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Locally significant environmental benefits can be maximized when tree biomass plantations replace annual crops, heavily grazed pastures, or degraded lands.72 Benefits can include:

1. protection of water quality, 

2. reduction of floods during wet seasons and maintenance of water supplies during dry seasons, 

3. erosion prevention, 

4. improvement of local microclimate through evaporative cooling and humidification, 

5. wind breaks and shelters that reduce erosion and conserve water, particularly in dry regions, 

6. reduction of fire danger, 

7. reduction in use of fertilizer and agricultural chemicals, 

8. improvement of soil properties, and 

9. protection of wildlife and other components of biodiversity. 

Negative environmental effects of plantations may occur locally if unmanaged natural forests or forests managed for low intensity uses are removed and replaced with short-rotation biomass plantations. Negative impacts can include:

1. increased erosion and reduction of water quality as a result of forest harvesting; 

2. increased rates of runoff and decreased water-holding capacity; 

3. increased chemical pollution from fertilizers and pesticides; 

4. degradation of soil quality and productivity; and 

5. reduction of biodiversity through alteration of forest structure, creation of tree monocultures, and use of non-native tree species which local wildlife are unable to use.73 

Concern over possible negative impacts has led environmental groups at both national and international levels to attempt to establish environmental guidelines prior to the commercialization of biomass energy technologies.74 In Brazil, early mistakes in establishment of Eucalyptus plantations, along with increasing environmental sensitivity, have led to substantial regulation of the forest industry.75

To minimize or avoid negative impacts from energy crop production, most proponents of biomass energy are recommending that biomass plantations be established on existing agricultural lands or degraded lands.76 Forestry codes and plantation management procedures currently being developed and implemented around the world generally prohibit the conversion of natural forest to forestry plantations. Many of the natural forests occur on relatively poor soils, and destruction of natural forests is now recognized to have environmental costs in terms of biodiversity, environmental quality, and economic sustainability that far outweigh short-term economic gains from forest clearing. Principles recently formulated in the U.S. for the wise development of biomass resources include the following:77

· Biomass energy system development must be guided by consistent decision criteria and should foster the multiple goals of environmental protection, economic revitalization, and energy security. 

· Energy crop production practices and energy conversion technologies must be selected to ensure that the use of biofuels substantially reduces anthropogenic emissions that may contribute to global climate change. The use of biofuels should not exacerbate greenhouse gas emissions when compared with conventional fuels on a full-fuel cycle basis. 

· The development and management of biomass resources should protect and, wherever possible, enhance ecological integrity and biological diversity, while minimizing adverse impacts to land, air, and water. 

· The development and management of biomass resources should contribute to the economic well being of producers, local communities, and the nation as a whole. 

· The use of biomass resources for energy purposes must rationalize trade-offs in terms of competing uses for the land and plants (whether for food, fiber, recreation, wildlife habitat, or other uses), while also recognizing the impacts and trade-offs implicit in the use of other energy resources. 

The remainder of this chapter provides more discussion of the effects of tree plantation on soils and water, biodiversity, chemical pollution, and social economics.

Tree Plantations and Soil/water Issues

The beneficial effects of forests on water quality, soil erosion prevention, and the reliability of water supply have long been recognized. The oldest forest reserve in the Western Hemisphere was established in Trinidad and Tobago in 1765 with the designation "Reserved in Forest for the Rains," followed by further assessments in the 1880s into "Forest Conservation and the Maintenance of Water Supplies." Many natural forest reserves have been established around the world in mountainous areas for the protection of municipal water supplies. Biomass plantations can also serve this purpose, particularly if the negative effects of harvest on soils and water supply can be minimized. Plantations are particularly valuable in improving the water supply on land that has been degraded by deforestation or desertification.78
Fig. 4.1a. Effects of land-cover type, precipitation, and slope on surface runoff at four tropical sites. The positive effects of plantations on soil and water conservation results primarily from protection of the soil surface from the direct impact of rain and from the improvement of soil structure through root penetration and the addition of organic matter from decomposing leaves, roots, and wood. In comparison to either crops or bare soil, forest greatly reduces the proportion of rainfall that is lost as runoff, thus leaving much more water available to feed springs and streams during dry periods (Fig. 4.a). The positive effects of trees on water retention tend to increase over time, so long rotations and practices that enhance organic matter input into the soil are particularly favorable.

Tree species vary greatly in their effect on soil properties and on water cycling. Some tree species, such as E. globulus and E. tereticormis, tend to use water very rapidly, leading to reduced water yield from watersheds, stress during dry seasons, and creation of unfavorable conditions for interplanting with food crops.79 On the other hand, studies on Eucalyptus grandis in Brazil have found the annual variation in soil water to be similar to that for Pinus caribea and savanna-like native forests.80 Tree plantations have also been shown to reduce wind erosion, reduce evaporative losses of water, and improve soil moisture conditions sufficiently to allow cropping on degraded lands.81 Nitrogen-fixing species, such as acacias and leaucena, can improve the soil, reduce the need for expensive nitrogen fertilizer, and produce fodder for farm animals.

A primary difference between short rotation plantations, and forests harvested for timber with regard to erosion and water issues is the frequency of harvesting and replanting. Because 40% of tropical rainfall falls at erosive rates (greater than 25 mm/hr), soils exposed during and after harvesting are susceptible to serious erosion. 82 

Harvesting and reestablishment practices thus become a very important determinant of the potential for environmental damage. When reestablishment occurs through coppice resprouting, risk of soil loss is minimized by rapid regrowth. The use of cover crops or grass strips between the rows can reduce erosion when replanting is required.
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Fig. 4.1b. Effects of land-cover type, precipitation, and slope on erosion at four tropical sites.84 The potential for soil loss increases greatly with increasing precipitation and on hilly or mountainous land (Fig. 4.1b). Harvesting with heavy equipment during rainy seasons is especially likely to cause serious soil erosion and soil compaction and may destroy the long-term productivity of a plantation. Due to both equipment constraints and erosion hazards, biomass plantations that are likely to be harvested every 5-10 years should not be located on steep, erodible soils. In general, tropical soils are much more subject to degradation from harvesting than forests on younger soils, such as those found in much of the temperate zone.83
Tree Plantations and Biodiversity

Biodiversity refers to the number of different kinds of plants and animals that are found in a particular area such as a hectare of forest, and entire country, or the earth. Concern about the loss of biodiversity is based on the idea that each organism, even those that are unknown and unnamed, has some value. Many plants and animals are valued for the medicinal chemicals they produce or for their importance to forestry or agriculture. Other species are valued for their beauty or other special properties. Many species, even obscure organisms in the soil, may play important but poorly understood roles in improving soil fertility, in preventing diseases and pests from affecting crops, or otherwise maintaining a balance of nature that is favorable to human existence. For these and many other reasons, there is a broad consensus among scientists, citizens, and politicians that biodiversity should be preserved by preventing the extinction of species wherever possible.

Because many birds, mammals, insects, and other animals depend on one to several particular tree species, extensive biomass plantations of a single tree species can be extremely destructive to biodiversity when displacing natural habitats. Clearing natural forests to establish plantations usually destroys biodiversity and should be avoided. Many of the forests with high biodiversity occur on soils that are too poor to support productive plantations, so there is usually no economically or biologically sound reason to replace them with plantations. Establishment of plantations on degraded lands that were previously deforested will usually have a positive effect on local biodiversity by improving the habitat for plants and animals that cannot survive deforested areas and may have other benefits such as improvement of water quality and quantity and soil improvement.

Tree plantations can be beneficial to biodiversity if properly designed or can be destructive of biodiversity when designed inappropriately.85 The effect of biomass plantations on biodiversity may depend as much on how they fit into the landscape as the particular species and management systems selected. Studies in the United States on hybrid poplar plantings have shown varied use by wildlife, depending on the surrounding landscape. For example, plantations adjacent to natural forest seem to reduce "edge effects" and expand the usable areas for forest interior bird species in predominately agricultural areas.

There is considerable controversy on the use of non-native species on the scale that might be required for biomass energy. Plantations based on non-native species, such as eucalyptus outside of Australia and teak outside of Asia, are generally believed to provide little suitable habitat for native animals,86 although research on this issue is continuing. Depending on the planned energy conversion technology, plantations for biomass may be able to utilize a wider variety of tree species and thus may support a higher biodiversity of plants and animals than single-species hardwood or pulp plantations that must produce a crop that is extremely uniform in form and other properties.

Biomass plantations can have a positive effect on biodiversity if their design includes preserving areas of natural forest of different types within the overall plantation area. Research has shown that areas of natural forest included within plantations is favorable for many native species of plants and animals.87 Properly designed plantations should include areas of natural vegetation, appropriate wooded buffers for waterways and corridors for wildlife movement, as well as protection of historical areas.88 Since the 1960s Brazil has required forest companies to either leave 10% of the managed area in natural vegetation or ensure that 1% of the trees planted are native species. The 10% option has normally been preferred and has resulted in positive benefits for both bird diversity and insect pest control. 89
Specific guidelines developed by the National Biofuels Roundtable in the United States for improving habitat are:

· Match native ecosystem cover types as much as possible (e.g., perennial grasses in prairie regions and trees in woodland regions). In addition, emulate natural vegetation patterns and functions when establishing energy crops on agricultural lands. 

· Locate, plant, and harvest tracts of energy crops in ways that help improve pathways for animals to move between habitats and across landscapes in any particular year. 

· Employ energy crops in ways that minimize the fragmentation of desirable habitats and improve overall habitat quality of the landscape for native species. 

Tree Plantations and Chemical Pollution

The previous use of the land will determine the extent to which chemical pollution is an issue. Plantations generally require fewer inputs of fertilizers, herbicides, and pesticides than more intensive forms of agriculture.90 In regions of extensive agricultural activity where non-point pollution of streams is a problem, tree plantations may improve water quality by serving as a filter of agricultural chemicals.

Establishment of plantations on pasture land, as may occur in many parts of the developing world, would result in additional use of some chemicals unless hand labor is used to control weeds. As described in Chapter 2, methods are available to minimize chemical use such as mulching and applying chemical only in strips around the trees though the relative costs of these measures have not been well established. Pest control can occur with minimal chemical use if frequent monitoring and biological control methods are used. The most effective method of pest control is to maintain ongoing breeding and genetic selection program so that susceptible trees can be eliminated and replaced with resistant varieties. Brazilian pulp and paper companies have been successful in controlling pest problems though genetic selection programs.

Tree Plantations and Social Economics

Successful woody crops can provide multiple economic, social, and environmental benefits to a state, region, country if properly planned and integrated into the multiple landuse opportunities within the country. In regions where the amount of good quality soil is limited, use of the best soils for biomass crop production will displace other land uses. The concern expressed most often is that use of land to produce biomass crops will reduce food availability. Such a concern was expressed in the mid-eighties when sugarcane establishment was accelerating in the agricultural state of São Paulo, Brazil as a result of subsidies provided by the National Program for Alcohol production (commonly referred to as ProAlcool). The article entitled "Brazilian Alcohol: Food versus Fuel" by Rosillo-Calle and Hall describes the complexity of food production and export policies in Brazil as well as details on the sugar cane expansion.91 The food versus fuel controversy was exaggerated in their view. They conceded that the ProAlcool might be part of a larger overall problem which would best be described as a "commodity export crop production versus domestic food production" issue. With 64% of the sugar cane expansion in the state of São Paulo occurring on pasture land owned by large land-holders, displacement of primary food production was not the major issue. 

Tree plantations always exist in a social and cultural setting based on the inhabitants of the area before the plantation was created, and the inhabitants who arrived after the plantation was established. To be economically successful, and to avoid negative effects on society and the natural environment, each plantation must be designed for its own specific social, cultural, and environmental setting. Factors that must be considered include 

1. preexisting land uses; 

2. local agricultural practices; 

3. local political systems and hierarchies of authority; 

4. local cultural divisions of labor and authority between men and women; 

5. local traditions of land tenure and stewardship including private property right; and 

6. local cultural values.92 

Because plantations must depend on local labor, it is desirable to maintain the structure of the local community in a way that provides a steady supply of reliable workers. The more the plantation can be integrated into the daily economic and social life of the community, to the mutual benefit of both the community and the plantation, the more likely it is to succeed in the long run. For this reason, Brazil and China are leaders in investigation of agroforestry techniques for large scale use. Tree establishment can be enhanced, and the need for dangerous chemicals reduced, through the interplanting of agricultural crops during the first years after planting. This type of agroforestry benefits the plantation as well as the local community by providing food and/or cash crops.

The use of multipurpose trees that provide energy products, animal fodder, and enrich the soil through nitrogen fixation are viewed as the ideal energy tree.93 It is likely this is the reason that leucaena was the species selected for use in the Philippine Dendrothermal program. Research has continued around the world on leucaena, acacias and other nitrogen fixing trees such as black locust. However, there has been an unfortunate tendency for these species to be susceptible to insect pests. Leucaena plantings have largely been destroyed by a psyllid pest and black locust is susceptible to a stem borer. These problems may be solved through genetic selection, biotechnology or biological control agents ,but at present, the widespread planting of nitrogen fixing trees for energy or pulp is not occurring. Even so, the multipurpose tree concept is a good one that deserves continued consideration. One success story is occurring in Brazil with a company that has a specialized conversion technology to produce pulp, alcohol, cattle feed and even electricity from a bamboo (Bambusa vulgaris) species.94

In summary, plantations for production of biomass energy have numerous potential environmental benefits. Conclusions from a roundtable of industry, academic, and government participants in the United States found that "if energy crops are included in the general mix of agricultural crops in a considered and informed way, environmental damage can be avoided; in fact, there could be significant environmental and ecological benefits achieved in tandem with the development of a fully sustainable energy resource."95

Emergence of Large-Scale Plantations in the South
The rapid expansion of the wood fibre, pulp and paper industries, fueled mainly by the Norths voracious demand for paper pulp, has been one important cause of the commercial exploitation of forest areas. The past few decades have seen the paper industry deplete many old-growth forests in North Americas Pacific Northwest, Australia, the Nordic countries, Chile, Indonesia and elsewhere. As native forests are exhausted, environmentalist pressures have emerged, further cutting into pulpwood harvests.
Such developments are leading the pulp and wood industry not only to look toward as-yet unexploited old-growth forests, for example in Siberia, but also to plan for increasing reliance on plantation fibre. Plantations are especially attractive in that they promise to be able to furnish exceptionally uniform raw material more quickly than natural forests and on a smaller land base. While industrial plantations currently account for only about 15-30 per cent of world demand for pulpwood, this ratio is bound to rise, given deforestation, decreased availability of extensively-managed forests, the limitations of recycled fibre, and the resistance of much of the industry to non-wood raw materials. 

Already by 1990, 95 per cent of Chile's industrial wood production, 93 per cent of New Zealand's, and 60 per cent of Brazil's came from plantations. By the year 2030, Indonesia plans to increase the share its plantations take in production of industrial wood from the present 20 per cent to 80 per cent (Hagler 1994, 1995; Shell/WWF 1993; IIED 1995).
The more the pulp and paper industry is forced to shift from natural forest to plantation pulpwood, the more incentive it has to shift raw fibre production to the South. For one thing, fast-growing trees such as eucalyptus can on the whole grow much faster in the South than any commercial species do in the North, meaning both that they are available earlier and that less land is required for plantations. 

While the average growth rate of managed forest and plantations in the US is about 2.6 cubic metres per hectare per year, pine plantations in the South have been shown to yield from 5.7 cubic metres at certain locations in Madagascar to 30 in some Chilean plantations. Southern eucalyptus plantations have meanwhile yielded from around 1.5 cubic metres annually per hectare in Burundi to six in various locations in India all the way up to 70 under certain exceptional regimes in Brazil. 

Land is also cheaper in the South, particularly in big contiguous parcels. In many countries, for example, the state rents out nominally 'forested' reserves to plantation companies at well below market rates. In Indonesia, state land can be rented by plantation firms for about US$0.30 per hectare per year and in Thailand for around $2.50. In the US, by contrast, land rental dominates the costs of tree planting programmes. All this makes for low wood costs in the South compared to the North. 

According to the Canadian consulting firm H.A. Simons, the cost in 1988 of producing one bone-dry metric ton of hardwood fibre was only a bit over US$28 in Brazil, Chile and Argentina, $40 in the southeastern US, $49 in the interior of British Columbia, $102 in the Nordic countries, and approximately $154 in Japan. Softwood fibre production costs, according to the same company, were less than $28 in Chile but over $42 in the southeastern US, over $70 in Australia, and over $140 in Japan. 

Such differences in cost are critical, since wood represents 40 to 70 per cent of the variable cost of making pulp, which is in turn the most important cost in making paper. It is thus often profitable to grow wood in the South even if the plantations are at a great distance from large paper markets. Barring political and economic turmoil, the move to the South for raw fibre is likely only to accelerate in coming years, as wood chips from the northwestern and southeastern US and western Canada become scarcer or more expensive.
Discounted land is not the only subsidy encouraging the expansion of pulpwood plantations in the South. Other subsidies which governments help make available include tax exemptions, low-interest-rate loans, low-cost labour and political repression. Hourly wages in Brazil, for example, are 20 per cent of those in Germany. Suppression of labour unions is meanwhile provided free of charge by the governments of many countries witnessing a plantation boom. Such subsidies, moreover, are topped up through support by international agencies and even NGOs for infrastructure and research and development programmes which disproportionately benefit the industry. 

The move to plantations, and in particular plantations in the South, coincides with the growing acceptability to manufacturers of plantation fibre, especially eucalyptus. Conversely, the greater the inroads plantation fibre gains into the industry, the more manufacturers will be encouraged to treat wood fibre as a factor whose composition and characteristics can be radically rearranged and simplified at will. Whereas the industry has previously been largly dependent on diverse types of wood waste, and thus has had to rely largely on manufacturing processes to ensure uniform quality in paper, it is now increasingly capable of reducing variability in the raw material itself. 

Shifting pulp production
Some of the same incentives which encourage the industry to shift pulpwood production to the South also encourage it to build pulp and paper mills there. Cheap land in big contiguous swathes, for instance, is an advantage not only for plantation interests but also for pulp manufacturers, since state-of-the-art pulp mills tend to be huge and are thus most economically sited in the centre of large, compact raw-material catchment areas. Low labour costs are of course also attractive to pulp firms, as is the eagerness of many Southern governments to offer attractive economic incentives or 'apply stimuli' to the industry. Looser environmental regulations provide still another attraction. In 1990, the pulp and paper industry in North America had to devote 54 per cent of its total spending on new plant to environmental measures, and in Western Europe, 26 per cent, while elsewhere the figure was only 10 per cent.
Small wonder, then, that Southern-produced pulp can be as cheap, relative to that of the North, as Southern-produced wood. In 1993, for example, bleached hardwood pulp cost only US$78 a tonne in Brazil but $156 in Eastern Canada and $199 in Sweden. New regional and global trade agreements such as GATT are making it easier for the industry to take advantage of such cost differentials by shifting production to the South (Judt 1994, Hagler 1995).
Pulp, moreover, has more value added, and, when dried, is more efficient to ship than logs or wood chips, which are up to half water. One dry tonne of hardwood pulp is roughly equivalent to 2.5 tonnes of hardwood chips; while it costs US$150 to ship, from Chile to Japan, enough softwood to make a tonne of dry pulp, it costs only $55 to ship the pulp made from that softwood. This is one reason plantation sites and mills have been integrated in the export sectors of Brazil, Indonesia, and other Southern countries.
While the cost of capital for mills tends to be higher in the South than the North, Southern countries can offer compensations which are often more than adequate, including soft loans from multilateral development banks. In order to be able to reschedule the debt service on such loans, Southern producers are often forced to reduce prices to keep orders and foreign exchange coming in. That pushes paper prices down worldwide. Hard-pressed to compete and hold market share, some Northern firms may be driven to subcontract out some of their basic production to their Southern counterparts.
Contributing to pressures to establish mills in the South is Northern firms' need to export pulp and paper machinery. In the early 1990s, for example, a severe economic recession engulfed Finland, a country particularly vulnerable to pulp and paper industry cycles due to the high 30 per cent share its forest industries contribute to GNP. What with heavy indebtedness, cost-cutting and layoffs by the forest industry, firms such as Tampella, Valmet, Sunds Defibrator, and Ahlstrom began to strive especially hard to find more Southern outlets. Helped by Finland's Premixed Concessional Credit Scheme and the Finnish 'foreign aid' budget, Finnish machinery exports to Indonesia surged from nil to over US$100 million between 1990 and 1993, while those to Thailand increased nearly fivefold, to almost $110 million, over the same period.
Nordic-country consultancies in forestry, engineering and pulp and paper manufacture are also eager to find more contracts abroad. Some 10 per cent of Finland's professional foresters were reportedly unemployed in 1994, and many are eagerly seeking corporate- or 'foreign-aid'-funded jobs in the South. With their ability, through inside connections, to appropriate 'aid' funds for what are essentially commercial purposes, Nordic forest industry consultants are also invading Laos, Cambodia and Vietnam in large numbers, swamping local bureaucracies with money and plans, in their attempt to repeat past industry 'successes' in Brazil and other countries. (Rasmusson 1994, Shell/WWF 1993). 

Local effects
Plantations normally replace crops, grasslands, or old-growth, secondary, or scrub forests. Due to commercial necessities, they are rarely established on degraded soil, as their objective is short cycles of rapid growth requiring a certain level of fertility and water supply (Shell/WWF 1993). Hence they typically occupy areas already being used in various ways by local people.
In some areas, the population is sparse and land tenure is both clearly defined legally and little-contested. In other areas, where the population is dense and many landholdings are undocumented, local people's farms may be threatened when the state cedes land to forestry companies. In still others, plantations may usurp lands traditionally used by the community as a whole. These lands can include both communal fields and pastures, whose disappearance can force local people into overexploiting adjacent lands or forests (Lohmann 1991).
Large-scale, fast-growing tree plantations threaten local agriculture in less direct ways, too. They may, for instance, usurp water needed by other crops or by livestock. Species whose numbers had previously remained small, meanwhile, can rapidly become economic pests when large monocultural plantations are introduced. Such pests, which range from mammals, birds and insects to fungi and viruses, can affect both the plantations themselves and neighbouring agricultural crops and even livestock. (Panario et al. 1991, Carrere pers. obs.).
Finally, the roots of plantation trees, especially eucalyptus, because they extend several metres horizontally, can also threaten neighbouring crops by competing for their water and nutrients. In Northeastern Thailand, villagers say that Eucalyptus camaldulensis is selfish in its nutrient use (Lohmann 1991). Fast-growing trees, of course, can also cut off sunlight to crops planted in or near plantations. All these impacts are especially serious in densely-populated rural areas, where a reduction in production, however small, may have catastrophic effects, both threatening subsistence and raising food prices.
Plantations' takeover of forests can also lead to severe social, economic and cultural problems. Forests often supply water and compost for crops, fodder for livestock, and vegetables, game, honey, fruit, mushrooms, fibre, firewood, building wood, and medicine for local communities, and in addition are frequently a source of spiritual values. Where they disappear, diets, health, housing and incomesalike may suffer.
Of course, plantations often also create conflicts within local societies between those who oppose and those who assimilate to them, or, to use the rhetoric of many central authorities, between 'backwardness' and 'progress'. The construction of associated pulp mills, in addition, can burden local communities with thousands of migrants seeking work. The enormous economic power wielded by large pulp and plantation firms meanwhile tends to distort local politics. As whole regions become almost totally dependent on the industry, local and regional governments are forced more and more to bend their policies to suit its needs.
In some social contexts, large-scale industrial plantations can create local employment, and this is one of the main arguments wielded everywhere both by state and corporations to convince local communities to accept the projects. However, 'very often plantation development results in a long-term net loss of employment'. Although figures vary widely from place to place and source to source, on the whole there appears to be agreement that industrial plantations cannot employ as many people as conventional agriculture, particularly family agriculture. The cases in which large-scale plantations have generated more employment than was already locally-available, as in Uruguay, can be counted on the fingers of one hand.
The jobs created, moreover, are mainly for seasonal casual labourers, in particular during the plantation phase. Few climates allow planting to be carried out year round. On the whole, working conditions vary from bad to terrible.
National-level impacts
The local social impacts of tree plantations, when taken in sum, can give rise to national-level problems. For instance, the displacement of thousands of people by big plantation schemes imposed or voluntary, direct or indirect can swell shanty towns in the big cities of the South, giving rise to increases in poverty, crime and prostitution and leading to land disputes with other communities.
The agroexport development model on which large-scale tree plantations in the South are usually based can also create economic problems on a national scale. One problem is concentration of wealth. Occupying large areas of fertile land, industrial plantations require state support and heavy, long-term investments varying from 600 to several thousand US dollars per hectare. In the vast majority of cases, they need tax exemptions, soft loans from foreign creditors, forestry research, road construction, improved port installations, and other subsidies which are extracted from a nation's people as a whole. In some cases a country's people also has to underwrite the construction of stupendously expensive modern pulp plants. Yet while these costs have to be met by all citizens, very few reap the profits.
Concentration of wealth implies concentration of power and dispossession of local communities. In Thailand, industrial plantations have been an exceptionally efficient device allowing interests responsive to the world economy to annex supposedly marginal areas, smash the remaining local-oriented noneconomic or semi-economic pattern of livelihood and nature conservation there, and convert the fragments into resources for global exchange. As land is concentrated and transformed into a substrate for eucalyptus, local villagers are cut loose to seek niches as producers, consumers, recyclers or (in the case of prostitutes) commodities in the world economy' (Lohmann 1991).
A further problem is the risk of national dependence on a commodity prone to wild tumbles in price. Between mid-1993 and late-1995, a tonne of benchmark pulp increased in price from US$390 to nearly $1000, yet by mid-1996 had dropped again to under $500.
Indiscriminate planting of pulpwood trees or any other crop, moreover, can lead to a glut of raw materials which, however beneficial it may be for paper manufacturers and users, makes their cultivation progressively less profitable. Indeed, tree crops on the whole are already chronically unprofitable in strict market terms, as otherwise they would not need so many state subsidies. But new risks are being added by the planting of millions more hectares of tree crops around the world in the next few years, which may put pulpwood into the bracket of other Southern primary commodities such as rubber and coffee, whose prices have fallen to persistently uneconomic levels.
Yet Southern countries which have committed themselves to pulpwood exports, as to other commodity exports, are likely to have to continue exporting at ever-lower prices, competing among themselves for industrialized-country buyers. Indeed, the situation is even more serious for pulpwood than for annual crops, since it is not only much more expensive to cut trees prematurely than to plough a crop which has not yet matured, but also more difficult to return land to agriculture after trees particularly eucalyptus have been intensively cultivated on it. In addition, the tree plantations in question may have been occupying the land for a number of years, raising financial losses even higher. A landscape of 'tree cemeteries' masses of uncropped industrial plantations may be a real possibility in certain locations in the future.
Impacts on water
Tree crops have been publicised as performing functions similar to those of a forest in the maintenance of the water cycle. Some plantation proponents have even gone as far as to state that the tree plantations in prairie ecosystems help to regulate the water cycle (JICA 1987). Such affirmations are groundless.
In ecosystems which have not been radically modified recently, the naturally-occurring vegetation possesses characteristics which ensure long-term balance in the water cycle. The morphology and physiology of the component species of the local ecosystems tend to be adapted to make most efficient use of available rainfall. Large-scale tree plantations, however, modify all of the following:
The ratio between the amount of water intercepted by the foliage and the amount of water reaching the ground. The foliage of a plantation differs from that of a natural forest, a savanna or a prairie, in biomass, height, form of cover, and shape and distribution of leaves and branches. Plantations also generally lack undergrowth. These characteristics change the quantity of water intercepted and evaporated. Thus, the soil will tend to receive either more or less water than that received under the original vegetation.
The ratio between the amount of water which runs off the surface and the amount of water which is absorbed by the soil. This is affected by factors such as the type of humus generated by the plantation and the quantity of accumulated leaf litter, which facilitate or complicate the absorption and infiltration of water which reaches the surface. The volume of water which crosses the canopy also affects this ratio. Soil compaction after the use of heavy machinery, in addition, impedes infiltration, and encourages evaporation.
The ratio between the amount of water evapotranspired and the amount of water which enters the subsoil water supply. This ratio depends largely on how much water is used by the species planted. There is a direct relation between trees' rate of growth and their water consumption. In plantations that use the fastest-growing species, water consumption tends to be extremely high.
To begin with, then, we can be almost certain that a plantation will introduce changes in the water cycle. The type and degree of changes will not only depend on the species planted and its management, but will also be affected by the local climate (volume of rainfall, seasonal changes, droughts, temperature, winds), topography and soil type.
Water deficits caused by plantations can result in a number of impacts such as:
Reduced availability of water for other agricultural production and industrial activities.
Problems of water supply for hydroelectric generation systems, such as that being faced by Electricorp in the MacKenzie basin of New Zealand.
Discontinuity in the flow of watercourses in low periods. In South Africa, for instance, during the growing season, flow frequently ceases in areas where plantations have replaced natural, non-forest vegetation such as shrub or bush.
Less water for local communities and urban centres. As a general rule, where trees replace non-forested land uses, 'the overwhelming evidence from catchment research is that following reforestation, groundwater levels are lowered and stream yields are reduced, both effects being more pronounced during the dry season or growing season' .
The modification or destruction of other natural ecosystems, such as wetlands. In Northeast Thailand plantations have damaged fish spawning grounds and affected fish migrations in seasonally-flooded riverine environments along a major tributary of the Mekong River.
Rejecting empirical observations
Faced with a lack of agreement between their theoretical models of plantation water use and some of their empirical observations, some foresters have chosen to disregard the empirical observations. 

In Chile, for example, plantations of Pinus radiata have in some cases caused springs and other natural sources of water to dry up, while at the same time rendering the flows in rivers irregular, with valleys being inundated during the rainy season. Faced with such observations, one soil professr and forestry expert stated that the pine was brought in as a high yield product and it needs sufficient water to produce wood. Nonetheless, I would doubt that a pine forest consumes a quantity of water much higher than a natural forest does. He then contradicted himself by affirming that in terms of consumption, as the pine is a rapid growth species and has a greater biomass, it would be expected to have water consumption several times higher than the native forest.
Less confused were the simply-expressed observations of a Chilean farmer from Rere. Having inherited an area of eight hectares, nearly totally planted with pines, the farmer found that he could get no water even for household use. As the plantation matured it was sold, with all the pines being cut and only a small copse of oak in a ravine being conserved. To his surprise and that of his neighbours, a dried-up stream then reappeared. Precisely parallel observations of the recovery of streams, wells, and nong standing bodies of shallow water crucial for water buffalo and other livestock have been made by Northeastern Thai farmers following the harvest of eucalyptus plantations (PRED 1996).
In Northeast Thailand, in fact, eucalyptus often lowers ground water so much that villagers cannot irrigate rice fields. This environmental damage is greatly resented by many farmers, and is one of their main reasons for complaining against the eucalyptus reforestation policy. Yet instead of taking this opposition seriously, technicians have sometimes promoted eucalyptus trees in the Northeast precisely because of their high water uptake. By lowering the water table, they [are held to] reduce the risk of salinity in paddy fields (Van Ginneken 1993).
Accepting reality
Even the United Nations' Food and Agriculture Organization (FAO), which has been and still is one of the main promoters of monoculture tree crops, is beginning to accept that the plantation of extensive areas of eucalyptus in any deforested water catchment area substantially reduces available water and that felling the trees will increase it (Poore and Fries 1985).
Monoculture tree crops have had negative effects on the water cycle in widely differing areas. Although this conclusion does not imply that such negative effects will occur in and around all plantations, it is sufficient to justify obligatory environmental impact assessments wherever such plantations are planned. The problem, it can also be concluded, is not with any particular tree species, but with high-yield industrial production, which tends to consume quantities of water in direct proportion to rapid growth. Added to this is the issue of the large scale of industrial plantations, which makes the problem more severe at the basin level, with serious repercussions on the economy, society and the environment.
Article published in Watershed Vol 2 No.1 July October 1996 
http://www.wrm.org.uy/plantations/information/tree.html
Considering the unique advantage of family farms in agricultural production, why has

it been necessary to introduce the plantation system?

A conventional explanation for this question is to assume the existence of scale

economies inherent in the production of tropical export crops (Baldwin 1956). However,

the crops subject to sufficiently strong scale economies at the farm production level to

make the use of the plantation organization necessary are few (Pim 1946; Wickizer

1951, 1960; Lim 1968; Hayami, Quisumbing, and Adriano 1990)3. In fact, one can find

an example of every so-called plantation crop being grown successfully by family farms

somewhere in the world.

Significant increasing returns emerge only at the levels of processing and marketing

activities. The vertical integration of a large estate farm with a large-scale central

processing and/or marketing system is called for because of the need to supply

farm-produced raw materials in a timely schedule. This need is known to be strong for

the processing of such products as palm oil, sisal and tea. Comparison of processing tea

leaves between fermented “black tea” and unfermented “green tea” is especially
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illuminating on this problem. The manufacturing of black tea at a standardized quality

for export requires a modern fermentation plant into which fresh leaves must be fed

within a few hours after plucking (Wickizer 1951, 1960). The need for close

coordination between farm production and large-scale processing underlies the

traditional use of the plantation system for black tea manufacture. Unfermented green

tea, in contrast, remains predominantly the product of family farms in China and Japan4.

In the case of bananas for export, harvested fruits must be packed, sent to the wharf,

and loaded on a refrigerated boat within a day. A boatful of bananas that can meet the

quality standards of foreign buyers must be collected within a few days. Therefore, the

whole production process from planting to harvesting must be precisely controlled so as

to meet the shipment schedule. Thus, the plantation system has a decisive advantage for

bananas for export, but not for bananas for domestic consumption so that they are

usually produced in family farms.

On the other hand, for the crops for which centralized processing and marketing are

not necessary, plantations have no significant advantage over family farms. Typical

examples are cocoa and coconuts. The fermentation of cocoa and the drying and

smoking of coconuts to make copra can be handled in small lots with no large capital

requirement beyond small indigenous tools and facilities. These crops are grown

predominantly in family farms.

Sugar is frequently cited as a classic case of scale economies stemming from the need

of coordination between farm production and large-scale central processing

(Binswanger and Rozenweig 1986). Efficient operation of a centrifugal sugar mill

requires the steady supply of a large amount of cane over time. Coordination of

production from planting to harvesting with processing is required. This coordination,

however, need not be as stringent as it is for tea and bananas. The rate of sugar

extraction decreases as the processing of cane is delayed, but this loss is in no way

comparable to the devastating damage on the quality of tea and bananas for export that

may result from delayed processing. Sugar cane can be hauled from relatively long

distances and stored for several days. Therefore, the need for vertical integration is not

as large, and the necessary coordination can be achieved through contracts of a sugar

mill with cane growers on the time and the quota of cane delivery. In fact, an efficient

sugar industry with smallholders has developed in Australia, Taiwan and more recently

in Thailand.
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Another explanation for the use of the plantation system is the advantage of large

estate farms in accessing capital. Because of this, it has been argued that plantations

have an advantage with regard to tree crops characterized by long gestation periods

from planting to maturity (Binswanger and Rosenzweig 1986). However, the

opportunity costs of labor and capital applied to formation of the tree capital are not

necessarily high for peasants. Typically, they plant the trees in hitherto unused land. If

such land is located near their residence, they open new land for planting by means of

family labor at low opportunity cost during the idle season for the production of food

crops on farmland already in use. When they migrate to frontier areas, a typical process

is to slash and burn jungles and plant subsistence crops such as maize, potatoes and

upland rice, together with tree seedlings. Such complex inter-cropping is difficult to

manage with hired labor in the plantation system, because of inherent difficulty in

monitoring the work of hired wage laborers over spatially dispersed and ecologically

variable farm operations (Brewster 1950; Binswanger and Rosenzweig 1986; Hayami

and Otsuka 1993).

Therefore, even in the export boom of tropical cash crops under colonialism from the

nineteenth to the early twentieth century, the plantation system failed to make inroads in

regions where indigenous population had established family farms (Lewis 1970, pp.

13-45). Western traders found it more profitable to purchase tropical agricultural

commodities from peasant producers in exchange for imported manufactured

commodities than to produce the tropical crops themselves by means of the plantation

system.

The establishment of plantations in less-developed economies became a necessity

when the demand for tropical products by the industrialized nations continued to rise,

while the regions physically suited for the production of these products had no

significant peasant population that could produce and trade their commodities. Opening

frontier land for the production of new crops entailed high capital outlays. Virgin land

had to be cleared and developed, and physical infrastructure, such as roads, irrigation

systems, bridges, and docking facilities, had to be constructed. Capital, in the form of

machinery and equipment, had to be imported and redesigned to adapt to local

situations. Laborers were not only imported from the more populous regions but also

had to be trained in the production of these crops.
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The establishment of plantations thus requires huge initial capital investment. For

the investors to internalize gains from investment in infrastructure, the farm size

inevitably must be large. Viewed from this perspective, it follows that the plantation

system evolved not because it was generally a more efficient mode of productive

organization than the peasant mode. Instead, the system was adopted because it was the

most effective type of agricultural organization for extracting the economic benefit

accruing from the exploitation of sparsely populated virgin areas, typically in the

development process based on the exploitation of unused natural resources, which

Myint (1965) called ‘the vent- for-surplus development.’ From this perspective, it is

easy to understand why the same crop is grown mainly by family farms in one place and

mainly by plantations in another. For example, for sugar cane production the family

farm system is more common in old settled areas of Luzon, and the plantation system

predominates in the newly opened Negros, both in the Philippines (Hayami,

Quisumbing, and Adriano, 1990, ch.5). Usually the share of family farms in the

production of export cash crops rises as the initial land-opening stage is over and

infrastructure is decently established with increased population density (Booth 1988,

ch.6).

While recognizing the economic advantage of the plantation system in the

vent-for-surplus stage, plantations could not have been established unless concessions

were granted to hold large tracts of virgin land for their exclusive use. Colonial

governments gave these concessions to Western planters, typically under the British rule

in such places as the highlands of Kenya and Sri Lanka. In Indonesia, the Dutch

colonial government had traditionally tried to prevent alienation of farmland from

indigenous peasants by regulating against land purchase by foreigners including ethnic

Chinese. However, in the late nineteenth century when demands for tropical cash crops

rose sharply, by the Agricultural Land Law of 1870 the government granted Dutch

planters long-term contracts to lease in wild land, which were de jure owned by the

government (though de facto used by native tribes). While this new institutional

arrangement should have accelerated the development of “empty land” for cash crop

production, it served as an instrument to preempt land for the elite, closing

smallholders’ land access (Pelzer 1945; Hayami and Kikuchi 1981). Similar public

land-leasing arrangements were also practiced under the American colonial

administration in frontier land of the Philippines, especially in Mindanao, which became

the basis of large plantations under the management of multinational corporations

(Hayami, Quisumbing and Adriano 1990, ch.6).
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To recapitulate, the plantation system tends to be adopted despite its high cost of labor

management where: (a) close coordination between farm-level production and

large-scale processing/marketing facilities is required for certain crops, (b) basic

infrastructure is absent in the land-opening stage so that the large-scale production unit

is needed for internalizing the gain from its supply of infrastructure, and (c) concessions

on the use of large tracts of virgin land are granted for exclusive use by certain power

elite, such as Western planters during the colonial period. Historically these conditions

often reinforced each other to result in the domination of the plantation system in some

specific areas for specific crops, outside which the family farm tends to dominate.5

4. Declines in the Advantage of Plantations

The previous section argued that the efficiency of the plantation relative to the family

farm system is high in the initial opening-up process of land-abundant and labor-scarce

economies. However, several negative aspects of plantations become significant as

tropical economies shift from the land-abundant to the land-scarce stage after the

completion of the opening- up process.

First, the plantation system tends to substitute capital for labor, because of the

inherent difficulty in supervising wage laborers in spatially dispersed and ecologically

diverse farm operations as well as their relatively easy access to both private credit

market and government’s concessional loans. This substitution becomes socially

inefficient in many developing economies, when labor becomes more abundant relative

to capital.

Second, agricultural land tends to be cultivated less intensively under the plantation

system that employs mainly wage labor and usually practices monoculture. Complicated

inter-cropping and crop-livestock combination are more difficult to manage in the

command system, implying that both labor input and income per hectare are lower in

plantations 6 . This is a source of inefficiency in the plantation system where land

becomes scarce relative to labor under the pressure of population growth. In contrast,

small-sized family farms tend to cultivate land more intensively.

Third, plantations usually specialize in a single crop. This bias for the practice of

monoculture reduces the flexibility of these productive organizations to respond to
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changing demand by shifting to the production of other crops. Moreover, continual

cropping of a single crop tends to result in soil degradation and an increase in pest

incidence. Counter application of fertilizer and chemicals causes serious stress on

environment and human health, incurring high social costs.

Fourth, the specialization of plantation workers in specific tasks inhibits the

development of their managerial and entrepreneurial capacity (Baldwin 1956; Myint

1965; Beckford 1972).

Fifth, the plantation system is a source of class conflict between laborers and

managers/capitalists. The presence of a plantation enclave in rural economies where the

peasant mode of production predominates has often strained relationships in rural

communities. In terms of the criterion of social stability, therefore, the plantation system

is no match for the system of relatively homogeneous small producers owning small

assets, however small they might be.

Overall, whether the net contribution of the plantation system is positive or negative

depends on the population density of the region, the development of public

infrastructure, the nature of the crop produced, and the quality of management

employed in plantations. It is, however, inevitable that the negative impacts of the

plantation system tend to out-weigh its positive contributions as population increases in

once-sparsely populated regions and as unused lands become scarce.7
http://www.fasid.or.jp/english/surveys/research/program/research/pdf/discussion/2003-001.pdf

