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1.0 Introduction

1.1 Why do we plant trees
Understanding the degree to which trees actually maintain life on our planet is critical to our survival, and highly interesting. Without trees, human life would be unsustainable. We need trees to be alive because our life depends on the availability of air, water and food. Trees help us get oxygen (air) and help in keeping our soil healthy so we can grow food. Trees provide a wide range of products (timber, fruit, medicine, beverages, fodder and oils) and life-supporting services (carbon sequestration, erosion control, soil fertility, shade and beautification). The very soil we need to grow our food crops, and the health of our water resources and sources depend on the number of trees we have on the planet, and how healthy they are.

However, our trees and forests are rapidly disappearing at an alarming rate. Towards our own self-destruction, the deforestation of our planet has happened as the world’s population has grown.  Our planet is in peril. Everywhere, the beauty of green is being replaced by the grey of concrete. With the loss of forests and green cover throughout the planet, more and more species of floral and fauna are becoming extinct.  Deforestation is the singular reason that makes most of our world’s ecological imbalances. Global deforestation over the last two decades has resulted in the loss of million hectares of forests. Rapid economic development, industrialization, population explosion and vehicular emission has led to considerable rise in urban pollution affecting air, water and land. Rising population has led to a decrease in open spaces and green belts in general.  Especially across Africa, we urgently need to plant and grow more trees. We must replace the forests we have cut down before it is too late. Our survival depends on it. Sustainable planting of trees should be our goal. According to Prof. Bruce Nelson of the University of Southern California, ‘People who will not sustain trees will soon live in a world which cannot sustain people’. 
The effort of the Tree Planter in bringing about this forum to discuss the sustainability of tree planting in Nigeria is highly commendable. Planting of trees bring a lot of benefits to human being, although the operation has a whole lot of challenges. Highlighting these benefits and challenges will be desirable in our attempts to formulate a National protocol on sustainable tree planting. It is therefore my intention to mention some of these benefits and challenges, and giving the experiences of the University of Ilorin as a practical example.
2.0 Benefits of tree planting
Besides painting the world green, by way of planting trees we do receive some side benefits and those are indeed worth to be aware of. Those are in terms of air quality, energy savings and water quality. World economic development theory provides a basic rationale for tree planting for both industrial and non-industrial purpose (Oyen and Nygaad).  Afforestation rationales are generally confined to several factors including environmental or social benefits, stimulation of social economy and multiplier effects.
2.1 Environmental/Social benefits:

There are several environmental and social benefits to be gained from tree planting, ie storage of carbon, soil and water protection, wind break, less pressure on natural forests and promotion of outdoor activities and public health.
2.1.1 Carbon sequestration: 
Changing climate is likely to have profound effect on Nigeria. CSIRO predicts that by 2030, annual average temperature over most of the continents will be 0.4 to 2oC higher compared to 1990 (http://www.dar.csiro.au/publications/projections 2001.pdf). Afforestation or reforestation is recognised under the term of Kyoto Protocol as an eligible activity to help mitigate emission of green house gases (GHG), primarily carbon dioxide. As a carbon sequestration activity, afforestation primarily affects atmospheric CO2. Carbon is fixed from the atmosphere in photosynthesis and is sequestered in tree’s biomass above and below ground. In addition carbon is transferred to the soil by the roots and by decomposition of forest debris/ leaf litter. The rate of C accumulation for afforestation varies and depends on the newly planted species, climate, soil type, management and other specific characteristics. Carbon sequestration in biomass is one of many benefits of planting trees, others include maintenance of ecosystem resilience by protecting ground and surface water quality and quantity, controlling erosion, and creating wildlife habitat, as well as economic and recreation benefits (Freedman and Keith, 1998).
2.1.2 Stimulation of local economy: 
Tree planting in larger reforestation programmes will increase government income from taxes and stimulate the demand for labour, for instance through forest nurseries, transportation, services and management.

2.1.3 Multiplier effects:
 Tree planting will offer ‘multiplier effects’ by stimulation of labour in other sectors, services, road construction, trade etc. In studies from Norway, it has been revealed that one worker in the forestry sector provided occupation for 1.3 to 1.9 employees in the other jobs, while a recent study showed that British forests generated non-market benefits equivalent to £1,000.00 million per year.

2.1.4 Biodiversity Enhancement:
 The role of farm forestry in diversity is a complex issue that needs to integrate social values and expectations with functional ecosystem processes. Plantations can affect biodiversity values in a number of ways, depending upon their configuration, location, species mix, structure and on-going management. The fundamental principle for enhancing the biodiversity benefits of plantation is to maximize spatial and temporal heterogeneration. The publication ‘Farm Forestry for Green and Gold: Australian experiences of linking biodiversity to commercial forestry’ (Race and Freudenberger, 2003) provides a case study examples for the application of these principles for enhancing the biodiversity values of commercial forestry.

2.1.5 Changed soil physical and chemical properties:
 Depending upon the pre-existing soil conditions, tree species, rate of growth and time since establishment, plantations on agricultural land have the potential to change soil properties, in either a positive and negative way, or many have no effect at all. Noble and Randall (1998) give a very useful summary of the Australian and International research pertaining to the effects of trees on soil properties. For plantations on agricultural land they found that:

· Some species have strong capacity to reverse acidification, primarily by taking up basic cations at depth in soil and recycling them through litter-fall at soil surface.

· Conversely, some species have the capacity to acidify soil and lower the pH of highly alkaline soils. These potential outcomes are strongly species dependent.

· Plantations can slow loss of soil.

· Trees can help promote water infiltration by providing preferential pathways and help bind soil. 
2.1.6 Food security:
 Food security (a daily balanced diet, sufficient in both quality and quantity) is fundamental for remaining healthy and alleviating illness. There is increasing acceptance that a sound diet is a critical basis for any further palliative medical care whether it be traditional or allopathic (conventional) (Fawzi et al, 2004; WHO/FAO 2002). With a sufficient, balanced daily diet, physical vulnerability to illness decreases, and strength increases thus enabling longer lives. Trees are important source of food and an essential part of the diet (Baumer, 1995; Salim et al, 1999). In many countries, more than half of the indigenous plants consist of tree species (Ruffo et al 2002). Most famine foods consist of tree species as well (Uop 2002).

2.1.7 Herbal Medicine is made from trees:
 Plant-based medicine is often called ‘Herbal’ medicine. This is however a misleading term as most do not come from herbs, but from tree species. Estimates state that more than half of the species known to have medicinal properties are trees. The number of plant species used for medicinal purposes is estimated to be more than 50,000, which covers about 13% of all flowering plants (Schippman et al., 2002).

2.1.8 Agricultural Diversification:
 Most tree species provide several products and services at different times, but a considerable number of species and genotypes/cultivars are necessary to provide the multiple uses needed by individual farmer. There are many tree species that can be used to diversify the farming system. With careful species mixes, agroforestry systems in some localities may provide year round production. Although diversity is often equated with species richness, diversity is a function of the number of species and the evenness in distribution of species’ abundance (Purvis and Hector, 2000). Ecological experiments and models have shown that diversification of species composition could lead to enhancement of the stability and productivity of ecosystems (Chapin et al, 2000). Diversification could also reduce risks in an uncertain market environment, or if there are potential pest and disease problems with a particular species.

2.1.9 Trees as service-providers:
 Trees in agro-forestry farming systems can provide many services: they can affect the farm microclimate (cooling, control of erosion, improve soil fertility (N-fixation, source of compost, tapping into sub-soil minerals and aerating the soil) and can serve as soil water catchment. Trees are therefore vital to increasing stability and resilience of the farming system. Further, the wider range of farm niches created provides options to diversify and helps to reduce risks, thus contributing food security as well as nutritional benefits.
2.1.10 Tree fodder:
 One tree product that needs specific mention is fodder: the protein levels in pods and leaves of fodder trees complement those of most grass species, and these can boost livestock weight as well as milk production (Roothaert, 1999). During dry periods, tree fodder is often the only source of food. Raising a cow, or even small livestock (poultry, sheep, goats and pigs) can make a substantial contribution to food security by providing protein-rich foodstuffs. In addition, trees also provides good source of bee fodder.

2.1.11 Social ancillary effects (Employment generation):
 Afforestation activities are likely to generate direct employment in the establishment phase, and this will be important for rural development. In regions with no or only a small existing wood processing industry, this may also expand following large-scale afforestation.  However, employment in traditional forestry may only be a part of rural employment in recreation, wildlife management and tourism to which afforestation can make a major contribution. Afforestation provides recreational opportunities for people, in particular where new forests are close to urban areas with little old forest present. There is also increasing realisation of the benefits of forest to the health and quality of life of citizens. There may be especially great impacts on society where afforestation of derelict industrial land is undertaken as part of urban renewal projects.
2.1.12 Energy, shelter and structure supply: 

Afforestation is also useful in energy supply (providing cheaper and more accessible fuelwood, producing better quality fuelwood  depending on the species planted), shelter and structure (providing cheaper building materials, protecting animals, crops and humans from wind and sun), plant resources (improving local environmental conditions for  naturally occurring plants to grow, maintaining and increasing the number of species of plants) and cash income (providing additional or off-season employment, enabling sales of tree products and providing investments such as orchard, tree products, agro-business and long-term supply of materials for the production of crafts).
3.0 Tree planting challenges
  
Despite the wealth of products and services, tree planting is not always practiced.  Most importantly, farmers need to be willing and allowed to plant trees, and this depends on all kinds of social, cultural, and technical reasons. Furthermore in some cultures, tree planting is linked to property right on rented or inherited lands, and often these are gender-specific. Species and their uses and practices are often confined to particular groups in society, for example, women in particular are restricted in tree-planting rights. Farmers are not always supported in their efforts, even though many traditional farming systems were sustainably tree-based.  Agricultural research and extension workers are not sufficiently trained in tree cultivation. Foresters are often more focused on timber production- often in monoculture or conservation.
3.1 Conflict with local people in afforestation:
 A lot of afforestation projects have been conducted in developing countries in the 1970s and 1980s. Afforestation has been carried out as a means to cope with ecosystem deterioration such as deforestation, desertification and soil erosion. Afforestation offers many merits for the environmental conservation, but in reality, the project often bring conflicts with local people. Some afforestation projects in developing countries assisted by the Japan International Cooperation Agency have had experiences of conflicts with local people. The reason why this kind of conflicts has taken place is that the objective of reforestation is not compatible with the needs of the local people. Consequently, the objective of reforestation has to incorporate the needs of the local people to avoid conflicts with them. Oya (1998) calls this kind of change a ‘Paradigm Shift’ in forest policy. In Asia, he says this is under way in India, Nepal, the Philippines, Thailand and Indonesia. World Bank forestry sector aid has also put more emphasis on social forestry. In monetary terms, social forestry projects accounted for a mere 3.7% of all forestry-related projects cumulatively from 1949 to 1978, but that proportion attained 42.0% from 1979 to 1990.
This does not mean, however, that all social forestry projects are proceeding smoothly. Tamale et al (1995) pointed out the following reasons for the failure of social forestry projects:

· Lack of land tenure security
· Lack of control over forest resources
· Lack of secure or reliable markets and suitable pricing policies
· Lack of appropriate technologies
· Long rotation periods
· Competition with other uses for land, labour and capital
· Bureaucratic adamancy
· Weak local institutional capacity.
3.2 Sustainability is the goal:
 Newly planted trees can be damaged by many factors including weather conditions, insect pests, diseases, fire, wild and domestic animals and people. The amount of risk from each cause varies with environment and location. One of the more difficult situations to assess occurs when exotic species are planted untested in new environments. There is the chance that native insects or diseases may readily adapt to and destroy the exotic host. In such instances the planter should prepare a small trial of species before committing to a large-scale operation. Other potential causes of damage can be identified early on through a site assessment. With this knowledge the operation manager can prepare remedy measures to reduce or prevent these occurrences. Aside from identifying the hazards, the manager must also assess the cost-benefit ratio in identifying solutions. Total protection against all risks will however, prove too costly. Any potential profits from tree would be eliminated by excessively high investment on protection. Also, in some cases, physical protection measures may cause social antagonism.
3.3 Protection is Essential:
 Tending trees after planting creates favourable conditions for both the plants’ survival and to stimulate a healthy, vigorous growth. Tending operations keep the plants from being suppressed by natural vegetation and protect them from other potential sources of harm such as animals, insects and diseases. Generally these operations include a wide range of treatments including access control, soil and nutrient management, pest management etc.

3.4 Animal Control takes various forms:
 Animal damage can be caused by smaller animals such as rodents, and larger animals like cow. Left unprotected, seedlings may be subjected to browsing and trampling by both wild and domestic herds. Domestic animals such as goats, pose an especially severe problems. However, several means are commonly used to protect the plants. Control may be done by physical barrier or by removal of the offending animals. Physical barriers include fences, walls, thorn hedges and ditches or a combination of any two or three of these. Fencing is often the easier means to install, but is an expensive option. When protection against smaller species is desired, a wire-mesh enclosure can be used. Experience in many countries, however, has shown that wire fencing is often stolen and is therefore useless for log-term protection. Plantation managers should also note that when fences are used, they can restrict community access to other areas otherwise available for free-range grazing. Migratory patterns, too, may be interrupted. In extreme cases, poison baits may be effective in controlling some incursions of specific animals. Various poisons can be used next to the seedlings or directly in animal burrows. Nevertheless, extreme care must be taken when using poisons to prevent harm to humans and non-target animals.
3.5 Controlling unwanted vegetation:
 Unwanted vegetation or weeds interfere with the development or survival of young trees by competing with them for sunlight, water, space and nutrients. In addition, a thick ground cover such as grass not only hinders nutrient uptake, but may habour harmful animal pests, which can girdle and destroy the small trees. Grass swards lose water very quickly at the onset of dry seasons or dry spells, significantly affecting the soil moisture of the upper soil layer, which will affect tree growth.  The object is to reduce or remove this vegetation to promote better growth and development of the planted trees. In general, the intensity of the weeding operation should be done at a level that effectively encourages establishment at a reasonable cost. Also, the types of treatments should not be so severe that it degrades the site through soil or nutrient loss. The intensity and type of treatments will vary according to four major factors: labour cost, tree species, spacing and vegetative density.
 Typically, species less tolerant of competing vegetation will require more intensive weeding. However, some shade-tolerant species can withstand the shading effects of weed growth. In such cases, it may not be necessary to do an intensive weeding, thus saving time, cost and labour. Also, a limited weeding may benefit some specific plants by allowing the vegetative cover to protect them from drought, sun scorch or desiccating winds. Vegetation cover can also reduce erosion and improve moisture infiltration. Further more, as a general rule, the smaller the tree, the more frequently weeding is necessary. Treatments are typically done for the first two to three years after planting, depending on how long it takes for the trees to be competitive on the site. Depending on the weed and required intensity, weeding may be total or partial. Partial methods include spot weeding around the trees or line weeding which follows the planting rows. Whenever possible, partial weeding is preferable as it minimizes site disturbance. When weeding is especially heavy vegetation, it is common practice to stake seedlings that are hard to see to prevent accidental cutting of the trees. Herbicides are also used as a removal method. These compounds are typically applied as a granular mix or liquid application. But note, the planter must carefully follow instructions for any required mixing and for proper application.
3.6 The threat of fire:
 Fire is a particular threat during the dry season, but should be of concern in all but the wettest months. Cattle rearers often burn bush to promote new growth for their cattle. However, simple measures can be taken by plantation managers to assess, prevent and control fires when they occur and there will be no serious damage if burning is properly controlled. Assessing the degree of fire hazard involves a simple check of four factors: air temperature, relative humidity, wind speed, and fuel buildup. Dry conditions and strong winds expose the site to its greatest fire risk. Fire started during these periods can quickly burn out of control.  Many villagers and communities periodically burn vegetation as a common practice. Fire protection for plantations should be a main consideration in such areas. Methods to reduce the chance of fire include reduction of the ground level vegetation fuel source, controlled burns, and fire breaks. Reduction of fuel source can be done through either cultivation of the soil or cutting and chopping the grass and weeds. Burnable materials can be removed between rows or around each tree. Fire breaks provide a direct barrier to ground fire and allow access to the plantation for maintenance or in case fire does occur. Main breaks are kept free of vegetation. They should be laid at right angles to the prevailing wind. Plantation managers must also consider the fire threat from both within and outside of the plantation. A full perimeter break will reduce the risk of outside fires, while intermittent breaks will stem the spread of fire within the stands. Also, the design and layout of access roads is important for protection. In areas prone to frequent fires, plantation planners should consider planting fire-tolerant species.   
3.7 Human-caused hazards:  
Hazards created by humans on newly planted sites can take many forms. However, these risks are often due to carelessness rather than purposeful action. Increased fire hazard from traditional field burning, mentioned above, is one example. Other factors may include unlawful trespass or unknowingly herding animals across the site. Plantation managers might avoid these potential problems through good communications and involvement of local communities; foresters sometimes face problems with this because of their earlier policing role. If villagers are made partners in the potential benefits of a tree, they will more likely take an interest in the tree’s protection. To encourage long-term care of the plantation, some type of incentive programmes can be established to encourage villagers to care for the trees. A food for work programme is one example. Possibly the most effective method, however, is to ensure that those involved have direct benefits from the plantation they are protecting in terms of the immediate and final yield. For instance, forest village programmes in Thailand provide community services, product marketing, profit incentives and transportation as a means to create agroforestry programmes. In each of these approaches consistent support is required throughout the project both to ensure the projects’ success and demonstrate the potential of reforestation or afforestation efforts.
3.8 Young Plantation maintenance: 
With proper tending and protection, trees should dominate the site within the first five years after planting and even earlier in the tropics. At this point, the trees have essentially become established and are ready for the preliminary phases of silvicultural treatments. These include thinning and pruning. Fertilizer application is another option, but should be made before crown closure.

3.8.1 Pre-commercial thinning:
 Thinning essentially reduces the number of trees on site to allow more growing space for those remaining.  The goal is to reach the optimum spacing for mature trees to maximize the desired products or end use. For most species the sale value of wood increases significantly with tree size and a suitable thinning regime will guarantee the largest number of the biggest trees possible. Thinning also results in uniform distribution of the crop trees throughout the stand. If stand is not thinned, trees will become crowded, restricting their development and growth. The operation is also an opportunity to remove undesirable plants including weed trees and trees that are diseased, infested and misshapen or in poor health.

3.8.2 Initial Pruning:
 
Pruning is the removal of branches to a height as far as can be reached. It is generally done when the stand is a decade old. Again correct timing depends on the species and growth rate. Pruning benefits the stand by adding value to the timber crops by creating more clear, knot-free wood. The operation also reduces fire hazard by eliminating a fuel source and improves access through the stand. The forester must ensure that workers cut branches as close to the stem as possible. Cutting can be done either manually with hand saws or by using power saws. The activity should take place during dormant season or slow growth period. It should be noted that trimming too much can weaken the tree, thus slowing growth and making it vulnerable to disease or insect attack.

3.8.3 Fertilizer application:
Fertilizer application can be used to either enhance the tree’s growth or to amend the soil to correct detected nutrient deficiencies. Treatments should be done early in the establishment phase, soon after planting. This is the  point at which young plants can most use a growth spurt. Trees require an adequate dose of essential elements for proper growth and development. Lack of these may cause stunted, slow and less than optimal development. Suspected deficiencies will likely show in the foliage as discolouration, deformation, or die back. Field test and laboratory analysis should be used to support initial suspicions. Elements most often in short supply are nitrogen and phosphorus. In addition, micronutrients are often overlooked, but can be extremely important, especially on degraded sites.
4.0 University of Ilorin Experience


In the last five years, the University of Ilorin has experienced some of the benefits and challenges of tree planting enumerated above. Trees have been planted to serve as the perimeter fencing to secure the border of the University land, while others have been planted to beautify the landscape of the campus and for economic purposes (teak, cashew, citrus and mango). The operations of the various plantations have created employment for the indigenous people who are being used for the planting and maintenance of the trees. Apart from the economic aspects, those trees will also help to serve as carbon sink, sequestering and storing carbon through the process of photosynthesis and wood formation.      

However, apart from the problems encountered in land clearing and preparation, a myriad of natural and man-made challenges were faced by the University in its tree-planting efforts and I will like to share with you some of those constraints:

(i) Getting good quality seedlings was a major headache. This resulted in poor establishment resulting from poor seedling survival, a situation which was compounded by inadequate precipitation and poor rainfall distribution. This necessitated the need for supplemental application of water, which the university however, lack the capacity to apply due to its enormous capital outlay.
(ii) Poor and uneven tree growth resulting probably from poor seedling quality and inadequate soil fertility thereby necessitating the need for fertilizer application which will also require a substantial amount of fund to apply.

(iii) Human-made threats, including herds browsing on the young seedlings and deliberate setting plantations on fire by the herdsmen to stimulate the growth of fresh grasses during the dry season. For instance, a 10 hectare-land of cashew planted in 2005 was completely browsed by cattle, while a 57 hectare-land of teak plantation planted between June-July 2008 was set on fire in December of the same year. This necessitated massive policing of the plantations now, committing a lot of human and material resources of the University.

(iv) The need to control a high mass of vegetations in the plantations, requiring a large amount of capital and labour resources.

(v) The need to replace large number of dead seedlings at a substantial cost.
Nevertheless, all these have not dampened our enthusiasm in tree-planting. Arrangements have been concluded to replant all the missing trees in both the teak and orchard plantations as well as plan to apply synthetic fertilizer as soon as rains are established. Besides, experts have also been commissioned to plant additional 100 hectares of teak trees as well as 40 hectares of cashew, while planting of 100 hectares of Jatropha has reached an advanced stage. All plantations are effectively policed with large amount of the University resources. 

Conclusion

 The University of Ilorin experience has clearly shown that even though on the log-run, planting of trees has potential for a lot of benefits to human life, the establishment phase may however be bedevilled by a lot of challenges which may discourage resource-poor planters. It is therefore necessary to fashion out a national policy on tree planting that will protect the planters and provide enablement for them. A national protocol in nursery establishment for the production of good quality seedlings of various useful trees is desirable and urgently required. There is also the need for proper breeding and selection for our trees to achieve something akin to the genetically modified (GM) food crops and animals. This will help in incorporating good quality characters such as fast growth, early fruiting etc. into our various tree species. There is the need for the establishment of a financial institution for the purpose of providing financial help to tree planters in form of loan/ and or aid. Finally, all afforetation projects should carry along the indigenous people to reduce tension/friction, thereby reducing the cost of policing the plantation to protect it from human dangers.
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