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CHAPTER 1. INTRODUCTION
1.1. Rangeland Definition and Importance
Rangelands are primarily arid and semi-arid lands where other land uses, such as agriculture are not economically feasible. They may also include areas that may have been used for cultivation or forestry in the past or in the future.  Such lands are typically referred to as marginal lands. Rangelands are areas of the world, which by reasons of physical limitation such as low and irregular precipitation,( most rl receive < 500 mm), poor drainage, and extremely cold and high temperatures, poor fertility and  very thin soil horizon, excessive mineral accumulation, e.g., carbonates, sulfates, fluorides, topographic/landscape limitations (gully, sloping & waterlogged. So, it is unsuited for farming but, important source of forage for free ranging wild and domestic animals. 
For example, African and South American, rangelands provide over 85% of the total feed needs of domestic ruminants. Globally, rangelands contribute about 70% of the feed needs of domestic ruminants. Rangelands provide wild ruminants with over 95% of their feed requirements worldwide. About 80-90% of the food energy consumed by nomadic African herders comes from meat, milk, and blood supplied by their livestock. Rangeland covers 47-70% globally, 36% USA, 81 % Australia, 75 % in Kenya, and 62 % Ethiopia. Many national parks are located onrangelands
However, rangelands all over the world are facing problems by natural and human made activities.Range Management is the careful use and management of rangeland resources (plants, animals, soil, and water) to meet the needs and desires of society without damaging the resource. ORRange Management: is the manipulation of rangeland components to obtain the optimum combination of goods and services for society on sustained bases. ORRange management is the science and art of maintaining maximum range forage production without affecting other resources or uses of the land. 
The central objective of range management is sustainable production of domestic and wild animals in a manner that protects the land.The specific objectives of range management are:- 
· Protect, improve and promote the continued welfare of the range soils, vegetation and animals.
· Optimum production of animal products (meat, milk, hides, wool/hair), wildlife and water (from watershed).
· Provide recreational sites.
· Conserve biodiversity of plant and animal genetic resources.
Problems of range management

Rangescience is a body of scientific knowledge up on which range management should be based. Range science set of concepts and ideas that agree and consistent with how natural and human processes operate. Such ideas and concepts depend on theoretical framework of many disciplines such as animal science, plant science, soil science, climatology, geology, anthropology etc. But, Range management lacks a cohesive theoretical framework for knowledge on rangeland 


Terminologies
Ecology: the study of the interrelationships between organisms and their environment. 
Range:- Land supporting mostly native vegetation that either is grazed or has the potential to be grazed and is managed as a natural ecosystem.Range includes grasslands, shrub-lands, and grazable forestland. It is synonymous with Rangeland.
Grazing land:- Any vegetated land area that is grazed or has the potential to be grazed by animals. Grazing lands, including both range and pasture.
Forage’ is the vegetative plant parts (flowers, leaves, stems & roots) eaten by animals. 
Browse: leaf and twig growth of shrubs, trees, cacti, and other non-herbaceous vegetation available for animal consumption. 
Herbage: the biomass of herbaceous plant, other than separated grain, generally above ground but including edible roots and tubers.
Litter; An accumulation of dead detached plant material at the soil surface 
Defoliation - Removal of plant tissue by grazing animals ormachinery. 
Graze: To consume predominantly herbaceous forage by animals
Paddock:-grazing area that is a sub-division of a grazing management unit and is enclosed and separated from other areas by a fence/barrier. 
Ecosystem:is a “functional unit consisting of organisms (including man) and environmental variables of a specific area”. Ecosystem contains living (primary producers, consumers, and decomposers) and non-living elements (climate, soil, topography, water, air, sun, and…….). It is an area with similar ecological characterized on which man has placed boundaries for management purposes that there is an exchange of energy andmatter among these components.
Ranch: An economic unit of range or pastureland having defined boundaries together with its internal construction and improvement.
Climax.The final or stable biotic community in a successional series; it is self perpetuating and in equilibrium with the physical habitat. 
Forage reserve. Standing forage specifically maintained for future or emergency use. 
Herbaceous; the non-woody above-ground parts of grass, grass-like and forbs plants. Herbaceous species are differentiated from woody species by not having perennialwoody stems.
Shrub: A woody plant having multiple stems arising at or near the base. 
Tree: A woody plant characteristically with one primary stem from the base.
Grasses - Plants that have hollow; jointed stems; fine narrow leaves; and fibrous roots. 
Forbs - Non-grass-like plants that have tap root, broad leaves, and solid non-jointed stems. 
Sedge:  grass like but not grass species. Non-jointed solid stems
1.3. Rangeland Degradation  
Rangeland degradation means that reduction in status of floral/ fauna composition, energy flow and biomass of a certain ecosystem.  Means a decrease in plant species diversity, plant height, vegetation cover and plant productivity. Degradation is deterioration in ecosystem services and functions, decreased water and soil conservation, Reduce recreation values, Reduce carbon balance  Loss of top-soil, continuous reduction of productivity/biomass of the ecosystem.

Rangeland degradation is a major issue and affecting direct users of pastoral communities benefiting from the environmental services.
Causes of Rangeland Degradation
A. Overgrazing
Overgrazing is a major cause of rangeland degradation leading to desertification. Overgrazing results when livestock density becomes excessive and too many animals are grazed on the same area of rangeland, leading to the degradation of vegetation, soil compaction,wind and water erosion. When there is heavy pressure on rangelands, the animals consume palatable vegetation faster  eventually only inedible or no vegetation remains  with degraded plant cover  soil erosion becomes serious  massive top soil loss.
B. Cultivation (Encroachment of rain fed agriculture in Rangeland)

It is common at national levels in developing countries, particularly in Africa and Middle East. 
C). Deforestation 
It causes a decline in the fodder content of rangelands. Although we might think of shrinking rangelands merely in terms of a reduction in the areas of grass available for grazing.
D). Sedentarization of nomads
The effects of overpopulation and government policies on agriculture, food availability and increased poverty have contributed to the sedentarization of pastoralists. This has lead to concentrations of people, livestock, farming and other type of land use centered on permanent water supplies. These sites become centers of overuse of rangeland resources and subsequently resulted in rangeland degradation and reduced biodiversity.
E). Climatic changes
Largely severe and prolonged drought which causes gradual replacement of the more palatable grasses by un­desirable species.For example.
F). Uncontrolled fire
It increased danger of erosion; destruction of micro-organisms near the soil surface
Loss of nutrients; and removal of plant biomass, 
G). Socio-economic 
Applied to societies where cattle herding are a symbol of wealth and prestige. 
H). Rodents and predators 
Underestimated but prevalent damage by rabbits, hares, kangaroos, rats and other small rodents which consume forage
I). Encroachment of undesirable plant species 
The density of trees and shrubs may increase into thickets or various wooded types and reduce the relative amount of grass and therefore livestock production. Increase grazers and decrease browsers results in increased pressure on the grass layer. The competitive advantage of a vigorous perennial cover declines and more favorable environment is created for the woody plant components. Invader bushes have started to produce seeds in abundance and so create opportunities for the establishment of new generations of bushes. In some instances woody encroachment is speculated due to a lack of foraging by livestock and lack of fire. 
J). Government Policies
Pastoral development in the East African rangelands has been influenced by a widely perceived impression of environmental change such as decline in vegetation resources linked to overstocking of dry lands. The perception of pastoral development in the African rangelands lies in the essence of the tragedy of the commons. The density of trees and shrubs may increase into thickets or various wooded types and reduce the relative amount of grass and therefore livestock production. Increase grazers and decrease browsers results in increased pressure on the grass layer. 


Chapter 2. Classification of Rangeland
Classification: is identification and grouping of individuals on the basis of specified attributes (climate, soil type, vegetation type, etc.)
The requirements for classification are: 
· To assist in the management of land already under economic production
· To indicate priorities in the development of new areas
· for range management/range conditional analysis purposes 
· To understand the requirement of soil and water different vegetation.
· To know adaptability of vegetation 
· To know the growing season of the vegetation
2.1. Types of Rangelands based on vegetation 
1. Grasslands 
Grasslands are dominated by grasses and by other herbs, sometimes with widely scattered trees and shrubs. Grassland is usually subjected to periodic burning. Other name of grassland is Pampas/Prairie. They are the most productive rangelands in the world for providing forage for wild and domestic ungulates. Globally, grasslands occur on every continent (excluding Antarctica), covering 40.5% of the earth’s surface (World Resources, 2001).Most of the productive grassland of the world is man-made by felling or burning of natural forest. Their continuous existence depends on grazing, burning, intermittent plowing, reseeding, and the use of selective herbicides etc. Unlike trees, most grasslands species are well adapted grazing and burning. Without this management grasslands would revert to scrub and eventually to forest.
Large areas of natural grassland occur in areas where the growth of trees prevented by climatic or soil conditions. 
· Rainfall is inadequate (250-900 mm) for woody vegetations such as forests. This precipitation occurs as frequent light rains > 90 days. These conditions favor grasses, whose fibrous roots can effectively gather moisture from the soil surface. 
· Temperature is too low (high altitude and tundra); 
· wind velocities too high (seacoasts and exposed areas) for trees, 
· Soil conditions restrict tree growth (e.g. Saline desert soils, waterlogged).Generally, associated with soils of grasslands are deep (>2m), loamy textured, high in organic matter, and very fertile. 


Bush Grassland
Grassland with scattered trees and shrubs, not necessarily equally represented but both always conspicuous and with a combined cover < 20%;may be subject to periodic burning.
Wooded grassland
Grassland with scattered or grouped trees, the trees are always conspicuous, but having a canopy covers less than 20%; often subject to periodic burning.
Shrub Grassland 
It is grassland with scattered or grouped shrubs, the shrubs always conspicuous, but having a canopy cover < 20%, may be subject to periodic burning.
Dwarf Shrub Grassland 
Grassland, often sparse grassland set with dwarf shrubs not exceeding 70cm in height,sometimes with widely scattered larger shrubs or stunted trees; burning is rare.

2. Savannas 

The majority of grasses present in savannas are hemicryptophytesand annual dormant period occur during the dry season.The woody layer is variable: grass savanna (without woody layer), shrub savannas, tree savanna and savanna woodland. A formation very similar to savanna woodland is woodland that has denser and taller tree layer (cover > 50% of the area) and a reduced grass cover.The climate of savannas is similar to forest occur except soil, and savannas constitute a non-natural state maintained by fire.Thus, savannas are the results of degradation of the former extinct dry ecosystem (dry woodland etc) or are the result of the destruction of dense humid forest and its replacement by a savanna flora (pei-forest savannas).In these areas, bordering the forest in humid climate, the indigenous flora of savannas is often poor & reduced and is always very different from that of the dense humid forest. 

Recently deforested areas in particular, savannas are totally herbaceous formations with species such as pennisetumpurpureumand panicum maximum in Africa and imperatacylindricain many areas. These can be considered as forest follows that could be given the circumstance, return to forest or evolve to true savannas. The forest/savanna boundary is clear-cut and maintained by fire. Savannasare difficult to identify because many areas between forest and grassland exhibit the savannas structure.Due to external factors change may occur. 

3. Shrublands or steppes 

The term steppe was originally used for open and treeless of xerophillous vegetation in Russia and Asia. A steppe refersvegetation cover with low growing trees or shrubs with widely spaced annual or perennial grass as well as treeless grass-shrub desert formations.Steppe is open herbaceous formations, sometimes mixed with woody plants generally not subjected to fire; generally not exceeding 80cm high, with narrow, rolled or folded leaves, originally mainly from the base; annual plants are often abundant between the perennial plants.
Thus, steppe can be distinguished from savannas by less dense grass layer and byzeromorphic characters and annual nature of species.Woody plants are often thorny of succulent and belongs to different floristic groups of from those of savannas. Shrublands across the world are called chaparral, cerrados, maquis, and scrublands. Steppe formations occur in areas with rainfall < 500-600mm/year and a dry season of 8-9 months. This implies a fundamental difference from savannas in ways of utilizations; in savannas, forage is largely from grass grown during the wet seasons and from smaller amount of re-growth in the dry season after burning. In steppe, all forage is provided during the brief wet season.

4. Desert shrub lands 

It is the driest of the world’s rangelands, usually receiving < 250 mm of annual ppt.Woody plants < 3m in height with sparse herbaceous understory characterized vegetation. In some cases, it created by degradation of arid grassland by heavy livestock grazing. Evapo-transpiration > precipitation due to high temperature   
The water content of the soil surface is very dry for much of the year due to infrequent rainfall and high-intensity rains out of reach of the short fibrous roots of grass favor shrubs whose long tap roots can collect moisture from deeper within the soil profile. Shrubs have spread laterally collect water over a large area. Sandy to loamy textured soils of variable depth is typically of desert shrub lands.The amount of herbaceous understory depends on the texture of the soil and how quickly water percolates into deeper soil profiles.
Coarse textured soils permit deep water infiltration and retain little moisture near the surface unless there is a restrictive layer. Heavy clay & sandy soils with a shallow restrictive layer in desert areas show much higher grass components than do surrounding areas.Deep soil with moderate precipitation produces more forage than a thin soil with heavy precipitation. Conversely, grasses on thin impermeable sandy soils are more productive than grasses on deeper sandy soils. The impermeable layer restricts the moisture near the surface where it can be used by fibrous roots of the grass. 
5. Savanna woodlands 
It is productive grassland ecosystem characterized by the trees <12m being sufficiently small or widely spaced canopy does not close.The open canopy allows sufficient light to reach the ground to support an unbroken herbaceous layer. It occur as a transition zone b/n grassland & forest. Shifts to grassland or forest depend on grazing intensity, fire control, logging and drought. When there is heavy grazing and fire ban results in loss of understory grasses and increase in the density of the trees & shrubs. Rocky, thin soils favor woodlands in grassland climatic zones because long, coarse roots of woody plants can grow down into cracks in the rocky layer where moisture is collected. Further many woody species have long lateral roots that can absorb moisture over large area of very thin, rocky soil. 
6. Woodland
Open stands of trees usually over 5m tall with crown notusually touching (generally 25-60% canopy cover). Shrubs, herbs and grasses may be present with any cover value; Shrubs, if present, contributes < one tenth of the canopy cover.In areas if high rainfall, grass may be absent because of the closed tree canopy. Burning is usually practiced to remove the old accumulated material and to maintain an open wood plant formation, otherwise the derived grassland reverts to woodlands. 
7. Bush land /shrub woodlands 
Land supporting an assemblage of shrubs and small trees usually 0.5-5m tall with individuals and clumps not touching or interlocking (>25% canopy cover). Herbs and non-vascular plants maybe present with any cover value. Trees may be present but with cover 10% or less. 
Some of the main reasons for the dominance of trees areLack of periodic fire, Poor rainfall distribution during climatic cycles, Shallow and rocky soils, Heavy use of grass-eating animals. Many of these woodlands have a high potential for range improvement.
a. Sparse Bush: Shrubs and or small trees usually 0.5-5m tall with individuals and clumps widely spaced (10-25% canopy cover). Trees may be may be present with 10% cover or less. Herbs and non-vascular plants may be present with any cover value.
b. Dwarf Bush: Low growing shrubs and/or dwarf trees usually under 0.5m tall (though dwarf forms 0.5-1.0m can be included), with individuals and lumps not touching or interlocking (generally >25% canopy cover). Trees and shrubs greater than 0.5m may be present, but with canopy cover 10% or less. Herbs and non-vascular plants may be present with any cover value. Plants may be present with any cover value.
c. Sparse Dwarf Bush: As above though low growing shrubs and/or dwarf trees (generally 10-25% canopy cover).
8. Forests 
Forest is trees usually over 5m tall with crowns interlocking (generally 60-100% canopy cover). The ground cover is dominated by herbs, shrubs and non-vascular plants. Forest differs from savanna woodlands by having long trees and closely spaced. The closely spaced; taller trees of forests prevent the dep't of a herbaceous understory with any grazing value. Thinning forests through logging or fire can open the canopy and create areas of valuable forage to wildlife & livestock. 
Forests generally occur in high-rainfall areas (> 500 mm) because of the greater amount of moisture needed to support the biomass of a forest. Coarse-textured &/or thin, rocky soils favor forest over grassland b/c they retain low amounts of moisture near the soil surface but store considerable moisture deep in the soil profile
High precipitation causes substantial leaching of soil nutrients; therefore, forest soils are low in fertility. Forest is little importance for grazing. Hot, wet conditions endanger the health of domestic animals, and disease and parasites are common. Mainly, forests are managed primarily for timber production and are too dense to have any grazing value
9. Tundra 
It is a level and treeless plain in arctic or high-elevation regionscover about 5% of the earth’s surface. Tree growth restricts by 
· Extremely cold climate/ frozen for > 7 months of the year.
· Low temperature
· Strong winds and Short growing season  
Three types of tundra 
1. Arctic tundra occurs over large areas in North America, Greenland, northern Europe, and northern Asia. 
2. Alpine tundra 
3. Antarctica tundra 
Vegetation on the tundra consists primarily of low-growing, tufted perennial plants and sedges, dwarf shrubs,Lichens, mosses 
The main types of woody plants are shrubs of the genus Salix.Tundra is rarely used for livestock grazing because of its rough terrain and short grazing season (< 90 days). However, Peru is an exception, where the alpine tundra is used extensively by alpacas and llamas. 
2.2. Ecological Classification
Moisture availability is one criteria of ecological classification.Based on moisture indexes, the East African Rangelands (EAR) were classified into 7 zones. 
I. Afro-alpine climate (Moisture index > +3)
Afro-alpine moorland and grassland, or barren land at high altitude above forest line.Limited use & potential except as water catchment and for tourism.

II. Humid to dry Sub-humid (Moisture Index < -10)                                  
· Dry forests and derived grasslands and evergreen Bushland
· The potential is for forestry, wildlife and tourism, agriculture
III. Dry sub-humid to semi-arid (Moisture index –10 to –30). Moist woodland, bush land or savanna and Land not forest potential
IV. Semi-arid (Moisture index –30 to –42):- Land of marginal agricultural potential.  Dry forms of woodland and savanna
V. Arid (Moisture index –42 to –51):-Dominated mainly by Commiphora, Acacia, and allied genera, mostly of shrubby habit may be suited to agriculture only when fertile soil coincides with very favorable distribution of rainfall.
VI. Very arid (Moisture index –51 to –57):- Rangeland of low potential. The vegetations being dwarf shrub grassland or shrub grassland. Populations of both wild and domestic animals are restricted severely by the environment. 
VII. Desert (Moisture index –57 to –60)

Rangeland Types of Ethiopia

The Ethiopian rangelands or lowlands are home to 12% of the human population and occur below 1500 m elevation and comprise 62% of the national land area.From the total national livestock population, 45-55%, 75%, 20% and 100% of the cattle, small ruminants, equines and camels are found in Ethiopia rangelands, respectively. They contribute about 50% to the national agricultural GDP and 90% of the annual hard currency earnings from live animal exports (EARO, 2002). The main pastoralists in Ethiopia are the Somali, Afar, Oromiya and the Southern Omo people (Southern region) and partly in the Gambela and Benshangul regions and around the Dire Dawa Administration.

The rangeland of Ethiopia is classified into 3 agro-ecological zones.Climate in the lowlands includesarid (64%), semi-arid (21%) and sub-humid (15%) zones largely defined by temperature and rainfall regimes.
Temperature 
Except at high altitude temperature is seldom a limiting factor to plant growth. Inthe arid zones of Afar one of the hottest areas in the world mean annual maximumand mean annual minimum temperatures are 35 - 27°C respectively. Thetemperature on the hottest day reaches a maximum of 45°C. There is littlevariation in the temperature regime either seasonally or annually. 
Rainfall
Unlike temperature, rainfall shows considerable variability within the region in both space and time. Therefore it is closely associated with rangeland vegetation pattern. Rainfall is highest in the highland areas where up to 2000 mm/year of rain falls and lowest along the eastern border with 250 mm/year. Rainfall is highly seasonal and either unimodal or bimodal. 
1. Arid zone (64%)
· Has up to 90 growing days per year. This zone is the warmest areas such as Dalul in Afar, Issa in Somali, Ogaden, etc. 
· Receive RF <400mm/year. 
· Vegetation types: dwarf shrub grassland and dry thorn bush land.
· Range plant communities have low production potentials.
· Human lifestyles are nomadic, involving frequent movements of households and animals.
2. Semi-arid zone (21%)
· This zone has from 90 to 180 growing days per year. The altitude ranges below 1500m a.s.l. The Borena, Nuer, most of the Afar region, some of the Somali region.Receives RF 400-700 mm/year. 
· Range plant communities have much higher potentials than the arid zone.Plant communities commonly consist of perennial savanna and dry woodlands with grasses. Promotes more grazing cattle and sheep, although browsing goats and camels can thrive in wooded and bushed areas.People tend to be semi-nomadic, with households sedentary in most years and livestock being mobile if necessary.Agro-Pastoralism may also emerge on favorable water collecting landscapes and maize/sorghum is an important food staple.
1. Sub-humid zone (15%)
· This zone has 180-270 growing days/year. It occurs near 1500m elevation. It has annual rainfall (800-1300mm) and lower temperature. Native vegetation types commonly consist of moist perennial savannas and woodlands.Sedentary mixed crop-livestock operations are more the norm.Common livestock are cattle, sheep and goats. Camels are few in number.








Chapter 3. Principles and Designs of Grazing Systems

3.1. Terminologies
Grazing:- The act of eating forage from the  standing crop/herbage by herbivores or grazing animals,  comprised of foraging (search for forage); defoliation(the removal of forage); andingesting the forage. It is a method of feeding in which a herbivore feeds on plants such as grasses, or other organisms such as algae. In agriculture, grazing is one method used whereby domestic livestock are used to convert grass and other forage into meat, milk and other products. 
Grazing intensity: -the amount of animal demand placed upon the standing crop or forage mass, and the resulting level of plant defoliation made during grazing.
Heavy grazing: -the stocking rate on an area is relatively greater than that on other similar areas; sometimes wrongly used to mean overgrazing.
Overgrazing: -Continued heavy grazing which exceeds the recovery capacity of the forage plants and create deterioration of the grazing lands
Moderate grazing.the stocking rate of an area is intermediate between the rates of other similar areas; sometimes used to imply proper grazing.
Proper grazing.A general term for achieving continuously the proper use of a grazing area by grazing animals.
Light grazing.the stocking rate on an area is relatively less than that on other similar areas; sometimes erroneously used to imply undergrazing.
Undergrazing.Continued underuse, this often resulting in waste of forage.
Seasonal grazing.Grazing restricted to one season of the year, or possibly to more than one season of the year, but less than yearlong grazing.
Patch:-(a) a specific aggregation of forage plants. 
· (b) a spatial foraging level defined as a cluster of feeding stations separated from other potential feeding stations; requires a break in foraging for transit from one patch to another patch.
Patch grazing. Close and often repeated grazing of small patches or even individual plants while adjacent similar patches or individual plants of the same species are lightly grazed or ungrazed.
Grazing pressure.Animal demand per unit weight of forage dry matter (forage mass) available at any instant of time (i.e., AU/T); an animal/forage relationship.
Grazing distribution.Dispersion of animals during grazing over a management unit or area.
Grazing system.A specialization of grazing management based on rotating grazing animals among two or more grazing land units (paddocks).A grazing system will generally include one or more grazing methods in addition to rotation grazing.
Grazing method.A defined procedure or technique of grazing management based on a specified period of grazing and/or period of non-grazing and is designed to achieve a specific objective. One or more grazing methods are utilized within a grazing system.
Grazing unit.A grazing unit, either range unit or pasture unit, is enclosed and  separated from other land areas by fencing or other barriers; it may be a single area or one in a series of units (paddocks) in a rotation grazing system.
Usable forage:-portion of the standing crop that can be removed by grazing without damage to the forage plants; may vary with season of use, plant species, and associated plant species.
Available forage:-portion of the forage mass, expressed as dry weight of forage per unit land area, that is accessible for consumption by grazing animal. Synonym to forage allowance.
Forage allowance:-weight of forage dry matter (forage mass) per unit of animal demand over a period of time.
Accessible. (a) Anarea readily reached or penetrated by large herbivores; (b) plants or plant parts that are readily reached and consumed by large herbivores.
Trampling.Treading under foot; the damage to plants or soil resulting from the hoof impact of grazing animals.
Ungulate.A hoofed animal, including ruminants but also horses, tapirs, elephants, rhinoceroses, and swine.
Ungrazed.The status of grazing land and associated vegetation that is not grazed by ungulate herbivores.
Rest or ungrazed" absence of grazing for full growing season or during critical portion of plant development such as seed development.
Proper stocking.Placing the number of animals on a given area that will result in proper use at the end of the planned grazing period.
Stocking rate.Animal demand (for forage) per unit area of land over a period of time; an animal/area ratio describing the relationship between number of animals and the corresponding land area being grazed over a specified period of time.
Stocking density.Animal demand per unit area of land at any instant of time; an animal/area ratio describing the relationship between number of animals and the corresponding area of land at any instant of time.
Rotation grazing- moving grazing animals recurrently from one paddock to another, it is the opposite of continuous grazing.
Deferment" no grazing until "plant reproduction is complete, establishment of new plants, or restoration of vigor. 
Deferred grazing. The deferment of grazing on a grazing land unit but not in a systematic rotation with other units, followed by grazing of the residual standing crop.Synonym, selected deferment.
Palatability.Summation of plant (feed) characteristics that determine the relish with which a particular plant species or plant part (or feed) is consumed by an animal; partly synonymous with acceptability.
Overstocking.Placing so many animals on a grazing unit that overuse will result if continued unchanged to the end of the planned grazing period.
Kind of animal.An animal species or species group of livestock or game animals.
Class of animal.Age, sex, or stage-of-production group within a kind (species) of animal.
Nutritive value.Relative capacity of a given forage or other feedstuff to furnish nutrition for animals; a general term unless reference is made to specific nutrients.
Grazing season is that portion of the year when grazing isfeasible and can be accomplished without damage on a specific area.
Grazing period= for a specific area is the time span of a portionof the grazing season within which grazing actually occurs.
Continuous grazing is unrestricted grazing through the whole of the grazing season, i.e. grazing in which the grazing season and the grazing period are the same.
Repeated seasonal grazing defines grazing a pasture at the same time each year. 
Grazing management/plan: themanipulation of grazing animals to accomplish desired result (animal, plant, land, or economic responses).
Objectives of seasonal grazing plans/grazing management 
· To improve range condition including attainment of less erosion,to increase soil cover, to provide fuel for prescribed fire, to maintain and increase plant vigor, to obtain seed and seedling establishment, to promote vegetational succession, and others associated with proper stewardship of the rangeland resources.
· To achieve regular distribution of grazing animals through carefulattention to pasture size and shape.
· to promote uniform forage utilization by reducing selectivity offorage. Controls invader species
· To coordinate domestic animal grazing with habitat needs ofwildlife and other uses of the land.
· To increase animal performance either individually or in terms of production per land unit, thereby increasing ranch income anddecreasing costs of pest control, supplemental feeding, and labor.
· To increase flexibility and decrease risk in the ranch operation.
· To improve quality and quantity of forage and provide reserve feed for emergencies
· Increased photosynthesis and tillering 
· Reduced shading and transpiration losses
· Trampling seed into the ground.
· Reducing excessive accumulations of standing dead vegetation and mulch that may inhibit new growth. 
· Inoculating plant parts with saliva that may stimulate plant re-growth.
· Effective recycling of nutrients. 
Impacts of overgrazing on the range ecosystem
· Loss of palatable perennial plants.
· Loss of plant cover; soil erosion.
· Increase in poisonous plants. 
· Compaction of the soil.
· Decreased photosynthesis
· Reduced carbohydrate storage
· Reduced root growth
· Reduced seed production
· Reduced ability to compete with ungrazed plants 
· Reduced quality of water in streams & ponds due to sedimentation.
· Disrupts habitat of some wildlife species
· Loss of material due to trampling, fecal contamination.
· Selective grazing.
· Difficulty in clay soils, i.e., excessive plant damage and crusting.
3.2. Types of grazing methods
Factors carefully considered when selecting grazing system include climate, topography, vegetation, kind or class of livestock, wildlife needs, watershed protection, labor requirements, fencing & water development costs. Each type of grazing system carries with different labor and costs for development and maintenance.Finally, there is no one system that is best in all situations. 
Decisions must be made by the manager when designing a grazing system include:- 
· The amount of land to include within the total system 
· The number, size, shape, and arrangement of paddocks 
· Kind, number and location of fences and water developments  
· Kind, class, & number of animals  
· The number of herds (generally 1 to 3); 
· Length of the grazing season;  
· The grazing schedule/period  
1.  Continuous grazing
Perhaps the simplest of all plans is continuous grazing; it might be called a single-pasture plan. It occurs during the whole period growing season (wet season) and dormancy period (dry season).Even light grazing during the growing season encourages repeated defoliation and overuse of the selected species and patches, while others are underused. This type of grazing results in overgrazing of desirable grasses, but this is not necessarily always true. The criticism that continuous grazing means complete defoliation isfallacious. It results in any desired degree of forage utilizationdepending upon stocking rate and stock density. Many areas have been continuously grazed for long periods without permanent damage to the resource.

In tests in which degree of range use has been controlled and proper distribution attained, continuous grazing has shown excellent results.Unless vegetation & livestock are under stress due to overgrazing, continuous grazing produces as well as any other plan in most situations. This type of grazing system is most suited to areas where the vegetation type, quantity, & quality are relatively uniform over large expanses.  For example, this grazing system is typically used in dry desert environments where forage production is very low. In this type of system, pastures need to be large and stock density needs to be very low to avoid over-utilization of grazing areas. 

Advantages of continuous grazing:
· Avoiding wastage of forage high quality forages 
· Under good management, continuous grazing allows the animals to select the most nutritious diet over the greatest period of time. Livestock production higher.  
· Requires less labor and is less time-consuming
Disadvantages of continuous grazing
If number of animals allowed to graze is higher than the carrying capacity of grassland, there are the following Disadvantages
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· Decrease  production and persistence of many grasses and legumes. 
· Selective repeated grazing of the same plants
· Desirable plants are overgrazed, fast depletion of desirable species  
· Undesirable plants are not grazed, Increased Undesirable Plant
· Shift in species composition
· Decreased plant diversity
· Decreased soil microbial activity
· Decreased Native Vegetation
· Increased Bare Ground
· Accelerated Erosion
· Loss of Topsoil
· Air and Water Pollution
· Land Devaluation
· Not Esthetically Pleasing
· Loss of Wildlife Habitat
· decreased organic matter, soil aggregation, water holding capacity

2. Repeated Seasonal Plans 
Seasonal variations in forage resources and animal husbandry mayrequire repeated seasonal use. Vegetational types with coarse, unpalatable herbage and seeded stands of one or two species often are grazed on a repeated period basis. Migratory game often grazes the same area at the same time each year. Much has been said about rotational grazing of herds of bison in the United States and their tendency to follow circular migratory routes. Wild animals in natural settings do not follow yearlong rest ordeferred-rotational treatments in most instances. This plan has resulted in excellent range that still supports abundant wild and domestic animals. Overgrazing by wild animals occurs where high animal density persists too long. 

Ranchers throughout the world save certain pastures for grazingduring the same season every year. They do this because they need to have animals close to headquarters during winter weather, near roads in the spring when the young are born, accessible to water in dry seasons, and feeding on high-quality forage when animals are being readied for market. Some seasonal grazing plans are at variance with the propositionthat a range should be ungrazed in Period 3 so that plant regeneration and high forage production can occur. This would suggest that degree of utilization is more important than seasonal grazing as a range management practice. Unrotated deferred grazing on a pasture is a type of repeated period grazing. Common practice in the northern Great Plains is to have animals on the same summer and winter ranges every year. 
3. Rotational grazing
Rotation grazing- moving grazing animals recurrently from one paddock to another, it is the opposite of continuous grazing. Paddock: One of the grazing units or subunits.Rotational grazing plans are used in specific rangeland situations, especially in the early growing season, when forage supplies and growth rates are low. Types of rotational grazing include daily strip grazing in pastures, short rotations with two or three pastures, and complementary rotations with different species. These short rotations on rangeland usually span growth Period 1 in one cycle. An example of a short-duration plan is a two-pasture. Required for rotation grazing are specific periods of grazing and non-grazing, stocking density, levels of plant defoliation, etc.
Some special challenges met in applying rotation grazing are:- 
1. Cost of fencing into grazing units and access roads
2. The requirement cost of providing adequate livestock water in all grazing units 
3. Utilizing grazing units of greatly different grazing capacity   
4. Deciding how to handle the grazing system under prolonged drought to adhere original schedule or impose temporary flexibility
5. Requirement for numerous short-term decisions because of the larger number of paddocks involved and the relatively rapid changes in the standing crop
On semi-arid and desert range types, rotation showed no advantage, but on more humid range types, forage production averaged 20-30% higher under rotation grazing.
	
	Range unit
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Figure1. Short-term rotation plan showing each unit grazed twice during the 60-day spring period (Frischknecht and Harris 1968). Abbreviations are G = grazed, U = ungrazed. 

The recovery period between grazing depends up on the agro-ecological situation and grass species. The advantage of rotation grazing
· Giving young, palatable and nutritive herbage for animals
· provides rest period to grasses during growing season which results in good regeneration by vegetative means. 
4. Deferred grazing
This system of grazing consists of subdividing grassland into 3 compartments with grazing allowed alternately in two and third completely closed during the growing season until seed maturity. Deferment gives grasses a change to make sufficient growth and accumulate sufficient reserve food material to maintain the vigor of plants and regenerate from the seed that are shed. Each compartment gets adequate period of rest and chance for recovery. It returns of environmental conditions and accumulation of forage for later use.
4.1. Deferred-Rotation grazing 
In deferred system, grazing is delayed for prescribed period, usually from initiation of new growth until seed maturity. Deferred-rotation grazing signifies that at leastone pasture is not grazed until seed production and another pasture receives the deferred treatment the next year. Thus, three years are needed for a three-pasture arrangement or six years if a pasture receives deferment in two consecutive years. These are long rotations with long grazed and ungrazed period of production or different forage types.The period between deferments for a given pasture varies depending on the total number of pastures in the system. This system provides a better opportunity for preferred plants to maintain vigor than does continuous grazing.This system is best suited to large operations with pastures having different seasons. 

Deferred-rotation grazing should be applied to meet a specific need for range improvement or maintenance rather than universal use.Poor condition range should benefit more from deferred-rotation grazing at stocking rates commensurate with optimal livestock performance than does comparably stocked good to excellent condition range.Designs for deferred-rotation plans are numerous, and seldom aretwo alike. The simplest deferred-rotation plan employs one herd of animals.  








	
	Range units

	First Year 
	A 
	B 
	C 
	D 

	April – June 
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	U 
	D 
	D 

	July - September 
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	D 

	October - December 
	U 
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	D 

	January - March 
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	Second Year 
	
	
	
	

	April - June 
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	G 
	U 
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	July - September 
	D 
	U 
	G 
	D 

	October - December 
	D 
	U 
	U 
	G 

	January - March 
	G 
	U 
	U 
	U 


Figure 2.A deferred-rotation plan of grazing by bison on grassland at the National Bison Range in Montana. G = grazed, U = ungrazed, and D = deferred. 

An excellent example of the deferred-rotation plan is the one foryearlong grazing by bison on the National Bison Range in western Montana (Fig. 2), Two pastures, ungrazed until fall and winter (October - March), are deferred each year. The pasture grazed early is ungrazed from July until the next January, a period of 18 months that includes the end of one growing season and all of the next.  This is both a deferred and a yearlong rested treatment. The fourth pasture, which is grazed from July - September, may or may not be deferred, depending on the earliness of the growing season. Even in late growing seasons, grazing in this pasture does not damage plant vigor. 
4.2. Rest-Rotation grazing 
Rest-rotation grazing incorporates a 12-month rest period for one pasture while the remaining pastures absorb the grazing pressure. Pastures are alternately rested in successive years. Mostly a unit is rested for a full year in each rotation sequence which may be 3-5 years or more depending on the number of pasture units and expected grazing period during the grazing season. The benefits from the year-long rest on one pasture may be lost to the extra use that occurs in the grazed pastures. This system is best suited for medium to large operations that have relatively uniform forage type, production, and quality across all pastures. Annual stocking rates need to be estimated based on the pastures being utilized for any given year.  
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Figure 3. A two-pasture annual rotation constituting repeated grazing of combined with rotation of deferred grazing. G = grazed, U = ungrazed, and D = deferred. 
4.3. Santa Rita Grazing System
This system developed for the yearlong, semi-desert bunch grass ranges where both precipitation & plant growth occur.It comprises one-herd, three-unit, three-year rotation cycle in which each grazing unit accumulates 2 years non-grazing and 1 years grazing during the 3-year grazing system cycle.Santa Rita system is synchronized with the seasons of the year as follows:
· Rest 12 months: November to October 
· Graze 4 months: November to February (graze first forage when dominant. 
· Rest 12 months: March to February 
· Graze 8 months: March to October (graze second forage when dormant and third when growing). 
It designed to provide a full year of rest before each grazing period but is unique in that each year’s forage crop is utilized without the waste normally inherent under rest. It was observed that the full year’s rest before each grazing period provided an accumulation of herbage that helped protect new growth from grazing, particularly in the early spring. The system was concluded to be advantageous in requiring only two livestock moves per year, enabling animals in a single range unit to be observed more closely and providing 12-month periods in which structural or other range improvements could be made that were not feasible when livestock were present.
5. Merrill grazing system   
Merrill (1954), in south central Texas, developed a grazing system involving three herds and four pastures. Each pasture is grazed continuously for a year and then a 4-month non-use period. The non-use period occurred during all times of the year by the end of a 4- year cycle. It gives good results where effective precipitation and plant growth can occur at any time during the year. It also works well where common use of the range by more than one grazing animal is practiced. Each grazed pasture is assigned a different type of livestock (e.g. cattle, sheep, & goats), and months the types of livestock are interchanged among pastures. Merrill grazing system can be recommended in areas where forage plants have the potential for growth throughout year and common use grazing in practiced. Merrill three-herd/four pasture system differs from all others in that involve multiple herds, and only 25% of the rangeland receives non-use at any time. 
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Figure 17-4 Two grazing periods per pasture in three years of the threeherd and four-pasture plan used in Texas (Merrill 1954; Keng and Merrill 1960; and Waldrip and Parker 1967) Abbreviations are G = grazed, U =ungrazed, and D = deferred. 

6. High-intensity/Low-frequency (HILF) /nonselective grazing
This system of rotation grazing typically involves 3 or more pastures, with grazing periods are lower than 2 weeks and periods of non-use 2 - 5 months. Advantage of this grazing is to use all of the available forages in the pasture more uniformly. The objective was heavy grazing pressure on a pasture for a short time to reduce the unpalatable species, to reduce competition against the better species, and to prevent grazing on the first regrowth. This reduces the competition between palatable & less palatable forage species and prevents undesirable shifts in species composition. 
Long ungrazed periods provide ample time for recovery of the desirable species before the pasture was grazed again. Animal performance under HILF grazing is reduced compared to continuous grazing programs because their average diet is of lower quality. The HILF grazing system works best in flat, humid rangelands such as in the tropical and subtropical ranges where recovery from grazing is rapid. HILF is not a suitable grazing system for rugged, arid rangelands.

In the dry season, the aims were to reduce standing dead material, loosen the soil surface by hoof action, and prevent the development of large ungrazed bunches of grass filled with dead stems. Seed production and seedling establishment were emphasized objectives. The actual result was extremely heavy utilization of the desirable species and their demise, which was increasingly severe as droughts became more severe. The result graphically demonstrated the importance of not over utilizing the desirable species. Light grazing use is usually selective and heavy utilization is nonselective. No grazing plan succeeds in eliminating selective grazing (Tainton 1991). Those that do so soon destroy the vegetation. 
7. Short-duration - high intensity (cell grazing), Mob Grazing
It involves multiple pastures arranged in a wagon-wheel pattern with water and livestock handling facilities located in the center of the wheel. However, SD grazing can be applied without the use of the wheel arrangement, which is now discouraged because of the large impact caused by concentrating animals continuously in the center. Ideally, the grazing period for each paddock is short (1 - 5 days) followed by 30 to 60 days of non-use. The layout of pastures, 4-40 is termed a "cell.”The high densities of animals were claimed to exert favorable effects of even distribution, trampling unused herbage, chipping of soil, and distribution of dung and urine. Typically, livestock are moved more quickly during active growth periods than during slow growth or dormant periods. 
The SGM has several basic tenets: 
1. High livestock density results in utilization of plants often grazed lightly or not at all. 
2. Livestock distribution and forage utilization are uniform. 
3. Regrowth is not grazed. 
4. Long ungrazed periods are provided during the growing season. 
5. Numerous pastures provide managerial control over livestock handling, energy cycling, water infiltration, and other factors for range improvement. 
8. “Creep” Grazing 
Excluding mature animals while allowing young calves & lambs access to high-quality, highly palatable forage. This can be achieved by raising the fence high enough to allow young animals to walk under but low enough to restrict the movements of larger, more mature animals. A special creep gate can be used to allow the young animals to graze the “creep” pasture and to return for suckling, much like a creep grain feeder. In rotational grazing systems, the “creep” gate can allow young animals to graze the next fresh paddock before mature cows or ewes. 

9. Mixed Grazing
Grazing two or more species of domestic animals together orseparately on the same range in a single growing season has long been known as common use or dual use (beef and sheep, sheep and goats, etc.) The main principle supporting common use was that differences in forage preferences or lack of dietary overlap required two or more species for uniform use of mixed vegetation. However, as forage utilization increases dietary overlap decreases.Experience with using cattle and sheep, sheep and goats, orall three together proved more profitable on ranges with mixedvegetation than did the grazing of any one animal species alone. 

Advantages of mixed species grazing 

Complementary feed habits, improved distribution of grazing, diversification of income, parasite and disease management, and fewer losses due to predation.Mixed wild & domestic species needs to be economicallyrewarding for the landowner, ecologically sound for the ecosystems, and environmentally acceptable by all.
Disadvantages 
increased costs due to loss of feeds, breakage of fences, trampling damage, damage by hunters, increased facilities, reduced efficiency within each species, labor conflicts, and need for increased management skills. Optimum conditions for one species is usually a tradeoff and poorer conditions for another; yet the production of two is usually more than either alone. 


CHAPTER 4. RANGE RESOURCES INVENTORY AND MONITORING 
4.1. Rangeland inventory 
Rangeland inventory is the processes of describing rangeland resources. Rangeland inventory is information collected to document and describes the existing resource status within a management unit. 
Inventory is a survey of natural resources that documents the amount, kind andlocation of different resource types at one point in time. Features included depend on the purpose of the inventory, but in rangeland situations are likely to entail vegetation types, range sites, range condition, carrying capacity, soil types, utilization patterns, topography, streams, habitat assessments for wildlife, and improvements such as roads, watering points, and fences. 
4.2. Rangeland monitoring

Monitoring is evaluating the resources at a rangeland site. It means to make repeated measurements or observations over time to establish whether or not changes in selected resource attributes have occurred. The purpose of monitoring is to document change over time in vegetation or other rangeland resources. The emphasis on change is what distinguishes monitoring from rangeland inventories. Rangeland resource inventory studies aims at assess resource use & availability at one point in time. However, the determination of trend relationships is often the chief concerning in range resource evaluation studies. 

Inventory and monitoring have always been central themes of rangeland management, as tools to assist in making wise decisions according to the productive potential of the land resource, such as, carrying capacity, utilization levels, grazing systems, and range improvements. 
Objectives of inventory and monitoring programs
· To develop high quality land use plans.
· To assess current conditions and to monitor conditions in the future for measurement of progress towards goals.
· Maintain the health and function of rangelands, 
· Improving range production 
· Reduce soil erosion, 
· Maintain resource sustainability, improve water quality
· To make better decisions in managing natural resources
· It teaches relationships among plants, soil, water, and animals 

Types of sample unit
1. Quadrats
Quadratsare two-dimensional sample units of any size or shape. In some cases, a tape may be laid on the ground at each sampling location to define the quadrat. Quadrats are used to measure most vegetation attributes in most vegetation types include square & rectangular quadrats, belts transect & circular plots. Fixed area plots are used to estimate /measure density, frequency, biomass & cover. Smaller plants & or denser stands are best sampled using small fixed area plots while larger plants & or widely spaced plants require large plots. Rectangular plots reduce variance in data and more efficiently sample sparse and clumpy vegetation.
2. Nested quadrats
Nested quadrats are a special sample unit that includes a series of different sized quadrats all placed at the same location. They are usually positioned so that all have a common corner point, causing the area sampled by smaller quadrats to be included in the progressively larger ones. Nested quadrats are a useful approach when no single sample unit size suits all species that need to be sampled for frequency and density. Nested quadrats may also be used when planning the sampling protocol to determine the optimum sample unit size for the specific area.
3. Transects
Transects are specially shaped sample units having a length dimension that greatly exceeds the width, so that it extends in a continuous manner across the vegetation. Transects are the sample unit of choice when sampling involves larger plants, such as shrubs or trees, because it allows a larger area to be systematically sampled by proceeding along its elongated axis. 
· Line transects featureonly a length dimension, usually defined by the edge of a tape stretched across the area to be sampled.  
· Belt transects have a width dimension to create a sampling area; the length is defined by the edge of a stretched tape, while another tape or rule is used to define its width. 
· Pace-transects are established when the observer strides along an imaginary line across the site, using their foot placement to determine specific sampling points. 
4. Plotless sampling to determine cover 
Cover estimated by plotless methods has the advantage of integrating large areas within a single sampling point. This technique generally provided consistent results when practiced by experienced observers, and large areas were surveyed in one day; but extensive training is required and personal bias is difficult to quantify. A more objective plotless approach is the Variable Plot Method, where cover is assessed using a geometric gauge. 

Selection of Vegetation attributes

Rangeland inventory & monitoring programs usually focused on describing vegetation attributes and soil characteristics. Vegetation attributes are quantitative features or characteristics of vegetation that describe how many, or what kinds of plant species are present. Vegetation attributes commonly measured in rangeland inventory and monitoring programs include: 
A. Plant or Species name:-Theyare important since plant species have different environmental requirements, respond differently to land use pressures & have inherently different qualities.
B. Density
It is the number of individuals per unit area or it is the average area per individual. In situations where identification of individuals is ambiguous, density measurements may be based on some other counting unit, such as culms or shoots for sod-forming grasses or the basal stems for shrubs. It may provide useful inventory information for large perennial species, particularly trees and shrubs. However, density is rarely measured in monitoring, because it can be very time consuming, & there are errors associated with the identification of individual plants. Density measurements are sometimes unsuitable for the herbaceous layer, especially when there are numerous plants to count or identification of individuals is difficult. 
Density is often used as a 
· Baseline inventory of the structure of rangeland or forest vegetation, by quantifying different species or various ages within a single species. 
· Gathered to monitor the effect of various land use treatments, such as plant survival following burning or herbicide application, particularly for woody species. 
· To evaluate seedling emergence and survival in a rangeland reseeding program. 
· Density is also commonly described in autecological studies that trace the demography of herbaceous or woody populations. 
· To determine range condition and range trend because it remains relatively stable from year to year, regardless of changes in biomass that result from rainfall fluctuations or short-term grazing patterns. 

Methods to Determine Density
Two general approaches can be adopted to determine density. 
1. Counting Individual Plants
With the first approach, density is directly determined by counting plants within a defined sample unit. It is one of the earliest techniques used to determine density rangeland vegetation. Counting individuals is usually adopted for herbaceous or small shrub species, because it is easy to count all individual plants in the small sample unit required to accommodate these compact and relatively common species. However, counting becomes more complicated as sample unit size expands to conform to the scale of larger plants, due to problems of defining quadrat or transect boundaries, bias arising from boundary decisions, and our ability to systematically inventory an extensive area. 
2. Distance Methods
Distance methods to determine density that involve plotless sampling regimes are based on determining the mean area associated with each plant by measuring the spacing between them. This approach builds on the pattern that when plants are crowded together in dense vegetation there is a small distance between individuals. 
· most commonly used in forests and shrublands (some have been tried in bunchgrass) 
· Work best to estimate the density of a single key species. 
· Adopted when a large area must be sampled, 
· Adopted where it is difficult to follow the counting individual plants approach which requires that we delineate boundaries and methodically count all individuals. 
· Inaccuracies caused by boundary decisions should be prevented using a plotless method. 
a) Closest individual method
It provides the most variable and least accurate result. In the closest individual method, a set of points (positioned along transect to traverse the area) is initially selected. At each point the closest plant is identified, and its distance (d) from the point is measured and recorded. At the conclusion of data collection, sample mean of the distance between plants for the sample area is calculated. Mean area (MA) can be estimated as[image: MA (area/plant) = (2 x-bar sub d) squared]
Density (plants/area) is then derived by calculating the inverse of MA (1/MA). When following this procedure, each set of sample points is regarded as a separate sample unit.
b) Point-centered quarter method
In the point-centered quarter method, a set of points (usually positioned along transect to traverse the area) is initially selected. The area around each point is divided into four 90° quadrants, and the plant closest to the point in each quadrant is identified. The distance between the central point and selected plant in each quadrant is measured, and then averaged across the four to represent the distance (d) at each sample point.  At the conclusion of data collection, the average distance (d) for all sample points is calculated.Mean area (MA) can be estimated as: [image: MA (area/plant) = (x-bar sub d) squared]Density (plants/area) is then derived by calculating the inverse of MA. When following this procedure, each set of points is regarded as a separate sample unit. 

Frequency - is regularly used in monitoring programs, because it is a rapid technique that provides precise results. Although a sensitive index of changes in a species over time, additional data must be collected to reveal which other attribute caused the change. Frequency has less relevance in inventory applications, because it does not provide an absolute measure of species abundance. 




D. Cover
Cover is widely adopted for both inventory and monitoring purposes because it provides rapid & repeatable data that is relevant to many practical interpretations regarding land use (e.g. forage availability, wildlife habitat) and resource status (e.g. erosion potential). 
a) Ground cover is - Percent of the soil surface covered by some type of protection (litter, rocks, vegetation, etc). Unprotected bare soil can be determined as bare soil = 100% - ground cover.
b) Canopy/crown cover describes the area represented by vertical projection of plant foliage onto the ground.It is determined as perimeter of the plant at its widest horizontal plane. It assumes that small gaps within the foliage are included and an average crown perimeter is imagined to smooth irregular edges.
c) Basal cover or basal area is determined by considering the cross-sectional area of plants near the ground, usually taken at a height of 2.5 cm for herbaceous plants and 140 cm for trees. Although basal cover is generally regarded as a more stable measure of cover than canopy cover, particularly for perennial grasses, it can still be sensitive to factors including stage of growth, seasonal conditions, and the history of utilization by herbivores. since it is less influenced by weather fluctuations, time of year, and immediate grazing history. 
d) Leaf Area Index: - is the total area of all leaves of plants relative to the ground surface, within a given area. It is slightly different than a simple measure of canopy cover because it accounts for all layers of vegetation rather than only the top most layers. Leaf area index is expressed as a percentage, which can exceed 100% in abundant vegetation. Leaf area is an indicator of biomass at a site.
  Methods to Determine Cover
One of the problems in assessing the accuracy of various methods is that actual cover can never really be determined for a site.The following techniques are the standard methods of determining cover:
1. Point sampling  
It is one of the most common approaches to estimate cover of a site. It is based on placing a number of points within an area, and determining the proportion of the points that hit (i.e. intercept) vegetation. In this manner, total cover can be calculated as the percentage of hits, relative to the total number of points sampled. Cover of individual species can be estimated by recording the plant species when intercepted by a point. Species composition is the contribution of hits for each species and is expressed as a percentage of the total number of points where vegetation was recorded as a hit. Ground cover, basal cover, canopy cover, and leaf area index can all be measured by point methods depending on the ground rules established to guide decisions regarding which species will be recorded when multiple hits are encountered if overlapping canopies are vertically intercepted. There are three common point sampling methods used in rangeland inventory or monitoring to determine cover: 
A. Point frame method
It consists of a standing frame that holds a set of vertically aligned pins that are lowered as sampling points to record hits. The optimum number and arrangement of points within the frame depends on vegetation spatial patterns, distance between plants, and size of individual plants. A common configuration consists of 10 pins each 5 cm apart. Actual dimensions of the point frame should be selected so that the same plant is not hit by all pins. Each point frame is usually considered the sample unit. Sometimes separate data is kept for each pin within the frame, but a possible lack of independence between points can lead to problems in statistical analysis. It is a much slower technique than sampling using the step point method, but eliminates much of the bias arising from subjective pacing. Itis best suited for grasslands and other low-growing vegetation. It is best suited to vegetation with dense cover, where there is less likelihood that all points within the frame will record bare ground. It is impractical in taller shrublands because of difficulties in placing the point frame above tall plants. 
B. Point transect method
To follow this method, point readings are taken at either systematic or random locations along a tape that is extended to create transect across the site. A variety of devices, including sighting tubes, bayonets, and plumb-bobs have been used to ensure vertical reading of the point through the tape. The length and number of sampling points along transect depend upon the vegetation, but it is usually more efficient to record more transects with fewer points per transect. Each transect is considered a sample unit. Leaf area index can be determined by recording all layers of the vegetation that are hit at each pin placement. 
C. Step point method
To this procedure, the observer uses a mark placed on the tip of their boot (often a pin or a notch) as the sampling point. Hits are recorded by identifying whatever falls directly beneath the mark along a paced transect. A distance of 5 paces is commonly recommended between sampling points, although the primary goal is an interval that ensures independence between consecutive observations and rarely includes the same plant. The pace-transect is considered the sample unit. Species composition is obtained from step point data, although the technique is sometimes modified to include a composition tally if sparse cover precludes the collection of sufficient data to provide an accurate sample of the species present. In these situations, the species occurring closest to the sampling point is recorded as additional information whenever bare ground is hit. 
2. Line sampling  
Another common approach to determine cover involves extending line/tape across the site and recording the proportion intercepting plant material. In theory, line methods are specialized form of point sampling to determine cover, where an infinitely large number of points are systematically arranged in a consecutive sequence. Such an order allows points to be located in a more practical manner, and posts can be easily placed at either end to permanently locate the line-transect. In general, greater precision is attained by sampling shorter lines at more locations, provided that each is a length that includes the scale of the spatial pattern within the vegetation 
3. Sampling in quadrats  
a. Quadrats can be initially depicted by vertical photography, and cover digitally estimated by computer-based analysis packages. Although time consuming, it provides additional detailed information indicating the source of changes in cover over time. 
b. Cover has been quantified by placing a grid over the quadrat, and counting the number of squares dominated by vegetation. In 10 x 10 grid, each square filled by vegetation represents 1% cover. Conversely, counting those intersections of the grid which 'hit' plants is a type of point sampling to determine cover.
c. Ocular estimation 
Some techniques, such as the square-foot-density and area-list methods, attempt to directly estimate a cover value (e.g., according to 1% or 5% intervals), but the more successful approaches to assess cover adopt broad cover classes. Both approaches rely on extensive training and are vulnerable to the personal bias associated with subjective estimation. However, broad cover classes confer the advantages of speed, somewhat less training, and lower the demand that each quadrat be finitely assessed. 
E. Species or botanical composition
It refers to the contribution of each plant species to the vegetation. It is expressed as a percent, so that all species components add up to 100%. Species Composition is commonly assessed to describe the character of vegetation during detailed inventory programs. However, accurate determination of species composition can be tedious, because all species must be sampled. Therefore, in long-term or broad scale monitoring situations, it can be more efficient to concentrate on a few key species or species groups, chosen to meet the objectives of the program. In addition to deciding which vegetation attributes to measure, the planning of inventory or monitoring programs must also select which plant species to include in the sampling protocol. 
Methods to Determine Species Composition
Dry weight rank method
The dry-weight rank method is specifically designed to determine species composition by providing a measure of the relative contribution of various species to the total biomass(DM content) for a site. Dry-weight rank results are expressed only as percentage values, and do not quantify the actual biomass for each species. At the end of sampling, ranks are tallied for each species, and weighted by a set of multipliers, usually 0.7 for Rank 1, 0.2 for Rank 2 and 0.1 for Rank 3. The weighted values of the three ranks are then added together for each species, and the result represents species composition. For many observers, the seemingly arbitrary multipliers are a source of bemusement, because it effectively assumes the highest ranked species within the quadrat contributes 70% of the biomass, the second contributes 24%, and the third ranked species 6%, while other less conspicuous species are disregarded.
Estimated biomass yield (g dry weight) and rank (in brackets) of the species (Table 1)
	Q1
A = 60 (1)
	    Q2
 A= 65 (1)
	   Q3
A = 10 (2)
	     Q4
A = 5 (2)

	B = 5 (3)
	B = 10 (3)
	B = 40 (1)
	B = 20 (1)

	C = 14 (2)
	C = 14 (2)
	C = 6 (3)
	C = 3 (3)




F. Species diversity
This is an expression of community structure. It consists of two related components:
1. Species richness: a count of the number of plant species in a quadrat or area.
2. Evenness: relative abundance of species within the sample or area.  
Diversity of species is thus measured by recording the number of species (richness) and relative abundance (evenness). 



[image: ]
We can now calculate diversity using equation 2.
H' = - (0.52 X -0.65) + (0.29 X -1.24) + (0.19 X -1.66) 
H' = -(-0.338) + (-0.360) + (-0.315)  
H' = -(-1.01) = 1.01 
Benefits of Diverse Range Plant 
1. A mixture of plants provides forage for a variety of insect and vertebrate species (biodiversity) 
2. A mixture of plants will contain some plants that can survive drought, insect plagues, and/or disease outbreaks so that the site will have some soil protection/forage/etc. in those years 
3. A mixture of plants contains a variety of genetic material that may be useful in long-term survival. 
4. The community benefits from a mixture of plants (soils improve with nitrogen fixers, deep rooted plants bring nutrients up from soil layers below other plants roots, some species work together so that both can survive - commensalism) 
5. Healthy diverse plant communities generally have all niches filled and are theoretically less likely to be invaded by noxious or opportunistic introduced species. 
G. Vegetation Biomass' (yield' or 'production')
Biomass is a commonly measured vegetation attribute that refers to the weight of plant material within a given area. Biomass is regarded as an important indicator of ecological and management processes in the vegetation. Biomass data may be collected on an individual species basis, as species groups, or as a total weight for the vegetation. Biomass is an attribute that is time consuming and laborious to collect, but easy to interpret. Biomass - is the primary objective of inventories conducted to determine carrying capacity, utilization patterns, or range condition. It is difficult to isolate fluctuations in biomass created by weather conditions and immediate grazing history from changes induced by active management. 
Methods to determine biomass
A. Direct Methods to Determine Biomass
Direct methods involve techniques that weigh or estimate the actual biomass of plants in quadrats. Biomasssampling is usually conducted using a sample unit with defined boundaries, for example some type of quadrat, with these techniques, and the quadrats are directly evaluated to assess biomass. This type of sampling is best suited to areas dominated by herbaceous or shorter shrub species that can be accommodated in relatively small quadrats. The most common direct method of determining biomass is direct harvesting of vegetation from quadrats of a known size is the most straightforward approach to determine biomass at a site. When samples are carefully collected, harvesting is regarded as the most accurate method to determine biomass. However, clear ground rulesare needed to ensure consistency between observers, including:-
1. Boundary decisions - are especially important because sampling should incorporate quadrat volume.
2. Clipping height - clipping at ground level is recommended for best repeatability, but clipping at a grazed-height gives a more pertinent/relevant measure of forage biomass. 
3. Separation of dead and live material
4. Species groups
2. Estimation approaches to determine biomass
Estimation approaches involve techniques that require observers to visually assess biomass in quadrats, rather than harvesting to determine biomass. They are the followings:-
A. Comparative yield method
It is rapid method to determine total biomass when sampling in quadrats. Species biomass is not directly evaluated, but a concurrent estimate of species composition is usually obtained by the dry-weight-rank method. It can be applied to a wide variety of vegetation types, particularly grasslands and shrublands. The comparative yield method consists of three stages.
1. Selection of reference quadrats. set of 5 quadrats are established at the start of sampling to reflect the range of biomass scores that will be assigned during sampling, with Score 1 representing a typical low-biomass quadrat, Score 5 representing a typical quadrat in a high-biomass area, and Scores 2, 3, and 4 as intermediate biomass at the site.
2. Assessment of sample quadrats. Quadrat scores are estimated on the basis of dry matter content, which is often difficult when faced with quadrats that include different growth forms and stages of phenology. 
3. Collection of calibration quadrats at the conclusion of sampling, another set of quadrats is scored, clipped, dried, and weighed. The number of samples selected for the calibration data set depends on the observer's ability to furnish accurate visual estimates and the variability of the biomass estimates, but encompass the range of biomass values & the majority of species encountered during sampling (n~10-20 quadrats). 
B. Weight-estimate method
Observers must initially learn to visuallyestimate plant biomass for important species in vegetation by reiteratively comparing estimated weights against clipped weights. Rather than attempting to directly determine total biomass, observers learn to identify a consistent weight-unit for each species, and then estimate the number of weight-units found in the quadrat. Weight-units should be small enough to easily visualize, yet not so small that estimation becomes arduous or haphazard. Estimations are made simpler by selecting a weight-unit that corresponds to a discrete portion of each species, such as an average sized bunchgrasses or a branch for shrubs. Biomass is usually assessed on a green-weight basis in the field, but corrected to dry-matter content after drying a subsample of each species.
B. Double sampling method

It is developed as a modification of the weight-estimate method, to attempt to overcome the lack of precision among observers and the possibility of unchecked drift in an individual's estimate of biomass over time. In weight-estimate method, data is collected by using weight-units for each species to visually estimate the biomass in each quadrat. However, a small second calibration data set is collected, by clipping and weighing selected quadrats after estimation. Regression analysis is used to compare estimated and harvested values of the calibration samples, to determine if tended to underestimate or overestimate the visual estimation and to provide the appropriate adjustments to be made to all field samples. The number of samples selected for the calibration data set depends on the observer's ability to furnish accurate visual estimates, the sample variance of biomass estimates, the diversity of species on the site, and time restrictions. Fewer calibration samples are needed when the observer's visual estimates closely reflect harvested weights. However, the observer's proficiency cannot be confirmed until after the calibration quadrats are clipped and weighed! Clipping 1 out of every 5-10 quadrats for inclusion in the calibration data set provides a reliable calibration in most situations.
3. Indirect Methods to Determine Biomass
Based on developing a relationship between plant weight and an easier-to-measure attribute such as plant height or cover. This approach is usually performed in three stages. 
1. First, preliminary sampling must be conducted to establish the relationship using regression equation, with biomass as the dependent variable. 
2. The preliminary work is then followed by rapid measurement of the indirect attribute in the field. 
3. The final stage occurs after the data is collected and it is converted to biomass values using the previously established regression equation. 
· The leaf yield of a tree can be predicted by using the equation of logW = 2.24 logDT-1.50, where W = leaf yield in kg of dry weight and DT is trunk or stem diameter (cm) at 120 cm height. 
· For the leaf yield of a shrub, the equation is logW = 2.62logSD-2.46, where SD= the stem diameter (cm) at 30 cm height. SD = 0.636C; where C is the circumference 
Indirect methods may be selected over direct methods to determine biomass in inventory or monitoring programs because they are non-destructive and usually less time consuming. Indirect methods is most used for taller trees and shrubs, and when large sample sizes are required to sample extensive or highly variable areas. The disadvantage of these methods is that the relationships between the indirect attribute and biomass are generally restricted in their applicability to the time and place that the preliminary data was collected. 
CHAP 5. RANGE UTILIZATION, CONDITION AND TREND ANALYSIS
5.1. Range Utilization Measurements
Utilization refers to the proportion of current year forage production that is consumed/destroyed by grazing animals. 
 (
 
)

Measurement options of utilization
Any method of measurement should be 
· Easy to be applied by the inexperienced person
· Requiring minimum equipment
· Rapid (Fast enough to cover large areas in short time during and at the end of growing periods).
· Reasonably accurate and precise as it involves animal number adjustments.
5.1.1. Ocular method
It is a simple eye estimation of the amount of removed forage (simple for the experienced manager). Estimates are checked against actual weight. The percentage by weight of forage removed is estimated for individual plants of the key species or for all plants of the key species within small quadrats. If quadrats are to be used for the studies, use quadrats of the same size and small enough (clearly visible to the examiner).
5.1.2. Paired Plot
Under paired plot method, forage from protected and unprotected plots is clipped and weighed at the end of the use period. The difference between two weights represents the amount of forage consumed or destroyed during that period.  This method measures both yield and utilization.Both grazed and ungrazed will be clipped and weighed averaged and the difference is then calculated as: Grazed weight/ungrazed weight x 100%. Example:1. Average Biomass of caged = 190 gram. Average un-caged Biomass=130 gram. Average amount removed will be =190-130=60g
Utilization = 60/190 x 100 = 31.5%


Factors affecting accuracy of utilization in paired plot method
· Number  of plots, Site and Time
Advantages of this method 
· simple and direct way of measuring utilization 
·  Little training is required
· Accuracy is generally high.
Limitation of this method is time consuming, and ungrazed areas that are protected from foraging are required.


5.1.3. Comparing the biomass of forage before and after grazing 
Utilization can be determined by comparing the biomass of forage before and after grazing, without installing structures to protect areas from livestock. However, this technique is only suited to short grazing periods where plant re-growth after grazing is insignificant. Because of re-growth after grazing, this method of estimating utilization will typically underestimate the actual level of utilization. 
5.2.  Range Condition (RC) Assessment Approaches and methods 
Assessment = evaluation of condition at one point in time. RC is the state and health of the range. Range condition. Historically, the term has usually been defined in of two ways: (a) a generic term relating to present status of a unit of range in terms of specific values or potentials, or (b) the present state of vegetation of a range site in relation to the climax (natural potential) plant community for that site. 

It can be assessed, on the basis of the composition of vegetation, Plant productivity, plant vigor, ground cover and soil status to provide an index of ecological functional integrity.RC encompasses the levels of specific indicators such as forage production, land condition (soil erosion and compaction) and management at a particular location aimed at sustained livestock production. 
Range condition is used as a guide to ensure sustainable land use, to determine carrying capacity and adjust stocking rates, to identify potential responses to range improvement programs such as bush control reseeding, and fences and water facilities to improve utilization within a pasture. The two commonly used approaches to assess conditions of rangelands are ecological or quantitative climax and site potential approaches.
A. Ecological approach
This method compares species or species groups in the existing vegetation with that expected in the climax vegetation, to give a percentage reflecting the similarity between the two. A value close to 100% indicates that species composition of the existing vegetation closely reflects the composition of the climax vegetation, whereas lower values indicate a greater level of departure from perceived climax conditions.Condition classes are assigned according to the percentage of the climax vegetation. Most range sites descriptions are based on % by dry weight. Therefore, composition techniques based on biomass are most appropriate. This index includes all decreaser climax species, Portion of the increaser climax and No invaders. 
1. Decreaser (palatable grasses):- plant species native to a site or plant community (or sometimes expanded to an intentionally introduced forage species) that will decrease in relative amount under continued heavy grazing. They are desirable grass species which are likely to be reduced by continuous heavy grazing. This is a plant that is reduced in numbers or composition as a result of heavy grazing. 
2. Increaser (moderately palatable spp.) less desirable grasses replace decreasers that disappear by heavy grazing. 
3. Invaders or pioneer (indicates a bad range condition)
These are less desirable plant species that replace increasers. These grasses and weedy forbs are unpalatable and have no grazing value. This is a plant not present under an ideal climax condition or only present in small amounts. These plants increase in composition on extremely heavy grazed range or one that is deteriorating.




In the other way, the condition classes are determined as:- Percent similarity to climax is calculated by the formula 2W/(a+b). where, a = the sum of species values for present vegetation, b= the sum of species values for the climax, and W = the sum of values common to a and b. It is possible to evaluate whether the current vegetation is climax or not. Condition classes could then be rated for each site depending on its proportion of climax vegetation
Example 2.
	Species
	Present vegetation (a) 
	Climax vegetation (b) 
	Common (W) 

	A
	200
	500
	200

	B
	400
	300
	300

	C
	50
	100
	50

	D
	200
	100
	100

	Total
	850
	1000
	650



Condition class = 2w/a+b= 2*650/(850+1000) = 0.7(good)

B. Multiple-Factor system method includes factors such as botanical composition of the herbaceous layer, like grass composition, basal cover, and litter cover, no. of seedlings, age distribution, soil erosion and soil compaction. Scores for each of 7 criteria are summed and the maximum possible score will be 50 points (see Table below). Criteria will have a maximum score of 10 points while the remaining 4 criteria will have a maximum score of 5 points. 

The overall rating will be interpreted as follows: - very poor (0–10); poor (11–20); fair (21–30); good (31–40); and Excellent (41–50 points). 

1. Grass composition (1–10 points)

At each sampling site, a 0.5 m× 0.5 m quadrat will be cut. The fresh & dry weights of each individual species will be determined. The assessments will be carried out late in the long rainy season when most grasses were in flowering stage easy identification.The species of grasses will be identified and classified into decreasers, increasers and invaders. Scores will be based on visual estimation of percentage of decreasers or increasers, and clipping and weighing. Percent of increasers or decreasers and scores are as shown below in the table. 
2. Basal cover (0–10 points) 
A representative area of 1 m2 will be selected at each sampling site for detailed assessments and divided into 2 halves. One half will be further divided into quarters, one of which will be divided into eighths. All plant basal cover in the selected 1 m 2 will be clipped (cut), transferred while kept together, and drawn in the eighth segment to facilitate visual estimations of basal cover of living parts. 
4. Litter covers (0–10 points)
The rating for litter cover within the same area of 1m2 will be considered ‘excellent’ when it exceeded 40% and‘poor’ when less than 10%. 
4. Number of seedlings (0–5 points) 
It can be done on the size of an A4 sheet of paper (30× 21 cm) and will be chosen at random. The sheet will be dropped from a height of 2 m above the ground. The category ‘no seedling’ was given 0 points and more than 4 seedlings will be given the maximum score of 5 points. 
5. Age distribution (1–5 points) 
Size distribution reflects the age of the plants, visual observation estimation of the size of the grass tussocks within the 100 m radius in a circular form. 
6. Soil erosion (0–5 points)
Pedestal is a column of soil standing out from the general eroded surface, protected by a cap of resistant material (such as a stone or root). Soil erosion will be based on the amount of pedestals (higher part of soils, held together by plant roots, with eroded soil around the tuft), and in severe cases, the presence of pavements (terraces of flat soil, normally without basal cover, with line of tufts b/n pavements). 
7. Soil compaction (1–5 points)
Soil compaction will be based on the amount of capping (crust formation). 





















Table below shows Criteria for the scoring of the different factors determining range conditions (herbaceous vegetations& soil condition)
	Score
	Grass 
composition
	Basal cover
	Litter cover
	No. of 
seedlings
	Age 
distribution
	Soil erosion
	Soil compaction

	10
	91–100% 
decreasers
	>12% no bare
areas
	>40%

	
	
	
	

	9
	81–90% decreasers
	-
	-
	
	
	
	

	8
	71–80% decreasers
	>9% evenly distributed
	11–40%
Evenly distributed
	
	
	
	

	7
	61–70% decreasers
	>9% occasional 
bare spots
	—

	
	
	
	

	6
	51–60% decreasers
	>6% evenly distributed
	11–40%unevenly
distributed
	
	
	
	

	5
	41–50% decreasers
	>6% bare spots   
	—
	>4 seedlings
	young, medium 
and old 
	No soil movement 
	no
compaction

	4
	10–40% decreaser &>30% increaser  
	>3%  mainly perennials 
	3–10%  mainly grasses  
	  4 seedlings  
	small &  medium-
	slight sand  mulch

	isolated 
capping


	3
	10–40% decreaser  &<30% increaser  
	>3% mainly annuals  
	-
	3 seedlings  
	only old  
	slope-sided  pedestals  
	50% capping


	2
	<10% decr&50% increaser  
	1–3%
	3–10% weeds/ tree leaves
	2 seedlings
	Only medium
	
steep-sided pedestals
	>75%
capping


	1
	<10% decreaser & <50% increasers  
	<1%  
	-
	1 seedling  
	only young
	pavements
	almost 100% capping

	0
	Bare ground
	0%
	<3%
	no seedlings
	
	gullies

	


Source: Baars et al. (1997). 




5.3.  Range Trend Determination

Range trend indicates the directional change of range condition and is usually expressed as improving, declining, or stable. Range condition alone is not an accurate indicator of correctness of current management practices. This is because rangeland vegetation often is not static but changing in some way. Thus range management decisions based solely on the results of a survey of range condition, run the risk not being fully effective. 
5.4.  Plant Succession
Plant succession: involves the replacement of one plant community by another until the final community is reached. This final, somewhat stable community is called the climax.The initial rapid colonizer species are the pioneer community. 
1. Primary succession: succession that begins on a surface with no pre-existing communities present, such as open water, bare rock, or sand. 
The stages of primary succession include pioneer plants (lichens and mosses), grassy stage, smaller shrubs, and trees. 
I. Weathering by wind and rain plus the actions of pioneer species such as lichens and mosses begin the buildup of soil. 
II. Herbaceous plants, including the grasses grow on soil and shade out shorter pioneer species. 
III. Pine trees or deciduous trees eventually take root and in most biomes will form a climax community of plants that are stable in the environment. 
Animals begin to return when there is food there for them to eat. When it is a fully functioning ecosystem, it has reached the climax community stage. Primary succession begins with bare rock and takes a very long time to occur. 
2. Secondary succession: succession that begins after a disturbance of the previous community intact is known as secondary succession. Secondary succession occurs when an environment has been disturbed, such as by fire, geological activity, farming or deforestation, flood and erosions. The changes are more rapid and stability is reached faster in secondary successions. So, compared to primary succession, which must take long periods of time to build or accumulate soil, secondary succession occurs rapidly. 
Factors responsible for the cause of succession 
· Grazing and succession 
· Climate and plant succession 
· Fire and plant succession 
CHAPTER 6. STOCKING RATE AND CARRYING CAPACITY AS MANAGMENT TOOLS

Stocking rate is the actual number of animals on a specific area for a specific period of time usually for grazing season.
Carrying capacity is the number of animals per unit area of land or In other words it can be stated as carrying capacity of a pasture is its optimum stocking rate.  The grazing capacity is used interchangeably with carrying capacity.
Carrying capacity:-The number of animals that can graze in a unit area without over or under grazing in an average season. Carrying capacity is the maximum stocking rate that will achieve a target level of animal performance, without deterioration of the ecosystem. 
Grazing efficiency:-The percent of the total standing crop by weight that is ingested, or the percent of the total cumulative forage disappearance by weight that is ingested.
Proper use factor:- Maximum degree of use of a plant species by grazing, expressed as a percent, deemed to be physiologically correct from the standpoint of plant vigor, reproduction, longevity, and re-growth potential; may be applied to the standing crop as a whole.   

The characteristics of the land, vegetation, and soil determine the carrying capacity. The actual carrying capacity for any management unit varies across years because annual forage production fluctuates due to variability in both the annual and growing season precipitation and temperature. Proper carrying capacity attempts to balance between long-term forage supplies and forage consumption by all grazing animals, both livestock and wildlife. Determining carrying capacity is simplest and most reliable way to obtain past stocking rates and grazing management information for a piece of land and then assess the ecological status or condition of the rangeland. If the condition is good or improving, the current stocking rates are below carrying capacity. If the condition of the rangeland is declining, carrying capacity has been exceeded, and grazing management practices or stocking rate may have to be adjusted.

Carrying capacity is complicated by both forage production and animal intake is dynamic factors that vary with ecological site, topography, time of sampling, and plant species composition. The diets of grazing animals also vary according to animal nutritive requirements and the unique dietary preferences of species, breeds & individuals. Therefore, carrying capacity estimates should be treated as an initial starting point for the management unit that will almost certainly be revised with continued monitoring and current environmental conditions.
The use of the concept of carrying capacity from commercial and ecological sense has led to two types of carrying capacities referred to asecological and economic carrying capacities.
1. Ecological Carrying Capacity
The maximum number of animals the land can hold without being subject to density dependent mortality & permanent environmental degradation.
2. Economic carrying Capacity
This refers to that herbivore density that corresponds to the maximum sustainable yield. Economic cc offers maximum economic returns and unlike the ecological cc it is determined by the objectives of the producer. 
Potential Effects of High Stocking Rates
· Animal performance reduced
· Intake and forage quality reduced
· Desirable forage plants replaced by less desirable species
· Overall forage productivity reduced
· Increase in bare soil and preferred grazing areas become degraded
· Increased replacement feed costs
Potential Effects of Low Stocking Rates
· Economic potential not fully realized, enterprise sustainability at risk
· Mature animals maintain over-fat body condition which can reduce reproductive capacity
· Reduced biodiversity of species that thrive under moderate grazing
Proper stocking based on maintaining sufficient plant residue for:
· 
· Plant health/re-growth
· Wildlife forage 
· Erosion prevention
· Healthy soil 
· Slows weedy plant invasion 
· Improves drought resistance
· Improves condition of degraded land
· Desirable production per animal
· Optimal production of animals per acre


Steps to Setting a Basic Stocking Rate
1. How much forage do you have? 
The amount of forage produced can vary greatly from year to year depending on weather; therefore, estimated forage production for determination of stocking rate should not be based on one year of forage production data. 
Materials needed to measure produced forage
Gram scale (field sensitive balance), clippers, paper bags, drying oven and hoop or frame (e.g. 1m2) are all that are needed to determine the amount of forage available for grazing. 
Steps to measure biomass or forage produced
1. Weigh empty bags
2. Toss hoop
3. Clip forages
4. Weigh clippings 
5. Adjust for dry matter content
6. Determine kg per hectare[image: ]
C. Total fresh weight of forage (A - B = C), C = 875 (975 - 100)   
D.  Average wet weight (C ÷ 4 = D), D = 875 ÷ 4 =218.8
E.  Average dry weight (for Rhodes grass, E = D × 0.25), 
            E = 54.7 gram (assuming that Rhodes grass has 25% DM).Then calculate kg per hectare as follows:Since 1 hectare is 10,000m2  from the hoop or from 1m2 we will get  54.7 gram, So from 1 hectare or from 10,000m2 we will get, 10,000m2 x 54.7gram = 547000 gram=547kg.So, from 3 hectare we will get 3*547 kg/hectare = 1641kg DM Rhodes grass.



2. How much of that forage can be used by grazing animals? (Usable Forage) 
Land characteristics such as topography and distance from water influence the amount of forage available to grazing animals.  Forage in areas with very rough or steep topography may be inaccessible to grazing animals or used much less than forage on level ground close to water.  For example, graze able plants located two miles or more from water are essentially unusable for livestock. Management units should be stratified into areas of available and potential forage.  Areas of potential forage identify management opportunities to improve livestock distribution across a greater portion of the landscape.


A. Adjustment for slope

Overgrazing and deterioration often occur on the flatter than on rugged terrain rangeland, more convenient sites even though the total forage supply is adequate. Sheep and goats make much better use of rugged terrain than do cattle because of their smaller size, greater surefootedness, and a stronger climbing instinct (goats), they naturally use steep areas. Sheep can use a slope of up to 45% while slopes exceeding this are considered as non-usable by sheep. To calculate how much forage grazing animals will need, you must determine the average weight of the animals in a herd or flock and the number of days the herd will graze the management unit. The average daily forage consumption of an animal a combination of eating, trampling, and spoilage from urine or feces will vary with the nutritive quality of the forage however, an annual average of 2.5% is usually acceptable.

How much forage grazing animals need? (Forage Demand) 

To calculate how much forage grazing animals will need, you must determine the average weight of the animals in a herd or flock and the number of days the herd will graze the management unit. The average daily forage consumption of an animal a combination of eating, trampling, and spoilage from urine or feces will vary with the nutritive quality of the forage however, an annual average of 2.5% is usually acceptable. 
Estimating forage demand without animal weight
Forage demand computed on the basis of a standard unit (TLU) for all animals. TLU is equivalent to a matured tropical cattle weighing 250 kg.A TLU is assumed to consume 2.5-3% of its body weight each day for maintaince and production, respectively. This is converted to a value of 6.25-7.50 kg dry mater feed per day per TLU. In a year this animal is expected to consume 2281.25 kg feed for maintenance and 2737.5 kg for production. 
4. What is your appropriate stocking rate? 
How many animals can you graze and for how long to determine the number of animals that can be grazed on a management unit, you must divide the pounds of usable forage by forage demand. 
Case 1
Assumptions: based on information from the Natural Resources Conservation Service and our own observations, production of key forage species averages about 700 kg/ha of DM per year. The ranch is 2,000 ha in size. Question 1: How many 400-kg cows can we have in our base herd? 
A. total usable forage:
Total forage (kg) available for grazing = Forage production (kg/ha) x % allowable use X area (ha)= 700 *  0.50 * 2,000 ha = 700,000 kg  
B. forage demand (FD): 
FD/cow/year = Weight of cows (kg) * daily DM intake (2.5% body weight) * number of days range will be grazed (365) = 400 x 2.5% *365= = 3650 kg of forage /cow/year 
C. stocking rate:
Number of cows pasture will carry = total usable forage (kg) ÷ forage/cow/year = 700,000 ÷ 3650 = 192.8 total cows/year .One bull is recommended per 20 cows. Number of bulls = 193÷ 20 = 10. Then, 193-10 = 183 cows. Therefore in total the ranch can hold 183 cows and 10 bulls.
Case 2
Question 4: Condition of the range is poor. Although the terrain is rugged, water is well distributed. You graze this range for 4 months. Production of key forage species on average is 200 kg/ha/year. Area is 1,000 ha; Slope on this range is as follows: 
· 40% of the range has 0-10% slope, (100% accessible) 
· 20% has 11-30% slope, (70% accessible)
· 30% has 31-60% slope, (40% accessible) and 
· 10% has over 60% slopes (0% accessible) 
Question 4a: How many 400-kg cows could you have in your base herd?
A. Total produced forage: Total forage = forage production x area = 200 x 1,000 ha = 200, 000, but, not all of the forage is accessible to livestock because grazing access is restricted by slope:
B. Calculate usable forage by adjusting for allowable use:
1. 40% of the range has 0-10% slope (i.e., 100% accessible)
· 40%*200,000x100%   = 80,000 kg 
2. 20% has 11-30% slope (70% accessible)
· 20% * 200,000 * 70% = 28,000 kg 
3. 30% has 31-60% slope (40% accessible)
· 30% * 200,000 * 40% = 24,000 kg 
4. 10% has over 60% slopes (0% accessible)
· 10% * 200,000 * 0% = 0 kg 
· 80,000+28,000+24,000+0 = 132,000 kg forage is accessible   
· Usable forage=total accessible forage x allowable use = 132,000 kg x 25% = 33,000 kg forage available for use  
C. Forage demand:
· Forage demand/cow/120 days = weight of cows (kg) X daily DM intake (2.5% body wt) X number of days pasture will be grazed (120 days).
· 400 x 2.5% x 120 = 1200 kg of forage /cow/120 days 
D. Stocking rate:
Number of cows pasture will carry = total usable forage (kg) ÷ forage/cow/120 days = 33,000 ÷ 1200 = 28 cattle (2 bulls & 26 cows).  The grazing capacity of the land is estimated to be 28 cattle /year. 


















CHAPTER 7. RANGE VEGETATION REHABILITATION AND IMPROVEMENT METHODS

Rehabilitation returns the damaged land to a predefinedcondition that is desirable and ecologically sound. Damaged lands are those where the vegetative cover has been largely or completely destroyed and soil, even the subsoil, has been mixed or removed to leave parent material or other substrata that are poor for plant growth.  The techniques used to rehabilitate and improve range vegetation vary based on several factors such as environmental factors, climatic, socio-cultural, economic, and technology.
General Considerations in Rehabilitating Rangelands
· Resource status assessment and site evaluation, 
· Identifying and understanding the root causes of the problem and controlling mechanisms (after correcting the problem what measures can  taken), 
· Prediction and evaluation of benefits and risks (impact assessment) on other components of the system (that result from its application), 
7.1. Rehabilitating methods
1. seeding/reseeding, 
2. Grazing management 
3. development of water points (grazing systems improvement), 
4. Enclosed system and ranching  
5. Control of bush encroachment  (Fire, Mechanical means (hand slashing, heavy machinery), Chemically  and Biologically )
6. Differentsoil &water conservation measure (all these followed by proper grazing management and fertilization).
A. Seeding
Before the actual seeding begin, several questions concerning need for seeding, changes in management, seeding site, cost, and expected returns must be answered. A cover of vegetation supplies dependable feed for animals; keeps the soil and water in place; decreases evaporation and runoff by increasing percolation and soil storage of rainfall. It shelters the soil from scouring and provides a barrier that slows runoff. 
Before seeding, you have to answer the following questions. 
Is Seeding Necessary?
Where overgrazing has badly depleted the native vegetation, good management permits excellent range to develop on much of the land with little cost. On areas where heavy animal use, former cultivation, or fire has completely eliminated the important forage plants, seeding may be the only practical reclamation means. 
Is the Climate Favorable?
Successful seeding is infrequent in areas receiving < 250mm of precipitation. In areas with more than 600 mm of rainfall, there are few seeding failures due to lack of moisture. Precipitation on many rangeland areas throughout the world averages between 250 and 600 millimeters.
Is the Habitat Favorable?
Soil characteristics, slope, and exposure limit the production of forage, the use of seeding equipment, and the use of the planted species. Soils of heavy clay or pure sand are difficult range sites on which to obtain, satisfactory seeded stands. Alkaline soils, intermittently flooded soils, sterile soils, thin soils, areas where industrial wastes have accumulated, road cuts and fills, mine spoils, and steep slopes are other difficult habitats. Seeding on these sites and on slopes where machinery tends toincrease erosion requires special techniques and frequently is done for objectives other than forage production. Special methods such as terracing, contour furrowing, hand seeding, fertilization, and mulching may be needed to protect site and seedlings.
What Species Should Be Seeded? 	
The need for erosion control, additional forage at certain times inthe forage year, rehabilitation concerns, environmental protection, and the necessity to match species with habitat determine the species to be seeded. In selecting species for seeding, the manager needs to provide forage to meet seasonal deficiencies. Species resistant to grazing should be favored in the selection of species to seed rangelands.One should consider the relative palatability of the plants in a seeding mixture. Seeded mixtures of species appear to have several advantages over stands of a single species 
Is Proper Management Possible?
Too heavy utilization, poor distribution of animals, improper seasonal control of animals, and other poor managerial practices contribute to the need for most range seeding. Perennial grasses, for example, require certain management practices in order to become established.
During germination and establishment, seedlings in both humid and semiarid regions have open space in the plant cover. They shade the perennial seedlings and use available moisture, perhaps to a degree that prevents seedling establishment of the planted species.  The situation is posed as a problem in control of weed competition. Young plants may be fatally injured by trampling, by pulling orloosening when they are grazed during wet weather or in muddy soil conditions, and by defoliation, which reduces plant food reserves. 
Predicting Seeding Costs and Returns
Economic analysis of possible costs and returns helps in the decision of whether are not to seed deteriorated rangelands. Three economic standards by which the projects must be judged. 
1. Will the project pay? 
2. Will the project provide the most productive use of available capital and other inputs? 
3. Will the project be cost effective? 
Analysis includes projection of interest rates, risk, project life, as well as the purchase of seed, labor, hiring of equipment, control of brush, and other range improvement operations that require immediate payment of money. 
Seed
Seed produced locally gives more satisfactory stands, on the average, than does seed of the same species from other regions. 
Season to Plant
The season of the year in which best seeding results can be expected varies from place to place, from year to year, and among species. All plantings require ample soil moisture and favorable temperature from germination time until the plants have become well established. Extreme weather conditions often cause failure regardless of the planting season, and favorable weather may allow an acceptable stand to become established although the rules are not followed completely. In a choice of the time of year in which to seed, the most important considerations are seasonal distribution of rainfall and amount of soil moisture. 
B. Grazing Management
The degree of herbage removal by the grazing animal has moreinfluence on range vegetation than does any other grazing factor. Reduction in plant vigor results when too high a proportion of thephotosynthetic tissue is removed.So, control of animal numbers is the first and most important rangeland management principle.On rangeland, regeneration of desirable plants maintains good range condition. Grazing by too many animals or too heavy use by a few animal results in overuse, loss of vigor, and ultimately disappearance of the desirable plants. Deterioration of the range vegetation begins when less valuable forage species replace the desirable plants. Diminished land values, lowered income, and soil instability eventually result. 

Four basic principles of grazing management
1. Proper stocking
Excessive forage utilization by either livestock or game reduces growth rates, weight gains, and animal values. Grazing capacity refers to the average number of animals ona defined management unit that will produce an objective of animal performance without ecosystem deterioration over a long time period.Example, overstocking is a common livestock production practice used in most parts of the rangelands of Ethiopia. It is a serious problem in the Afar and Somali rangelands creating imbalances in the use of natural resources. Overstocking is the result of pastoralists using grazing land communally without limiting livestock numbers. 
The major reasons for overstocking in Ethiopia include:-
a) Low productivity of animals. 
b) Pastoralists inhabit in areas where rainfall is erratic & scarce. 
c) Large numbers of stock also serve as a hedge against losses due to deaths from diseases, raids, etc.
d) A large number of livestock confers better status in the society
2.  Proper season of grazing
The timing and degree of forage utilization by animals are the principal controls over species composition and forage production in the manager's hands.
Proper Utilization
Plants have a tolerance to grazing, and many are stimulated bylow levels of defoliation. If herbage removal exceeds a certain critical point, however, most plants will lose vigor, produce less herbage, and eventually die. Proper utilization is that maximum point of defoliation which continues to maintain desirable range productivity or to improve poor range. Efficient utilization of range forages requires the right kind and class of animals, the best stocking rate, and the proper season of grazing. 
3. Distribution of grazing across landscape
The objective of distribution management is uniform and moderate or maximum use that does not damage soil and vegetation. Failure to correct uneven distribution of grazing pressure results inconsiderable damage to vegetation and soil. Livestock and wild animals cause damage for several reasons. They may be territorial, have memory for certain places, and prefer certain habitats; and they naturally congregate near water or in favorite resting places. Correction of distribution problems is often the first applied rangeland management practice. Animals never graze vegetation uniformly. They are area selective (size and shape of pasture, location of water, topography and other environmental factors) and species selective. 
4. Proper kind and class of animals 
The most common kinds of livestock are cattle, sheep, horses, and goats. Each kind of animal has its own characteristic preferences and requirements with respect to diets, type of terrain, and other habitat requirements. It is important to select the kind or kinds of animals best suited to the given management area and unit. If species other than those considered adapted to the area are utilized, it is important to recognize the limitations of the area in meeting the animals’ requirements. 
C. Development of Water Points
In the open grazing system, water should be evenly distributed on the farm to avoid overgrazing and soil erosion around the water point. In areas where there is underutilization of range forage, he opening of new water points can lead to uniform utilization of the range land. However, the opening of unnecessary number of water points leads to range degradation as is witnessed in areas subject to “water development intervention” by disrupting the traditional mechanism of water use (e.g. Borena). The distance between water points should be neither too long nor short to affect animal production and rangeland condition.   
D. Enclosed systems and ranching
The term ‘ranch’ refers to an expansive area of land legally owned or leased, with defined boundaries (fenced or unfenced) and improvements made by the owner or lessee. Enclosed systems or ranching, where the land is individually owned and usually fenced. The United States example of the gradual transition from common ownership systems to fully enclosed system today. Ranching is the dominant system in North America, Australia and parts of South America, notably Argentina. Some European systems could be described as ranching, although enclosures are often small and animals frequently supplemented in the field. Taking Kenya as an example, cooperative, group and individual ranches were established.Ranching is occurringin sub-humid and semi-arid zones, less in arid zones. 
Objective of ranching is producing a single marketable product-beef (cash generation). Hence the duplication of American systems to African rangelands is wrong. The ranches involve high capital investment and labor input and hence concentrated on relatively rich sites where it pays to invest this has led to the process agro- pastoral intensification.
In ranching 
· movement of animals are within a large ranch, 
· rangelands are well watered, 
· There are improved grazing systems, Paddocking (special grazing system supported by fencing, watering points, resting or shading) is practiced. 
· Improved vegetation types and other modern inputs (chemical fertilizers, computer decision models etc.). 
Implementation of technical facilities
1. Watering points: check whether there are sufficient watering points since pastoralists settle if and only if permanent watering points are available. Areas devoid of watering points need for water development projects.
2. Ensure year round fodder sufficiency:
· to limit movement of animals only within the ranch. 
· Assess the need for range renovation either by destocking, weed (bush) control, reseeding (incorporating legumes), burning, or fertilization or a combination of all these techniques. 
· Availability of watering points and year-round fodder are the two foremost prerequisites to establish group ranches.
3. Veterinary facilities: for disease prevention and control program.
4. Market infrastructure: to buy livestock and agronomic products because the food habit of the pastoralists need to be altered.

E. Control of Bush Encroachment
Bush encroachment is a plant that is extremely prolific, invasive, competitive, harmful, destructive, or difficult to control. Bush encroachment is incensement of invasive woody plants that decline in forage productivity; reduction of grass production; leads to reduce grazing potentialand reduced of biodiversity. 
In east Africa, it is a serious problem. The reasons are mainly due to overgrazing and fire ban. For example, exotic & indigenous trees/shrubs are widely spread throughout semi-arid & arid zones of Ethiopia. Out of the exotic tree species Prosopisjuliflora(Mesquite) is currently spreading and encroaching the grazing lands of Afar, Somali and Borana.Other species such as Acacia drepanolobium, Acacia seyaland Commiphora species in Borana and Opuntia species, Parthenium species and Lantana camara are causing serious problems by encroaching in dry and wet season grazing areas. 
Bush control methods 
1. Prescribed Fire 
Prescribed or controlled burning is cheap & very useful method of bush control. To use fire as a tool, one must employ it skillfully, confine it to predetermined areas, and control intensity of heat and rate of spread. Accumulated understanding of fire behavior, precaution, good judgment in its use, and tested firing procedures have made prescribed fire a safe tool for use on rangeland.

Fire characteristics
Knowledge of fire behavior is essential to successful use of it in range management. In fire-management operations, control of heat, oxygen, and fuel regulate combustion.
The factors that affect fire behavior and effectiveness are:-
I. Amount of combustible material/fuel load. Infrequent fires allow the buildup of fuel (plant biomass). The greater the fuel load carried by an area the greater the intensity of fire.Important fuel characteristicsinclude quantity, dryness, type and distribution.
II. weather conditions
The most important climatic factors that exert an influence on a fire’s intensity include: precipitation, temperature, relative humidity, and wind velocity.The greater the fuel load carried by an area the greater the intensity of fire.
Precipitation:-Cooling effect, because heat is used to convert water to steam, thus reduce the intensity of burning. 
Air temperature:-it has a direct effect on fire behavior. 
Relative humidity:-this is a measure of air dryness. High humidity will greatly reduce the intensity of fire.
Wind speed:- fuel combustibility increases with wind velocity, dries fuel ahead of fire. Moving air brings o2 to the flames and removes co2 thereby increase combustion rate. It also moves hot air masses ahead of the flame where radiated heat dries and preheats new fuels ahead of the fire. 
III. Topography- 
Fuels on the up-slope side of the flames are closer to the heat source and receive more radiant heat than do fuels on the down-slope side. As steepness of the slope increases, rate of fire spread increases, hence chance for the fire to be out of control is high. 
Time and frequency of burning 
Infrequent burning allows the buildup of fuel (plant biomass). Frequent regular fires prevent the buildup of fuel, and thus reduce the intensity of fire. It reduces the damage effects of fire.
TABLE.Effect of fire on sub-humid wooded savanna
	Season of burning
	Intensity of fire
	Effect upon grass
	Effect upon woody spp.

	Early dry
	Low
	Harmful: because nutrients have not yet been translocated to roots
	Slight harm: because intensity is low

	Mid-late dry
	High
	Rarely harmful: at dormancy stage
	Harmful: severe to very severe

	Early rainy season
	Low  
	Harmful: severe to moderate. 
Plants mobilize their stored nutrients from roots to above ground plant parts 
	mid-light Harmful
No dense dry fuel for intense fire.



Types of fire occurring in rangelands include: 
I. Wildfires: uncontrolled fires caused by either lightening or carelessness. These fires are damaging the ecology.
II. Intentional fires: location and time of burning have been determined. Common among pastoralists to search for green and pest free pasture during nomadic movements. 
III. Preferred (Controlled) fires
Systematically planned burning where weather conditions, plant physiology, time and fire confinement are considered to promote greater benefits from the burn. 
2. Mechanical bush control
Such sites usually are on relatively level land where soils are fertile and deep, as indicated by plant growth of exceptional density and height. 
3. Biological control of bush encroachment
Biological control/balance of nature is defined as the planned use of living organisms to reduce the vigor, reproductive capacity, density, or effects of undesirable plants. The manipulation of grazing animals (camels, and goats) for the purpose of attaining certain types of vegetation.
Some of the characteristics of an effective natural enemy are 
1. High searching ability,
2. High degree of host specificity, 
3. As great reproductive capacity as the host, 
4. Adaptability to the host environment, 
5.  application on land where other controls are excluded because of cost or terrain, 
6. Permanency where the host appears annually, 
7.  environmentally safe,
8. Potential for integration into a pest management program 
· The rangeland manager must foster increases in desirable plantsto replace those eliminated. Otherwise, biological, control has little lasting value, 
4. Chemical control
Herbicides are chemicals that kill plants or severely interrupt their normal growth process. They are an effective means for the control of noxious plants in grasslands. Herbicides causing nutrient loss and erosion, accumulating in and damaging food chains, causing human health problems, endangering existence of species, reducing ecosystem productivity, and other adverse effects.Selection of herbicides, their concentration, application technique and time of application is important for their efficient use. Many factors should be taken into consideration while applying chemicals to control bush encroachment.
· Method of application
· Risk of contamination to neighboring cropping lands
· Cost of chemicals
· Effect on non-targeted plants and animals
· Residual effect of chemicals
Herbicidal has a number of advantages over other control measures. 
· They can be used easily on steep, rocky, muddy areas, 
· provide rapid control have low labour requirement and 
· can be selectively applied with minimum damage to desirable plant species. 
Types of herbicides  
1. Contact herbicide: A herbicide that causes localized injury and only to plant parts directly contacted.
2. Translocated or Systemic herbicide: A herbicide applied to one part of a plant but which is spread throughout the plant where effects are produced. 
3. Selective herbicide: kills or damages a particular plant species or group of species with little or no injury to other plant species.
4. Non-selective herbicide: kills or damages all plant species to which applied.
5. Soil-active herbicide (Soil sterilant): kills or damages plant when present in soil. The effect may be temporary or permanent and selective or non selective.
They best meet requirements of an ideal herbicide: 
· Selective action,
· economical application, 
· ease in handling, 
· efficacy on the target species, 
· no toxicity to animals, 
· Noncumulative and no damaging consequences in food chains and the environment. 










CHAPTER 8. PASTORALISM AND RANGE MANAGEMENT 

Pastoralism is the branch of agriculture concerned with the raising of livestock. It is animal husbandry: the care, tending and use of animals such as camels, goats, cattle, yaks, llamas, and sheep. Pastoralism:- a form of ecosystem management by people evolved over long periods of time, based on the use of domestic herbivores to use of range not suitable for cultivation and often low in productivity. Pastoralism = subsistence system based primarily on domesticated animal production (meat, milk, hides, blood) (excludes groups specializing on wild herd animals like Plains Indian bison hunters). Pastoral production systems are those in which ≥ 50% house holds' gross revenue come from livestock or livestock related activities. Agro-pastoral production system is one in which ≥ 50% of house hold gross revenue comes from farming, and 10-50% from Pastoralism. Pastoralism is found in many variations throughout the world. Composition of herds, management practices, social organization and all other aspects of pastoralism vary between areas and between social groups. 

To acquire enough forage, large distances had to be covered by herds. Another theory is that pastoralism derived directly from hunting and gathering. In this view, hunters of wild goats and sheep already had knowledge of herd dynamics and the ecological needs of the herd animals. These groups were already mobile, and followed wild herds on their seasonal round. The process of domestication began before the first wild goat or sheep was tamed as result of the selective pressure of hunter prey-choice acting upon the herd. 
 Ethiopia is topographically classified into two areas: highland and lowland. The periphery encircling the country generally consist of lowland plains, with an elevation below 1500 masl and mean annual rainfall below 500mm. The climate in the lowlands is arid and, owing to the unreliable rainfall. With increasing drought and erratic rainfall, cultivation of land is difficult and crop failure is common resulting in reduced per capita food production. As climate change is drastically altering the global landscape, camels rising could become an alternative livelihood. Most of the dry lands in Ethiopia are rangeland and primarily arid and semi arid where other land uses such as agriculture is not economically feasible. 
The majority of the pastoralists in Ethiopia consist of the Somalia’s, Borana and Afar living in the southeast, southern and northeast rangelands, respectively. In addition, there are smaller groups of pastoralists, and agro-pastoralists, such as the Hamar, Arbore, and Dassanetch, living in the extreme south-west of the country and other groups, such as the Neur, who lead a semi-pastoral existence along the Baro river in the west, and the Kereyu, who live near to the Awash national park in the center of the country.  There are also other groups, such as the Arsi in Bale, who may constitute part of a larger farming community, but who themselves tend to pursue a largely pastoral/agro-pastoral way of life. 


















Range Management 
Management refers to decisions taken on daily basis by pastoralists in their use of natural resources. Such decisions include what pastoralist does with his store of accumulated knowledge and how he does it. Pastoralism is well adapted to the environments where it exists; it is a successful strategy to support a population with the limited resources of the land. The key to the pastoralist adaptation is maintaining a small population, mobility and dynamism and complex information systems.
Information
Intrinsically linked with mobility is the complex “maps” that pastoralists keep in their minds, marking out the usefulness of certain areas at different times of year. Pastoralists have a detailed understanding of ecological processes and environmental inputs (Wilson, 1992). Information sharing is essential for creating such deep knowledge. This is made possible by formal visiting rules and networks, keeping dispersed societies linked. Elders discuss and cautiously plan in advance, using the knowledge they acquire, in order to act in the most appropriate way. 
1. Herd management
Controlled breeding strategies such as seasonal calving for fattening and marketing and calf killing, can affect herd size, and thus change stocking rates. Uncontrolled breeding results in birth of livestock during each of the climatic phases. This strategy offsets the risks due to vagaries of climate and allows pastoralists to take advantage of favorable periods if and when they occur.   
Pastoralists practice herd splitting which involves the separation herds depending on species, maturity (age), sex, Productivity and reproductive condition in different areas ensures animals are herded in optimal habitats and spread the risk of loss through drought, disease and raiding. it is best, little competition among livestock for the same vegetation and in dispersion of the stocking pressure. This technique is highly adapted to both ecological dynamics & nutritional requirements of the animals. 

Pastoralists have also patterns of labor allocation for herding and diversions of labor by age and sex, which determines who the decision-makers, are to control the daily use of natural resources.
E.g. cattle and sheep may be put on grassland, goats on degraded scrubland, camels sent far away from camp into waterless areas, a milk herd may be kept near camp while other stock are sent further away. And even these herds may be further split and sent to different areas up to several 100km apart.
Herds with a high proportion of breeding female ensures optimal supply of milk & calves and gives the herder a better chance of quickly building up his herd again in the aftermath of disaster 83% and 91% of Somalia camel and small stock herds respectively
2. Movement 
Range Management is a distinct discipline found on ecological principles & dealing with the use of rangelands and range resources for a variety of purposes. These purposes include use as watersheds, wildlife habitat, grazing by livestock, recreation, and aesthetic and other uses. Pastoralists must move about over the rangelands in order to obtain sufficient supplies of forages and water.  Strategy of movement, found in most range use systems in Eastern Africa, is one of the most adapted means of meeting livestock needs in an ever-variable environment. Movement between dry and wet season pastures is a traditional form of pasture rotation, deferment and sometimes means of avoiding disease outbreaks. 
Benefits derived from such movements include: 
1. Dry season pastures being allowed a period of rest & growth 
2. If ungrazed during dry season retain good ground covers that protect the soil from the erosive first rains. 
3. A period of rest breaks the cycle of disease & parasites that tend to build up around dry season wells. There  is  much  to  indicate  that  pastoralists  are  aware  of  the  full gambit (strategy)  of  benefits,  and  consider  it  as  a  deliberate  strategy  aimed  at  both  production  and conservation. 
3. Shrub management 
Pastoralists use woody species for various reasons (multi-purpose). Pastoralists prefer to collect dry & dead wood for fuel, although they will use live wood for house and fence poles. Bush encroachment is feature of range degradation, which is characterized by the invasion of undesirable woody species & unpalatable fobs loss of grass layer. Increase in domestic livestock (grazers) and decrease in game animal numbers (browsers) results in increased pressure on the grass layer. Traditionally, pastoralists use fire (i.e., rotational burning of the range) as a tool for range management to control undesirable plant species. 
4. Major range management types
 Herders  have  been  known  to  live  in  close  relation  with  the  possibility  of  their  livestock  finding enough forage. 
Five types of grazing systems exist in Africa:  Nomadism, Transhumance, Communal grazing, sedentary livestock production systems and the participatory approach to natural resource management. 
1. Nomadism 
Nomads are herders who do not have a fixed home and have to move from place to place the entire year with their animals in search of available water and forage. Nomadism as a  production system  is  the  most  extensive  one  yet  practiced  under  delicate  conditions,  requires  large  areas of range and carries high production risks. Thus, it can be viewed as a large-scale rotational grazing system that could be ecologically sound. 
However, a number of factors are contributing to the decay of the system and they are largely responsible of the continuing degradation of the Eastern Africa range land. These include 
1. The  set-up  of  fixed  frontiers/ boundary at  the  turn  of  the  twentieth  century;  
2. Increase of population with the consequent increased settlement leading to a constant shrinkage of grazing  areas  available  to  nomads,  
3. Introduction of new techniques and services (water, veterinary services) without a concomitant improvement of grassland and management system and the social attitude of people. 
2. Transhumance 
Transhumance is a type of pastoralism, a seasonal movement of people with their livestock between fixed summer and winter pastures. This system consists of a seasonal displacement of flocks from one area to another by herders who have permanent residences in search of better or suited grassland. It is an elementary form of the seasonal suitability as the seasonal grazing system involves partitioning a rangeland into separate units on the basis of vegetation types. Transhumant pastoralists have a permanent homestead & base at which the older members of the community remain throughout the year. 
Transhumance is associated with the production of some crops, although primarily for herders’ own use rather than for the market. Most of the cattle that transmute during dry season remain near the village of their owner. during the rainy season, animal production system is sedentary. Shoats are more sensitive to unfavorable weather, are provided with shelter for their protection whereas no shelter is built for the cattle. These animals are fed in the grassland around the village and during the height of the dry season; agricultural by-products like peanut hay, bean hay, and straw of corn or sorghum are fed to them. 
4. Sedentary 
This is the production system of the settled population.  Animals  in  this  system  are  raised  in  the village  or  in  the  vicinity  through  the  entire  year. Yet,  it  may  happen  to  those  who have  a  large number  of  animals  to  confine  their  flocks  or  part  of  their  flocks  to transhumance  herders  for  the course  of  the  dry  season.  Agriculture or fishing is the main activity of these people.  Livestock rising is thus a complementary activity.  Their herds are mostly made up of goats and sheep, although some may raise cattle. 
3. Communal grazing 
It  is  a  widespread  system  of  grazing  mg’t  system,  prevailing  in  the  Eastern  Africa.  It is fundamentally based upon the common property principle. Communal grazing might have something in common with private property. The property owning groups vary in nature, size and internal structure. but  they  are  social  units  with  definite  membership  and a  set  of  rules.  It  is compatible  with  distinct  individual  use  of  any  segment  of  the  resources  held  under common property. In most parts of Eastern Africa the ownership of some farmlands may be vested in a group, and the group's leaders then allocate portions of the land to various individuals or families. As long as these individuals use their plot, no other person has the right to use it. The cultivator holds use right only and is unable to alienate or transfer either the ownership or the use of that land to another individual. The  behaviors  of  all  members  of  the  group  are  subject  to  accepted  rules  & open  for  all  to  see. Conformity with group norms at the local level is an effective sanction against anti-social behavior. It is  fundamental  in  communal  grazing  regimes  that  an  authority  system  is  able  to  ensure  that  the expectations  of  right  holders  are  met. 
 
That is, private property would be nothing without the requisite authority system that makes certain the rights and duties are adhered to when the authority system breaks down, then the management of resource use cannot be exercised any longer. 
In communal grazing two major problems might occur
1. A  break  down  in  compliance  by  co-owners  may  be  difficult  to  prevent because  this  will entail  loss  of  opportunity  arising  from  changes  elsewhere  in  the  economy. If seasonal adaptation to fluctuating resource condition is prevented then overuse of a local resource might occur. 
2. If the state holds communal grazing in low esteem, then external threats will not receive the same governmental response, as would a threat to private property. Thus pastoralists need to be  protested  by  governments  through  their  policies,  which  do  not  marginalize  the pastoralists. In turn, rangelands will be protected against encroachments for other uses. 
Tragedy of the commons
The tragedy of the commons develops in this way. Picture a pasture open to all. It is to be expected that each herdsman will try to keep as many cattle as possible on the commons. As a rational being, each herdsman seeks to maximize his gain. Explicitly or implicitly, more or less consciously, he asks, "What is the utility to me of adding one more animal to my herd?" This utility has one negative and one positive component. 
1. The positive component is a function of the increment of one animal. Since the herdsman receives all the proceeds from the sale of the additional animal, the positive utility is nearly + 1. 
2. The negative component is a function of the additional overgrazing created by one more animal. Since, however, the effects of overgrazing are shared by all the herdsmen, the negative utility for any particular decision-making herdsman is only a fraction of - 1. 
Since, however, the effects of overgrazing are shared by all the herdsmen, the negative utility for any particular decision-making herdsman is only a fraction of - 1. Adding together the component partial utilities, the rational herdsman concludes that the only sensible course for him to pursue is to add another animal to his herd. But this is the conclusion reached by each and every rational herdsman sharing a commons.  

5. Participatory approach to natural resource mg't 
The rangelands of Ethiopia cover about 60% of the total area and are the major sources of livestock feed. Rangelands are a fundamental resource for the pastoral community of Ethiopia. They represent the major source of feed & water in the livestock production systems of pastoral areas. However, for many decades rangeland resources have gained less attention by the government and other development institutions due to either their geographic location and/or undermining the economic contribution of the resources to the nation.
Now a day sustainability of communal rangelands is questionable as they are overstocked, degraded and unproductive. Poor management of common resources pool has often resulted into negative effects on sustainability of communal rangelands. Participatory Rangeland Management was developed in 2010 by a USAID-funded project called Enhanced Livelihoods in the Mandera Triangle (ELMT) in order to offer a model for better securing rights to resources and improving community management in Ethiopia’s rangelands. Originally in Ethiopia PRM was made up of three key stages Understanding, Planning, Implementation and Evaluating.
PRM approaches aim to be collaborative and inclusive, requiring and promoting community control over decision making processes related to rangeland management. In return they encourage commitment to the processes and activities, roles and responsibilities and discourage dependency on external assistance. Because PRM is an integrated approach that seeks to improve the wellbeing of the community as well as the sustainable management of natural resources, the approach seeks to improve the equitable sharing of benefits from PRM activities. 
Despite not specifically targeting women, PRM can provide opportunities for a better valuing of women’s knowledge and role in rangeland management, improving women’s understanding of NRM challenges and potential solutions, and increasing women’s participation in decision making processes. 
Lack of community responsibility in management of common properties has been associated with poor decision making powers, an unequal sharing of benefits accrued from common resources and lack of community participation in all management process. In General particularly in Ethiopia for sustainable communal rangeland management, community participatory approach is recommended, where decision making and benefits should be shared equally especially for the pastoral community. 
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Climatic stability

Water and air purification 

Nutrient cycling

conservation Biodiversity 

Ozone maintenance

Aesthetic value and recreation, tourism,

Outdoor recreation

minimize soil erosion and sedimentation.

stores of soil carbon  

A habitat for wild life species 

Sources of biomass for fuel, 

building materials, 

Industrial products







Products

source of feed for Animals

Water, Food (meat, fruit, vegetables, nuts)

Fiber (leather, wool)

Medicine (medicinal plants)

Energy (fossil fuels, bio-fuels, hydro, solar, wind and thermal power)

Minerals (gold, iron, silver, lead)

Wildlife, Fish

Timber, pulp and paper 
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1.1. Importance of rangeland 
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AttributesSymptoms•Soil•Decreasedfertility

•Decreasedwaterholdingcapacity

•Decreasedinfiltration•Decreasedtopsoildepth

•Highratesoferosion

•eliminationofsoilseedbankVegetation•Reductionrangeproductivityovertime

•reductioninvegetationcover,

•Changesinspeciescompositionofusetoanimals•ShiftsbetweenvegetationstatestoalowfoddervalueLivestockprdn•Conditionscoring

•Populationdynamics(calvingrates,birthrates,migrationetc.)

•Productionparameters(milkyield,bodyweightetc.)

26

•Table1.showstheBio-physicalindicatorsofrangelanddegradation
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		Attributes		Symptoms

		Soil		Decreased fertility
Decreased water holding capacity
Decreased infiltration
Decreased top soil depth
High rates of erosion
elimination of soil seed bank

		Vegetation		Reduction range productivity over time 
reduction in vegetation cover,
Changes in species composition of use to animals
Shifts between vegetation states to a low fodder value

		Livestock prdn		Condition scoring
Population dynamics (calving rates, birth rates, migration etc.)
Production parameters (milk yield, body weight etc.)
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Table 1. shows the Bio-physical indicators of rangeland degradation
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Table 1.3 Grassland area (km2  106) and population in world regions, excluding Greenland and Antarctica. Adapted fromWhite et al. (2000)

Region Savannah Shrubland Non-woody                               grassland Tundra Global grasslandPopulation (000)Asiaa0.90 3.764.03 0.21 8.89 249 771Europe 1.83 0.49 0.70 3.93 6.9620 821Middle East &North Africa 0.17 2.11 0.57 0.02 2.87110 725Sub-Saharan Africa 10.33 2.35 1.790.0014.46 312 170North America 0.322.021.223.02 6.586 125Central America and Caribbean 0.30 0.440.30 0.001.05 30 347South America 1.571.40 1.63 0.26 4.87 56 347Oceania 2.453.91 0.50 0.006.863 761World 17.87 16.48 10.74 7.44 52.53 789 992

Excluding Middle Eastern countries.

Table 1.3 Grassland area (

km2 106

) and population in world regions, excluding Greenland and Antarctica. Adapted from White et al. (2000)
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4

Table 1.3 Grassland area (km2  106) and population in world regions, excluding Greenland and Antarctica. Adapted from
White et al. (2000)


















			
                                                   

			 				
					
						 
					 	 	
 		 	 		 
			 		 	
		 				
			 				 
							


		Region 		Savannah 		Shrub
land 		Non-woody                               grassland 		Tundra 		Global grassland		Population (000)

		Asiaa 		0.90 		3.76		4.03 		0.21 		8.89 		249 771

		Europe 		1.83 		0.49 		0.70 		3.93 		6.96		20 821


		Middle East &
North Africa 		0.17 		2.11 		0.57 		0.02 		2.87		110 725

		Sub-Saharan 
Africa 		10.33 		2.35 		1.79		0.00		14.46 		312 170

		North America 		 0.32		 2.02		1.22		3.02 		6.58		6 125

		Central America 
and Caribbean 		0.30 		0.44		0.30 		0.00		1.05 		30 347

		South America 		1.57		1.40 		1.63 		0.26 		4.87 		56 347

		Oceania 		2.45		3.91 		0.50 		0.00		 6.86		3 761

		World 		17.87 		16.48 		10.74 		7.44 		52.53 		789 992



	 	

Excluding Middle Eastern countries.


Table 1.3 Grassland area (km2 106) and population in world regions, excluding Greenland and Antarctica. Adapted from White et al. (2000)
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C. Frequency– is the number of times a given event occurs. 



In many studies, the term frequency indicates the number of samples in which a species occurs. 



This is expressed as the proportion of the total number of samples taken that contains the species in question. 



Thus if a species was found in 7 out of 10 samples taken, it would have a frequency of 7/10, or 0.7. 



Relative frequencyof a species is the frequency of that species divided by the sum of the frequencies of all species in the community. 



RF = 
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C. Frequency — is the number of times a given event occurs.

v/ In many studies, the term frequency indicates the number of
samples in which a species occurs.

v' This is expressed as the proportion of the total number of samples
taken that contains the species in question.

v Thus if a species was found in 7 out of 10 samples taken, it would
have a frequency of 7/10, or 0.7.

v Relative frequencyof a species is the frequency of that species
divided by the sum of the frequencies of all species in the
community.
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Overall percentage of each species by the rank of dry weights contributed to each species as given in Table 2.

SpeciesSumofquadratranksTotalweight(g)%compositionA0.7+0.7+0.24+0.241.8847.0B0.06+0.06+0.7+0.71.5239.0C0.24+0.24+0.06+0.060.6014.04.00100

The overall species composition based on percentage biomass of each species as given in Table 2. 

SpeciesSum of quadrat weightsTotal weight (g)% compositionA60 + 65 + 10 +514055.1B5 + 10 + 40 + 207529.5C14 + 14 + 6 + 33914.4254100.0
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Overall percentage of each species by the rank of dry weights contributed to each species as given in Table 2.

		Species		Sum of quadrat ranks		Total weight (g)		% composition

		A		0.7 + 0.7 + 0.24 + 0.24		1.88		47.0

		B		0.06 + 0.06 + 0.7 + 0.7		1.52		39.0

		C		0.24 + 0.24 + 0.06 + 0.06		0.60		14.0

						4.00		100



The overall species composition based on percentage biomass of each species as given in Table 2. 

		Species		Sum of quadrat weights		Total weight (g)		% composition

		A		60 + 65 + 10 +5		140		55.1

		B		5 + 10 + 40 + 20		75		29.5

		C		14 + 14 + 6 + 3		39		14.4

						254		100.0
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SpeciesdatafromotherattributesAdescriptionofspeciescompositioncanbeobtainedwhenproceduresarefollowedtodetermineotherattributes,suchas•biomass,•cover,or•density,providedthedataiscollectedatthespeciesorspeciesgrouplevel.•Speciescompositioniscalculatedbyexpressingthecontributionofeachspeciesrelativetothevaluedeterminedfortheentiresite,i.e.
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Species data from other attributes

A description of species composition can be obtained when procedures are followed to determine other attributes, such as

biomass, 

cover, or 

density, provided the data is collected at the species or species group level. 

Species composition is calculated by expressing the contribution of each species relative to the value determined for the entire site, i.e.
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Species

No. of Individuals

Beech32Maple18Oak12

Table 1. A hypothetical community with 3 species.
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Shannon diversity index, H=---------------------------1


Where: H' = species diversity index; ln= natural logarithm, Pi = is the proportion of individuals found in ith species (0 to 1); n = number of individuals of a given species; N = total number of individuals found


The Shannon evenness was calculated
E = E = -------------------------------------------------2
Where S is the total number of species recorded 

		 Species 		 No. of Individuals 

		Beech		32

		Maple		18

		Oak		12



Table 1. A hypothetical community with 3 species.
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Shannon diversity index, H=— ).7_; pilnpi----=-m---mememmeeemee v 1

Where: H' = species diversity index; In= natural logarithm, Pi = is the
proportion of individuals found in ith species (0 to 1); n = number of
individuals of a given species; N = total number of individuals found

U The Shannon evenness was calculated

— H’
TS‘ OR E= Hmax T 2

Where S is the total number of species recorded
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SpeciesNo. of Individualsp

i

ln p

i

Beech3232__=0.5262-0.65Maple1818__=0.2962-1.24Oak1212__=0.1962-1.66Total62
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Biomass removed

% utilization on weight basis = Biomass produced x100%

0,

¢ The concept of utilization is important:-
 for the proper management of rangelands.

* To adjust stocking rate (to correct under or over use of the
rangeland.

* monitoring the adequacy of grazing distribution,

 evaluating grazing treatment effects.
* to estimate the proper use factor for the range.
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Example 2: Ungrazed wt in g (A)Grazedwt in g (B)d/nce(A-B)%utilization=(A-B)/A*100Pair-189642525/89*100=28.59Pair-2108891917.59Pair-376463039.42Pair-464481625.00Pair-593603335.48Pair-681592227.16Pair-766382842.42Pair-890711921.11Pair-9129894031.01Av88.4425.7729.7%•Utzn%=average difference/Average total annual  production * 100%•%utilization=25.77/88.44*100=29.7%
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Example 2: 

		 		Ungrazed wt in g (A)		Grazed wt in g (B)		d/nce (A-B)		% utilization =
(A-B)/A*100

		Pair-1		89		64		25		25/89*100=28.59

		Pair-2		108		89		19		17.59

		Pair-3		76		46		30		39.42

		Pair-4		64		48		16		25.00

		Pair-5		93		60		33		35.48

		Pair-6		81		59		22		27.16

		Pair-7		66		38		28		42.42

		Pair-8		90		71		19		21.11

		Pair-9		129		89		40		31.01

		Av		88.44		 		25.77			29.7%



Utzn%=average difference/Average total annual production * 100%

% utilization = 25.77/88.44*100 = 29.7%

8
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RangeconditionIndexExcellent76-100%ofClimaxGood51-75%ofClimaxFair26-50%ofClimaxPoor0-25%ofClimax
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		Range condition		Index

		Excellent		76-100% of Climax

		Good		51-75% of Climax

		Fair		26-50% of Climax

		Poor		0-25% of Climax
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speciesContribution to  climax composition (potential)%Compositionofpresentcover%Climax portion (Common)%17510102510535554105555205601507035010010030%•Example1.Toseehowplantcompositiondataareusedtodeterminerangeconditions,assumearangehasaplantcoverasshownincolumn3ofthefollowingtable.
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		species		Contribution to  climax composition (potential)%		Composition of present cover %		Climax portion (Common)%

		1		75		10		10

		2		5		10		5

		3		5		5		5

		4		10		5		5

		5		5		20		5

		6		0		15		0

		7		0		35		0

		 		100		100		30%



Example 1. To see how plant composition data are used to determine range conditions, assume a range has a plant cover as shown in column 3 of the following table.

23
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Exampl etermining forage produ

> To determine the average forage production of 3-hectarcs
rangeland on ranch, ranch manager clipped 4 forage samples froma
1m? hoop in an ungrazed area.

> Line A gives the fiesh sample weighis in grams, and

> Line B gives the bag weight in grams.
Sample: 1 2 3 4 Total
A 250 225 270 230 975

B 25 25 25 25 100
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A.AdjustmentfordistancefromwaterIfstockingratecalculatedforarangeisnotadjustedfortraveldistancetowater,itmayleadtoconsiderablerangedegradation,especiallyaroundwateringpoints.Thisadjustmentisparticularlyusefulforcattle,forsheepandgoatsdonotrequirewatereveryday.Cattlemakelittleuseofareasfurtherthan3.2kmfromwaterandhenceadjustmentsareneeded.Distance from water (km)Reduction (%)0-1.6None1.6-3.250>3.2100

N.B.thisisonlyaguidingprincipleasanimalscanwalklongdistancesandgrazefurthermore,practicalexperienceismoreimportant.
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Adjustment for distance from water

If stocking rate calculated for a range is not adjusted for travel distance to water, it may lead to considerable range degradation, especially around watering points. 

This adjustment is particularly useful for cattle, for sheep and goats do not require water every day. Cattle make little use of areas further than 3.2 km from water and hence adjustments are needed. 

		Distance from water (km)		Reduction (%)

		0-1.6			None

		1.6-3.2		50

		>3.2		100



N.B. this is only a guiding principle as animals can walk long distances and graze furthermore, practical experience is more important.

17
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Services

•Climatic stability

•Water and air purification •Nutrient cycling•conservation Biodiversity •Ozone maintenance

•Aesthetic value and recreation, 

tourism,

•Outdoor recreation

•minimizesoil erosion and 

sedimentation.•storesofsoilcarbon•Ahabitatforwildlifespecies•Sources of biomass for fuel, •building materials, •Industrial products

Products

•source of feed for Animals

•Water, Food (meat, fruit, 

vegetables, nuts)

•Fiber (leather, wool)•Medicine (medicinal plants)•Energy (fossil fuels, bio-fuels, 

hydro, solar, wind and thermal power)

•Minerals (gold, iron, silver, lead)•Wildlife, Fish•Timber, pulp and paper 
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Slope(%)Percentreduction0-10None(allforageproducedisusable)11-3030(only70%offorageproducedisusable)31-6060(only40%offorageproducedisusable)>60100(ungrazableareathoughitproducesforage)

Note that this is only a guiding principle as animals can also graze on steep slopesthus practical experience is most important.Forcattlethisadjustmentisasfollows:
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		Slope (%)		Percent reduction

		0-10		None (all forage produced is usable)

		11-30		30 (only 70% of forage produced is usable)

		31-60		60 (only 40% of forage produced is usable)

		> 60		100 (ungrazable area though it produces forage)



Note that this is only a guiding principle as animals can also graze on steep slopes thus practical experience is most important.

For cattle this adjustment is as follows:

18
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AdvantageDisadvantageToincreaseforageproductionbyreducingcompetitionforavailablewater,nutrients&lighttodesirableplants.Loss of plant biomass resulting in a short-term decrease in available forageControlsbushencroachment,favoringgrowthoftheherbaceouslayerIncreaseddangeroferosionRapidlymineralizesdeadbiomass,Destruction of microorganisms near the soil surface because of increased soil temperatureKillsunwantedparasitessuchasticks,tsetseLossofnutrientsReducehighvolumesoffuel,whichreducewildfirehazard.Suppresses desirable species 

(depending on the plant community)

Preparelandforseeding.Some soil microorganisms can be damaged

21
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		Advantage		Disadvantage

		To increase forage production by reducing competition for available water, nutrients & light to desirable plants.		Loss of plant biomass resulting in a short- term decrease in available forage

		Controls bush encroachment, favoring growth of the herbaceous layer		Increased danger of erosion

		Rapidly mineralizes dead biomass, 		Destruction of microorganisms near the soil surface because of increased soil temperature

		Kills unwanted parasites such as ticks, tsetse		Loss of nutrients

		Reduce high volumes of fuel, which reduce wild fire hazard.		Suppresses desirable species (depending on the plant community)

		Prepare land for seeding.		Some soil microorganisms can be damaged
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eI Limited pastoral use due to trypanosomiasis

(T YT Predominantly pastoral but without large scale pastoral
development

T Predominantly pastoral including large scale development
programmes

1. NERDU (Northeastern Rangelands Development Unit)
2. SERP (Southeastern Rangelands Project)
3. SORDU (Southern Rangelands Development Unit)







