What is Integrated Plant Nutrient Management?
 
In these guidelines the term IPNM is interpreted in the much broader more holistic sense of “land husbandry”. It thus embraces soil, nutrient, water, crop, and vegetation management practices, tailored to a particular cropping and farming system, undertaken with the aim of improving and sustaining soil fertility and land productivity and reducing environmental degradation. Integrated Plant Nutrient Management aims to optimize the condition of the soil, with regard to its physical, chemical, biological and hydrological properties, for the purpose of enhancing farm productivity, whilst minimizing land degradation. There is now greater awareness that IPNM can, not only provide tangible benefits in terms of higher yields, but simultaneously and almost imperceptibly conserve the soil resource itself. The field level management practices considered under the heading of IPNM would include the use of farmyard manures, natural and mineral fertilizers, soil amendments, crop residues and farm wastes, agroforestry and tillage practices, green manures, cover crops, legumes, intercropping, crop rotations, fallows, irrigation, drainage, plus a variety of other agronomic, vegetative and structural measures designed to conserve both water and soil. The underlying principles on how best to manage soils, nutrients, water, crops and vegetation to improve and sustain soil fertility and land productivity and their processes are derived from the essential soil functions necessary for plant growth. The following are fundamental to the approach outlined in these guidelines:
 
1.      Loss of soil productivity is much more important than the loss of soil itself, thus land degradation should be prevented before it arises, instead of attempting to cure it afterwards - i.e. the focus for IPNM should be on sustaining the productive potential of the soil resource.
2.      Soil and plant nutrient management cannot be dealt with in isolation but should be promoted as an integral part of a productive farming system.
3.      Under rainfed dryland farming conditions soil moisture availability is the primary limiting factor on crop yields, not soil nutrients as such, hence IPNM requires the adoption of improved rainwater management practices (conservation tillage, tied ridging etc), so as to increase the effectiveness of the seasonal rainfall.
4.      With declining soil organic matter levels following cultivation, the adoption of improved organic matter management practices are a prerequisite for restoring and maintaining soil productivity (improved soil nutrient levels, soil moisture retention, soil structure and resistance to erosion).
 
 
Integrated Plant Nutrient Management at farm level
 
It is only after they have made improvements in the biological, physical and hydrological properties of their soils that farmers can expect to get the full benefits from the supply of additional plant nutrients, in the form of inorganic fertilizer, to their crops. At the farm field level IPNM therefore calls for an integrated and synergistic approach which involves:
 
·         Matching the land use requirements of individual agricultural enterprises with the land qualities present in the areas where they are undertaken - i.e. the biological, chemical and physical properties of the soil, and the local climatic conditions (temperature, rainfall etc) ;
·         Seeking to improve yields by identifying and overcoming the most limiting factors in order of their diminishing influence on yield;
·         Better plant management, especially: (i) improved crop establishment at the beginning of the rains, so as to increase protective ground cover thereby reducing splash erosion, enhancing infiltration and biological activity; and (ii) timely weeding to reduce crop yield losses from competition for nutrients and soil moisture;
·         Combinations of complementary crop, livestock and land husbandry practices which maximize additions of organic materials and recycle farm wastes, so as to maintain and enhance soil organic matter levels (ideally at levels of at least 50-75% of those under natural vegetation);
·         Land management practices that ensure soil moisture conditions are favourable for the proposed land use (e.g. moisture harvesting/conservation in low rainfall areas, drainage in high rainfall areas);
·         The replenishment of soil nutrients lost by leaching and/or removed in harvested products through an integrated plant nutrition management approach that optimizes the benefits from all possible on- and off-farm sources of plant nutrients (e.g. organic manures, crop residues, rhizobial N-fixation, P and other nutrient uptake through root mycorrizhal fungi infestation, transfer of nutrients released by weathering in the deeper soil layers to the surface via tree roots and leaf litter, rock phosphate, inorganic fertilizer etc);
·         Combinations of crop, livestock and land husbandry practices that reduce rainfall impact, improve surface infiltration, and reduce the velocity of surface runoff thereby ensuring any soil loss is below the ‘tolerable’ level for the soil type;
·         Conservation tillage, crop rotation, agroforestry and restorative fallow practices that maintain and enhance the soils physical properties through maintaining an open topsoil structure, and breaking any subsoil compacted layer (hoe/plough pan) thereby encouraging root development and rainfall infiltration (e.g. use of ox drawn chisel ploughs, double dug beds, pasture leys, interplanting of deep rooted perennial crops/trees and shrubs);
 

Good agricultural practices for nutrient management
 
Integrated plant nutrient management also contributes to pest management (see section on Integrated Pest Management): stressed crops are more susceptible to disease and to the effects of pest attacks. Crops growing in poorly structured soil, under low or unbalanced nutrient conditions or with inadequate water supply or retention will be stressed. Responding to disease or pest attacks by applying pesticides is a costly symptomatic approach to a syndrome which is better addressed by improving the ecological conditions and systems within which the crops are cultivated. In addition, agricultural products with less pesticides residues are less risky to consume, and healthy plants with a properly balanced nutrient supply provide better quality feed and food, improving animal and human health.
 
Production efficiencies are gained through the integrated nutrient management practices promoting combined use of mineral, organic and biological resources in a reasoned way to balance efficient use of limited/finite resources and ensure ecosystem sustainability against nutrient mining and degradation of soil and water resources. For example, efficient fertiliser use requires that correct quantities be applied (overuse of Nitrogen (N) fertilizer risks disrupting the natural N-cycle), and that the application method minimizes losses to air and/or water. Options exist for incorporating fertilizer into the soil directly (rather than broadcasting). Equally, plant nutrient status during the growing season can be better monitored using leaf-colour charts, and adaptively managing fertilizer application accordingly.
 
Nutrients are in many ways linked to other practices that are related to sustainable crop production intensification. Nutrient cycling is the main focus of Conservation Agriculture, in which minimum soil disturbance, intercropping, crop rotations and a permanent soil cover minimize the need for chemical fertilizers. Crops with sufficient nutrients are also less susceptible to pests, thus contributing to Integrated Pest Management. High application of fertilizers can increase the occurrence of noxious weeds that compete with crops for nutrients. This means that Integrated Weed Management is promoted by improving the timing, dosing and application method of nutrients and thus minimizing the potential impact on weed growth. A better application of nutrients also reduces runoff, and by this the overall agricultural biodiversity and the pollination services.
 
 
Nutrient management in crop-livestock systems
 
The management of nutrients is one of the most important, but also complicated issues in crop-livestock systems. Nutrients can come from manure, legumes, and external inputs. A closed cycle – without external inputs - would be ideal from an environmental point of view, but might not always be feasible due to soil constraints, difficulties for growing legumes or other nitrogen fixing crops, or lack of options for spreading the manure around the farm (distance between plots or size of farm). Recycling can be done to effectively use both on-farm and off-farm wastage. For crop and fodder production a combination of mineral and organic fertilizers can be applied from on-farm and off-farm sources. The crop rotations in the crop-livestock systems would preferably also include crops that are beneficial from a nutrient point of view (e.g. legumes). A balanced nutrient level in the soil will contribute to sustainable crop (and livestock) production intensification – this means that a focus should be on farm level, and not on the fertilization of single crops. The focus of farmers should be on the total farm area and on the long-term effect of fertilization. This includes making a shift from static nutrient balances to nutrient flows in cycles.
 
Since the demand for livestock will inevitably continue to grow over the next decades, it will be very important to deal with this increased production in a sustainable manner. Integrating crop with livestock provides benefits to the environment by created a ‘closed’-system for nutrients (see section on Integrated Crop-Livestock systems) and to animal welfare by providing sufficient space for the animals to graze. Whereas the increased production in the past has mainly come from increasing the area for livestock and shifting towards industrial systems, both are facing increasing limitations; the area for expansion is limited and industrial systems are seeing increasing opposition due to the accompanying ethical dilemma caused by the perceived lower animal health and welfare in these systems. Managing crop-livestock systems in a way that they will be environmentally sustainable and have an increased stocking density will be one of the main challenges in agriculture development in the coming decades. This will include improving the livestock breeds and management of feed, land, and water. High pressures of livestock on pasture areas (which are often degraded crop-land), can cause further degradation of land and water resources and create conflicts with other sectors.
 HOW TO PRACTICE 

Nutrient management in perennial crops
 
The low soil disturbance and related complex rooting system and soil biodiversity of perennial crops have the potential to dissolve nitrogen. Perennial crops have a relatively low fertilizer demand compared to annuals crops. Unfortunately, the use of fertilizer is often inadequate and unbalanced (mainly in plantations). Application of fertilizer in plantations can result in the occurrence of noxious weeds that compete for the nitrogen. This is why weed management is very important in orchards and horticulture. Perennial crops also include a range of nitrogen fixing crops, such as alfalfa, clovers, and grassland. These can be used in intercropping in annual cropping systems to reduce the need for external nutrients and reduce the risk of leaching to the groundwater. Crop rotations with perennial crops can have advantages in the efficiency of the different farming systems. Nutrient uptake might improve over the years for perennial crops, so monitoring and a long-term vision will be required.
 
 
Indicators of nutrient deficiency/ over-use
 
Farmers use agricultural practices that are best suited to their farming system (often based on a long tradition) and household circumstances, and are thus heavily influenced by the resources available. In order to be able to choose appropriate solutions/practices for improved nutrient management, it is important for farmers to assess correctly whether an identified improved soil management practice (solution) is appropriate to the problem they experience within their farming system (site-specific nutrient management). The farmers should therefore make an assessment of the resources needed (labour, land, cash, on-farm materials, external inputs etc) and their availability within the household and/or community. This will help farmers who are experience problems with soil fertility to identify from amongst the several possible solutions, the most promising practices to be experimented with in test plots, and to identify what changes to the present household farming system may be required in order to adopt a particular practice or technology.
 
Soil and nutrient problems, based on deficiency, can often be identified by means of various soil, site and crop-related indicators. These indicators of problems related to nutrient deficiency (e.g. wilting, low crop emergence, erosion and surface crusting) can disappear after the cropping season or weeding practices, and should thus be studied throughout the year. For problems related to the overuse of nutrients, the on-farm indicators are less clear by visual assessment. Whereas a visual soil assessment (VSA) can provide some basic information, the nutrient use efficiency can only be estimated by more sophisticated experiments than could normally be conducted by farmers. Problems of over-use often also become only clear at the ecosystem level, which means that both farm-level analyses and ecosystem analyses have to be done to get a clear idea of both the benefits and problems that nutrient-use provides in different sectors – this includes the aquaculture-fishery sector and the cost of water-purification for human consumption.
 
The amount of synthetic nutrients that is being applied in intensive farming systems to agricultural land is causing problems with downstream pollution of aquatic bodies and has to be reduced drastically by reducing wastage and improving efficiency. There is a need to adopt a wider concept of nutrient use beyond but not excluding fertilizers results from several changing circumstances and developments. Some examples of practices that may result in more effective plant nutrient management should include soil and water management practices already described and:
 
Use plant nutrients in a more rational way in order to optimize crop nutrition by balanced, efficient, yield-targeted, site- and soil-specific nutrient supply.
Focus on more aspects of soil nutrient balances in the soil and study the interrelation of different nutrients rather than only the nutrient levels.
Use combinations of mineral & organic fertilizers obtained on and off the farm for recycling of nutrients.
Provide nutrition on a cropping-system or crop-rotation basis for optimal use of nutrient sources, reduction of waste and stimulation of soil life.
Consider the direct plus the long-term residual effects of fertilization and not only the first-year nutrient effects. To a large extent, this is accomplished also where crop nutrition is on a cropping-system basis rather than on a single-crop basis.
Make a shift from static nutrient balances to nutrient flows in nutrient cycles. - A growing emphasis on monitoring and controlling the unwanted side effects of fertilization and possible adverse consequences for soil health, crop diseases and pollution of water and air.
Focus on the total soil productivity management. This includes the amelioration of problem soils (acid, alkali, hardpan, etc.) and taking into account the resistance of crops against stresses such as drought, frost, excess salt concentration, toxicity and pollution.
Improve, or at least maintain, soil fertility and soil health.
Effective utilization of on-farm and off-farm wastes through recycling.
Use application techniques and timing that minimize fertilizer losses.
 
 
Application methods
 
The need for fertilizer depends on the soil and the tillage practices (see section on Conservation Agriculture). Different crops require different amount of fertilizer in different growing stages. These guidelines will give some main benefits and drawbacks of 4 commonly used application methods.

Broadcasting: Uniform distribution over the whole cropped field.
 
Broadcasting by hand of fertilizer is commonly applied in cropping systems where mechanization is not possible due to economic on environmental restriction. Broadcasting is often practices (a) on all crops with a dense stand and not sown in rows; (b) in the case of plants whose roots spread widely in the soil; (c) on very fertile soils; (d) when high rate of fertilizers are used; (e) when readily soluble nitrogenous fertilizers are applied; and (f) when potassic fertilizers are applied in light soils. Whereas broadcasting is the standard in areas with low-mechanization and labour constraint, there are many problems related, such as a promotion of weed growth with the result that the crop does not derive full benefit of fertilizers. Another problem is that fertilizers may come in contact with a large volume of soil and are likely to be fixed and unavailable for that crop. This is particular in the case of super phosphate application.
 
Placement: Application in bands or in pockets near the plants or plant rows.
 
Placement of fertilizer is another manual application method that is more efficient, but also requires more labour. Different placement practices are: (1) banding i.e. placing fertilizers in bands to one or both sides of the rows (side dressing); (2) drilling in between rows; (3) spot placement i.e. by placing in between the plants (mostly practiced for vegetable crops); and (4) by placing fertilizers in a circular band away from the base of the plants as in the case of fruit trees. No single method can be considered best for all the crops. The method of placement varies with the crop, fertilizer, and weather. Deep placement of urea has shown great economic and environmental benefits in rice crops, but the high labour requirement is still limiting uptake on a large scale in most areas.
 
Foliar application: Using sprayers, the fertilizers are sprayed covering the plants.
 
Foliar application is applied by dissolving fertilizers in water and spraying such diluted solutions directly on the plants foliage. Hand operated sprayers can be used for smallholdings. On individual farms a tractor drawn low volume sprayers can be used while on large scale aircrafts are used for foliar spraying. Only fertilizers that do not scorch leaves can be sprayed; micronutrients are often foliar sprayed and urea sprays can also be used to supply nitrogen on a large scale. For the reason that low concentration of fertilizers needs to be sprayed most of the fertilizers are not used for foliar application. Plant nutrients are generally applied as foliar sprays on fruit trees to prevent nutritional disorders of micronutrients ; for most fruit crops, these nutrients are sprayed along with the regular spray program of pesticides, but the compatibility of nutrients and the pesticide chemicals should be ascertained before such mixtures are sprayed.
 
Fertigation
 
Fertigation, the application of fertilizers with irrigation water, is sometimes used on sandy soils and especially for vegetable production. Below optimum productivity is due to poor soil fertility, low water and fertilizer efficiency and unsuitable management practices. Fertigation permits improved efficiency of irrigation and nutrient use and reduces application costs. It improves plant growth and nutrient uptake and limits nutrient losses. Applying fertilizers through the irrigation system has several advantages:
 
Nutrients can be applied at any time during the season and according to plant requirements.
Placement of mobile nutrients such as nitrogen can be regulated in the soil profile by the amount of water applied.
Applied nutrients are readily available for rapid plant uptake.
Nutrients are applied uniformly over the field.
Ground water contamination is likely to be less since nitrogen may be applied at any given time. It is often applied when crop uptake and utilization are at their maximum.
Crop damage during fertilizer application is minimized.

The disadvantages of fertilizer application through the irrigation system are:
 
Uniformity of fertilizer distribution is only as good as the uniformity of water distribution.
Lower cost fertilizer materials often cannot be used.
Localized fertilizer placement such as banding cannot be achieved in a sprinkler irrigation system. To a limited extent, it can be achieved with drip irrigation.
Water source contamination can be significant if the injection system is not properly installed or is poorly maintained.
 
Timing of the application
 
To achieve high yields, farmers should apply fertilizer N several times during the growing season to ensure that the crop needs for N at critical growth stages are met.  The critical stages depend on the crop; and additional stress that can be caused by biotic and abiotic stresses. Since most crops have several critical stages in which N is crucial, split application could provide additional benefits for the efficiency of nutrient applications. General guidelines on timing are hard to provide, since a wide range of factors influences the N-availability and impact on the plant’s health. Surveying the status of rice plants can be done by using a Leaf Colour Chart during a field visit. During this quick survey, which has to be done regularly, the demand for water and occurrence of pests can also be checked, to limit the number of field visits. In the case of rice, the young rice plant before the tillering stage grows slowly and does not need much N. Therefore, only a small to moderate amount of fertilizer N is applied to rice within 14 days after transplanting (for transplanted rice) or 21 days after sowing (for direct-seeded rice).  Rice requires more N at the early- and mid-tillering stages to ensure adequate number of panicles; and at panicle initiation stage to increase grain number per panicle.
 
