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Abstract 
The challenge of today's agriculture is to increase and sustain 
production in order to meet the food demand of present and future 
populations while ensuring that future generations do not suffer 
from environmental deterioration. The traditional shifting 
cultivation as a practice of replenishing (he soil nutrients is no 
longer meeting the food demand sustainably, due to shortage of 
arable land and it 's destructive effect on the environment, hi addition 
to its consequential soil degradation, the practice is fast destroying 
the forest and eroding the world's biodiversity- Nutrients supplies 
from organic and inorganic sources are increasingly being used in 
replenishing the soil in the increasing intensive crop production that 
would meet (lie increase food demand. The uses of these nutrients 
have great impacts on the environment and human health. 
Inefficient management of nutrient supplies cause air and water 
pollution as well as soil deterioration. Managing nutrient for 
sustainable crop production requires efficient fertilization, nutrient 
accounting, balance fertilisation and integrated plant nutrition 
management: 

The Challenge of Achieving Sustainable Agriculture 
As with all other human activities, the practices and methods of ensuring adequate 

nutrients for crops interact with the environment. The production of food has greater impact 
on the environment and nature than any other human activity. 

Agriculture uses the land, is a large consumer of water and contributes to some global and 
local environmental problems. There are concerns, that the scale of agricultural expansion is going 
to place greater pressure on the environment over the coming decades if it is to meet the 2 billion 
growth in the global population expected by 2030 (UN, 2001). The challenge for today's 
agriculture is to produce sufficient food in a sustainable way. According to Francis f 1990), 
sustainable agriculture is a philosophy based on human goals and on understanding the long-term 
impact of our activities on the environment and on other species. He further stated that, the use of 
this philosophy guides our application of prior experience and the latest scientific advances to 
create integrated, resource-conserving, equitable farming systems. 

Practices of Making Nutrient Available to Crops and their Impacts on the Environment 
1. Shifting Cultivation. 

Shifting cultivation is the name used for agricultural systems that involve alternation 
between cropping for a few years on a selected and cleared plots and a lengthy period when the soil 
is rested. The need to rest the soil arose from the depletion of soil nutrients by continuous cultivation 
leading to poor crop yield. Fallowing however helps build back the soil fertility. The farming system 
is still the most commonly practiced in (he rainforest zone of Nigeria. The two main features of 
the system inimical to the environment are deforestation and burning. 
Deforestation: The practice of shifting cultivation in the rainforest zones in Nigeria unavoidably 
requires the felling down of trees to cultivate new soil. Tolba el al. (1992), reported that 
deforestation and tilling the soil on arable land 'are the major causes of erosion worldwide. 
Throughout the world, erosion rates are lowest in areas of undisturbed forests. About 15.4 million 
ha. of forests (mainly tropical) is cut down each year exposing more land to soil erosion from rain 
and wind (FAO, 1993). 

Most (80%) of the deforestation now occurring is in areas primarily cultivated by small-scale 
farmers who are forced to abandon their eroded land because it is no longer productive and to open 
new areas for cultivation (Myers, 1989), Erosion not only severely damages forestland, cropland, 
and pastureland, but also inflicts extensive damage to surrounding environments. These off-site 
problems include: roadway, sewer, drainage disruption; undermining of foundations and 
pavements; gulling of roads; earth dam failures; eutrophication of waterways; siltation of 
harbours and channels; loss of reservoir storage; loss of wildlife habitat and disruption of stream 
ecology; flooding; famine; damage to public health; and increased water treatment cost (Pimentel el 
al; 1997). 



Deforestation in preference for crops contributes to eroding the biodiversity of rainforest 
zone in Nigeria in particular and that of the world in general. Natural biota has natural enemies of 
pests of crops and they also help to degrade wastes, recycle vital nutrients and pollinate crops and 
natural vegetation. 
Burning: Burning immediately releases the nutrients in plants and animals burnt. The volatile 
nitrogenous compounds are released lo the atmosphere and the non-volatile ones including 
potassium and calcium are released to the soil. The crops gain from the released nutrients in the soil 
as they are readily available when they dissolve in soil water. However, a major portion of the 
released nutrients are rapidly leached and washed away by rain beyond the root zone rendering the soil 
highly depleted. Pimenlel et al. ( 1995), reported an increase of as much as 20-fold in erosion when 
trees, crop residue and dung are removed from the surface of the land and burnt. Other products of 
burning including carbon (iv) oxide cause damage to the ozone layer and contribute to global 
warming. Burning destroys many useful soil organism as well as the habitats, which harbour 
valuable biodiversity leading to biodiversity loss. 

In shifting cultivation on the long run, nutrients removed are no longer remedied by long 
fallows as a result of population pressure and land shortage. There is obvious need to encourage 
farmers worldwide and especially in rainforest zone of Nigeria lo abandon it and adopt a more 
sustainable and better environmentally friendly method of making nutrients available to crops. 

2. Crop Nutrients from Organic Sources 
The nutrients reserves available in soils differ widely in relation to their composition. Their 

release is slow and it is generally insufficient to compensate for the removal of nutrients by 
agricultural production, even more so in the tropics where soils are strongly depleted through 
weathering, leaching and erosion. The use of organic sources to improve soil fertility were common 
with the farmers before the introduction of chemical fertilizers in early 1950's (Ahmad, 2005) Once 
organic matter becomes a plant of the soil, it begins to decay and it is soon converted to water, carbon 
(iv) oxide and a few mineral "elements such as lignins, waxes, fats and some protenaceous materials 
resist decomposition and through complex biochemical processes form a dark, non-crystalline 
colloidal substances called humus. Humus has adsorptive and absorptive properties for nutrients and 
moistures that are even higher than those of clays. Thus, small amount of humus greatly affects the 
structural and nutritive properties of soil. Apart from the supply of plants nutrients, which are 
released and made available for plants growth as it decomposes, organic matter also affects the 
physical condition of the soil in a number of ways. It improves the water-holding capacity of the soil 
because it acts, as a sponge to absorb and hold water that would otherwise percolate through the soil 
and become unavailable for plant growth. Organic matter also increases soil aeration in this 
manner. Organic matter coats the mineral particles and gives a crumbly structure to soil, which 
makes them easier to cultivate. Ahmad (2005) reported that organic manures are effective in 
increasing yield and maintaining good physical condition or the soil.  

Alley cropping is the planting of arable crops between hedgerows. It is a farming system in 
which the crops benefits from the nutrients supplied by the trees when the lower branches and some 
of the roots are severed from the trees (green manure) and from the nitrogen fixed if trees are 
leguminous plants. The strategic use of certain trees within a crop production system has been 
found to reduce erosion and increase food yields (Pimental et al 1997). For example, in Central 
America, planting two rows of a leguminous tree (Leitcaena) between every two rows of maize, 
reduced erosion from 301/ha/year in a maize-only-system to a sustainable level of It/ha/year in the 
tree maize system. Further, trees with deep-roots bring major nutrients like phosphorus and 
potassium that are deep in the soil to the surface for use by other trees and crops. According to Nair 
(1993), although trees used as shelterbefls and for soil conservation consume some water, they 
usually conserve more moisture than they use. 

FAO (1996) noted that biological nitrogen fixation occurs through the medium of bacteria, 
which convert nitrogen from the air in symbiosis with leguminous crops, shrubs or trees or with 
azolla in wetland conditions. 

Green manuring with nitrogen fixing leguminous crops improves soil fertility and enhances 
availability of other nutrients. 

With the exception of nitrogen from recycled crop residue, nitrogen from other sources are 
actually from external inputs and contribute to the net gain in nutrient stains of the soil (fig l).  

 

 



 

 

 

 

 

 

 Fig. 1: Gains and losses of soil nitrogen. 

While the uses of organic sources of crop food should be actively promoted it must be 
realized that they are by themselves not sufficient to sustain soil fertility the truth is that this angle 
of crop nutrition has not been sufficiently explored in Nigeria and especially for arable crop 
production in the rainforest zone. Only few farmers consciously tap these sources. 
The negative environmental consequences of organic manure have to do with nutrients and gaseous 
emissions into watercourses and the atmosphere, and the presence of heavy metals in sewage 
sludge. The emissions from organic fertilizer are similar to those from mineral fertilizer and have 
grave consequences on the environment. This is discussed latter on. 

3. Crop Nutrients from Inorganic Sources 
Inorganic sources comprise mainly mineral fertilizers, which are industrially processed 

concentrates of plant nutrients and come in forms, which are convenient for transport, storage and 
application. Mineral fertilizers have a higher content of active ingredient 20 to 50 percent and a 
lower bulk than organic manure (FAO, 1996). The fertilizer industry according to UNEP 
(1998) is essentially concerned with the provision of three major plant nutrients - Nitrogen, 
Phosphorus and Potassium - in plant available forms. 

Mineral Fertilizer and the Environment  
Environmental issues concerning the fertilizer industry relate to the whole chain of 

production, storage, transport and use. In addition to the potential pollution of air, water and soil, 
there are hazards to be avoided in each section of this chain as well as questions of occupational 
health and safety for all who handle these products (UNEP, 1998). While many of these issues are 
principally, a local concern in the proximity of the fertilizer plants, several have a regional or 
even a global significance as for example, release of air pollutants and of greenhouse gases, mainly 
CO2. The global environmental problems are difficult to measure but the local environmental 
problems such as acid rain, water acidification, entrophication and chemical mist can directly affect 
people, animals, and vegetation and property in the vicinity of the plant.  



 

 

In this paper, environmental consequences Eire only considered with regard to fertilizer use. Where 
fertilizers lire not used correctly, they constitute problems for the environment. Incorrect usage of 
fertilizers includes over-use and incorrect application, which leads to nutrients and economic 
losses and under-use, which lead to soil degradation. 

Nutrients Mining: This occurs if the amount of nutrients added to the soil is less than the amount of 
nutrients removed from the soil in the form of crop yield and residues and losses of nutrients in the 
form of volatilization, leaching and erosion. The consequence of nutrient mining is that soil fertility 
declines and crop growth decline and the soil is left open to the devastating effects of erosion. In 
many part of sub-Sahara Africa which the rain forest /.one of Nigeria belongs, soil have been 
cropped for many years without use of extended inputs of fertilizer and the consequence is poor 
crop growth and severe soil degradation, 

Water Pollution: Nitrate is generally not adsorbed by soil particles, and is therefore very mobile 
in the soil. Wherever the concentration of nitrate increases as a result of mineralization or nitrogen 
fertilization these is the potential for increase loss by leaching. Therefore, if nitrogen application 
exceeds crop demand, the nitrogen, which remains in the soil, is subject to leaching into the ground 
water. 

Increases nitrate levels may result in eutrophication of surface waters and the depletion of 
oxygen content of water through algal blooms, and death of aquatic life.  
Phosphate in soil is rather immobile and the loss of water- soluble phosphate through leaching is low 
however, surface runoff (including soil erosion from crop land can contribute to phosphate loading of 
surface waters (Maene, 2000). 

Air Pollution: An important environmental problem associated with nitrogen fertilizer use is the 
acidification of the soil in natural ecosystems, which occur following volatilization of ammonia 
and its deposition in rainfall. The volatilization of ammonia from fertilizer used, also leads to 
limited direct effect on plant foliage and also contributes as a secondary consequence, to green 
house gas emission and climate change through the release of nitrous oxide (Parris, 2004). The 
complex range of physical processes that affect nutrient supplies in an agricultural system can be 
seen in the nitrogen cycle illustrated in figure 2. 

  

Light arrows represent nitrogen inputs and dark arrows nitrogen outputs. The different 
forms of N are represented in bold text and the processes of N transformations are showed in italics 
Source: Parris, K. (2004) Fig. 2 The nitrogen cycle 

Managing Nutrients Supply for Sustainable Crop Production 
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The effective and responsible use or fertilizers can significantly reduce the adverse effects on 
the environment of the increased use of fertilizer whether from organic and inorganic sources. 

Efficient Fertilization 
Efficient fertilization is synonymous with supplying enough nutrients to avoid mining and the 

minimization of nutrient losses to the environment, without sacrificing crop yields. Fertilizers help in 
minimizing soil degradation, in particular soil erosion and plant nutrient mining, while maintaining 
and enhancing soil fertility as a whole (1FA, 2001). 

In the developed countries, there has been marked improvement in the efficiency of fertilizer 
use during the past twenty or thirty years, due to economic and environmental pressures (Isherwood, 
2000). The process of improving the efficiency of fertilizer use has scarcely begun in the developing 
countries. The under utilization of fertilizers in many Africa countries lead to nutrient mining and the 
associated environmental hazards. IFPRI (1995), recognized the need to avoid negative environmental 
and health consequences of fertilizer use and production, but noted that in most developing countries, 
however, the problem is not excessive but insufficient fertilizer use. 

Nutrient Accounting 
Nutrient accounting is the evaluation of nutrient inputs and outputs. All sources or nutrients, 

and both their supply and their removal, should be taken into account when determine rates of mineral 
fertilization. An important tool for ensuring that neither too large nor too small quantities of plant 
nutrients from whatever source are applied is the calculation of the nutrient balance. Nutrient balance 
may also be used to identify situation where "soil mining" is occurring i.e. nutrient removal exceeds 
nutrients input, from all sources, thus resulting in the course of lime in soil exhaustion. FAO carried out 
a study of nutrient depletion in Sub - Sahara Africa Countries in order to assess the net removal of 
nitrogen, phosphorus, and potassium from arable land. The results demonstrated that the total nutrient 
input minus total output is negative in each country (Maene, 2000). 

Balance Fertilization 
Balance fertilization refers to the proportional adequacy of the various fertilizers nutrients 

applied to the soil. World nitrogen consumption has increased much faster than that of phosphate and 
potash, not to speak of the other nutrients, ever since 1960, (Isherwood, 2000). Nutrients often 
interact to provide benefits beyond those possible for one nutrient. Knowledge" of interactions is 
important when trying to assess the effects of one nutrient application. Yield - limiting levels of one 
nutrient reduce yield and quality effects of another nutrient. Imbalance in nutrient supplies leads to 
sustainable infertility of the soil. If fertilizer is to be efficient it must be balanced. 

Integrated Plant Nutrition 
Integrated plant nutrient management is the judicious management of all nutrient sources 

available from soil, organics, mineral fertilizer and bio - sources available to farmers. The availability of 
per capital land is shrinking due to population growth, urbanization and industrialization and 
therefore, shifting cultivation is becoming unfeasible. The intensification in agriculture is leading to 
increase use of mineral fertilizers with environmental consequences. Where feasible, suitable 
application of mineral fertilizer is an efficient and reliable way of boosting crop production, but their 
cost and other constraints frequently deter farmers from using them. Hence a combination of mineral 
fertilizers with locally available organic sources of plant nutrients is recommended. Such mixed 
application are also complementary because organic material benefits the soil beyond its nutrient 
content, including improved soil physical conditions, improved water retention, enhanced nutrient 
retention capacity and biological activity. 

Recommendations 

• The following recommendations are made in order to ensuring sustainable nutrients supply 
Deliberate input of fertilizer should always be made by farmers to replace nutrients 
removed 
by harvest and to enhance the fert ility of soils which are low in nutrient reserves, to 
rehabilitate soils that have been depleted, and remedy other constraints which inhibit crop 
response to plant nutrition. 

• Organic and mineral fertilizers should be applied only when needed. In accessing the need,  



the soil nutrient status as well as other sources of nutrient outside organic and mineral 
fertilizer should he considered, 

• Fertilizes should be applied following the best agricultural practices. Application should 
be 
timed to crop needs and development stage, when appropriate through split application.  

• Bare soils should be avoided and to maintain crop cover as much as possible. This measure 
helps to reduce nitrate leaching. 

• Nutrient supply should be balanced so that nitrogen utilization  is not hindered by 
the 
deficiencies of other nutrient. 

• Fertilizer placement should be such that minimize losses and ensures timely uptake by crops.  
Avoiding surface application minimize losses by volatilization while soil incorporation 
and 
point placement close to the roots ensures quicker uptake by crops. 

• Application equipment should be monitored and adjusted to ensure precision and control 
of 
the amounts of nutrients supplied, and good quality fertilization that gives an even spread.  

Conclusion 
Agriculture is currently facing a major challenge to produce enough food for a rapidly 

growing world population, without adversely affecting the environment. Fertilizer application is 
necessary for sustainable crop production, but commonly associated with environmental problems.  

Environmental problems associated with mismanagement of fertilizer whether organic or 
inorganic are under fertilization, which results in soil nutrient depletion and soil erosion, unbalanced 
fertilization, which leads to low nutrient use efficiency and over application, which increases losses of 
particularly nitrogen to the environment. Important nitrogenous loss processes are ammonia 
volatilization and nitrate leaching. Strategies to reduce losses via these processes include choice of 
fertilizer type, prediction of optimum fertilizer rate and improvements in timing and methods of 
application. Efficient management of plant nutrients is a major component of agricultural 
development. Nutrients removed by harvests must be replenished and it is necessary to enhance the 
fertility of soils which are low in nutrient reserves, to rehabilitate soils that have been depleted, and 
remedy other constrains which inhibit crop response to plant nutrition.  
Fertilizers can be effectively used in environmentally sound farming production system through 
integrated plant nutrition management. 
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