Norwegian spruce (Picea abies) and the silver birch (Betula
pendula). This astonishing lack of diversity is a result of the com-
bined impact of numerous glaciation periods and almost 100 years
of commercial forestry.

The largest amounts of trunk wood found in the natural forests
in Finland have been around 700-800 cubic meters per hectare. These
forests typically contain a relatively small number of large trees per
hectare. Between the larger trees there can be either smaller trees
and other vegetation, or even relatively large empty spaces.

Managed forests growing the same tree species achieve this kind
of level relatively quickly. Seventy-year-old spruce forests growing
on fertile soil can already contain 600 cubic metres of trunk wood,
;vhich is only slightly less than the amount found in the best natural
orests.

The explanation for this is very simple. In a well-managed for-
est, there are no empty spaces: each hectare of land contains the
optimum number of trees of a certain size. Also, in the thinning of
the forest, the foresters preserve the best and fastest-growing trees
and cut down the ones that are not performing as well. The same
process would also take place in a natural forest, but only at a much
later stage.

B This means that the best-growing trees suffer a lot from compe-
tition for water, light and nutrients with other trees during their
most rapid and vital period of growth.

For these reasons it is logical that a planted or naturally regen-
erated, well-managed forest should reach the typical maximum car-
bon store of the natural forests relatively quickly.

However, it is somewhat difficult to find conclusive proof for
this, because the managed forests are usually cut down immediately
after the trees have reached the minimum size of a timber tree. Be-
cause the growth of the trees begins to slow down when they get
older, landowners prefer to use as short a rotation period as pos-
sible. For this reason, it is very difficult to find any planted or
tensively managed forests that would be considerably older than
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100 years, except on marginal soils or on very cold areas where the
growth of the trees is stunted and slow.

In Finland, there is only one notable exception to this rule. In
the Punkaharju ridge, there is a small larch forest that was planted
in the 1870s near a forest research station. When this forest was 110
years old, some parts of it contained 1,200 cubic metres of trunk
wood, if the fallen trunks are included as well.

Close to this area, on the Russian side of the border, there is a
still more interesting patch of larch forest that was planted in 1738.
When the forest was 257 years old, one part of it contained an amount
of wood that was equivalent to 2,000 cubic metres per hectare. This
was 2.5 times more than the present record for natural forests in
Finland—and 25 times more than the average for commercial for-
ests.

In the USA, the average wood volume of the old-growth red-
wood forests is 400 cubic metres per hectare. It may be that the best
forests with the largest hectare volumes have been logged first, so
that the still existing old-growth forests are not a very representa-
tive sample of the original splendour of the ancient redwood stands.
One old-growth redwood stand contained more than 3,500 tonnes
of above-ground tree biomass per hectare.

However, coast redwood grows faster than any other conifer,
and one of the planted redwood forests already contained almost
2,000 cubic metres of wood at the age of 137 years, which is five
times more than the average for all the still existing old-growth
stands.

So there is an interesting paradox here. The commercial forests
contain, on average, very little wood and carbon per hectare, be-
cause they use very short rotational cycles and because a large per-
centage of them consist, at any given time, of clear-cuts and patches
of young seedlings. However, it seems that if a planted or managed
forest is allowed to grow for a longer period of time, for one hun-
dred or for several hundreds of years, it will grow a much larger
store of organic carbon than a natural climax forest.

The evidence that we can, at present, mount to support this

hypothesis is, admittedly, still a bit thin, so we cannot claim that
the hypothesis has been proven true in a conclusive way. We can
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only say that the empirical evidence we have been able to gather,
thus far, points towards this direction. We are very interested in
and grateful for all pieces of evidence that can be used to assess the
validity of the hypothesis. If you have information concerning old
plantation forests, their ages and their present wood volumes, we
would be most interested in such knowledge.

In Finland, for example, it is difficult to argue conclusively that
somewhat older planted forests contain more carbon than virgin
forests, because there are no virgin forests left in the country for
several centuries, with the possible exception of northern Lapland.

For example, the Scot pines can live for 800 years, and even
though there is not much growth in height after the age of 150
years, the growth of trunk diameter continues as long as the tree
remains alive. Therefore, it could be argued that the virgin forests
may have contained substantially larger amounts of wood than the
oldest currently existing natural forests.

In northern Lapland, there are some very old forest stands which
might even be classified as virgin forests, and which contain 300-
400 cubic metres of trunk wood per hectare. This implies that the
virgin forests in the southern part of the country should have con-
tained more than 600-800 cubic metres of wood. Also, virgin for-
ests growing in the Himalayan-Henghuan mountains in conditions
that are in many ways similar to those of Finland, typically contain
1,000-1,200 cubic metres of trunk wood per hectare.

In other words, we don’t know for sure, and there is no way we
could find out quickly, but our best guess at the moment is that
planted or managed forests can produce still larger carbon stores
than natural climax forests.

It is possible—even though this admittedly is a very heretic
thought—that even the carbon store of the tropical rainforests could
be increased from what it is in the natural state of the forests. As
stated above, the tropical rainforests can contain a maximum of 700~
800 tonnes of carbon per hectare. However, the average is much
lower, possibly somewhere around 200 tonnes per hectare.

This is, actually, surprisingly little, because we know that even

plantation forests in the northern forest zone can achieve at least
tive times higher figures.
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The explanation to the puzzle is simple: most of the rainforest
trees are rather small, with girths of less than one metre. The larger
trees, the emergents that can rise 15 or 20 meters above the sur-
rounding trees, are dotted here and there in the forest. Such trees
can sometimes be very large: geographer Ivan T. Sanderson has re-
marked that some of the rainforest giants might actually contain
larger volumes of wood than the largest remaining sierra redwood
specimens. But the real giants are exceptions, and even the some-
what larger trees are sparse: there are usually only a few of them in
one hectare.

An agroforestry system growing, for example, 60 or 70 Brazil
nut trees on one hectare, among smaller trees, would probably con-
tain more carbon than an average hectare of totally untouched
rainforest.

In the long run, the carbon stored in the root systems of the
trees could also become important. The possibility of trees absorb-
ing atmospheric carbon dioxide into the root systems has not re-
ceived much research attention, because this kind of underground
carbon storage is difficult to measure. There is very little informa-
tion available on the issue.

The amount of carbon stored in the trunks, branches and leaves
of trees cannot be increased indefinitely. There is, inevitably, an
upper limit for the amount of carbon you can store in the trees and
other vegetation on one hectare.

The same probably also applies to those parts of the trees that
lie under the ground. The roots will decompose sooner or later, and
release their carbon dioxide back into the atmosphere. But in very
arid, very cold or very wet conditions, it might take a relatively
long time before the roots decompose completely.

This might be the case especially in the very cold or very arid
regions where the decomposition of organic material is hindered by
the low temperatures or by lack of water. The further down the
roots penetrate, the more likely it will be that a part of their carbon
content will remain stored for some time in the deeper soil layers.

The drier the area, the larger is the proportion of the total bio-
mass of the trees likely to be below the surface. According to Timo
Karjalainen, the carbon content of the root systems in the boreal
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forest seems to be slightly less than the combined biomass of the
trunks, branches and leaves of the trees. But in the arid regions, the
carbon storage of the root systems can be much larger than the
amount of carbon stored in the trunks and branches.

The trees surviving in the arid and semi-arid areas often have
pillar-like root systems that can sometimes penetrate up to 60 or 70
metres down into the deeper soil layers in search of water. Accord-
ing to the Guinness Book of Records, the roots of a wild fig tree are
reported to have penetrated to an astonishing depth of 120 metres
in the state of Transvaal, in the Republic of South Africa. By coin-
cidence, the original maximum height of the largest known sierra
redwood, before it lost its crown, has been about the same.

It is only possible to grow a limited number of trees on one
hectare at the same time, because the trees compete with each other
for nutrients, water and light.

But when you replace the old trees with younger ones, and plant
the seedlings on new sites, they grow their own root-pillars under
these new sites. If the decomposition of such root systems takes a
lot of time in arid conditions, it might be possible, during a number
of growing cycles, to grow thousands of narrow but very deep ‘root-
pillars’ below the surface of one hectare of tree plantation, before
the oldest root systems have totally decomposed.

If we were able to make the trees grow root systems that pen-
etrate 120 metres below the surface, we would, theoretically, have
200,000 cubic meters of storage space for atmospheric carbon diox-
ide under each hectare of arid land.

At the moment, no one really knows how much carbon would
remain stored in the ground for how long—but it should be pos-
sible to find out. One method might be to cooperate with suitable
mining operations. It should be easy enough to analyze what comes
up, to see how much is left of the tree roots, and how long they
have stayed in the ground, in different depths and in different cli-
matic conditions.

It would, of course, be utterly impractical to grow long-rooted
trees on vast areas of drylands, only to absorb carbon dioxide into
their root systems. But such carbon sequestration impacts are likely
to be a spontaneous additional bonus from the efforts to breed new
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food-producing trees for drylands: food trees growing on arid lands
usually have long roots.

Thus far, human interventions have tended to reduce both the
amount of biomass above the ground and the amount of carbon
stored in the root systems.

Even in the tropical rainforest, tree roots may contain much
higher amounts of organic carbon than has been assumed. It has
often been claimed that in the Amazon, 90 per cent of the trees have
root systems that do not penetrate more than 10 centimetres below
the ground. However, according to the recent studies of Dan
Nepstadt and his colleagues, this notion is false.

Their research is a very good example of how little we actually
know about the root systems of different trees in different kinds of
ecosystems. Everybody had always assumed that rainforest trees have
very shallow root systems, but Nepstadt and his colleagues were
the first ones to really find out whether this was true or not. They
discovered, that the rainforest trees actually had very deep root sys-
tems. They dug deeper and deeper, but the roots kept on going
down until a depth of 21 metres. They were not very thick—the
largest roots remained close to the surface—but there were masses
of them: the whole ground seemed to be full of bunches of innu-
merable thin tree roots. The function of these obviously was to
catch the precious nutrients before they were be leached too far
down in the soil.

When all these possibilities (some of which will be discussed in
a more detailed way in the following chapter) are counted together,
it becomes obvious that the chances to store atmospheric carbon
dioxide in tree biomass are much more significant than has been
acknowledged, so far.

Robert K. Dixon, the director of the US Support for Country
Studies to Address Climate Change, has estimated that using sus-
tainable forest and agroforestry management practices on 500-800
million hectares in 12-15 key nations could annually sequester or
conserve 0.5-1.5 billion tonnes of terrestrial carbon. According to
Dixon, different agroforestry systems can store between 12 and 228
tonnes of carbon per hectare, when the underground carbon is also
included in the estimates.
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The Princess Who Became a Mango Tree

The daughter of Surya, the sun god, was the wife of a handsome king. One day, while she
was walking in a nearby forest, she was chased by a Rakshasi, or demoness. She fled
through the forest, but the Rakshasi drew closer and closer. To escape her pursuer, the gil
changed herself into a lotus in a forest pool.

The Rakshasi could not enter the pool, so she kept guard over it instead. The king
re!urngd to find his wife missing and, as he loved hear dearly, he got on his horse and set
off to find her. One day, as he was passing through the forest, he saw this single beautiful

flower growing in the silence of the pool. He wanted to take it with him to his palace, so he
waded into the water and plucked it.

The Rakshasi was angered. Asingle blazing look from her eye and the flower was
bumt. The king was alarmed and he threw the ashes by the side of the lake and rode
away. The Rakshasi also went away, satisfied that she had destroyed the gitl.

From the ashes of the lotus flower grew the mango tree. A few years later, the king,
passing through the forest still in search of his wife, saw the ripe fruit and took it back with
him to the palace as a novelty to show the courtiers.

But as he passed it to his minister, the fruit fell on the ground. From it emerged the

daughter of the sun god, the wife of the king. The royal pair were united and lived happily
ever after.
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J.D. Unruh and his colleagues have estimated that agrofoxfestry
could sequester between eight and 54 billion tonnes of carbon in the
total of 1.55 billion hectares of land where agroforestry could po-
tentially be practised in Africa. Above-ground biomass would se-
quester 3-15 tonnes and soil and root biomass 1.3-6.5 tonnes of
carbon per hectare.

These figures may seem impressive, but they are, in reality, ex-
tremely careful estimates.

Carbon Storage Forestry as a Rural Livelihood

In the UNCED conference in 1992 the industrialized countries
committed themselves to cutting their carbon dioxide emissions back
to the 1990 level before the year 2000. This was a modest step, but
it was hoped that it would gradually lead to more meaningful moves
towards the same direction.

In the Kyoto meeting, at the end of 1997, the industr:ml%zed
countries finally promised to reduce their greenhouse gas emissions
by five per cent from the 1990 level before the year 2012. Th1§ was
a far cry from the level IPCC had deemed necessary, bgt in spite of
such reservations, the Kyoto Protocol was hailed as a hlSt?rlFal first
step towards significant reductions in greenhouse gas emissions.

The convention was somewhat watered down in Bonn, in July
2001. According to decisions made in Bonn, the industrialized coun-
tries that ratify the Kyoto Protocol can implement most of the agreed
reductions in their greenhouse gas emissions by pur'chasglg carbon
dioxide emission quotas from other countries, by financing green-
house gas cuts in the Third World or the former Soviet Union, or
by absorbing carbon dioxide into forests or soils of farmlands.

In reality, the industrialized countries—with the §ignificant ex-
ception of the USA which produces one-third .of theuj greenhouse
gas emissions—committed themselves to reducing their real green-
house gas emissions by 1.8 per cent of the 1990 level by the year
2012.

The next steps will be more difficult. In order to achieve the
necessary 60-80 per cent reduction in global carbon dioxide emis-
sions, much more needs to be done in the North, and the.so.uthern
countries must also agree to limit the growth of their emissions.
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Some southern countries have contended that the Western coun-
tries, with only about 20 per cent of the world’s population, are
producing 60 per cent of all the greenhouse gas emissions. If the
USA is producing, on a per capita basis, roughly 100 times more
carbon dioxide than Bangladesh, it can’t possibly be fair to ask both
countries to cut their emissions by 60 per cent, or 80 per cent.

Many Third World countries would like to appropriate the
rights to produce greenhouse gas emissions between the different
nations on a per capita basis, so that a country with 100 million
people would get 10 times more emission permits than a country
with a population of 10 million. If there is an agreement on this,
most Third World countries could still continue increasing their
greenhouse gas emissions for some time, or alternatively, sell their
unused quotas to the industrialized countries. The industrialized
countries, on the other hand, would have to make very major cuts

in their own emissions, or buy some more emission rights from the
Third World countries.

The OECD has estimated that the price of the emission permits
might already be somewhere between US$ 100 and US$ 350 per
one tonne of carbon, when we would be talking about a cut of 20
per cent in the global emissions. According to the Delhi-based Cen-
ter for Science and Environment, this might earn at least US$ 100
billion a year in foreign currency for the Third World countries.
When the world would move towards a 60 or 80 per cent cut in the
emissions, the prices of the emission quotas and the worth of their
international trade might multiply.

The question on how the emission rights of different green-
house gases will be distributed may become one of the most impor-
tant political struggles for the next 30 or 40 years—a kind of New
International Economic Order of the twenty-first century.

Besides emission permits, also the managing of carbon sinks—
forests absorbing carbon dioxide from the atmosphere—could be-
come a tradeable commodity. If this happens, and the governments
are paid for carbon sequestration, perhaps peasants and village com-
munities could also get their share of the income.

The proposal about including carbon sinks into the climate treaty
originally came from the government of Finland. Finland proposed



70 The Book of Trees

that increases or decreases in the amount of carbon stored in the
forests should also be taken into account in the calculations con-
cerning national greenhouse gas emissions. The principle was in-
cluded in the text of the original framework of the Convention on
Climate Change, which was accepted in New York in May 1992,
just before the United Nations Conference on Environment and
Development in Rio de Janeiro.

In the climate convention negotiations, many environmental-

ists were against the inclusion of carbon sinks in the treaty. Accord-
ing to them, the sequestration of carbon in forests can only be a
temporary relief from the problem, because there is a clear limit to
how much carbon the forests can absorb. When the trees start to
die, the carbon is again released into the atmosphere as carbon diox-
ide. In the long run, the only way to halt the build-up of carbon
dioxide in the atmosphere is to limit the use of oil, coal and natural
gas. And what if the forests that have been grown to store atmo-
spheric carbon dioxide burn in giant forest fires?

Other environmental organizations, however, emphasized the
benefits of including carbon sinks into the convention. They pointed
out that the principle would, among other things, provide a strong
incentive for governments to protect their remaining natural forest
areas. Among the supporters of the idea were most of the indig-
enous peoples of the Amazonas and the union of the rubber-tappers
and nut-collectors of the Brazilian Amazonas (CNYS).

The establishment of carbon storage forests doesn’t have to be a
temporary measure. It is possible to manage the forests so that very
high amounts of carbon can be stored in the tree biomass for an
indefinite period of time. This can simply be done by lengthening
the rotation period used in forestry. Also, there is a surprisingly
large number of tree species that can live one or several thousands
of years and achieve very big sizes—if left in peace.

Carbon storage forests would most probably be less vulnerable
to forest fires than ordinary forests. Younger and smaller trees burn
much more easily than older and larger trees, which are often sur-
prisingly resistant to forest fires because of their thick bark. Some
trees, like the baobab, cannot burn in any kind of forest fires, as
long as they remain alive, because of their high moisture content.
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. Global warming will definitely increase the number and sever-
ity of forest fires in different parts of the world, but the higher the
average age of the forests, the less the damage the fires are likely to
do. The trees in the ordinary commercial forests are hardly ever
grown to an age that would enable them to survive even a relatively
mild forest fire.

Many southern organizations have pointed out other dangers.
If governments and private companies start to establish huge car-
bo.n storage forests in the South, this might lead to large-scale
privatization of common lands and to large-scale displacement of
many people. When the government of Thailand announced that it
was going to establish 4.5 million hectares of eucalyptus plantations,
the plan was violently opposed and finally brought down because it
would have displaced 5-10 million rural people. For instance, the
US Ministry of Energy has proposed the establishment of 700 mil-
lion hectares of new plantation forests in the Third World, in order
to halt global warming. What would be the scale of displacement
caused by such unimaginative approaches?

However, there might be ways to modify the idea of carbon
storage forests so that it becomes truly useful. The most important
thing is to ensure that the arrangements related to carbon sequestra-
tion will put more resources into the hands of the poor, instead of
further narrowing their already limited resource base.

This can be done in several different ways. Perhaps the best
alternative would be to demand that, if there are to be carbon stor-
age forests, only trees producing food for human consumption should
be planted in them. Also, the carbon storage forests should be open
to the local people, so that they can collect edible fruits, nuts, pods
seeds and mushrooms from them, gather dry branches or cones that,
have dropped from the trees for fuel, and let their domestic animals
graze and browse in the undergrowth, once the trees have attained
asize where cattle or goats can no longer harm them. The shells of
various nuts, fruits and pods and the spoiled fruits could also be
qsed as raw material for biogas, generator gas, wood chips, brickets,
liquefied wood oil, charcoal or hydrogen. The programmes could
emphasize the planting of food-producing trees that easily survive
bush and forest fires.
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We should, perhaps, agree to and support guch arrangements,
on three important conditions. first, just like in the B.onn1 agree-
ment, governments should also., in the future, be gble to imp lir.ne-rlt
only a certain percentage of their emission reductions throug Jomﬁ
ventures, by absorbing carbon dioxide into t.he forests, or throug
purchasing carbon sinks or additional emission quotas from other
countries. It is important that governments have a strong enough
incentive to develop energy-saving technolpgxes and reqewgblg en-_
ergy sources. As the possibilities of absorbing 'ca{bo'n dioxide into
forest biomass are limited, some of these p0551b111t1e§ must be re-
served for taking a certain amount of the already existing carbon
dioxide out from the atmosphere. |

Second, carbon sinks should only be included if thfe income
from establishing and maintaining carbon storage forests is divided
between the governments and the local peo'ple‘ Third, fqrests should
only be counted as carbon storage forests if they contain food-pro-
ducing trees and if they are kept open for the local people.

The most important issue is whether thg programmes are tofbe
implemented in a way that would appropriate more resourses 01;
the poor, or whether they would lead to the further narrowing o
the resource base the poor depend on.

There are numerous different food-producing trees that can at-
tain a very large size. Carbon storage for.ests that wogld only con-
tain large-sized, food-producing tree species would quickly becomi
very important for the local people. People could collect part o
their food from the forests, besides which they could collect nuts,
fruits, pods and oilseeds to be sold in order to earn some money.
Such forests would be especially valuable for people during wars
and famines, because they would be likely to produce large quanti-
ties of nutritious food even then.

Trees are not affected by wars in the same way as annual crops
are: they will keep on producing food even when p_eople cannot
work in the fields. Many trees even produce food during the worst
drought years. If suitable mycorrhiza mushrooms are grown into
the roots of the trees before planting, the forests would also be likely
to produce large amounts of edible mushrooms.
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Carbon storage forests consisting of food-producing trees might
actually come to be regarded as sacred forests, with the local people
doing their utmost to protect them—even risking their lives for them,
if the need arose. This is very important from the viewpoint of
carbon sequestration. If the establishment of carbon storage forestry
means that local people will lose valuable resources, the forest is not
likely to remain there for very long. People would be likely to rip
off the seedlings from the ground during the night time, or replant
them again—upside down. People would not hesitate to cut wood
from the forest, whenever they could do this without the danger of
being caught. It would be next to impossible to protect very large
forest areas from a hostile local population, even if numerous guards
were hired. Also, if the guards were only paid small salaries, it would
be easy enough to bribe or coerce them. Higher salaries, on the
other hand, would make the cost of protecting the forests prohibi-
tively high. During the dry season, only one person hating the car-
bon storage forest deeply enough could easily burn much of it with

a single match, and local people would not be likely to volunteer
into the fire-fighting operations.

In practice, the best and, perhaps, the only way to ensure that a
carbon storage forest—and the carbon stored in the trees—remains
for hundreds of years, is to make it so important for the collective
food and economic security of the local people, that it finally be-
comes some kind of sacred forest.

To make the model interesting for governments as well it could,
perhaps, be decided that all the income from selling the carbon sinks,
or from the tradeable emission permits created by these carbon sinks,
would go to them to finance their public health care, education,
social security, employment and environmental programmes. The
local people would benefit from the existence of large ‘food forests’

that they could use freely, as long as they did not touch the larger
living trees.

Another interesting possibility would be to concentrate on the
household or village level. In this model, village communities or
individual households would make carbon sequestration agreements
with the government of their country.
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This possibility should not be egcluded, .becau.se billions gf
people living in Asia, Africa and Latin America will anyway be
absorbing a lot of carbon dioxide from the atmosphere by trans-
forming their fields to multi-storey home gardens.

This process is already effectively turning fi§1d§ gnd pastures
into some kind of ‘semi-forest’ that can absorb significant quanti-
ties of carbon dioxide out of the atmosphere. Alsq, the tran§forma—
tion of many types of woodlands and open forests into mpln-storey
home gardens can sometimes increase the amount of biomass per
hectare.

The conversion of older forests into tropical home gardens usu-
ally leads to a substantial decline in the carbon store, b}lt even here
the difference is not as dramatic as when the forest is clear.ed to
become farmland or pasture, in which case the carbon store in the
vegetation is usually reduced by 90 or 95 per cent. 'Also, ev}eltn in
these areas it is possible to develop man-made multi-storey home
gardens that will finally contain a larger storage of carbon than the
natural forest replaced by them.

There is one more possibility related to trees and cafbon se-
questration, which has not—to our knowledge—been mentioned in
the discussions about the subject.

There is an upper limit for the amount of carbon that can be
stored in forests and trees. This is an obvious fact that cannot be
denied. However, there is at least one way to overcome Fhls limita-
tion. If we grow wood and carbonate it to charc?oal, it bﬁcomgs
entirely resistant to biological degradatlop. Bacteria and o;l .erbm1-
cro-organisms will no longer be able to digest it. If charco d{s 'Lg-

ied in the ground (for instance in old coal mines) the carbon ioxide
tied to it will remain in the ground for ever—unless these artificial
coal mines are excavated and the charcoal used as fuel.

This could be the only way to safely remove and store very
large quantities of carbon dioxide from the atmosphere. In cor}trolled
combustion in a metal kiln it is possible to transform approxun'at.ely
70 per cent of the wood’s carbon content to charcoal. Four billion
cubic meters of wood would thus be enough to p.roduce approxi-
mately 700 million tonnes of charcoal (pure organic carbon).
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To absorb all the carbon dioxide emissions that are currently
not mopped up by the oceans and by the soil from the atmosphere
would require between 500 million and one billion hectares of well-
managed forests or tree plantations producing wood for the char-
coal. This might not be a very practical proposition, even if the
forests and tree plantations would grow tree species that would also
produce food, fodder and other necessities for the people.

However, producing and burying charcoal might become an
interesting option within a hundred years or so, if we then want to
remove some of the extra carbon dioxide from the atmosphere, af-

ter having stabilized the situation by a shift to energy systems based
on renewable resources.

It is likely that future generations will be very interested indeed
in such options. They have very good reason for this. Without large-
scale carbon storage forestry programmes and the establishment of
‘charcoal mines’ the sea level will most probably keep on rising for
hundreds or, more likely, thousands of years. This might doom
billions of people and their descendants to extreme poverty for hun-
dreds of generations. Such a scenario can only be prevented if some

of the extra carbon dioxide is somehow mopped up from our atmo-
sphere.

A New Scientific Discipline?

The research carried out by forest scientists has, thus far, only aimed
at increasing and maximizing the amount of wood produced by the
forests. To our knowledge, no research has been done within the
framework of how forests should be grown if the main goals were
to improve the food security of the poor and maximize the amount
of carbon stored in each hectare of forest.

We do not know what the best management practices would be
if forests are grown for such purposes. How many seedlings should
we start with? What would be the optimal planting density? When
should we start thinning the stands? How many trees of a certain
species should there be for each hectare, when the forest is 50, 100
and 200 years old? Will the management practices that produce the
largest carbon storage result in smaller food production, or can we
achieve both the maximum food production and the maximum car-
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bon storage at the same time, by growing a relatively small number
of very large trees on the same land area? If a compromise has to be
made between the two main goals—carbon sequestration and food
production—how should we decide? Should the trees be grown from
seeds and not from seedlings, in order to ensure that they develop
strong and deep root systems?

We do not know what the optimal rotation cycle would be for
each species: the older the trees grow, the more carbon they will
store, but after a certain age, many species may experience a very
serious decline in the amount of food they will continue to pro-
duce. We do not know what combinations of trees would be likely
to produce the best results, either in terms of tonnes of carbon or in
terms of proteins and calories produced for human consumption.
We know hardly anything about the root systems of many tree
species, and how much carbon could be stored in them, not to say
anything about the interactions of the root systems of different tree
species. Would a mixture of deep-rooted and shallow-rooted trees
produce, in the long run, the largest underground carbon storage?

We will need a tremendous amount of experimentation and re-
search before we know answers to these questions. The matters will
be made more complex by the fact that there will be hundreds or
thousands of relevant tree species, each of which will be behaving in
a somewhat different way. When we consider all the possible com-
binations of different species, the complexity of the task becomes
almost mind-boggling.

We need a new scientific discipline, a branch of forestry sci-
ence, that would concentrate on such questions. We could call this
hypothetical new discipline, ‘carbon storage forestry’. However,
scientific establishments are not very flexible. There is a tremen-
dous amount of inertia and resistance to even minor changes, built
into their long traditions and their power structures, in which the
oldest researchers always hold the most important power positions.
Therefore, the forest scientists are, at first, not likely to welcome
the ideas outlined in this book as something that complements their
own research. On the contrary, most of the forest scientists are
likely to take our arguments as a criticism of their own work, as a
claim that they have been doing their research the wrong way, that
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Why the Ebony Tree Has Dark Wood

_When the earth sank beneath the Great Flood, a Kond and his wife decided to seek shelter
inside a gourd. They took a bundle of sticks with them so that they would have fire when
they came out. They pulled the gourd shut after them and went to sleep.

. Many, many days !ater they awoke. They broke the gourd and saw that the water had
dr.led and a new world awaited them. They emerged from the gourd carrying their bundle of
sncks: The Kopd lit a fire with the wood and the couple siept. The next morning, the Kond
and his wife went to explore this new world. In their absence, a bumnt twig took ;oot and

grew into an ebony tree, and when they retumned they saw it. The tendu is black because it
came from a charred piece of wood.

—Tribal legend of the Konds of Ganjam
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they have missed the important things and have more or less wasted
their careers as scientists. It is likely that the new ideas will only be
accepted gradually, little by little, and often through the younger
generations of researchers.

In order to speed up the process a bit, it is also important that
thousands of laymen, ‘ordinary people’ that are not ‘real’ (or offi-
cial) scientists, start to carry out their own research and experi-
mentation in this field. It is very likely that such amateur research-
ers will become the real pioneers in carbon storage forestry studies,
and that the governmental forest research institutes and other offi-
cial research establishments will follow them somewhat later.

Trees as a source of fuel and construction materials

There are also a number of other ways through which trees can
help us in preventing a potentially disastrous runaway greenhouse
effect.

According to the latest estimates, cement production is already
responsible for seven per cent of the global carbon dioxide emis-
stons. Cement production produces CO, emissions in two different
ways. The conversion of the raw material (limestone or calcium
carbonate) to the final product (cement or calcium oxide) is a chemical
reaction in which a lot of carbon dioxide is released. Besides this, a
lot of coal is needed in order to heat the kilns to the temperature of
1,450 degrees Celsius, which is necessary for roasting limestone.

The world currently produces 1.4 billion tonnes of cement ev-
ery year, and the production increases by five per cent annually.
The production of cement is increasing very rapidly in many Asian,
African and Latin American countries, while growing percentages
of their populations are moving from the countryside to the cities.
According to John Lanchberry of the Verification Technology In-
formation Centre in London, the cement industry will soon be re-
sponsible for about 10 per cent of the global carbon dioxide emis-
sions.

An alternative to these trends would be to increase the use of
bamboo, wood and mud—and different composite materials partly
based on them—to replace cement in the construction of houses.
Gandbhiji actively promoted the use of mud and bricks made of mud
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for such purposes. Houses built of mud are less hot in summer and
warmer 1n winter, which reduces the need for heating and air con-
ditioning. Mud is cheaper than concrete, and mud bricks can be
produced without causing carbon dioxide emissions—either by so-
lar energy or by using firewood.

Traditional Indian houses, however, were not made only of mud.
They were based on a kind of composite structure that incorpo-
rated mud with tree branches and shoots. This kind of structure is
surprisingly strong. When the terrible earthquake of 2001 killed
tens of thousands of people and destroyed the homes of five million
people in Gujarat, in many areas it was only the houses built by
these traditional methods that were able to withstand the holocaust.
For example, in the village of Ludiya in Kutchch, all the other kinds
of buildings collapsed, while every single one of the round tradi-
tlopal houses that had used the mud-wood composite structure re-
mained standing. The round houses that had been built of mud and
stones only, and which had thus imitated the mere facade but not
the actual structure of the traditional buildings, did break down.

Wood is, at present, a much more expensive building material
than mud, at least in India. However, if the forests were managed
betFer, and on a community basis, the production of timber could
be increased so much that it would become more widely available
even for the poorer households.

It is a widespread prejudice that wood is not suitable for the
construction of buildings more than three storeys high, but this is
acFually not true. The natural strength of wood can be increased by
using compressed wooden beams instead of natural logs. Wood can
be supplemented with other materials like stone, iron, bricks—or
cement—but a major part of even the somewhat higher buildings
can be made of wood.

Wooden houses need not be more fire-prone either. Compressed
wooden beams do not catch fire easily, and the safety of the build-
ings can be further improved by the use of some gypsum plate (plas-
terboards) in the walls and roofs. Actually, the number one fire
hazard in all types of buildings consists of various plastic materials
mn the' furniture, clothing and other household equipment. Such
miterials often produce very toxic fumes that can also become dan-
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The Monkey’s Heart

On the banks of the Yamuna river grew a jamun tree. A monkey family made this tree their
home. The monkey husband was a friendly fellow. He loved the purple jamun fruit and ate
greedily of it, but he was willing to share it, t00.

Across the banks of the river lived a crocodile family. The male crocodile swam across
to the bank of the jamun tree every day to sun himself. The monkey and the crocodile
became good friends and the crocodile ate jamuns given to him by the monkey.

One day the monkey, seeing the enjoyment of the crocodile when he clamped his jaws
on the fruit, said: ‘Crocodile, my friend, why don't you take some fruit home for your wife
today.’

‘What a good idea,’ said the crocodile. The monkey collected some fruit and when the
evening darkness deepened, the crocodile swam back to his home.

His wife ate the fruit. Her eyes narrowed into slits with enjoyment and her jaws yawned
with pleasure. ‘My husband,’ she said, ‘where did you get this tender, sweet fruit?’ The
crocodile told her about the monkey that lived on the tree and distributed the fruit.

The crocodile’s wife grew silent as she thought. Saliva dripped from the comers of her
mouth. ‘If these jamuns are so sweet,’ she mused, ‘how much sweeter would be the heart
of one who lives on them.” She ordered her husband: ‘Bring me the monkey tomorrow. |
will eat his heart.’ The crocodile was horrified. He tried to remonstrate with his wife but she
was adamant.

The next day, a tense crocodile came to the bank of the jamun tree. ‘My wife thanks
you for the delicious fruit.’ His eyes avoided the monkey's as he spoke. ‘She would like to
repay your hospitality by inviting you to dinner.

The monkey did not see anything strange in his friend's behaviour. ‘Certainly,” he said.
“Let's go. It will make a change from the jamun fruit.’ He sat on the crocodile’s back and
the latter pushed himself sluggishly into the water.

The joumey was a silent one. Half-way through the monkey looked down and saw the
crocodile crying, tears streaming out to join the water of the river. ‘What is it, my friend,
what makes you so sad?’ he asked, concerned.

The crocodile replied: ‘Forgive me, monkey. | have tricked you. My wife is not going to
feed you. She desires to eat your heart for she says that it must be as sweet as the jamun
fruit you eat. And 1 am too scared of her not to bring you. Forgive me.’

The monkey gave a little jump of alarm. First he thought that he would plead with the
crocodile but saw that that would be of no use. So he thought quickly and said, ‘Oh, my, is
that ali? There is no need to be unhappy, crocodile. | will happily give my heart to your
wife. What need have monkeys for hearts?'

‘But,’ the monkey continued biithely, ‘unfortunately today is the day that | wash my
heart. Early this moming | soaked it in the river and hung it out to dry on the branches of
the jamun tree. Let us go back and collect it.

Crocodiles are not known for their intelligence. And this one’s grief clouded his common
sense even more. ‘Very well," said the crocodile, relieved that his friend had taken the
news so well. He turned around and the pair headed back to the banks of the tree. As soon
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as they neared the tree, before the crocodile could see that there was no heart drying on
its limbs, the monkey leapt up and caught a branch.

From that day on, the monkey refused to come down from the jamun tree. But,
because he was a generous soul, he threw the fruit down to the crocodile who sunned
himself on the banks of the river.
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gerously ignited in the air. Because of the extensive use of plastics,
such dangerous fires can take place in all kinds of buildings, not
depending on the mixture of the materials used in the main struc-
tures.

Onthewestern coast of the USA and Canada, about 90 per cent
of all buildings that have from three to five storeys are made of
wood. Similarly, a great majority of all new houses in other parts of
the world could also, at least in theory, be constructed of wood.
However, the more densely people want to live, the more cement
will obviously be needed in the construction of skyscrapers or very
high blocks of flats. In any case, it would be a good idea to replace as
much cement as possible by wood. This could, in the future, trans-
form the construction industry from a very significant source of
carbon dioxide emissions to a major carbon sink: the carbon stored
in the buildings would be likely to remain out of the atmosphere
for decades, if not centuries.

Needless to say, the annual replacement of 1.4 billion tonnes of
cement by mud and timber would be a major project which would
require very large forest areas. However, these forests could also
produce fodder, firewood and small timber for the local people. If
suitable species were to be favored, they could also produce huge
quantities of food for human consumption. There are hundreds of
differenttreespecies that can produce both nutritious food and high-
quality timber. A few notable examples are: sal (Shorea robusta),
walnuts (fuglans spp), mangoes (Mangifera spp), oaks (Quercus spp),
beeches (Fagus spp), chestnuts (Castanea spp), ebonies (Diospyros spp),
the brazil nut (Bertholletia excelsa), meru oaks (Vitex spp), many
pine species (Pinus spp), several araucarias (Araucaria spp), and so
o1

Thegrowing of tree crops can also reduce greenhouse gas emis-
sions from conventional agriculture. The extremely energy-inten-
sive model of agriculture in the USA annually consumes about 1,400
litres of oil-equivalents of fossil fuel energy for every man, woman
and child living in the United States of America. Most of this is
used in the production of fertilizers. The massive overuse of fertiliz-
ers also auses significant emissions of another important greenhouse
gas, nitrous oxide.
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Trees do not require as much fertilizing as annual crops. Also,
trees are usually fertilized with organic fertilizers, which do not
consume fossil fuels. In any case, they can utilize the nutrients that
are added into the soil much more effectively than annual crops.
Leguminous trees and some other tree species can fix nitrogen in
the soil with the help of the bacteria growing in their root systems.
They do not need any nitrogen fertilizers, and their litter can also
provide sufficient nitrogen fertilizer for any adjoining crops that do
not have the similar nitrogen-fixing capacity. All kinds of trees can
also act as nutrient pumps that bring up nutrients from the deeper
soil layers and recycle them into the ground in their litter.

Because of the large size of the trees, tree-based agricultural sys-
tems are more difficult to mechanize. This reduces the greenhouse
gas emissions in two ways. First, if more human labour and fewer
machines are used, less oil will be consumed. Second, without trac-
tors and other heavy machinery there will be less tilling, which
reduces the decomposition of humus and thus the carbon dioxide
emissions from the soil.
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Growing Food-Bearing Trees

THE BREEDING OF food-producing trees has received much less
sttention and resources than the breeding of annual plants.

There are several reasons for this. One of them is that most of
the technical know-how about tree breeding is in tbe hands of for-
est scientists, who tend to be interested only in species thgt p%'oduce
valuable timber or wood for pulp mills. Agricultural scientists are
not so familiar with trees. Instead, they like to concentrate tha{l-
nual plants. Horticulture and pomology have always beer;l slight };
marginal areas of scientific research, dropping between the majo
streams of research activity. '

Another obvious reason is that the breeding of food-producing
trees requires more time than the breeding of annual plan:is. Even
with annual plants, it typically takes about 20 years to bree 3 new,
stable variety. Although many tropl'cal trees start flowering during
their first year of growth, most species require several years or even
decades before they start to flower and produce seeds. This means

that food-tree breeding can be hopelessly slow from t.he viewpoint
of 2 human being. Our time on earth is very limited indeed.
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According to Dianne Rocheleau and John Raintree:

The potential benefits of a systematic effort to select and de-
velop improved agroforestry germplasm can hardly be overdra-
matized. Agroforestry is, so to speak, in the Stone Age in this
regard. To make the analogy more precise, the current situation
in agroforestry is analogous to the early Neolithic, when man
first embarked on the road of agricultural domestication. In se-
lecting wdody components for agroforestry systems, agroforestry
designers today are faced with essentially wild plants analogous
to the early ancestors of maize, wheat, rice and all our other
highly domesticated crops. The genetic heterogeneity of tree
germplasm and, hence, its potential for selection and improve-
ment is a fact that is repeatedly emphasized in international
meetings on the subject. In the few instances that tree and shrub
germplasm (mainly the commercial plantation crops like oil palm,
rubber, tea and coffee) have received the kind of attention we
take for granted in field crops, spectacular improvements have
resulted.

To take only a few examples, the average hectare yield of rub-
ber plantations has increased seventeen fold during this century,
due to breeding efforts and better management. A hectare of wild
seabuckthorn forests produces only a few hundred kilograms of ber-
ries in a year, but selected cultivars can yield 15-20 tonnes per hectare.

Rocheleau and Raintree exaggerate the situation a little bit, be-
cause there are a number of food-producing trees which have re-
ceived quite a lot of attention from plant breeders. Such trees in-
clude for example, citrus fruits, the domesticated apples, kiwi fruit,
oil palms, bananas, mangoes, guavas and many others. Besides this,
farmers have done some selection on numerous other fruit tree spe-
cies that have been cultivated for alonger time, and bred thousands
of different varieties of these.

However, none of these fruit and nut trees has been improved
even nearly as much as all our main annual food plants. Most of the
widely or relatively widely cultivated food-producing trees have
never been subjected to systematic selective breeding. And thereisa
surprising number of extremely interesting and important food-pro-
ducing tree species that have not even been domesticated yet, let
alone actually bred.






